Drug Use Research & Management Program
OHA Division of Medical Assistance Programs
500 Summer Street NE, E35; Salem, OR 97301-1079
Phone 503-947-5220 | Fax 503-947-1119

Oregon Drug Use Review / Pharmacy & Therapeutics Committee
Thursday, January 29, 2015 1:00 - 5:00 PM
Clackamas Community Training Center
29353 SW Town Center Loop East
Wilsonville, OR 97070
MEETING AGENDA
NOTE: Any agenda items discussed by the DUR/P&T Committee may result in changes to
utilization control recommendations to the OHA. Timing, sequence and inclusion of
agenda items presented to the Committee may change at the discretion of the OHA, P&T
Committee and staff. The DUR/P&T Committee functions as the Rules Advisory Committee
to the Oregon Health Plan for adoption into Oregon Administrative Rules 410-121-0030 &
410-121-0040 as required by 414.325(9).
I. CALL TO ORDER
A. Roll Call & Introductions
B. Conflict of Interest Declaration
C. Election of Chair & Vice Chair
D. Approval of Agenda and Minutes
E. Department Update

R. Citron (OSU)
R. Citron (OSU)
R. Citron (OSU)
Chair
L. Saris (OHA)

II. DUR ACTIVITIES
A. Quarterly Utilization Reports
R. Citron (OSU)
B. ProDUR Report
R. Holsapple (HP)
C. RetroDUR Report
T. Williams (OSU)
D. Oregon State Drug Reviews
K. Sentena (OSU)
1. What's New with Oral Anticoagulants?
2. Guidance Update for Prophylaxis of Respiratory Syncytial Virus
III. DUR NEW BUSINESS
A. Droxidopa New Drug Evaluation
1. Droxidopa (Northera™)
2. Public comment
3. Discussion of Clinical Recommendations to OHA
IV. PREFERRED DRUG LIST NEW BUSINESS
A. Hepatitis C Class Update and New Drug Evaluation
1. Class Update
2. Ledipasvir/Sofosbuvir (Harvoni™) NDE
3. Hepatitis C Advisory Group Recommendations
4. Public Comment
5. Discussion of Clinical Recommendations to OHA
B. Hypoglycemic Agents New Drug Evaluations
1. Albiglutide (Tanzeum™) NDE
2. Dulaglutide (Trulicity™) NDE
3. Empagliflozin (Jardiance®) NDE
4. Canagliflozin/Metformin (Invokamet™) NDE
5. Public comment
6. Discussion of Clinical Recommendations to OHA
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A. Gibler (OSU)

M. Herink (OSU)

K. Sentena (OSU)

C. Colony Stimulating Factor Class Update
1. Class Update
2. Public comment
3. Discussion of Clinical Recommendations to OHA

K. Ketchum (OSU)

D. Ophthalmic VEGF Inhibitor Class Update
1. Class Update
2. Public comment
3. Discussion of Clinical Recommendations to OHA

M. Herink (OSU)

E. Ophthalmic Drugs for Glaucoma Class Update
1. Class Update
2. Public comment
3. Discussion of Clinical Recommendations to OHA

A. Gibler (OSU)

F. Opioid Dependence Class Update
1. Class Update
2. Public comment
3. Discussion of Clinical Recommendations to OHA

A. Gibler (OSU)

G. Olodaterol New Drug Evaluation
1. Olodaterol (Striverdi® Respimat®) NDE
2. Public comment
3. Discussion of Clinical Recommendations to OHA

A. Meeker (OSU)

H. Drug Class Scans
A. Meeker / M. Herink / A. Gibler (OSU)
1. Ophthalmic Antibiotics
2. Ophthalmic Antibiotics / Corticosteroids
3. Cephalosporins
4. Topical Psoriasis
5. Drug Effectiveness Review Project (DERP) Scans:
a. ADHD
b. ACE-Inhibitors, Angiotensin Receptor Blockers, Direct Renin Inhibitors
c. Statins
d. Macrolides
6. Public Comment
7. Discussion of Clinical Recommendations to OHA
V. EXECUTIVE SESSION
VI. RECONVENE for PUBLIC RECOMMENDATIONS
VII. ADJOURN
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Drug Use Research & Management Program
OHA Division of Medical Assistance Programs
500 Summer Street NE, E35; Salem, OR 97301-1079
Phone 503-947-5220 | Fax 503-947-1119

Oregon Drug Use Review / Pharmacy & Therapeutics Committee

Name

Title

Profession

Location

Term Expiration

William Origer, M.D.

Physician

Medical Director

Corvallis

December 2017

Caryn Mickelson, Pharm.D. Pharmacist

Pharmacy Director

Coos Bay

December 2017

Tracy Klein, Ph.D., F.N.P.

Public

Nurse Practitioner

Portland

December 2017

Arturo Salazar, M.D.

Physician

Pediatric Internist

Eugene

December 2017

James Slater, Pharm.D.

Pharmacist

Pharmacy Director

Beaverton

December 2017

Dave Pass, M.D.

Physician

Medical Director

West Linn

December 2016

Stacy Ramirez, Pharm.D.

Pharmacist

Community Pharmacist

Albany

December 2016

Kathryn Lueken, M.D.,
M.M.M.

Physician

Medical Director

Salem

December 2016

Cathy Zehrung, R.Ph.

Pharmacist

Pharmacy Manager

Silverton

December 2015

Phil Levine, Ph.D.

Public

Retired

Lake Oswego

December 2015

Vacant

Physician

December 2015
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Drug Use Research & Management Program
OHA Division of Medical Assistance Programs
500 Summer Street NE, E35; Salem, OR 97301-1079
Phone 503-947-5220 | Fax 503-947-1119

Oregon Drug Use Review / Pharmacy & Therapeutics Committee
Thursday, November 20, 2014 1:00-5:00 PM
Clackamas Community Training Center
29353 SW Town Center
Wilsonville, OR 97070
MEETING MINUTES
NOTE: Any agenda items discussed by the DUR/P&T Committee may result in changes to
utilization control recommendations to the OHA. Timing, sequence and inclusion of
agenda items presented to the Committee may change at the discretion of the OHA, P&T
Committee and staff. The DUR/P&T Committee functions as the Rules Advisory Committee
to the Oregon Health Plan for adoption into Oregon Administrative Rules 410-121-0030 &
410-121-0040 as required by 414.325(9).
Members Present: Cathy Zehrung, RPh; Phillip Levine, PhD; William Origer, MD; Kathryn
Lueken, MD; James Slater, PharmD;
Members Present by Phone: Stacy Ramirez, PharmD; David Pass, MD; Josh Bishop, PharmD
Staff Present: Kathy Ketchum, RPh, MPA:HA; Megan Herink PharmD, BCPS; Richard
Holsapple, RPh; Roger Citron, RPh; Ted Williams, PharmD; Shannon Jasper; Linnea Saris;
Amanda Meeker, PharmD; Andrew Gibler, PharmD; Keri Crumby, OSU PharmD Candidate
Staff Present by Phone: Kathy Sentena, PharmD; Dr. Walter Shaffer, DMAP Medical Director;
Sherri Willard-Argyres, PharmD
Audience: Stephanie Kendall (J&J), Larry Martinez (Janssen)*, Bill Stryk (J&J)*, Venus Holder
(Lilly), Leslie Fox (J&J), Dr. McCale (Baxter), Barry Benson (BMS), John Howard (Mylan)*, Keri
Crumby (OSU), Damian Frantz (Mylan), Mike Willett (Pfizer), Gary Comstock (Pfizer)*, Dean
Haxby (OSU), Jeanna Colabianchi (Sunovion), Desiree Allen (AbbVie), Pat Wiseman
(AstraZenia), Monica Kim (Otsuka), Tom Lukovich (Genoa Healthcare)*, Seth M. Adams (WVP
Health Authority)
(*) Provided verbal testimony

I. CALL TO ORDER
a. The meeting was called to order at approximately 1:00 pm. Introductions of Committee
members and staff.
b. Mr. Citron reported there are no new conflicts of interest to declare.
c.

Approval of agenda and minutes presented by Dr. Origer (pages 1 - 9)

ACTION: Approved as is.
d. Department updates presented by Linnea Saris.
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II. DUR ACTIVITIES
a. Quarterly Utilization Reports (pages 10 -14)
Presented by Mr. Citron.
b. ProDUR Report (pages 15 – 17)
Presented by Mr. Holsapple.
c.

RetroDUR Report (pages 18 – 20)
Presented by Dr. Williams.

d. Oregon State Drug Reviews
Presented by Dr. Sentena.
1. Update on New Therapies for Treating Major Depressive Disorder (MDD) (pages
21 – 22)
2. New Hepatitis C Antiviral Therapies: How should they be used in clinical
practice? (pages 23 – 24)

III. DUR OLD BUSINESS
a. Updated OHP Nutritional Supplement PA Criteria (pages 25 -29)
Dr. Herink presented the following updates:
Approve changes to PA criteria to align with OAR; requiring patients:
•
•
•

Must have a nutritional deficiency OR
A prolonged history of malnutrition and cachexia or reside in a LTC facility or
chronic home care facility AND
Have an increased metabolic need from severe trauma, malabsorption
difficulties, or a diagnosis that requires additional calories and/or protein intake

Public Comment:
nd

ACTION: Motion, 2 , All in Favor. Approved.

IV. DUR NEW BUSINESS
a. Pediatric SSRI High Dose Drug Use Evaluation (DUE) (pages 30 – 43)
Ms. Ketchum presented the following review:
1. Initiate a maximum dose prior authorization for patients less than 25 years old
starting SSRIs.
2. Exclude child psychiatrists from the PA requirement.
3. Consider age edit to restrict use of paroxetine and fluvoxamine to adults per expert
opinion.
4. Prior to implementation, educate prescribers via Oregon State Drug Review.
nd

ACTION: Motion, 2 , All in favor. Approved.
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b. ICS/LABA Policy Evaluation (pages 44 – 70)
Ms. Ketchum and Keri Crumby presented the following evaluation:
Implement a weekly review of patients encountering the combination inhaler PA and that
meet certain criteria (a denied combination inhaler claim within 17 – 24 days). Send
prescribers the Patient Safety Notice to ensure patients receive a controller, if indicated.
It was also recommended the policy be re-reviewed in one year to consider the utility of
continuing.
nd

ACTION: Motion, 2 , All in favor. Approved.

V. PREFERRED DRUG LIST NEW BUSINESS
a. Insomnia Class Update & New Drug Evaluations (pages 71 – 88)
Ms. Ketchum presented the following updates and evaluations:
1. Make tasimelteon non-preferred in the newer insomnia drug class because there is
insufficient evidence for insomnia treatment outside the narrow FDA approved
indication and require a PA for a funded OHP diagnosis.
2. Evaluate in executive session.
3. Make suvorexant non-preferred when available.
*ACTION: After executive session. All in favor.
b. Hormone Replacement Abbreviated Class Update (pages 89 – 164)
Dr. Willard-Argyres presented the following class update:
1. Make conjugated estrogens / bazedoxifene non-preferred and limit use to women
who are:
a.
b.
c.
d.

Postmenopausal and are within 10 years of menopause
Are <60 years of age
Have an intact uterus
Failed or contraindicated to
I.
Conventional hormone therapy (for prevention of vasomotor
symptoms) OR
II.
Bisphosphonates (for prevention of osteoporosis)

2. Review in executive session.
3. Add estrogen and methylestosterone product to class and make non-preferred.

Public Testimony: Gary Comstock from Pfizer.
*ACTION: After executive session. All in favor.
c.

Anaphylaxis Rescue Abbreviated Class Review (pages 165 – 172)
Dr. Liang presented the following class review:
1. Add “anaphylaxis rescue” as a drug class to the PDL under the Allergy/ Cold
2. Review in executive session.
3. Include epinephrine auto-injector as preferred
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4. Make all auto injector products preferred .

Public Testimony: John Howard from Mylan Inc.
*ACTION: After executive session. All in favor.
d. Long Acting Antipsychotic Injectables Abbreviated Class Review (pages 173 -178)
Dr. Meeker presented the following class review:
1. Include agents on the voluntary PDL.
2. Review in executive session.
3. Make injectable risperidone preferred on the voluntary mental health PDL
Public Comment: Larry Martinez from Janssen Pharmaceuticals.
Tom Lukovich from Genoa Health Care.
*ACTION: After executive session. All in favor.
e. Prenatal Vitamins Abbreviated Review (pages 179 – 184)
Dr. Herink presented the following review:
1. Include class on the PDL .
2. Review in executive session.
3. Make all legend formulations preferred
*ACTION: After executive session. All in favor.
f.

Drug Class Scans
1. Newer Antiemetics (pages 185 – 226)
Dr. Herink presented the following scan:
a. No further research or review needed at this time.
b. Review in executive session.
c. No changes to the PDL.

*ACTION: After executive session. All in favor.
2. Skeletal Muscle Relaxants (pages 227 – 239)
Dr. Herink presented the following scan:
a. No further research or review needed at this time.
b. Review in executive session.
c. No changes to the PDL.
*ACTION: After executive session. All in favor.
3. NSAIDS (pages 240 – 259)
Dr. Herink presented the following scan:
a. No further research or review needed at this time.
b. Review in executive session.
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c.

Make Diclofenac sodium / Misoprostol and naproxen/ esomeprazole nonpreferred.

*ACTION: After executive session. All in favor.
4. Anti-anginal Drugs (pages 260 – 264)
Dr. Gibler presented the following scan:
a. No further research or review needed at this time.
b. Review in executive session.
c. No changes to the PDL.
*ACTION: After executive session. All in favor.
5. Diuretics (pages 265 – 272)
Dr. Gibler presented the following scan:
a. No further research or review needed at this time.
b. Remove bendroflumethiazide from the PDL due to market unavailability and
limited data versus other thiazide diuretics.
c. Review in executive session.
d. No other changes to the PDL.
*ACTION: After executive session. All in favor.

VI. EXECUTIVE SESSION

VII. RECONVENE for PUBLIC RECOMMENDATIONS

VII. ADJOURN

8

Drug Use Research & Management Program
DHS - Division of Medical Assistance Programs
500 Summer Street NE, E35, Salem, OR 97301-1079
Phone 503-947-5220 | Fax 503-947-1119

Pharmacy Utilization Summary Report: July 2013 - June 2014
Eligibility
Total Members (FFS & Encounter)
FFS Members
OHP Basic with Medicare
OHP Basic without Medicare
ACA
Encounter Members
OHP Basic with Medicare
OHP Basic without Medicare
ACA
Gross Cost Figures for Drugs
Total Amount Paid (FFS & Encounter)
Mental Health Carve‐Out Drugs
OHP Basic with Medicare
OHP Basic without Medicare
ACA
FFS Physical Health Drugs
OHP Basic with Medicare
OHP Basic without Medicare
ACA
FFS Physician Administered Drugs
OHP Basic with Medicare
OHP Basic without Medicare
ACA
Encounter Physical Health Drugs
OHP Basic with Medicare
OHP Basic without Medicare
ACA
Encounter Physician Administered Drugs
OHP Basic with Medicare
OHP Basic without Medicare
ACA

Jul‐13

Aug‐13

Sep‐13

Oct‐13

Nov‐13

Dec‐13

Jan‐14

Feb‐14

Mar‐14

Apr‐14

May‐14

Jun‐14

Avg Monthly

624,642
75,688
26,987
25,664
22,894
548,954
37,207
234,071
277,082

625,272
78,915
27,103
27,154
24,587
546,357
37,215
233,053
275,479

625,526
81,973
27,264
28,571
26,528
543,553
37,313
230,913
274,742

621,935
75,036
27,177
25,347
22,100
546,899
37,420
230,687
278,211

622,966
76,075
27,343
25,569
22,925
546,891
37,665
228,678
279,977

613,155
79,453
27,371
27,446
23,945
533,702
37,741
222,953
272,459

819,426
140,103
27,575
26,374
83,884
679,323
37,758
227,448
413,355

852,414
133,822
27,629
24,867
79,176
718,592
37,903
228,120
450,189

899,321
155,785
27,787
24,408
99,440
743,536
38,017
227,677
474,533

933,189
137,326
27,903
24,179
82,228
795,863
38,134
226,830
524,688

961,855
138,745
28,145
24,696
82,479
823,110
38,244
224,805
552,052

969,341
136,943
28,393
24,989
80,139
832,398
38,302
222,503
562,718

764,087
109,155
27,556
25,772
54,194
654,932
37,743
228,145
386,290

Jul‐13

Aug‐13

Sep‐13

Oct‐13

Nov‐13

Dec‐13

Jan‐14

Feb‐14

Mar‐14

Apr‐14

May‐14

Jun‐14

YTD Sum

$33,915,001
$8,038,148
$44,148
$6,087,537
$1,848,276
$2,337,104
$273,512
$1,533,939
$412,983
$1,296,751
$161,719
$636,538
$226,672
$17,893,352
$180,242
$11,874,744
$5,702,613
$4,349,646
$109,851
$2,694,047
$852,016

$33,234,713
$7,887,685
$36,249
$5,977,943
$1,822,789
$2,233,155
$269,956
$1,441,390
$410,100
$995,481
$136,071
$461,475
$175,597
$18,045,222
$195,525
$11,913,477
$5,790,799
$4,073,170
$123,404
$2,470,192
$916,283

$32,592,899
$7,599,368
$37,419
$5,767,293
$1,738,026
$2,226,880
$262,515
$1,465,746
$370,505
$1,095,988
$149,091
$607,512
$133,508
$17,539,084
$197,261
$11,492,182
$5,717,114
$4,131,578
$91,586
$2,504,643
$884,917

$34,989,069
$8,228,070
$21,032
$6,207,813
$1,938,459
$2,336,245
$275,323
$1,553,249
$392,983
$1,175,394
$160,967
$605,503
$123,621
$18,864,117
$230,974
$12,398,844
$6,074,397
$4,385,244
$118,215
$2,596,096
$963,682

$33,786,664
$7,434,555
$13,060
$5,634,325
$1,737,438
$2,205,473
$251,918
$1,457,756
$386,911
$1,025,838
$156,020
$421,141
$162,720
$19,144,092
$194,496
$12,485,718
$6,284,816
$3,976,707
$85,537
$2,410,267
$853,257

$32,572,219
$7,908,255
$11,010
$5,987,747
$1,849,527
$2,411,354
$272,014
$1,645,484
$377,623
$839,384
$126,724
$427,158
$64,444
$17,421,121
$243,784
$11,419,862
$5,627,659
$3,992,106
$101,802
$2,386,240
$923,188

$40,582,304
$8,909,305
$9,185
$6,296,032
$2,579,806
$3,591,076
$274,507
$1,692,317
$1,558,343
$1,551,051
$140,472
$548,206
$554,176
$21,210,665
$258,108
$12,265,529
$8,562,162
$5,320,208
$218,369
$2,922,152
$1,593,196

$40,239,702
$8,431,613
$12,723
$5,682,105
$2,714,840
$3,476,954
$247,775
$1,616,942
$1,535,101
$1,143,063
$105,899
$443,007
$357,301
$22,207,060
$223,819
$12,084,098
$9,811,837
$4,981,012
$194,647
$2,370,141
$1,955,004

$44,827,009
$9,406,058
$13,217
$6,124,056
$3,247,499
$3,425,726
$268,329
$1,524,786
$1,562,188
$1,298,557
$137,837
$397,708
$563,306
$25,883,793
$188,071
$13,310,839
$12,275,282
$4,812,875
$161,242
$2,149,029
$2,160,455

$42,667,470
$9,878,404
$10,812
$6,222,220
$3,623,543
$3,324,936
$265,769
$1,450,556
$1,522,734
$1,405,018
$173,741
$630,069
$405,845
$22,780,833
$155,957
$11,259,572
$11,187,009
$5,278,279
$166,110
$2,253,219
$2,487,175

$46,314,274
$10,180,468
$13,664
$6,157,026
$3,945,681
$3,272,580
$278,601
$1,430,467
$1,476,174
$1,357,730
$116,228
$432,760
$609,020
$25,823,801
$174,266
$12,234,209
$13,096,015
$5,679,695
$176,543
$2,401,051
$2,777,528

$42,095,073
$10,279,964
$9,967
$6,157,343
$4,026,390
$3,345,437
$269,087
$1,419,536
$1,569,096

$457,816,397
$104,181,892
$232,486
$72,301,438
$31,072,274
$34,186,919
$3,209,307
$18,232,168
$11,574,742
$13,184,255
$1,564,767
$5,611,076
$3,376,210
$255,282,812
$2,437,539
$145,836,227
$104,957,374
$50,980,519
$1,547,305
$27,157,077
$16,366,701

OHP = Oregon Health Plan
ACA = Affordable Care Act expansion
Last Updated: January 21, 2015
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$28,469,672
$195,036
$13,097,151
$14,827,671

Drug Use Research & Management Program
DHS - Division of Medical Assistance Programs
500 Summer Street NE, E35, Salem, OR 97301-1079
Phone 503-947-5220 | Fax 503-947-1119

Pharmacy Utilization Summary Report: July 2013 - June 2014

YTD Percent Paid Amounts
FFS PAD
3%
FFS Physical Health
7%
Mental Health
Carveout
23%

Encounter Physical
Health
56%

Encounter PAD
11%

OHP Basic
w/Medicare
2%

OHP ACA
38%
OHP Basic w/o
Medicare
60%

OHP = Oregon Health Plan
ACA = Affordable Care Act expansion
PAD = Physician-administered drugs
Last Updated: January 21, 2015
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Drug Use Research & Management Program
DHS - Division of Medical Assistance Programs
500 Summer Street NE, E35, Salem, OR 97301-1079
Phone 503-947-5220 | Fax 503-947-1119

Pharmacy Utilization Summary Report: July 2013 - June 2014

Quarterly Rebates Invoiced
Total Rebate Invoiced (FFS & Encounter)
CMS MH Carve‐out
SR MH Carve‐out
CMS FFS Drug
SR FFS
CMS Encounter
SR Encounter
Quaterly Net Drug Costs
Estimated Net Drug Costs (FFS & Encounter)
Mental Health Carve‐Out Drugs
FFS Phys Health + PAD
Encounter Phys Health + PAD

2013‐Q3

2013‐Q4

2014‐Q1

2014‐Q2

YTD Sum

$40,883,253
$11,890,992

$40,974,375
$11,801,015

$54,275,882
$12,860,015

$4,077,856
$169,833
$24,615,359
$129,212

$4,206,159
$189,687
$24,496,481
$281,034

$5,906,347
$479,375
$34,539,342
$490,802

$68,530,791
$14,577,339
$62,707
$6,079,980
$220,540
$46,913,964
$676,262

$204,664,300
$51,129,361
$62,707
$20,270,342
$1,059,434
$130,565,146
$1,577,311

2013‐Q3

2013‐Q4

2014‐Q1

2014‐Q2

YTD Sum

$58,859,359
$11,634,209
$5,937,669
$41,287,481

$60,373,578
$11,769,865
$5,597,842
$43,005,871

$71,373,134
$13,886,961
$8,100,704
$49,385,469

$62,546,026
$15,698,789
$6,405,182
$40,442,054

$253,152,097
$52,989,825
$26,041,398
$174,120,875

YTD Percent Rebates Invoiced
SR MH Carve‐out
0%

CMS FFS Drug
10%

SR FFS
1%

CMS MH Carve‐out
25%

SR Encounter
1%
CMS Encounter
63%

SR = Supplemental Rebate
CMS = Center for Medicaid Services
PAD = Physician‐administered drugs
MH = Mental Health
Last Updated: January 21, 2015
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Drug Use Research & Management Program
DHS - Division of Medical Assistance Programs
500 Summer Street NE, E35, Salem, OR 97301-1079
Phone 503-947-5220 | Fax 503-947-1119

Pharmacy Utilization Summary Report: July 2013 - June 2014

PMPM Drug Costs (Excludes Rebate)
PMPM Amount Paid (FFS & Encounter)
Mental Health Carve‐Out Drugs
FFS Physical Health Drugs
FFS Physician Administered Drugs
Encounter Physical Health Drugs
Encounter Physician Administered Drugs
Claim Counts
Total Claim Count (FFS & Encounter)
Mental Health Carve‐Out Drugs
FFS Physical Health Drugs
FFS Physician Administered Drugs
Encounter Physical Health Drugs
Encounter Physician Administered Drugs
Amount Paid per Claim (Excludes Rebate)
Average Paid / Claim (FFS & Encounter)
Mental Health Carve‐Out Drugs
FFS Physical Health Drugs
FFS Physician Administered Drugs
Encounter Physical Health Drugs
Encounter Physician Administered Drugs
Amount Paid per Claim ‐ Multi Source Drugs (Excludes Rebate)
Multi‐Source Drugs: Average Paid / Claim (FFS & Encounter)
Mental Health Carve‐Out Drugs
FFS Physical Health Drugs
Encounter Physical Health Drugs
Amount Paid per Claim ‐ Single Source Drugs (Excludes Rebate)

Jul‐13

Aug‐13

Sep‐13

Oct‐13

Nov‐13

Dec‐13

Jan‐14

Feb‐14

Mar‐14

Apr‐14

May‐14

Jun‐14

Avg Monthly

$54.30
$12.87
$30.88
$17.13
$32.60
$7.92

$53.15
$12.61
$28.30
$12.61
$33.03
$7.46

$52.10
$12.15
$27.17
$13.37
$32.27
$7.60

$56.26
$13.23
$31.13
$15.66
$34.49
$8.02

$54.24
$11.93
$28.99
$13.48
$35.01
$7.27

$53.12
$12.90
$30.35
$10.56
$32.64
$7.48

$49.53
$10.87
$25.63
$11.07
$31.22
$7.83

$47.21
$9.89
$25.98
$8.54
$30.90
$6.93

$49.85
$10.46
$21.99
$8.34
$34.81
$6.47

$45.72
$10.59
$24.21
$10.23
$28.62
$6.63

$48.15
$10.58
$23.59
$9.79
$31.37
$6.90

$50.64
$10.61
$24.43
$10.83
$34.20
$6.62

$51.19
$11.56
$26.89
$11.80
$32.60
$7.26

Jul‐13

Aug‐13

Sep‐13

Oct‐13

Nov‐13

Dec‐13

Jan‐14

Feb‐14

Mar‐14

Apr‐14

May‐14

Jun‐14

Avg Monthly

611,656
97,153
62,453
8,480
406,824
36,746

603,021
94,388
60,482
8,499
401,996
37,656

589,198
90,828
59,695
7,779
394,460
36,436

674,493
97,399
63,980
7,993
462,603
42,518

617,750
89,093
57,440
7,465
425,398
38,354

591,560
93,661
60,745
7,541
391,809
37,804

752,751
113,660
77,605
16,707
488,571
56,208

745,688
109,869
71,050
13,647
498,641
52,481

859,897
124,561
78,827
13,737
581,583
61,189

874,808
130,352
77,223
14,138
583,334
69,761

890,593
134,486
79,594
12,939
592,721
70,853

901,937
134,054
79,552
12,254
606,714
69,363

726,113
109,125
69,054
10,932
486,221
50,781

Jul‐13

Aug‐13

Sep‐13

Oct‐13

Nov‐13

Dec‐13

Jan‐14

Feb‐14

Mar‐14

Apr‐14

May‐14

Jun‐14

Avg Monthly

$55.45
$82.74
$37.42
$152.92
$43.98
$118.37

$55.11
$83.57
$36.92
$117.13
$44.89
$108.17

$55.32
$83.67
$37.30
$140.89
$44.46
$113.39

$51.87
$84.48
$36.52
$147.05
$40.78
$103.14

$54.69
$83.45
$38.40
$137.42
$45.00
$103.68

$55.06
$84.43
$39.70
$111.31
$44.46
$105.60

$53.91
$78.39
$46.27
$92.84
$43.41
$94.65

$53.96
$76.74
$48.94
$83.76
$44.54
$94.91

$52.13
$75.51
$43.46
$94.53
$44.51
$78.66

$48.77
$75.78
$43.06
$99.38
$39.05
$75.66

$52.00
$75.70
$41.12
$104.93
$43.57
$80.16

$54.42
$76.69
$42.05
$120.99
$46.92
$79.43

$53.56
$80.09
$40.93
$116.93
$43.80
$96.32

Jul‐13

Aug‐13

Sep‐13

Oct‐13

Nov‐13

Dec‐13

Jan‐14

Feb‐14

Mar‐14

Apr‐14

May‐14

Jun‐14

Avg Monthly

$23.57
$39.10
$21.11
$20.33

$24.01
$39.50
$21.32
$20.87

$24.21
$39.94
$21.03
$21.14

$22.76
$39.55
$20.70
$19.60

$24.14
$39.28
$20.92
$21.48

$23.69
$38.63
$21.69
$20.52

$23.62
$38.21
$22.26
$20.42

$23.58
$37.16
$21.98
$20.82

$22.96
$36.93
$21.42
$20.18

$21.13
$37.12
$21.51
$17.51

$22.51
$37.30
$21.74
$19.26

$22.81
$37.59
$21.76
$19.67

$23.25
$38.36
$21.45
$20.15

Jul‐13

Aug‐13

Sep‐13

Oct‐13

Nov‐13

Dec‐13

Jan‐14

Feb‐14

Mar‐14

Apr‐14

May‐14

Jun‐14

Avg Monthly

$359.69
$486.01
$220.11
$343.44

$360.58
$485.29
$215.36
$345.21

$342.51
$482.88
$221.75
$320.57

$314.94
$480.01
$213.68
$284.91

$348.01
$480.56
$241.05
$326.82

$358.16
$486.70
$246.65
$335.07

$358.74
$586.34
$308.52
$317.27

$394.08
$591.90
$347.39
$357.73

$397.31
$586.72
$297.45
$371.78

$367.50
$588.67
$307.10
$326.46

$396.64
$587.92
$281.26
$369.68

$427.18
$601.67
$294.58
$407.56

$368.78
$537.05
$266.24
$342.21

Multi‐Source Drug Use Percentage

Jul‐13

Aug‐13

Sep‐13

Oct‐13

Nov‐13

Dec‐13

Jan‐14

Feb‐14

Mar‐14

Apr‐14

May‐14

Jun‐14

Avg Monthly

Multi‐Source Drug Use Percentage
Mental Health Carve‐Out Drugs
FFS Physical Health Drugs
Encounter Physical Health Drugs

92.2%
90.2%
91.8%
92.7%

92.1%
90.1%
92.0%
92.6%

91.8%
90.1%
91.9%
92.2%

91.6%
89.8%
91.8%
92.0%

91.9%
90.0%
92.1%
92.3%

91.9%
89.8%
92.0%
92.4%

92.3%
92.7%
91.6%
92.3%

92.8%
92.9%
91.7%
93.0%

93.0%
93.0%
92.0%
93.1%

93.0%
93.0%
92.5%
93.0%

93.0%
93.0%
92.5%
93.1%

92.9%
93.1%
92.6%
93.0%

92.4%
91.5%
92.0%
92.6%

Single Source Drugs: Average Paid / Claim (FFS & Encounter)
Mental Health Carve‐Out Drugs
FFS Physical Health Drugs
Encounter Physical Health Drugs

Preferred Drug Use Percentage

Jul‐13

Aug‐13

Sep‐13

Oct‐13

Nov‐13

Dec‐13

Jan‐14

Feb‐14

Mar‐14

Apr‐14

May‐14

Jun‐14

Avg Monthly

Preferred Drug Use Percentage
Mental Health Carve‐Out Drugs
FFS Physical Health Drugs
Encounter Physical Health Drugs

84.97%
71.10%
91.24%
87.87%

84.89%
71.23%
91.56%
87.67%

84.69%
71.26%
91.78%
87.37%

84.60%
70.92%
91.47%
87.14%

84.51%
71.09%
91.34%
86.99%

84.42%
71.12%
91.46%
87.21%

85.97%
74.12%
93.73%
87.97%

86.02%
74.36%
93.56%
87.92%

86.28%
74.46%
93.56%
88.21%

86.23%
74.46%
93.57%
88.29%

85.91%
73.34%
93.66%
88.16%

86.01%
73.24%
93.87%
88.22%

85.4%
72.6%
92.6%
87.8%

Last Updated: January 21, 2015
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Drug Use Research & Management Program
DHS - Division of Medical Assistance Programs
500 Summer Street NE, E35, Salem, OR 97301-1079
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Top 40 Drugs by Gross Amount Paid (FFS Only) ‐ Fourth Quarter 2014
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Drug
ABILIFY
DULOXETINE HCL
SEROQUEL XR
LATUDA
INTUNIV
STRATTERA
INVEGA SUSTENNA
INVEGA
BUPROPION XL
DIVALPROEX SODIUM ER
FLUOXETINE HCL
Factor Viii Recombinant Nos
LAMOTRIGINE ER
SERTRALINE HCL
RISPERDAL CONSTA
TRAZODONE HCL
HUMIRA
PRISTIQ ER
SAPHRIS
ZIPRASIDONE HCL
LANTUS
AMITRIPTYLINE HCL
CITALOPRAM HBR
ABILIFY MAINTENA
LAMOTRIGINE
BUPROPION HCL SR
MODAFINIL
VENLAFAXINE HCL ER
QUETIAPINE FUMARATE
PROAIR HFA
VIIBRYD
CLOZAPINE
Xyntha Inj
ESCITALOPRAM OXALATE
GUANFACINE HCL ER
LORAZEPAM
VENLAFAXINE HCL ER
Anti‐Inhibitor
BUSPIRONE HCL
RISPERIDONE

PDL Class
Antipsychotics, 2nd Gen
Antidepressants
Antipsychotics, 2nd Gen
Antipsychotics, 2nd Gen
ADHD Carve Out Drugs
ADHD Carve Out Drugs
Injectable Antipsychotics
Antipsychotics, 2nd Gen
Antidepressants
Antiepileptics
Antidepressants
Physican Administered Drug
Antiepileptics
Antidepressants
Injectable Antipsychotics
STC 11 ‐ Psychostimulants, Antidepressants
Targeted Immune Modulators
Antidepressants
Antipsychotics, 2nd Gen
Antipsychotics, 2nd Gen
Insulins
Antidepressants
Antidepressants
Injectable Antipsychotics
Antiepileptics
Antidepressants
ADHD Carve Out Drugs
Antidepressants
Antipsychotics, 2nd Gen
Asthma Rescue
Antidepressants
Antipsychotics, 2nd Gen
Physican Administered Drug
Antidepressants
ADHD Carve Out Drugs
Benzodiazepine Anxiolytics
Antidepressants
Physican Administered Drug
STC 07 ‐ Ataractics, Tranquilizers
Antipsychotics, 2nd Gen
Aggregate

Notes
‐ FFS Drug Costs only, rebates excluded
‐ PDL Key: Y=Preferred, N=Non‐Preferred, V=Voluntary, Blank=Non PDL Class

Last updated: January 21, 2015
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Amount
Paid
$10,023,148
$3,638,874
$1,632,814
$1,588,025
$1,375,439
$1,331,606
$939,825
$818,779
$764,693
$637,308
$471,175
$441,066
$418,501
$415,542
$404,190
$343,875
$339,345
$334,952
$331,013
$315,247
$314,445
$304,213
$272,557
$270,389
$264,796
$263,760
$247,656
$242,597
$236,605
$219,518
$218,657
$212,915
$212,194
$206,532
$204,966
$203,641
$202,266
$194,083
$187,551
$184,400
$46,079,056

% Total
FFS Costs
21.8%
7.9%
3.5%
3.4%
3.0%
2.9%
2.0%
1.8%
1.7%
1.4%
1.0%
1.0%
0.9%
0.9%
0.9%
0.7%
0.7%
0.7%
0.7%
0.7%
0.7%
0.7%
0.6%
0.6%
0.6%
0.6%
0.5%
0.5%
0.5%
0.5%
0.5%
0.5%
0.5%
0.4%
0.4%
0.4%
0.4%
0.4%
0.4%
0.4%

Claim
Count
12,356
21,145
2,979
2,254
4,808
4,705
682
896
14,477
4,082
29,795
12
827
33,844
627
35,455
112
1,493
686
3,190
999
17,642
31,038
182
18,755
11,721
692
12,943
10,990
4,246
1,263
2,469
5
14,939
830
20,949
1,580
3
10,623
10,753
688,439

Avg Paid
per Claim
$811
$172
$548
$705
$286
$283
$1,378
$914
$53
$156
$16
$36,755
$506
$12
$645
$10
$3,030
$224
$483
$99
$315
$17
$9
$1,486
$14
$23
$358
$19
$22
$52
$173
$86
$42,439
$14
$247
$10
$128
$64,694
$18
$17
$361

PDL
V
V
V
V
V
Y
V
V
V
Y
Y
V
Y
V
Y
V
V
V
Y
Y
Y
V
Y
Y
V
Y
Y
Y
V
Y
Y
V
V

Y

ProDUR Report for October to December 2014
High Level Summary by DUR Alert
DUR Alert
DA (Drug/Allergy Interaction)
DC (Drug/Inferred Disease Interaction)
DD (Drug/Drug Interaction)
ER (Early Refill)
ID (Ingredient Duplication)
LD (Low Dose)
LR (Late Refill/Underutilization)
MC (Drug/Disease Interaction)
MX (Maximum Duration of Therapy)
PG (Pregnancy/Drug Interaction)
TD (Therapeutic Duplication)

Disposition
Set alert/Pay claim
Set alert/Pay claim
Set alert/Pay claim
Set alert/Deny claim
Set alert/Pay claim
Set alert/Pay claim
Set alert/Pay claim
Set alert/Pay claim
Set alert/Pay claim
Set alert/Deny claim
Set alert/Pay claim
Totals

# Alerts
61
1,791
277
84,893
21,904
1,120
168
1,705
1,263
2,835
7,360
123,377

14

# Overrides
31
473
58
15,485
5,467
223
106
722
305
1,762
2,004
26,636

# Cancellations
0
0
0
70
2
0
0
0
0
1
1
74

# Non-Response
30
1,315
219
69,335
16,425
894
62
982
956
1,072
5,349
96,639

% of all DUR Alerts
0.00%
1.45%
0.18%
68.80%
17.65%
0.83%
0.10%
1.35%
0.98%
2.25%
5.90%
99.48%

ProDUR Report for October to December 2014
Top Drugs in Early Refill
DUR
Alert
Drug Name
ER Oxycodone HCl
Hydrocodone Bit/APAP
Depakote (Divalproex Sodium)
Clonazepam
Zyprexa (Olanzapine)
Lorazepam
Gabapentin
Risperdal (Risperidone)
Alprazolam
Lithium Carbonate
Geodon (Ziprasidone)
Seroquel (Quetiapine)
Lamictal (Lamotrigine)
Diazepam
Buspar (Buspirone)
Zoloft (Sertraline)
Effexor (Venlafaxine)
Abilify (Aripiprazole)
Trazodone
Cymbalta (Duloxetine)
Prozac (Fluoxetine)
Prilosec (Omeprazole)
Remeron (Mirtazapine)
Amitriptyline
Albuterol
Wellbutrin (Bupropion)
Straterra (Atomoxetine)
Lexapro (Escitaloprim)
Celexa (Citalopram)
Paxil (Paroxetine)

# Alerts
239
355
1,849
283
1,762
1,959
518
2,339
1,612
1,270
730
3,042
3,643
790
1,447
4,799
2,208
2,381
5,360
3,098
3,990
512
1,106
2,050
480
3,953
775
2,183
3,946
1,625

# Overrides
95
107
444
63
388
422
110
481
331
251
140
574
655
142
252
830
371
397
889
507
648
81
172
317
73
594
116
318
555
176

% Overrides
39.75%
30.14%
24.01%
22.26%
22.02%
21.54%
21.24%
20.56%
20.53%
19.76%
19.18%
18.87%
17.98%
17.97%
17.42%
17.30%
16.80%
16.67%
16.59%
16.37%
16.24%
15.82%
15.55%
15.46%
15.21%
15.03%
14.97%
14.57%
14.06%
10.83%

CC-3
Vacation Supply
6
3
16
1
15
20
7
16
15
9
5
22
17
6
11
30
25
15
25
23
34
4
5
10
5
49
15
22
17
20

15

CC-4
Lost Rx
3
1
16
3
9
12
4
22
12
6
11
39
33
4
9
36
24
21
52
29
26
1
10
20
10
61
15
23
39
13

CC-5
CC-6
Therapy Change Starter Dose
68
1
50
0
133
3
24
1
82
2
163
4
50
1
121
4
126
1
79
4
20
23
149
2
233
5
55
2
96
2
359
11
102
2
110
11
303
13
148
5
218
9
16
3
42
1
128
2
23
4
119
2
43
3
100
2
202
14
50
3

CC-7
Medically
Necessary
53
36
164
18
171
152
27
216
110
106
42
198
231
45
79
227
94
162
337
164
205
40
79
85
18
202
73
105
177
47

CC-14
LTC Leave of
Absence
0
0
2
0
0
2
0
2
0
0
0
0
0
0
0
0
0
2
5
0
0
0
0
1
0
4
0
0
3
0

Pediatric Psychotropic Quarterly Report
Fee For Service
Fiscal Year 2013 - 2014
Metric

First Quarter Oct - Dec
Numerator

Children on Antipsychotics without diabetes screen

Denominator

311

529

Five or more concurrent psychotropics

19

1,969

Three or more concurrent psychotropics

381

1,969

Two or More Concurrent Antipsychotics

30

1,969

Under 18 years old on any antipsychotic

531
49

Youth five years and younger on psychotropics

1/27/2015

Second Quarter Jan - Mar
%
59%

Numerator

Denominator

384

621

1%

27

2,414

19%

439

2,414

2%

24

2,414

1,969

27%

623

1,969

2%

70

Third Quarter Apr - Jun
%
62%

Numerator

Denominator

378

636

1%

24

2,488

18%

452

2,488

1%

24

2,488

2,414

26%

637

2,414

3%

63

Fourth Quarter Jul - Sep
%
59%

Numerator

Denominator

%

324

542

60%

1%

20

2,374

1%

18%

383

2,374

16%

1%

14

2,374

1%

2,488

26%

543

2,374

23%

2,488

3%

42

2,374

2%

Important: Totals for each quarter are generated three months after the end of the quarter to allow for delays in
claim submission. Therfore, totals in this report may differ from dashboard reports, which do not account for these
Note: The metric "Under 18 years old on any antipsychotic" counts children with or without diabetes receiving antipsychotics. The metric
"Children on antipsychotics without diabetes screening" excluded children with pre-existing diabetes.
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Text0:

Retro‐DUR Intervention History by Quarter FFY 2014 ‐ 2015
Program

Initiative

Metric

Pediatric Psychotropics

ADHD New Start with Follow Up In First 30 Days

Members Identified

25

Profiles Sent

13

Responses Received
Response Rate

Antipsychotic Metabolic Monitoring

17

4
31%

Information Useful or
Will Change Practice

2

Patient Not With Office

1

Already Scheduled

3

Will Not Schedule

0

Requested No Future
Notifications

0

Members Identified

639

Profiles Sent

637

Members With
Response

125

Response Rate

20%

Newly Scheduled

Tuesday, January 27, 2015

Quarter 1
Oct - Dec

38

Provider Contacted

265

Provider Responses

56

Provider Agreed with
Recommendation

12

Patient Not With Office

17

Quarter 2
Jan - Mar

Quarter 3
Apr - Jun

Quarter 4
Jul-Sep

© Copyright 2012 Oregon State University. All Rights Reserved
Drug Use Research & Management Program
Oregon State University
500 Summer Street NE, E35, Salem, Oregon 97301‐1079
Phone 503‐947‐5220 | Fax 503‐947‐1119

Text0:

Retro‐DUR Intervention History by Quarter FFY 2014 ‐ 2015
Program

Initiative

Metric

Profile Review

Children under age 12 antipsychotic

Profiles Reviewed

81

Children under age 18 on 3 or more psychotropics

Profiles Reviewed

7

Children under age 18 on any psychotropic

Profiles Reviewed

53

Children under age 6 on any psychotropic

Profiles Reviewed

2

Lock-In

Profiles Reviewed

46

Polypharmacy

Tuesday, January 27, 2015

Quarter 1
Oct - Dec

18

Letters Sent To
Providers

3

Provider Responses

0

Provider Agreed /
Found Info Useful

0

Locked In

19

Profiles Reviewed

10

Quarter 2
Jan - Mar

Quarter 3
Apr - Jun

Quarter 4
Jul-Sep
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What’s New with Oral Anticoagulants?
By Kathy Sentena, Pharm.D., from Oregon State University College of Pharmacy

Multiple anticoagulants are available for patients requiring prophylaxis when
undergoing TKR or THR. Consideration of the evidence is an important
component in the anticoagulant selection process (Table 1). There are no
studies directly comparing the newer oral anticoagulants for orthopedic
prophylaxis. A recent systematic review done by the Veterans Administration
on the comparative effectiveness of the new oral anticoagulants and
standard prophylaxis in patients undergoing TKR and THR, found
rivaroxaban to be the most effective in reducing the risk of venous
thromboembolism (VTE) compared to apixaban and dabigatran, based on
indirect comparisons.14 This same review found factor Xa inhibitors to reduce
the rate of symptomatic DVT to a greater extent than low molecular weight
heparins (LMWH) based on high strength of evidence (4 fewer events per
1000 patients treated; OR 0.46, 95% CI 0.30 to 0.79). A limitation to this
finding was that studies using the 40mg once daily dose of enoxaparin,
which is not approved in the United States, were included. The efficacy of
dabigatran was not found to be statistically different from LMWH.14 Major
bleeding was found to be higher with factor Xa inhibitors compared to
enoxaparin (OR 1.27, 95% CI 0.98 to 1.65).14 The Drug Effectiveness
Review Project (DERP) found apixaban, dabigatran and rivaroxaban to have
similar efficacy, based on indirect comparisons, in preventing symptomatic
VTE in patients undergoing orthopedic surgery, with similar risks of major
bleeding.15 The report also found that there was no significant difference
between the newer agents compared to enoxaparin for the outcomes of
mortality and symptomatic PE, based on moderate to high strength of
evidence.15 The American College of Chest Physicians (ACCP) Practice
Guideline weakly recommends LMWH over fondaparinux, apixaban,
dabigatran, rivaroxaban and unfractionated heparin for patients requiring
anticoagulation for orthopedic surgery.16

The landscape of oral anticoagulation has been in constant flux since the
approval of the direct thrombin inhibitor, dabigatran, in 2010.1 Factor Xa
inhibitors, apixaban and rivaroxaban, were approved shortly thereafter.
Apixaban and dabigatran have new indications and updated guidelines on the
management of atrial fibrillation (AF) have been released. The focus of this
newsletter will be on the evidence supporting the new indications, comparison
of available anticoagulant therapies and review of new guideline
recommendations.
Apixaban - Approval for Prophylaxis
In March of this year apixaban received approval to be used in patients
undergoing hip or knee surgery requiring anticoagulation prophylaxis.2 This
approval was based on three studies, ADVANCE 1-3 (table 1).3-5 These were
fair to good quality, double-blind, double-dummy, randomized trials involving
11,659 patients. The primary endpoint used for all the ADVANCE studies was
the composite of asymptomatic and symptomatic deep vein thrombosis (DVT),
non-fatal pulmonary embolism (PE) or death from any cause.
Apixaban use in patients undergoing total knee replacement (TKR) produced
conflicting results. In the ADVANCE-1 trial, apixaban 2.5 mg twice daily was
found to be inferior to the enoxaparin 30 mg every 12 hour regimen.3
However, in the ADVANCE-2 study, apixaban 2.5 mg twice daily was found to
be superior to enoxaparin 40 mg daily with a number needed to treat (NNT) of
11.4 In ADVANCE-3, apixaban 2.5 mg twice daily was found to be superior to
enoxaparin 40 mg daily in patients requiring anticoagulation for total hip
replacement (THR) (NNT 40).5 Major bleeds and clinically relevant non-major
bleeds were similar between groups in the ADVANCE-2 and 3 trials and
significantly less in the apixaban group in the ADVANCE-1 trial.3-5
Table 1. Efficacy Comparison of Newer Oral Anticoagulants in Orthopedic
Prophylaxis
Study/
Therapy
Results for the Primary Endpoint:
Indication
Composite of asymptomatic and
symptomatic DVT, non-fatal PE or allcause mortality*
ADVANCE-13
apixaban 2.5 mg bid
Apixaban inferior to enoxaparin
TKR
vs. enox 30 mg bid
(RR 1.02; 95% CI, 0.78 to 1.32, p=0.06)
ADVANCE-24
apixaban 2.5 mg bid
Apixaban superior to enoxaparin
TKR
vs. enox 40 mg daily
(RR 0.62, 95% CI 0.51 to 0.74, p<0.001)
ADVANCE-35
apixaban 2.5 mg bid
Apixaban superior to enoxaparin
THR
vs. enox 40 mg qd
(RR 0.36, 95% CI, 0.22 to 0.54, p<0.001)
RE-MODEL6
dabigatran 220 mg qd
Dabigatran noninferior to enoxaparin
TKR
vs. enox 40 mg qd
(RR 0.97, 95% CI 0.82 to 1.1)
RE-MOBILIZE7
dabigatran 220mg qd
Dabigatran inferior to enoxaparin
TKR
vs. enox 30 mg bid
(RR 1.2, 95% CI 1.0 to 1.5)
RE-NOVATE8
dabigatran 220 mg qd
Dabigatran noninferior to enoxaparin
THR
vs. enox 40 mg qd
(RR 0.90, 95% CI 0.63 to 1.3)
RE-NOVATE II9
dabigatran 220mg qd
Dabigatran noninferior to enoxaparin
THR
vs. enox 40 mg qd
(ARR -1.1%, 95% CI -3.8 to 1.6%,
p<0.0001)
RECORD 110
rivaroxaban 10 mg qd
Rivaroxaban superior to enoxaparin
THR
vs. enox 40 mg qd
(RR 0.30, 95% CI 0.12 to 0.51, p)
RECORD 211
rivaroxaban 10 mg qd
Rivaroxaban superior to enoxaparin
THR
vs. enox 40 mg qd
(RR 0.21, 95% CI 0.13 to 0.35)
RECORD 312
rivaroxaban 10 mg qd
Rivaroxaban superior to enoxaparin
TKR
vs. enox 40 mg qd
(RR 0.51, 95% CI 0.39 to 0.65)
RECORD 413
rivaroxaban 10 mg qd
Rivaroxaban superior to enoxaparin
TKR
vs. enox 30 mg bid
(RR 0.67, 95% CI 0.51 to 0.93)
* The clinical relevance of asymptomatic DVTs is unknown and in some studies this
finding was the dominating factor in determining results.
TKR – total knee replacement, THR – total hip replacement, Enox – enoxaparin, QD –
daily, BID – twice daily, RR – relative risk, ARR – absolute risk reduction, DVT – deep
vein thrombosis, PE – pulmonary embolism

Apixaban - Approval for DVT and PE Treatment
Last month apixaban was approved for the treatment of DVT and PE, and for
the reduction in the risk of recurrent DVT and PE following initial therapy.2
The double-blind AMPLIFY and AMPLIFY-EXT randomized controlled trials
were used as evidence for approval.17,18 AMPLIFY was a good quality trial in
which patients were randomized to apixaban 5 mg twice daily (after 7 days of
10 mg twice daily) or conventional treatment with enoxaparin and warfarin
(international normalized ratio [INR] 2.0 to 3.0) for 6 months.17 In the fair
quality AMPLIFY-EXT study 2482 patients were randomized to apixaban 2.5
mg twice daily, apixaban 5 mg twice daily or placebo.18 Patients were
included in the AMPLIFY-EXT trial if they had a prior VTE and completed 6
to 12 months of anticoagulation and for whom there was clinical equipoise
regarding continuing or discontinuing treatment. The primary outcome
studied was symptomatic recurrent VTE or death from VTE in both studies.
In AMPLIFY apixaban was shown to be non-inferior to conventional
treatment with enoxaparin and warfarin for the primary endpoint (RR 0.84,
95% CI, 0.60 to 1.18, p<0.001).17 Patients in the warfarin group were
reported to have INRs in the therapeutic range 61% of the time. Apixaban
was shown to be superior to placebo in the AMPLIFY-EXT trial with similar
rates of major bleeding.18
At this time there is still no antidote to reverse the effects of apixaban in case
of a bleeding emergency. The dose of apixaban should be reduced in those
80 years of age and older, weighing ≤60 kg and those with reduced renal
function (serum creatinine ≥1.5 mg/dL).2 Apixaban is recommended as a
second-line agent, after enoxaparin, for orthopedic prophylaxis and secondline, after warfarin, for the treatment of DVT and PE for Oregon Medicaid feefor-service (FFS) patients.19
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Dabigatran - Approval for Treatment and Reduction in Recurrent DVT
and PE
Dabigatran 150 mg twice daily has received FDA approval for use in the
treatment of DVT and PE in patients receiving 5 to 10 days of parenteral
anticoagulation.1 The RECOVER and RECOVER II studies were the main
studies used to support this indication.20,21 RE-COVER and RE-COVER II were
both non-inferiority studies comparing dabigatran 150 mg twice daily to warfarin
(target INR 2-3), after initial parenteral anticoagulation for 5-10 days, for the
acute treatment of DVT or PE in over 5000 patients.20,21

RESONATE22
EINSTEINDVT23

Dabigatran 150
mg qd vs.
placebo
Rivaroxaban
20mg qd vs. CT

*EINSTEIN
PE24

Rivaroxaban 20
mg daily vs. CT

*EINSTEINEXT25

In both studies dabigatran demonstrated noninferiority to warfarin.20,21 A pooled
analysis of RE-COVER and RE-COVER II patients, found recurrent VTE rates to
be similar with a HR of 1.09 (95%CI, 0.76 to 1.57).1 Patients randomized to
warfarin were in the therapeutic range 57-60% of the time.20,21 Major bleeding
rates were similar for dabigatran and warfarin. Baseline patient characteristics
did not influence efficacy results to a significant extent, however, warfarin
appeared to be more effective in patients under 60 years of age. For the outcome
of clinically relevant bleeding, dabigatran demonstrated a significantly higher risk
reduction in younger patients up to the age of 85 years.1
The fair quality RE-MEDY trial and good quality RE-SONATE trial were used for
dabigatran’s approval for reduction in risk of recurrent VTE in patients previously
treated.22,23 RE-MEDY compared dabigatran 150 mg daily to warfarin in 2,856
patients for a median duration of 128 days. Dabigatran was found to be noninferior to warfarin (HR 1.44, 95% CI 0.78 to 2.64, p=0.01 for noninferiority).22
TTR for warfarin treated patients was 65%. Major bleeding was less with
dabigatran but not significantly so. The composite endpoint of major or clinically
relevant bleeding was significantly less with dabigatran. In the RE-SONATE trial
dabigatran was found to be superior to placebo with higher rates of bleeding in
the dabigatran group.23

Dabigatran superior to placebo
(HR 0.08, 95% CI 0.02 to 0.25, p<0.001)
Rivaroxaban noninferior to conventional
therapy
(HR 0.68, 95% CI 0.44 to 1.04, p<0.001)
Rivaroxaban noninferior to conventional
therapy
(HR 1.2, 95% CI 0.75 to 1.68)
Rivaroxaban superior to placebo
(HR 0.18, 95% CI 0.09 to 0.39, p<0.001)

rivaroxaban 20
mg qd vs.
placebo
* Recurrent VTE only
Conventional therapy (CT) – enoxaparin + warfarin, QD – daily, BID – twice daily, RR –
relative risk, HR- hazard ratio

AHA/ACC/HRS Guidelines Updated
The America Heart Association, American College of Cardiology and the
Heart Rhythm Society collaborated on an updated guideline for the
management of AF (Table 3).26 This guideline utilizes the CHA2DS2-VASc
scoring system, which helps to better identify those patients at low risk of
stroke and appropriate candidates for anticoagulation. Warfarin is
recommended with higher certainty than the newer oral anticoagulants (table
3). If an anticoagulant is indicated, therapy should be based on a discussion
of risk versus benefit and patient’s preference (Class I, LOE C).26 Due to
limited long term data, concerns over a lack of an antidote for the new oral
agents and tolerability issues, warfarin is the preferred treatment for AF in
Oregon Medicaid FFS patients.19
Table 3: AHA/ACC/HRS Drug Therapy Recommendations for AF26
Recommendation*
Indication
Therapy
LOE**
Class I
Prior stroke, TIA or
Warfarin
A
CHA2DS2-VASc ≥2
Dabigatran
B
Rivaroxaban
B
Apixaban
B
Class IIa
CHA2DS2-VASc ≥2 and
Warfarin
B
end-stage chronic
kidney disease or
hemodialysis
Class IIb
Nonvalvular AF and
No treatment,
C
CHA2DS2-VASc of 1
anticoagulants or ASA
Class IIb
CHA2DS2-VASc ≥2 with
Clopidogrel +
B
coronary
anticoagulants but not
revascularization
ASA
Class III: No benefit
AF and end-stage
Dabigatran
B
chronic kidney disease
Rivaroxaban
B
or on hemodialysis
Class III: Harm
Mechanical Heart
Dabigatran
B
Valves
* The class of recommendation estimates the size of the treatment effect (Class I being
stronger and Class III being of no benefit or harmful).
** The level of evidence refers to the estimate of certainty of the treatment effect.
ASA – aspirin, AF – atrial fibrillation, CHA2DS2-VASc – scoring system that predicts
stroke risk, LOE- level of evidence, TIA- transient ischemic attack, VTE- venous
thromboembolism

Efficacy results for oral anticoagulants for the treatment of DVT and PE are
presented in table 2. Limitations to the data complicate the comparisons of oral
anticoagulants for the treatment of DVT and PE. Large inferiority margins (REMEDY), open-label study design (EINSTEIN-DVT) and lack of direct
comparisons between the newer agents make it difficult to draw firm efficacy
conclusions.22,24 Systematic reviews and guideline recommendations can be
useful tools in analyzing comparative efficacy. The DERP report found moderate
strength of evidence that mortality and recurrent VTE rates were similar between
dabigatran and rivaroxaban compared to warfarin.15 The ACCP Practice
Guidelines recommend warfarin over LMWH, dabigatran and rivaroxaban for
long-term treatment of DVT and PE.16
As with all the newer oral agents, there is no antidote for dabigatran in the event
of a bleeding emergency. Dabigatran has been associated with dyspepsia
resulting in tolerability issues. In Oregon Medicaid FFS patients, warfarin is the
preferred treatment for DVT and PE with apixaban, dabigatran and rivaroxaban
available as second-line options if clinical criteria are met.19
Table 2. Clinical Trials of Newer Oral Agents for Treatment of VTE
Study
Therapy
Results for the Primary Endpoint:
Recurrent VTE or death related to VTE
AMPLIFY17
apixaban 5 mg
Apixaban noninferior to conventional therapy
bid vs. CT
(RR 0.84; 95% CI, 0.60 to 1.18, p<0.001)
AMPLIFYapixaban 2.5 mg
Apixaban superior to placebo
EXT18
bid vs. placebo
(RR 0.33, 95% CI 0.22 to 0.48, p<0.001)
apixaban 5 mg
Apixaban superior to placebo
bid vs. placebo
(RR 0.36, 95% CI 0.25 to 0.53, p<0.001)
RE-COVER20
dabigatran 150
Dabigatran noninferior to conventional
mg bid vs. CT
therapy
(HR 1.10, 95% CI, 0.65 to 1.84, p<0.001)
RE-COVER
dabigatran 150
Dabigatran non-inferior to conventional
II21
mg bid vs. CT
therapy
(RR 1.08, 95% CI 0.64 to 1.80, p<0.001)
REMEDY22
Dabigatran 150
Dabigatran noninferior to warfarin
mg qd vs.
(HR 1.44, 95% CI 0.78 to 2.64, p=0.01)
warfarin

Conclusions
Multiple anticoagulants options are available for those patients in need of
anticoagulation. There are limited direct comparisons to guide decisionmaking strategies. Anticoagulant selection should be based on the
consideration of the evidence, as well as patient characteristics. Guidance
on optimal anticoagulant management will continue to evolve as more
evidence and experience in the general population is gained.
Peer Reviewed By: Jack McAnulty, MD, Cardiologist, Legacy Health and
Colleen Colley, Pharm.D., Anticoagulation Program Manager, Portland VA
Medical Center.
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26. January CT, Wann LS, Alpert JS et al. 2014 AHA/ACC/HRS Guideline for the
Management of Patients with Atrial Fibrillation, J of the Amer Coll of Cardiol (2014),
doi: 10.1016/j.jacc.2014.03.022.
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Guidance Update for Prophylaxis of Respiratory Syncytial Virus
By Matt Atkinson, Pharm.D. Candidate 2015, OSU College of Pharmacy, and Ted Williams, Pharm.D. and Roger Citron, RPh, OSU College of Pharmacy Drug Use Research and
Management

based study.8,9 Hospitalization for RSV infection in moderately preterm
infants occurs in 2.5% to 4.9% of infants based on large cohort studies.1 The
data indicate that infants born before 29 weeks gestation are at the highest
risk for hospitalization, with a significant (P = 0.007) inverse relationship
between hospitalization rate and gestational age at 27-28 weeks gestation.6
The data also revealed that risk factors for RSV infection (i.e. daycare
attendance, sibling in the home, young chronological age) are not correlated
with those at highest risk for complications, and are therefore invalid
characteristics for determining eligibility for palivizumab immunoprophylaxis.

The American Academy of Pediatrics (AAP) Committee on Infectious Disease
(COID) has published a new policy statement and accompanying technical
report for palivizumab (Synagis™) prophylaxis among infants and children at
increased risk of hospitalization for respiratory syncytial (RSV) infection.1,2 The
guidance refines the definition of high risk and allows health care providers to
better identify patients most likely to benefit from RSV prophylaxis. This
newsletter will highlight the changes to the guidance for best use of
palivizumab.
Background: RSV infection occurs primarily among young infants.3 It is
estimated that 100% of infants have been infected with RSV by 2 years of
age, although infants greater than 2 years of age, as well as adults, may
become re-infected following initial exposure. Illness from RSV typically begins
4 – 6 days post-exposure, and manifests similarly to the common cold (i.e.
runny nose, decreased appetite, cough, sneezing, fever, etc.). In most cases,
symptom resolution takes 1 – 2 weeks, but may take longer in higher-risk
infants. Furthermore, symptomatology (i.e. pneumonia or bronchiolitis)
secondary to RSV infection may necessitate hospitalization. Average
hospitalization rates for children younger than 24 months (regardless of
gestational age) with RSV were found to be 5.2/1000 (95% CI 4.8 to 5.7) in
one study.1

Preterm Infants with Chronic Lung Disease (CLD): Whereas the AAP 2012
guidance recommended palivizumab immunoprophylaxis for infants <24
months of age during RSV season with CLD who received medical therapy
(i.e. supplemental oxygen, bronchodilator, diuretic or chronic corticosteroid
therapy) within 6 months before the start of RSV season, the AAP 2014
guidance has limited palivizumab immunoprophylaxis to infants <12 months
of age at the start of RSV season who satisfy the definition for CLD of
prematurity (i.e. gestational age <32 weeks, 0 days’ and a requirement for
>21% oxygen for at least the first 28 days after birth). Although the updated
guidance does not require that infants receive medical therapy for CLD that
was present within 6 months prior to the start of RSV season, the new
guidance is more restrictive than the previous guidance because infants are
now required to satisfy the definition of CLD of prematurity. The AAP 2014
states that infants in the second year of life (>12 and ≤24 months of age)
may also receive palivizumab prophylaxis as long as they satisfy the
definition of CLD of prematurity and require medical support (i.e. chronic
corticosteroid therapy, diuretic therapy, or supplemental oxygen) for CLD
within 6 months before the start of RSV season. The updated guidance does
not recommend palivizumab immunoprophylaxis for infants if they do not
continue to require medical support during the second year of life.

Palivizumab is a humanized monoclonal antibody that acts by binding the RSV
F protein on the surface of the virus.4 In doing so, palivizumab blocks a critical
step in the membrane fusion process, prevents cell-to-cell fusion of RSV
infected cells (i.e. formation of syncytia), and is felt to decrease the rate of
hospitalization among infants and children whose immune system are not
adequately equipped to fight infection.
In June 1998, the Food and Drug Administration (FDA) approved palivizumab
for use in humans.4 Safety and efficacy data was based on the results from
Impact-RSV trial, a randomized, double-blind, placebo-controlled trial of
palivizumab administered to infants at a high risk of RSV infection.5 This trial
included infants ≤24 months of age with chronic lung disease (CLD), or infants
≤6 months of age at study entry and born before 36 weeks gestation. RSV
prophylaxis with palivizumab resulted in a statistically significant absolute risk
reduction (ARR) of 5.8% in RSV-related hospitalizations compared to placebo.
In 2003, another randomized, double-blind, placebo-controlled trial was
published, which included infants with hemodynamically significant congenital
heart disease (CHD).6 Palivizumab prophylaxis was associated with an ARR
of 4.4% in RSV-related hospitalizations compared to placebo. At this time, no
evidence is available from high quality studies demonstrating a statistically
significant reduction in mortality among children or infants receiving RSV
prophylaxis with palivizumab.1

Hemodynamically Significant Congenital Heart Disease (HS-CHD): The AAP
2014 guidance recommends palivizumab immunoprophylaxis for infants ≤12
months of age at the start of RSV season with HS-CHD, but specifies that
treatment decisions should be based on degree of cardiovascular
compromise. The guidance states that infants who are most likely to benefit
from palivizumab immunoprophylaxis are those with acyanotic heart disease
who will require cardiac surgical procedures and are receiving medication to
control congestive heart failure, and have moderate to severe pulmonary
hypertension.6 Because there are limited data to support palivizumab
immunoprophylaxis among infants with cyanotic heart disease, the AAP
2014 advises that health care providers make treatment decisions in
consultation with a pediatric cardiologist. If infants and children <24 months
of age require a cardiac transplantation, palivizumab prophylaxis is
recommended by the AAP 2014, as well as a post-operative dose following
cardiopulmonary bypass.11 RSV prophylaxis is no longer recommended for
infants and children with HS-CHD who are between one to two years of age
because the hospitalization rate is nearly identical to infants <12 months of
age who are at low-risk of RSV infection.7

AAP 2014 Guidance Update: AAP guidance originally followed FDA labeled
indications for RSV prophylaxis, but has since evolved as new data has
become available. According to AAP 2014 guidance, palivizumab
immunoprophylaxis may be considered in infants and children when the
following criteria are met:

Anatomic Pulmonary Abnormalities or Neuromuscular Disease: The AAP
2014 guidance states that palivizumab prophylaxis may be considered in
infants <12 months of age at start of RSV season with anatomic pulmonary
abnormalities or neuromuscular disease that impairs the ability to clear
secretions from upper airway. There is no change in guidance regarding
infants with these conditions.

Preterm Infants Without Chronic Lung Disease of Prematurity or Congenital
Heart Disease: Whereas the AAP 2012 guidance recommended RSV
prophylaxis for infants born before 32 weeks gestation without the requirement
of other qualifying condition, palivizumab is now only recommended during the
first year of life to infants born before 29 weeks gestation. The decrease in
gestational age and elimination of risk factors was based on data from
retrospective analyses comparing gestational age and hospitalization rates,5–7
as well as multiple logistic-regression analyses from a prospective, population-

Immunocompromised: Severely immunocompromised infants and children
<24 months of age during RSV season may receive palivizumab
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immunoprophylaxis. Age eligibility is now defined by the AAP 2014 guidance,
but a definition for severely immunocompromised is not provided.
Nevertheless, the AAP 2012 guidance defined severe immunodeficiency as
“severe combined immunodeficiency or advanced AIDS.”12

Conclusion: The AAP 2014 guidance further defines those infants that would
benefit most from RSV prophylaxis with palivizumab based on limited highquality efficacy.
Peer reviewed By: Arthur Jaffe, MD, Professor, Division of General Pediatrics, Oregon
Health and Science University; Thuy Nguyen, Pharm.D., Clinical Coordinator, Pediatric
Pharmacotherapy Services, OHSU-Doernbecher Children’s Hospital.

Down syndrome and Cystic Fibrosis: While Down syndrome was not
addressed in the AAP 2012 guidance and no recommendation was made for
cystic fibrosis, the AAP 2014 guidance provides treatment recommendations
for appropriate use of palivizumab prophylaxis among these patient
populations. Infants with cystic fibrosis who are <12 months of age during
RSV season and have clinical evidence of CLD or nutritional compromise, or
are in the second year of life and have severe lung manifestations or weight
for length <10th percentile may receive palivizumab immunoprophylaxis.17,18
Among infants with Down syndrome, insufficient data is available to justify
treatment unless an other qualifying condition is present (i.e. CLDP, airway
clearance issues, HS-CHD, and birth prior to 29 weeks gestation).

1.

2.

3.

Breakthrough RSV Hospitalizations: While the AAP 2012 guidance
recommended continued monthly RSV prophylaxis based on re-hospitalization
data and data documenting co-occurrence of several RSV strains within
communities, the AAP 2014 guidance does not endorse the same
recommendation. Instead, the AAP 2014 guidance advises that palivizumab
prophylaxis be discontinued following a breakthrough RSV hospitalization.
This recommendation is based on data demonstrating a low incidence of rehospitalization for RSV infection within the same RSV season (<0.5%),10 as
well as data demonstrating that a subsequent RSV infection within the same
RSV season is associated with less severe clinical illness than the initial RSV
infection.8,13,14

4.
5.
6.

7.

Wheezing: The most compelling data for use of palivizumab prophylaxis to
reduce wheezing episodes among infants comes from a double-blind,
placebo-controlled, randomized controlled trial.15 In this trial, infants ≤6
months of age at start of RSV season and born between 33 to 35 weeks
gestation were assigned to receive monthly palivizumab injections or placebo.
The primary outcome was the number of parent-reported wheezing days.
Compared to placebo, palivizumab prophylaxis was associated with an ARR
of 2.7% in wheeze days during the first year of life, as well as an ARR of 2.8%
in wheeze days during the post-prophylaxis period, which started two months
after the last injection. Limitations of this study are reliance on parent-reported
wheezing days, exclusion of high-risk, young gestational age infants, absence
of association between wheeze and symptom severity, and the disproportional
number of infants at baseline who were using bronchodilators in the placebo
group (23%) versus the palivizumab group (13%). Additional data to support
palivizumab prophylaxis for wheezing reduction is still needed and currently
prophylaxis is not recommended by the AAP 2014 guidance for primary
asthma prevention or to reduce subsequent episodes of wheezing.

8.
9.
10.

11.
12.
13.

Seasonality of RSV: The AAP 2014 guidance states that infants who qualify
for 5 monthly doses of palivizumab should receive the first dose at the time of
RSV season onset, which historically has been set as November for region 10
(Oregon, Washington, Idaho). However, over the past three RSV seasons,
season onset has begun in December for the 2011 – 2012 and 2012 – 2013
season and January for the 2013 – 2014 season.17,18 Therefore, consideration
for allowing prophylactic coverage to begin in December may more
appropriately align with this regional RSV season.

14.

15.
16.

Limitations of the guidelines: The AAP 2014 guidance did not include a
grading system to assess strength of recommendation and quality of
evidence. Other limitations of the guidance are that much of the new data
comes from trials using study designs that have the potential for a high degree
of bias.

17.

18.

Quick Reference Guide: RSV surveillance data:
http://www.cdc.gov/surveillance/nrevss/rsv/.
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New Drug Evaluation: droxidopa capsules, oral

Month/Year of Review: January 2015
Generic Name: droxidopa
PDL Class: None

End date of literature search: October 13, 2014
Brand Name (Manufacturer): Northera™ (Lundbeck)
Dossier Received: October 13, 2014

FDA Approved Indication:
Droxidopa is indicated for the treatment of orthostatic dizziness, light‐headedness, or the “feeling that you are about to black out” in adult patients with
symptomatic neurogenic orthostatic hypotension caused by primary autonomic failure (Parkinson’s disease, multiple system atrophy or pure autonomic failure),
dopamine beta‐hydroxylase deficiency, and nondiabetic autonomic neuropathy. Effectiveness beyond 2 weeks of treatment has not been demonstrated. The
continued effectiveness of droxidopa should be assessed periodically.1
Research Questions:
 Is droxidopa more effective than currently available alternative agents for the treatment of symptomatic neurogenic orthostatic hypotension?
 Is droxidopa safer than currently available agents?
 Are there subgroups of patients in which droxidopa may be safer or more effective than other drugs to treat neurogenic orthostatic hypotension?
Conclusions:
 There is insufficient evidence directly comparing the efficacy or safety of droxidopa to other pharmacological interventions for symptomatic neurogenic
orthostatic hypotension.
 There is insufficient evidence demonstrating efficacy of droxidopa on clinically relevant outcomes for symptomatic orthostatic hypotension, such as quality‐
of‐life, symptom relief and fall rates.
 There is low quality evidence demonstrating short‐term relief of symptoms over the first 7 days of therapy, based on one item addressed in the 10‐item
Orthostatic Hypotension Questionnaire, in patients with Parkinson’s disease and orthostatic hypotension. Efficacy beyond 7 days is questionable.
 There is moderate quality evidence documenting high attrition during initial treatment with droxidopa, primarily due to lack of drug effectiveness.
 There is insufficient evidence to determine what subpopulation droxidopa might be more effective.

1
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Recommendations:
 Prior authorization should be added to ensure appropriate use due to low quality data suggesting short‐term symptomatic relief of orthostatic hypotension
and lack of long‐term efficacy and safety data. See Appendix 2.
Background:
Neurogenic orthostatic hypotension (nOH), a subtype of orthostatic hypotension, results from the failure of the autonomic nervous system (ANS) to regulate
blood pressure with inadequate release of norepinephrine (NE) in response to postural change. Thus, blood pressure falls upon standing and inadequately
maintains cerebral perfusion, resulting in symptoms such as lightheadedness, dizziness and syncope. This condition can be observed in patients with primary
autonomic failure, such as with Parkinson’s disease (PD), multiple system atrophy (MSA) and pure autonomic failure (PAF), but can also be observed in
conditions such as dopamine beta‐hydroxylase (DBH) deficiency and non‐diabetic autonomic neuropathy (NDAN). In contrast, orthostatic hypotension can be
caused by volume depletion, dehydration and vasodilation, and is not associated with dysfunction of the autonomic nervous system. Symptomatic nOH can
occur in up to 20% of patients with PD and is more common with long duration of PD, more disease severity, increased age and levodopa usage. Symptoms may
vary throughout the day and may abate and recur over time.2
Orthostatic hypotension is a clinical sign defined as a decrease in systolic blood pressure (SBP) of at least 20 mmHg and diastolic blood pressure (DBP) of at least
10 mmHg within 3 minutes of standing. Patients with nOH may experience daily fluctuations in SBP and DBP and symptoms may vary, or may not occur until
several minutes after standing.2,3
Avoidance of factors that may induce nOH is recommended first line and includes educating the patient about conditions that may precipitate hypotension.
These factors include warm temperatures, such as a hot bath or shower, which can cause venous pooling; prolonged recumbence during daytime and sudden
head‐up postural change, especially in the morning; and post‐prandial conditions, especially after carbohydrate‐rich meals. Maintaining adequate hydration and
salt intake have an important role in the management of nOH. Individualized exercise training often improves nOH.4
Pharmacological management of nOH may be added when patients have persistent symptoms despite management utilizing nonpharmacological measures.
Medications that may lower blood pressure or have anticholinergic effects should be discontinued if possible. There are limited data for the pharmacological
management of symptoms of nOH. Fludricortisone is a synthetic mineralocorticoid initially recommended for orthostatic hypotension. Fludricortisone retains
sodium and water and requires high dietary salt and adequate fluid intake to be effective. Fludricortisone may also exacerbate heart failure symptoms in
susceptible patients. Midodrine is an alpha‐adrenergic agonist with FDA approval for nOH and is can be used in combination with fludricortisone. Midodrine
increases blood pressure by increasing peripheral vascular resistance but has a short duration of action and must be administered multiple times per day.
Midodrine should also be avoided near bedtime as it can result in increased supine blood pressure. Other agents that have been utilized for nOH include
pyridostigmine, pseudoephedine/ephedrine, desmopressin and erythropoietin; each with limited evidence of effectiveness and obviously uncomfortable or
dangerous side effects.4
Droxidopa has been marketed in Japan since 1989 for freezing of gait in patients with PD and orthostatic hypotension during hemodialysis. In Europe, blood
pressure levels have been studied in a non‐controlled, open‐label trial of 33 nOH patients with MSA and PAF.5 More recently, droxidopa was evaluated by the
FDA in Phase 3 clinical trials.
Author: A. Gibler, Pharm.D.
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The FDA accelerates approval of drugs for serious or life‐threatening conditions based on a surrogate endpoint or intermediate clinical measure that is
reasonably likely to predict clinical benefit. Under these circumstances, droxidopa was approved in February 2014 based on short‐term relief of dizziness that the
FDA felt reasonably likely to predict long‐term relief of dizziness. Approval under these conditions is subject to the FDA requirement that the applicant study
droxidopa with due diligence to further verify and describe the clinical benefits of the drug in an adequate, well‐controlled clinical trial.6 Clinical outcomes of
significance in this population include long‐term symptom relief of dizziness and lightheadedness and prevention of falls, as well as adequate improvement
quality‐of‐life and functional capacity.4
Clinical Efficacy:
There were four Phase 3 clinical trials conducted in the development of droxidopa (studies 301, 302, 303 and 306). Study 305 was a 24‐hour blood pressure
monitoring study and Study 304 was a long‐term, open‐label study collecting safety data. Data from Study 301 yielded the principal evidence of the effectiveness
of droxidopa. Study 302 was a randomized withdrawal study running concurrently with study 301 that did not succeed on its primary endpoint of item 1 of the
Orthostatic Hypotension Questionnaire (OHQ) (see description below). Study 303, made up of participants from study 301 and 302, also had negative findings.6
The effectiveness of droxidopa was evaluated using the OHQ. The OHQ is comprised of 10 self‐assessment symptom and activity questions: 6 items pertaining to
symptoms (e.g., item 1 pertains to dizziness/lightheadedness), and 4 items pertaining to daily activities (e.g., standing and walking). The patient rates each item
from both sections on a scale from 0 to 10, with 10 being the worst possible symptoms or interference with a activity. The composite OHQ score is the
unweighted average of the 10 subscores of each item. In reviewing droxidopa, the FDA felt item 1 was the preferred method of evaluating the effectiveness of
droxdiopa over the cumulative OHQ score because it represents core symptoms of nOH, whereas other items of OHQ have not been documented to be disease‐
defining symptoms.6
All studies enrolled adult patients with nOH, defined as a decrease in SBP of at least 20 mmHg or in DBP of at least 10 mmHg within 3 minutes upon standing
that is associated with primary autonomic failure (PD, MSA, PAF), DBH deficiency, or NDAN. Patients with diabetes mellitus and those with significant cardiac,
renal or hepatic disease were excluded.6
The two positive studies the FDA used to grant approval of droxidopa are summarized below. Both trials are considered low quality studies due to high selection
bias and detection bias. In general, only patients who tolerated droxidopa and appeared to have a favorable symptom response during the open‐label titration
period were randomized for data analysis. Multiple protocol amendments also hinder the validity of these results.
Study 301
Study 301 was a poor quality phase 3, randomized, multi‐center, parallel‐group, placebo‐controlled, double‐blind trial with an initial open‐label dose titration,
followed by a 7‐day washout period, which was followed by a 7‐day double‐blind, randomized treatment period.7 The study was designed to evaluate the
efficacy and safety of droxidopa (n=82) compared to placebo (n=80) in patients who previously demonstrated a response to, and tolerance of, droxidopa.
All eligible patients (n=263) entered an open‐label, dose titration phase to find an optimal dose for each patient. Patients were initiated at 100 mg orally three
times daily (TID), then titrated by 100 mg TID until one or more of the following criteria were met: i) the patient became asymptomatic (i.e., score of 0 on item 1
Author: A. Gibler, Pharm.D.
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of the OHQ) and had an improvement in standing SBP of at least 10 mmHg from baseline; ii) sustained SBP greater than 180 mmHg or DBP greater than 110
mmHg after 3 minutes standing, or 5 minutes sitting, or in the supine position; iii) unable to tolerate side effects; or iv) reached the maximum dose of 600 mg
TID.7 Only patients (n=168) who tolerated droxidopa and had a favorable response in the open‐label titration period, as outlined in the protocol above, were
included in the randomized treatment phase and included in the assessment of endpoints. Thus, 95/263 (36%) of the initially eligible patients were considered
droxidopa treatment failures.
Baseline characteristics were similar between groups with an average age of 57 years. About half the patients were male and nearly all patients were white.
Mean OHQ composite scores were 5.62 (±2.0) and 5.96 (±1.7) in the randomized placebo and droxidopa groups, respectively. Mean OHQ item 1 scores were 6.2
(±2.4) and 6.5 (±2.1) in the randomized placebo and droxidopa groups, respectively.7
The primary endpoint of the study was amended to the change in OHQ composite score assessed at 1 week after a post hoc analysis of Study 302 showed
positive results with this composite outcome measure as a secondary endpoint.6 The original primary endpoint of Study 301 was the same Study 302, which
failed to demonstrate a statistical significant difference from placebo in item 1 of the OHQ.6,8
After the protocol amendment, data demonstrated a statistically significant difference favoring droxidopa relative to placebo with respect to the mean change in
the composite OHQ score from randomization to Day 7 (‐0.93 vs. ‐1.83 units for placebo and droxidopa, respectively), with a mean difference of 0.9 units (95%
CI, 0.30 to 1.48; p=0.003).7 Post hoc analyses found an improvement of ≥3 units in the composite score in 27.2% of droxidopa patients versus 11.4% of placebo
patients (p=0.016) and ≥4 units in the composite score in 17.3% of droxidopa patients versus 2.5% of placebo patients.7 Pre‐specified secondary outcomes
showed mean symptom composite scores (first 6 items) improved by ‐1.68 units in droxidopa patients versus ‐0.95 units in patients receiving placebo, a
statistically significant difference of 0.73 units (95% CI, 0.10 to 1.36 units; p=0.01).7 Specific items that showed significant improvement include
dizziness/lightheadedness (item 1), vision disturbance, weakness and fatigue. Mean change in the activity composite scores (last 4 items) improved by ‐1.98
units versus ‐0.92 units, favoring droxidopa by 1.06 units (95% CI, 0.41 to 1.71 units; p=0.003).7 All activity items showed significant improvement with
droxidopa. Hemodynamically, droxidopa had no effect on orthostatic decrease in SBP upon standing.6 An increased SBP while standing and in the supine position
was higher for droxidopa relative to placebo: a mean 7.3 mmHg difference in standing SBP (95% CI, 1.1 to 13.5 mmHg; p<0.001) and a mean 6.8 mmHg
difference in SBP while supine (95% CI, 1.53 to 12.07; p<0.001).7
Interestingly, the FDA found irregular findings at 2 clinical sites. In particular, data from the largest enrolling site, located in the Ukraine, had highly irregular
findings, with a difference of ‐3.6 units favoring droxidopa over placebo in the OHQ composite score. The FDA found concerning variability within all of the study
endpoints at this site and deemed these data unreliable. The results from this study were no longer statistically significant when data from this site was omitted;
a difference of ‐0.56 units relative to placebo for the primary endpoint (p=0.07) and a difference of only 4 mmHg SBP increase upon standing. Thus, the FDA
required an additional positive, well‐controlled trial for approval.6
In response, the applicant recruited patients previously enrolled in Studies 301 and 302 for Study 303 (n=75), including those that already had at least a 1‐point
improvement in item 1 of the OHQ during the open‐label dose titration phase, but failed to achieve the requisite increase in SBP of at least 10 mmHg within 3
minutes of standing required for randomization.6 Study 303 was a randomized withdrawal study that failed to achieve a significant difference in the composite
OHQ score from randomization to the end of week 2.6,9 Interestingly, composite OHQ scores actually worsened for the droxidopa group by +0.57 units and the
placebo group by +0.90 units. However, a post hoc analysis of study 303 showed a better treatment effect with droxidopa on item 1 of the OHQ in patients of
Author: A. Gibler, Pharm.D.
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western countries, including the U.S., Canada, Italy, Germany and Austria. In response, the applicant conducted Study 306 in PD patients only within the U.S.,
with the redesigned endpoint of item 1 of the OHQ; an outcome, as mentioned previously, considered more representative of the core symptoms associated
with nOH.6
Study 306B
Study 306 was a poor quality phase 3, randomized, parallel‐group, placebo‐controlled, double‐blind trial located in centers solely within the U.S evaluating
symptomatic nOH patients with PD who experienced a decrease of at least 20 mmHg SBP or 10 mmHg DBP within 3 minutes of standing. Following
randomization of patients 1:1 to droxidopa 100 mg TID or placebo TID, doses were titrated for up to 14 days to determine an optimal dose for each participant,
which was followed by an 8‐week treatment period. Doses were titrated until i) the patient became asymptomatic (i.e., score of 0 on item 1 of the OHQ) and had
an improvement of standing SBP of at least 10 mmHg from baseline; ii) sustained SBP greater than 180 mmHg or DBP greater than 110 mmHg after 3 minutes
standing, or 5 minutes sitting, or in the supine position; iii) unable to tolerate side effects; or iv) reached the maximum dose of 600 mg TID.6
The original primary endpoint of the study was change in OHQ composite score assessed at 8 weeks.6 However, the trial was terminated early for futility after a
pre‐specified interim analysis found a conditional power less than 0.1 after data from 51 patients were reviewed.6 Among 24 droxidopa patients and 27 placebo
patients, mean OHQ composite score change at weeks 1, 2, 4 and 8 were not significantly different.10 Indeed, at week 8 the mean OHQ composite score change
was ‐2.2 units versus ‐2.1 units for droxidopa and placebo patients, respectively (p=0.98).10 The mean change for item 1 of the OHQ (dizziness/lightheadedness)
was ‐3.1 units for droxidopa versus ‐1.6 units for placebo after week 1 (p=0.24) and ‐2.3 versus ‐1.0 after week 2 (p=0.24), with the margin of difference
narrowing later in the study.10 Overall, similar numbers of patients reported falls with droxidopa (54%) as with placebo (59%).10 However, interim data showed
positive data for droxidopa on the total number of patient‐reported falls and fall rate. The applicant opted to continue the study but split it into study 306A,
which included the unblinded data of the first 51 patients, and study 306B.6 The primary endpoint for study 306B was changed from the OHQ composite score to
patient‐reported falls assessed at 8 weeks.6 Patients from study 306A (n=51) were not included in the data analyses of study 306B (n=174).6,11
After the post hoc analysis of Study 303 was reviewed, the applicant changed the primary endpoint of study 306B to change in item 1 of the OHQ from baseline
to Day 7. Secondary endpoints included change in item 1 of the OHQ at Week 2, Week 4 and Week 8, change in composite OHQ score from baseline at week 8,
rate of patient‐reported falls, and change in lowest SBP within 3 minutes upon standing from baseline to Day 7.6
At 7 days, 147/174 patients were assessed and included in the analysis of the primary endpoint. There were 3‐times more patients in the droxidopa group (n=20,
22%) that did not have week 1 data as in the placebo group (n=7, 8%).11 The primary reasons for the high attrition rate in the droxidopa group were adverse
events (n=6), treatment failure (n=4), withdrawal of consent (n=3), and investigator decision (n=2). In contrast, 4/7 patients in the placebo group who dropped
out during week 1 withdrew because of adverse effects.6 None of the patients in the placebo group dropped out due to treatment failure.6
Thus, only 69 patients in the droxidopa group and 78 patients in the placebo group were analyzed. Two‐thirds of the patients studied were male; 96% were
white; and mean age was 72 years.11 Baseline characteristics were similar between the two groups with the exception of fludricortisone use at baseline, which
was more common in the droxidopa group relative to placebo (34% vs. 20%, respectively).6 Mean item 1 scores of the OHQ were similar at baseline.6
The mean difference in item 1 score of the OHQ was statistically significant in favor of droxidopa compared to placebo at ‐0.94 units (95% CI, ‐1.78 to ‐0.10 units;
p=0.028) using FDA analyses of the data.6 The statistical significance found at Day 7 vanished in subsequent weeks, with p‐values of 0.77, 0.26 and 0.19 for
Author: A. Gibler, Pharm.D.
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Weeks 2, 4, and 8, respectively.6 Interestingly, the FDA found an unblinded statistical team had access to the treatment codes for all study 306 patients after the
study was split into 306A and 306B but had difficulty determining if study integrity was compromised. Similar to study 301, one site disproportionately recruited
more participants in the study and had a much larger mean treatment difference of ‐2.6 units. Excluding data from this particular site changed the results to a
non‐significant difference of ‐0.68 units (p=0.13). However, the FDA inspected the site and found no apparent study violations.6

Clinical Safety:
The study periods for safety evaluation were brief. In addition, safety assessment is difficult because there were no single serious adverse events reported in the
placebo‐controlled groups in any of the studies. In Study 306, 5 participants on droxidopa reported a total of 9 serious adverse events, and 4 participants
receiving placebo reported a total of 5 serious adverse events. No serious adverse event was reported more than once.6
Most of the safety data is from the uncontrolled portions of the studies, which overestimates risk of the drug since all reported adverse events must be
attributed to the drug. Noting these limitations, 105/402 patients (25%) reported 224 serious adverse events, of which 20% led to study drug discontinuation
and 12% resulted in death. The most commonly reported serious adverse events in the uncontrolled data were syncope (n=14, 3%), pneumonia (n=9, 2%),
dehydration (n=8, 2%), hip fracture (n=6, 1%), falls (n=5, 1%), and urinary tract infection (n=5, 1%). According to the FDA, one cannot determine the extent to
which droxidopa was causally related to these adverse events.6
The most frequently reported common adverse events in the placebo‐controlled study phases were hypertension (7% and 1% in the droxidopa and placebo
groups, respectively), headache, nausea and dizziness.6
Safety data from the open‐label, extension studies are detailed in Appendix 1.

Comparative Clinical Efficacy:
Relevant Endpoints:
1) Symptom relief
2) Long‐term quality‐of‐life and functional capacity
3) Patient fall rate

Author: A. Gibler, Pharm.D.

Primary Study Endpoints:
1) Short‐term (7 days) change in composite score of the OHQ
containing 10 items; 6 items address symptoms of orthostatic
hypotension and 4 items affect activities of daily living
2) Short‐term (7 days) change in item 1 of OHQ, which specifically
addresses dizziness/lightheadedness
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Ref. /
Study Design

Drug Regimen/
Duration

Patient Population

Study 3016,7

OL dose titration
phase followed by 7
d washout (n=263)

Demographics: (P, D)
▪ Age 55.7, 57.4 y
▪ Males 52.5%, 51.2%
▪ White 93.8%, 100%
▪ PD 38.8%, 42.7%
▪ PAF 35.0%, 31.7%
▪ OHQ item 1 score 6.2,
6.5
▪ Standing SBP 90.7
mmHg, 90.8 mmHg
▪ Supine SBP 122.4
mmHg, 127.6 mmHg

R, DB, PC, PG,
MC
Europe
U.S.
Canada
Aug 2008 – Jul
2010

Only 168/263
patients considered
“responders” after
OL dose titration
phase randomized:
▪ ≥1 unit on OHQ
item 1 and;
▪ ≥ 10 mmHg
standing SBP and;
▪ tolerated droxidopa
1.Droxidopa 100‐600
mg TID for 7 d (D)
(n=82)
Mean 430 mg
2.Placebo TID for 7 d
(P)
(n=80)

Inclusion Criteria:
▪ Age ≥18 y
▪ Clinical dx of nOH due
to PD, PAF, MSA, NDAN
or DBH deficiency
▪ ≥20 mmHg SBP or ≥10
mmHg DBP upon
standing ≤3 min
Exclusion Criteria:
▪ Use of vasoconstrictor
agent ≤2 d before
baseline
▪ Use of long‐acting
antihypertensives or
norepinephrine
reuptake inhibitors
▪ Sustained, severe
supine HTN
▪ Significant systemic,
hepatic, cardiac or renal
disease

N

Efficacy Outcomes

ARR/
NNT

Safety Outcomes

ARR/
NNT

Primary Outcome:
Mean ∆ composite OHQ*
score (SD) from randomization
to Day 7:

N/A

OL Dose Titration
Phase:

N/A

ITT:
Not
applied
PP:
D: n=82
P: n=77
Attrition:
D: 0/82
P: 3/80
(LOCF)

D: ‐1.83 (2.07) units
P: ‐0.93 (1.69) units

D/C due to AE:
4.9%

Mean difference 0.90 units
(95% CI, 0.30 to 1.48; p=0.003)

DB Phase:

Secondary Outcomes:
Mean ∆ composite symptoms
OHQ score from
randomization to Day 7:
D: ‐1.68 (2.13) units
P: ‐0.95 (1.90) units
Mean difference 0.73 units
(95% CI, 0.1 to 1.36; p=0.01)

Syncope:
D: 2.5%
P: 1.2%
Falls:
D: 0%
P: 3.7 %
No reported SAEs

Internal Validity:
Selection: only droxidopa “responders”
(168/263) randomized to study; unclear
exclusion criteria with undefined terms;
adequate randomization and
concealment of allocation with
centralized, computerized schedule;
baseline characteristics vary between
groups with unknown clinical
significance.
Performance: method of double‐blinding
with matching placebo not adequately
described.
Detection: Unclear if data acquisition
and interpretation was blinded.
Attrition: 6/168 were randomized in
error and not treated; all 82 assigned to
D completed study; 77/80 assigned to P
completed study.

No D/C due to AE
Droxidopa vs. placebo on
individual items:

Dizziness/lightheadedness
‐1.3 units (p<0.001)

Vision disturbance ‐0.8
unit (p<0.05)

Weakness ‐1.0 unit
(p<0.01)

Fatigue ‐0.7 unit (p<0.05)

Trouble concentrating 0.0
unit (p=NS)

Head/neck discomfort ‐
0.2 unit (p=NS)
Mean ∆ composite activity
OHQ score from
randomization to Day 7:
D: ‐1.98 (2.31) units
P: ‐0.92 (1.82) units

Author: A. Gibler, Pharm.D.

Total AE: 38%

Quality Rating/
Internal Validity Risk of Bias/
Applicability Concerns
Quality Rating: Poor
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Applicability:
Recruitment: MC study recruited
patients in Canada, Europe and the
United States
Patient Characteristics: Adults patients,
nearly all white with PD or PAF.
Setting: outpatient clinics
Outcomes: unclear how composite OHQ
predicts sx of nOH as only item 1
measures dizziness/lightheadedness.
Clinical significance of a decreased
average composite score of 0.9 units out
of 10 units is unclear. Long‐term efficacy
for management of sx unknown.
Analysis:
Study sponsored by the manufacturer of
droxidopa. Lead author and PI serves on
scientific advisory board for
manufacturer and was involved in study
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design, data acquisition and
interpretation, and revisions of all
manuscripts. Study limited to previous
responders who tolerated D. Largest
recruiting site had highly irregular
results; excluding data made primary
efficacy endpoint non‐significant.
Durability of treatment effect unknown.

Mean difference 1.06 units
(95% CI, 0.41 to 1.71; p=0.03)
Droxidopa vs. placebo on
individual items:

Standing a short time ‐
1.06 units (p<0.01)

Standing a long time ‐1.1
units (p<0.01)

Walking a short time ‐1.0
unit (p<0.01)

Walking a long time ‐0.7
unit (p<0.01)
Study 306B
(unpublished)6
R, DB, PC, PG,
MC
U.S.
Nov 2012 ‐ ?

DB PC dose titration
phase until:
▪ asymptomatic
▪ intolerable AE
▪ ↑ supine SBP or
DBP to 180/110
mmHg
▪ dose titrated to 600
mg TID
1. Droxidopa 100‐
600 mg TID for 8
weeks
2. Placebo TID for 8
weeks

Demographics
▪ 65% Male
▪ 97% white
▪ Mean age 72 y
▪ Fludricortisone use
(D=34% vs. P=20%)
▪ Item 1 OHQ score 5.1
in both groups
Inclusion Criteria:
▪ Symptomatic nOH
associated with PD
▪ Composite OHQ >3
▪ Clinician CGI‐S >3
▪ ≥20 mmHg SBP or ≥10
mmHg DBP upon
standing ≤3 min
Exclusion Criteria:
Not reported

ITT:
Not
applied
PP:
D: n=69
P: n=78
Attrition:
D: 26/89
(22%)
P: 17/85
(8%)

Primary Outcome:
Mean ∆ item 1 OHQ score (SD)
from randomization to Day 7:
D: ‐2.3 (2.95) units
P: ‐1.3 (3.16) units

Droxidopa attrition
rate due to:
▪ AE (n=6; n=3 due
to HTN)
▪ Tx failure (n=4)

Mean difference 0.94 unit
(95% CI, 0.10 to 1.78 units;
p=0.028)
Secondary Outcomes:
Mean ∆ item 1 OHQ score
from randomization to Week
2:
D: ‐1.9 (±2.86) units
P: ‐1.6 (±2.97) units
Mean difference, p=NS
Mean ∆ item 1 OHQ score
from randomization to Week
4:
D: ‐2.0 (±3.08) units
P: ‐1.5 (±2.74) units
Mean difference, p=NS
Mean ∆ item 1 OHQ score
from randomization to Week
8:
D: ‐2.1 (±3.03) units
P: ‐1.5 (±2.92) units

Author: A. Gibler, Pharm.D.
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▪ Withdrew consent
(n=3)
▪ Investigator
decision (n=2)
▪ Not reported
(n=5)
Placebo attrition
rate due to:
▪ AE (n=4)
▪ Tx failure (n=0)
▪ Not reported
(n=3)

N/A

Quality Rating: Poor
Internal Validity:
Selection: unclear exclusion criteria;
unclear method of randomization and
concealment of allocation; baseline
fludricortisone use different between
groups with unknown clinical
significance.
Performance: method of double‐blinding
with matching placebo not adequately
described.
Detection: Data unblinded to statistics
team. Difficult to determine significance.
Attrition: Unequally distributed between
D and P. 20% of D not evaluated for
primary endpoint.
Applicability:
Recruitment: multicenter study
recruited patients in the United States
Patient Characteristics: Adults patients,
nearly all white with PD.
Setting: outpatient clinics
Outcomes: Primary endpoint predicts
symptoms of nOH but clinical
significance of decreased item 1 OHQ
score (described in key) of ‐0.94 units on
a scale from 0‐10 at 7 days is unclear.
Long‐term efficacy beyond 1 week
similar to placebo.
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Mean difference, p=NS
Mean ∆ composite OHQ score
from randomization to Week
8:
D: ‐2.2 (±2.29) units
P: ‐2.0 (±2.18) units
p‐value not reported
Mean ∆ lowest standing SBP
within 3 min from
randomization to Day 7:
D: 6.4 (±18.85) mmHg
P: 0.7 (± 20.18) mmHg
p‐value not reported

Analysis:
Study conducted and sponsored by the
manufacturer of droxidopa. Protocol
amendments concerning for detection
bias. Baseline fludricortisone use
differences concerning. Differences in
attrition also very concerning while
using per protocol analysis. LOCF
analysis makes primary endpoint non‐
significant. The largest site had a much
higher treatment effect of ‐2.6 units.
Drug lacks durable treatment effect.

Rate of pt‐reported falls from
baseline to week 10:
D: 0.4 (±0.84) falls/week
P: 2.0 (±12.95) falls/week
p‐value not reported
Key: AE = adverse effects; ARR = absolute risk reduction; d = day(s); CGI‐S = Clinical Global Impression‐Severity scale; D = droxidopa; DB = double blind; DBH = dopamine‐β‐hydroxylase; DBP = diastolic
blood pressure; D/C = discontinuations; dx = diagnosis; HTN = hypertension; ITT = intention to treat analysis; LOCF = last observation carried forward; MC = multi‐centered; mg = milligrams; min =
minutes; MSA = multiple system atrophy; n = number of patients; N/A = not applicable; NDAN = nondiabetic autonomic neuropathy; NNT = number needed to treat; nOH = neurogenic orthostatic
hypotension; NS = non‐significant; OHQ = Orthostatic Hypotension Questionnaire; OL = open‐labeled; P = placebo; PAF = pure autonomic failure; PC = placebo‐controlled; PD = Parkinson’s disease; PG
= parallel group; PI = Principal Investigator; PP = per protocol analysis; pt = patient; R = randomized; SAE = serious adverse event; SBP = systolic blood pressure; SD = standard deviation; sx = symptoms;
TID = three times daily; tx = treatment; y = years
*OHQ is a 10‐item questionnaire that addresses the previous weeks’ perception of orthostatic hypotension: 6 items address symptoms of orthostatic hypotension and 4 items address activities of daily
living. Item 1 specifically asks about “dizziness, lightheadedness, feeling faint, or feeling like you might black out”. Each item is scored on a Likert scale from 0 (not bothered/no interference) to 10
(worst possible/complete interference). The composite score is an average of the 10 items not rated 0 at baseline.
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Appendix 1: Specific Drug Information

Clinical Pharmacology:
Droxidopa is an orally administered synthetic amino acid catecholamine prodrug that is converted both peripherally and centrally into norepinephrine through
the catecholaminergic metabolism system, specifically by L‐aromatic‐amino‐acid decarboxylase (DOPA decarboxylase). DOPA decarboxylase is a widely
expressed enzyme, even in situations where postganglionic sympathetic neurons are not intact.12
Norepinephrine binds to alpha adrenergic receptors in the vascular smooth muscle of arterioles causing vasoconstriction and consequent elevation in blood
pressure. By elevating blood pressure, norepinephrine theoretically promotes maintenance of cerebral blood flow, thereby lessening symptoms of orthostatic
hypotension such as dizziness, lightheadedness or syncope.12
Droxidopa crosses the blood brain barrier and may therefore exert both central and peripheral effects of norepinephrine production.12
Pharmacokinetics:12
Parameter
Oral Bioavailability
Time to Maximum Concentration
Protein Binding
Elimination
Half‐Life
Metabolism

Result
Not reported but 90% in animal data
2 hours
Concentration‐dependent: 75% at 0.1 mcg/mL; 26% at 10 mcg/mL
70% of droxidopa and its metabolites excreted in urine (animal model)
2.5 hours
Non‐CYP mediated pathways via catecholamine systems

Dose & Availability:1
Formulations
100 mg
200 mg
300 mg

Route
Oral

Author: A. Gibler, Pharm.D.

Dosage
Initiate at 100 mg three times
daily, 4 hours apart and titrate
dose up to 600 mg three times
daily, 4 hours apart.

Renal or Hepatic
Dose Adjustments
No dose
adjustments
recommended
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Elderly Dose
Adjustments
No dose
adjustments
recommended

Pediatric
Dose
Not studied

Other Dosing Considerations
Administer upon arising in the
morning, at midday, and in the late
afternoon at least 3 hours prior to
bedtime to reduce supine
hypertension during sleep.

Date: January 2015

Drug Safety:
Pregnancy/Lactation:12
Pregnancy Category C: There are no adequate and well controlled trials in pregnant women. In animal studies, high doses of droxidopa increased
incidences of lower body weight and occurrence of undulant rib in fetuses, which spontaneously reverse after birth. Shortening of the gestation period
was also observed. Low incidence of renal lesions (cysts, indentations or renal pelvic dilation) was observed in female rats during the period of fetal
organogenesis.
Lactation: Droxidopa is excreted in breast milk. When droxidopa was administered to nursing animal models during the period of lactation, reduced
weight gain and reduced survival were observed in the offspring.
Serious (REMS, Black Box Warnings, Contraindications):1
REMS: N/A
Black Box Warning:
WARNING: SUPINE HYPERTENSION
Monitor supine blood pressure prior to and during treatment and more frequently when increasing doses. Elevating the head of the bed lessens the
risk of supine hypertension, and blood pressure should be measured in this position. If supine hypertension cannot be managed by elevation of the
head of the bed, reduce or discontinue droxidopa.

Contraindications: None reported at this time.
Warnings and Precautions:1
Supine Hypertension: droxidopa may cause or exacerbate supine hypertension in patients with nOH. Patients should be advised to elevate the head of
the bed when resting or sleeping. Monitor blood pressure, both in the supine position and in the recommended head‐elevated sleeping position. Reduce
or discontinue droxidopa if supine hypertension persists. If supine hypertension is not well managed, droxidopa may increase the risk of cardiovascular
events.
Hyperpyrexia and Confusion: Postmarketing cases of a symptom complex resembling neuroleptic malignant syndrome has been reported with
droxidopa use during postmarketing surveillance in Japan. Observe patients carefully when the dosage of droxidopa is changed or when concomitant
levodopa is reduced abruptly or discontinued, especially if the patient is receiving neuroleptics.
Ischemic Heart Disease, Arrhythmias and Congestive Heart Failure: Droxidopa may exacerbate existing heart disease, arrhythmias and congestive heart
failure.
Allergic Reactions: Northera™ contains FD+C Yellow No. 5 (tartrazine) which may cause allergic‐type reactions (including bronchial asthma) in certain
susceptible persons. This particular sensitivity is frequently seen in patients who also have aspirin sensitivity.

Author: A. Gibler, Pharm.D.
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Unanswered Safety Questions:
Clinical trials reviewed by the FDA are limited in duration so long‐term safety data, such as morbidity and mortality data, are limited at this time. Adverse
reaction rates observed in short‐term clinical trials cannot predict adverse reaction rates seen in clinical practice.
Look‐alike/Sound‐alike Error Risk Potential:
Not applicable at this time.
Adverse Reactions:12
Table: Common Treatment‐emergent Adverse Events for Study 306.
Adverse Reaction (Study 306)
Droxidopa (n=114) Placebo (n=108)
Headache
Dizziness
Nausea
Fatigue
Hypertension
Contusion
Excoriation
Peripheral Edema
Skin Laceration
Increased Blood Pressure
Diarrhea
Back Pain

15 (13.2%)
11 (9.6%)
10 (8.8%)
6 (5.6%)
8 (7.0%)
12 (11.1%)
8 (7.4%)
6 (5.6%)
10 (9.3%)
7 (6.5%)
8 (7.4%)
6 (5.6%)

8 (7.4%)
5 (4.6%)
5 (4.6%)
8 (7.0%)
1 (0.9%)
6 (5.3%)
6 (5.3%)
5 (4.4%)
5 (4.4%)
4 (3.5%)
4 (3.5%)
3 (2.6%)

In long‐term, open‐label trials with a mean exposure to droxidopa for 1 year (n=442; mean age 65 years), the most common reported adverse events
were:1
Falls:
Urinary Tract Infections:
Headache:
Syncope
Dizziness:

Author: A. Gibler, Pharm.D.

24%
15%
13%
13%
10%
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Allergies/Interactions:1
Allergic Reactions: Northera™ contains FD+C Yellow No. 5 (tartrazine) which may cause allergic‐type reactions (including bronchial asthma) in certain
susceptible persons. This particular sensitivity is frequently seen in patients who also have aspirin sensitivity.
Interactions: Administering droxidopa with other drugs that increase blood pressure (e.g., midodrine, triptans, ephedrine) may increase supine
hypertension. Concomitant use with dopa‐decarboxylase inhibitors (e.g., carbidopa, methyldopa) may require dose adjustments for droxidopa.

Author: A. Gibler, Pharm.D.
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Appendix 2: Suggested PA Criteria

Droxidopa (Northera™)
Goal(s):
 To optimize appropriate pharmacological management of symptomatic neurogenic orthostatic hypotension.
Length of Authorization:
Initial: 30 days
Renewal: 1 year
Requires PA:
 Northera™
Covered Alternatives:
Preferred alternatives listed at www.orpdl.org
Approval Criteria
1. What diagnosis is being treated?

Record ICD9 code.

2. Is the treated diagnosis an OHP funded condition?

Yes: GO TO #3

No: PASS TO RPH; deny

3. Does the patient have a diagnosis of symptomatic orthostatic
hypotension (ICD9 458.0) due to primary autonomic failure
(Parkinson’s disease, multiple system atrophy or pure
autonomic failure), dopamine beta‐hydroxylase deficiency, or
nondiabetic autonomic neuropathy? (ICD9 332.0; 333.0;
270.0‐270.8; 337.0‐337.9)

Yes: GO TO #4

No: PASS TO RPH; deny (medical
appropriateness)

4. Is the patient currently receiving antihypertensive
medication?

Yes: PASS TO RPH; deny (medical
appropriateness)

No: Go to #5

Author: A. Gibler, Pharm.D.
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Approval Criteria
Yes: Approve for up to 30 days

No: Inform provider fludricortisone
and midodrine are both covered
alternatives. If justification
provided for not trying alternatives
(contraindications, concern for
adverse effects, etc.), approve for
up to 30 days.

1. Is this the first time the patient is requesting this renewal?

Yes: Go to #2

No: Approve for up to 1 year

2. Does the patient have documented response to therapy (e.g.,
improvement in dizziness/lightheadedness)?

Yes: Approve for up to 1 year

No: Pass to RPh; Deny (medical
appropriateness)

5. Does the patient have a documented trial of appropriate
therapy with both fludricortisone and midodrine?
Message:
Preferred products are evidence‐based reviewed for comparative
effectiveness and safety by the Pharmacy and Therapeutics
Committee.
Renewal Criteria

P&T / DUR Action: 1/29/15
Revision(s):
Initiated:

Author: A. Gibler, Pharm.D.
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Class Update with New Drug Evaluation: Hepatitis C

Month/Year of Review: January 2015
Generic Name: Ledipasvir and sofosbuvir
PDL Class: Hepatitis C Drugs

End date of literature search: November 2014
Brand Name (Manufacturer): Harvoni™ (Gilead Sciences)
Dossier Received: Yes

Current Status of PDL Class:
 Preferred Agents: PEGINTERFERON ALFA‐2A (PEGASYS™), PEGINTERFERON ALFA‐2B (PEGINTRON™), RIBAVIRIN TABLET, SIMEPREVIR (OLYSIO™),
SOFOSBUVIR (SOLVALDI™)
 Non Preferred Agents: BOCEPREVIR (VICTRELIS™), RIBAVIRIN DOSE PACK (RIBIPAK™)
Research Questions:
 Is ledipasvir and sofosbuvir (LDV/SOF) more effective than currently available alternative agents for the treatment of chronic hepatitis C (CHC) in achieving a
sustained virologic response (SVR) and preventing long‐term complications including hepatocellular carcinoma (HCC), liver‐related morbidity, and mortality?
 Is LDV/SOF safer than other available agents for the treatment of CHC genotype 1 (GT1) in adults?
 Does LDV/SOF offer improved value over currently available agents?
 What subgroups of patients will benefit most from treatment with LDV/SOF?
 Is there new comparative efficacy or safety evidence for the hepatitis C drugs relevant to make changes to current PDL and utilization management?
Conclusions:
 There is low quality evidence that 12 weeks of LDV/SOF results in high SVR12 rates among treatment‐naïve (97‐99%) and treatment‐experienced (94‐99%)
adults with chronic hepatitis C virus (HCV) GT 1 infection. This is based on 2 poor quality, open‐label studies with a high risk of bias.1,2
 There is low quality evidence that an 8‐week regimen of LDV/SOF may have similar sustained virologic response rates as a 12‐week regimen of LDV/SOF in
treatment‐naive adults with chronic HCV genotype 1 infection who did not have cirrhosis (94% vs. 95%; p=0.52).3
 All studies remain small, with imprecise estimates of benefits and harms, particularly in patients with cirrhosis and those 65 years and older. However, there
is a large magnitude of benefit seen, and LDV/SOF appears to have potential for improved value over previously approved agents, with higher SVR rates,
fewer adverse events, and increased tolerability.
 There is insufficient evidence on the relapse rates associated with LDV/SOF. Larger studies with longer follow‐up are needed to adequately assess relapse
rates and treatment success.
 There is insufficient to low quality evidence based on one small (n=14) nonrandomized, open‐label trial that patients who have viral relapse after sofosbuvir
plus ribavirin can be successfully re‐treated with LDV/SOF for 12 weeks.4
Author: M. Herink, Pharm.D.
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There is insufficient comparative evidence evaluating direct acting antivirals. There is insufficient evidence on long‐term clinical outcomes such as liver
transplantation, hepatocellular carcinoma, and mortality.

Recommendations:
 Make LDV/SOF a preferred agent on the PDL depending on cost evaluation in executive session. If it is cost effective compared to other options based on
Medicaid costs, implement prior authorization criteria to prioritize use so that patients defined by the AASLD guidelines as “highest priority”, who are at
high risk for liver‐related complications and severe extrahepatic hepatitis are treated. Limit use of LDV/SOF to the following patients (highest priority based
on the AASLD guidelines) at this time:
o Stage 3 and 4 fibrosis without decompensated cirrhosis
o Those receiving an organ transplant
o Patients with extrahepatic manifestations, including:
 Type 2 or 3 cryoglobulinemia with end‐organ manifestations (vasculitis)
 Proteinuria, nephrotic syndrome, or membranoproliferative glomerulonephritis
Reason for Update:
Since the last review of medications for Hepatitis C, there has been a new FDA drug approval (LDV/SOF), new combination approved, and new guidelines and
systematic reviews released. In addition, the hepatitis C advisory committee has met again to discuss how to prioritize treatment in Oregon. This review will
evaluate the new evidence available in the class.
Background:
Chronic HCV is the leading cause of complications from chronic liver disease, including cirrhosis, liver failure, and hepatocellular carcinoma. It is also the leading
indication for liver transplantation in the Western world.5 The goal of treatment for CHC is to prevent these long‐term health complications. However, it remains
difficult to design long term clinical trials that are large enough to provide direct evidence for these outcomes. The SVR rate is defined as the proportion of
patients who experience a decline in HCV‐RNA to undetectable levels following completion of antiviral treatment. It is the standard marker of successful
treatment in clinical trials and is associated with the long‐term absence of viremia. There is some evidence of an association of achieving an SVR and reductions
in mortality, liver failure, and cancer. 5 However, this evidence is from observational studies only and those with cirrhosis prior to treatment have been shown to
still be at risk for HCC during follow‐up. The two major predictors of SVR are viral genotype and the pretreatment viral load. Other factors associated with an
increased likelihood of achieving an SVR include female sex, age less than 40 years, non‐Black race, lower body weight, absence of insulin resistance, and
absence of bridging fibrosis or cirrhosis on liver biopsy. Trials have historically used SVR at week 24 of follow‐up (SVR24) as a primary endpoint. SVR 24 has been
associated with improvements in quality of life and studies have demonstrated that SVR24 is associated with decrease in decompensated liver disease,
hepatocellular carcinoma, liver transplant, and all‐cause mortality. More recent studies use SVR at week 12 of follow‐up (SVR12) as the primary endpoint, based
on evidence that the majority of patients who have an SVR at week 12 maintain it until week 24.6 Relapse is defined as a patient achieving HCV RNA less than
the lower limit of quantitation or the lower limit of detection at the last measurement on treatment but subsequently having a HCV RNA greater than or equal to
the lower limit of quantitation or detection post treatment.7
Patients at greatest risk of progressing to cirrhosis have detectable HCV‐RNA and liver histology demonstrating fibrosis (Metavir fibrosis stage 2 or greater).
Patients with compensated cirrhosis are at risk of progressing to decompensation hepatocellular carcinoma, or death. The urgency of treating HCV should be
based on the risk of developing decompensated cirrhosis or dying from liver‐relate disease, and prolonging graft survival in liver transplant recipients. Disease
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progression varies greatly among patients with compensated liver disease and the number needed to treat to prevent long term outcomes is dependent on the
baseline risk for events. The newer costly treatments with high SVR rates will have the most benefit among patients at highest risk of cirrhosis‐related events.8
In the United States, genotype 1 infection is found in around three‐quarters of patients and is associated with a lower response to antiviral treatment than
infection with genotypes 2 and 3, which are present in about 20% of patients. 5 Prior to 2011, the combination of pegylated interferon and ribavirin (PR) was
the standard of care and only 55‐60% of patients achieved a SVR. Severe adverse effects also limited the success of therapy with treatment. In 2011, the first
generation direct acting antiviral protease inhibitors, boceprevir and telaprevir, were FDA approved.9 Several randomized controlled trials (RCTs) have showed
improved SVR rates (63‐79%) with triple therapy compared to pegylated interferon and ribavirin dual therapy. There is no direct comparative evidence on the
effectiveness of the currently available protease inhibitors. However, these agents still come with several safety concerns and still depend on combination
therapy with interferon and ribavirin which can result in serious adverse reactions. There are also important drug interactions observed with protease inhibitors.
In 2013, the second generation direct‐acting antiviral agents (DAAs), simeprevir (SMV) and sofosbuvir (SOF), were approved.6 Sofosbuvir and ribavirin, studied
together for 24 weeks in those ineligible to receive interferon, was the first and only interferon‐free therapy for the treatment of genotype 1 infection. These
regimens decreased the duration of therapy, decreased adverse events, and again demonstrated improved rates of SVR. However, these new drugs are
expensive, and a significant challenge is identifying which patients will benefit most from receiving treatment, since only 5‐20% of patients with chronic hepatitis
C will develop cirrhosis over 20 years.10 In addition, recent data from show real world discontinuation rates of SOF + PR may be up to 5‐times greater than rates
seen in clinical trials. In 2014, several additional interferon‐free therapies that combine two or more DAAs have been studied, including LDV/SOF.
Methods:
A Medline literature search ending December 1, 2014 for new systematic reviews and RCTs comparing LDV/SOF to placebo or other treatments of hepatitis C
was conducted. The Agency for Healthcare Research and Quality (AHRQ), Cochrane Collection, National Institute for Health and Clinical Excellence (NICE),
Department of Veterans Affairs, Clinical Evidence, Dynamed, and the Canadian Agency for Drugs and Technologies in Health (CADTH) resources were manually
searched for high quality and relevant systematic reviews. The FDA website was searched for new drugs, indications, and safety alerts, and the AHRQ National
Guideline Clearinghouse (NGC) was searched for updated and recent evidence‐based guidelines. The primary focus of the evidence is on high quality systematic
reviews and evidence‐based guidelines for this class update. Randomized controlled trials will be emphasized if evidence is lacking or insufficient from those
preferred sources. After review of the citations from Medline and the manual searches, systematic reviews10, two clinical guidelines11,12, and three phase 3
trials1–3 evaluating LDV/SOF were identified.
Systematic Reviews:
Institute for Clinical and Economic Review (ICER)
ICER released a draft report comparing the clinical effectiveness and value of therapies for the treatment of patients with GT1 CHC infection for deliberation and
voting at the next public meeting of the California Technology Assessment Forum (CTAF).10 Therapies included in the assessment were simeprevir, sofosbuvir,
the combination of simeprevir and sofosbuvir, LDV/SOF, daclatasvir + sofosbuvir (not yet FDA approved), and paritaprevir + ritonavir + ombitasvir + dasabuvir
(not yet FDA approved). The authors noted limited head to head trials and issues with selection bias. Because there are no randomized trials, it was not possible
to perform a network meta‐analysis. A summary of SVR12 rates with each combination was provided and a meta‐analysis of proportions was used to combine
them. Results were estimated in four subgroups of patients: treatment naïve with and without cirrhosis, and treatment experienced with and without cirrhosis.
Meeting abstracts, FDA documents, and press releases were used as sources. The authors concluded that high‐quality observational data from real‐world
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settings will be essential to evaluate the comparative effectiveness of the combination of DAA agents to see if the high SVR rates are also seen in real practice
settings. SVR and 95% Confidence Intervals for the various regimens in treatment‐naïve non‐cirrhotic patients are included in the following figure:
Figure 1: SVR12 in treatment-naive non-cirrhosis

Abbreviations: SMV: simeprevir, PR: pegylated interferon and ribavirin, SOF: sofosbuvir, R: ribavirin, LDV: ledipasvir, DCV: daclatasvir, 3D: paritaprevir
+ ritonavir + ombitasvir + dasabuvir

The highest rates of SVR were seen with SMV/SOF and LDV/SOF; however, the wide confidence interval with the SMV/SOF regimen is because it has only been
studied in 6 patients with SVR rates ranging from 39‐100%. Discontinuation rates ranged from 0 to 10% in treatment‐naïve patients. Regimens containing
ribavirin had the highest discontinuation rates.
There are no direct comparisons of any of the DAA regimens. Trends suggest that DAA combinations appear to have higher SVR rates than single DAA + R or PR.
However, there is less certainty for treatments in patients with cirrhosis, as seen in the figure below.
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Figure 2: SVR rates in treatment naive and cirrhosis

Abbreviations: SMV: simeprevir, PR: pegylated interferon and ribavirin, SOF: sofosbuvir, R: ribavirin, LDV: ledipasvir, DCV: daclatasvir, 3D: paritaprevir
+ ritonavir + ombitasvir + dasabuvir

The authors concluded the following:
 There is moderate certainty of substantial net benefit and high certainty of at least a small benefit with the four new multiple DAA therapies compared to
the older single DAA‐based regimens of SMV or SOF based on shorter duration of therapy, fewer side effects, and less burdensome treatment. The
limitations are the small study sizes with no relevant comparators and SVR 12 being only a moderately validated intermediate outcome.
 There is low certainty of superiority of any of the multiple DAA therapies compared to each other, as there are no head to head studies.
New Guidelines:
Canadian Agency for Drugs and Technologies in Health (CADTH):
In October 2014, CADTH released recommendations for DAA agents for CHC GT1.13 Evidence informed recommendations were developed by the Canadian Drug
Expert Committee. The summary of recommendations are as followed:
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Recommends SMV daily for 12 weeks, in combination with PR for 24 to 48 weeks, as the protease inhibitor of choice for treatment‐naïve patients or for
treatment‐experienced patients with prior relapse.
o This is based on evidence showing that SMV was more effective in achieving SVR compared with dual therapy and showed no statistically
significant difference compared with other protease inhibitors based on indirect evidence.
o For partial and null responders to dual therapy with PR, there is insufficient evidence to identify an optimal therapy and the committee was
unable to make a recommendation at this time.
No definitive recommendation regarding the place in therapy for SOF, relative to available protease inhibitors, can be made at this time.
Recommends that treatment should be offered only to persons living with CHC who have fibrosis stages F2, F3, or F4.
o In all analyses, treatment of patients with higher grades of fibrosis was more cost‐effective.
Persons in whom a DAA plus PR regimen has failed should not be retreated with another DAA plus PR.
o There is insufficient evidence to evaluate efficacy of retreatment.

American Association for the Study of Liver Diseases (AASLD) and Infectious Diseases Society of America (IDSA):
The AASLD/IDSA guidelines prioritize patients for treatment and give the highest priority for those patients with advanced fibrosis (Metavir F3), those with
compensated cirrhosis (Metavir F4), liver transplant recipients, and patients with severe extrahepatic hepatitis C.14 They go on to state that: “Based on available
resources”, treatment should be prioritized as necessary so that patients at high risk for liver‐related complications and severe extrahepatic hepatitis
complications are given higher priority. These patient groups are described below.
Highest Priority for Treatment
Advanced fibrosis (Metavir F3) or compensated cirrhosis (Metavir F4)
Organ transplant
Type 2 or 3 cryoglobulinemia with end‐organ manifestations (vasculitis)
Proteinuria, nephrotic syndrome, or membranoproliferative
glomerulonephritis
High Priority for Treatment
Fibrosis (Metavir F2)
HIV‐1 coinfection
Hepatitis B virus coinfection
Other coexistent liver disease
Debilitating fatigue
Type 2 Diabetes Mellitus
Porphyria cutanea tarda

Strength and level of evidence
Class I, Level A
Class I, Level B
Class I, Level B
Class IIa, Level B

Class I, Level B
Class I, Level B
Class IIa, Level C
Class IIa, Level C
Class IIa, Level B
Class IIa, Level B
Class IIb, Level C

LDV/SOF is not included for consideration in the guidelines.
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New Safety Alerts:
None
New Formulations or Indications:
The FDA approved the combination of SMV/SOF as an interferon‐free treatment option for GT1 CHC infection. The data for the FDA approval comes from the
COSMOS study, which was reviewed previously.15 This is the only published trial that evaluated the combination of SMV/SOF and only included 81 treatment‐
experienced patients with GT1 fibrosis stages F0 to F2 (Cohort 1) and 87 patients with fibrosis stages F3 or F4 (Cohort 2). Overall, the SVR12 was 92% (154/168).
The quality of these data is poor as the study was open‐label without a control group, and the number of patients was small, leading to imprecise SVR estimates.
New Drug Evaluation:
FDA approved indications:
Ledipasvir and sofosbuvir (LDV/SOF) (Harvoni™) is a fixed dose combination of ledipasvir, a HCV NS5A inhibitor, and sofosbuvir, a HCV nucleotide analog NS5B
polymerase inhibitor, indicated for the treatment of CHC GT1 infection in adults.16
Clinical Efficacy Data:
There are five phase 2 studies and three phase 3 studies evaluating LDV/SOF. 17 Phase 2 studies demonstrated that LDV/SOF is effective in achieving SVR among
previously untreated patients with HCV GT1 infection, including those with compensated cirrhosis.18,19 FDA approval was based on three primary phase 3
randomized studies with similar design in patients with GT1 (ION 1‐3). These are described in the evidence table below. There was no control group in any of the
trials and all were open‐label, increasing the risk of bias. The primary endpoint in each study was SVR12 and the objective was that each treatment arm was
superior to a historical control rate. ION‐1 and ION‐3 trials were conducted in treatment‐naïve patients and ION‐2 was conducted in patients who had previously
failed an interferon regimen including those who may have failed a protease inhibitor (telaprevir or boceprevir) regimen. All of the trials had significant
exclusion criteria that limits the generalizability of results to the real world population and reduces external validity. This included those with decompensated
cirrhosis, clinically relevant drug abuse within 12 months, alcohol misuse, hepatitis B virus (HBV), HIV infection, significant pulmonary or cardiac disease, and
prior discontinuation of treatment due to an adverse event.
ION‐1 was a poor quality study in previously untreated patients with GT 1 CHC.2 Patients were randomized to 12 or 24 weeks of LDV/SOF treatment with or
without ribavirin. Risk of bias is high in the trial as there was no comparator group and it was not blinded. SVR was compared with an adjusted historical rate of
60% that was based on SVR rates in trials of telaprevir and boceprevir. During treatment, 2 people had virological relapse. Subgroup analysis demonstrated
similar rates of SVR12. In patients with cirrhosis, SVR ranged from 94 to 100%, 97 to 99% with genotype 1a infection, and 91 to 100% in black patients.
However, the confidence intervals were much wider for the following subgroups: interferon ineligible patients, those 65 years of age or older, and patients with
cirrhosis. The authors concluded that no additional benefit appeared to be associated with the addition of ribavirin or with extension of the duration of
treatment to 24 weeks.
ION‐2 was a poor quality study that included patients previously treated who were either non‐responders or relapsers. 1 About half of the participants had prior
treatment with a protease‐inhibitor regimen, while the remaining received interferon and ribavirin dual therapy. A total of 20% of patients had cirrhosis, but
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patients were excluded if they had decompensated cirrhosis. Like ION‐1, patients were randomized to 12 or 24 weeks of LDV/SOF treatment with or without
ribavirin. All four treatment groups were compared to a historical response rate of 25%. Overall, results were similar in the 12‐week regimens compared to 24
weeks (94‐99%). However, studies were not powered to compare responses to regimens with and without ribavirin or to 12 weeks versus 24 weeks of
treatment. The addition of ribavirin did not seem to significantly increase SVR12 rates and was associated with greater treatment related adverse events. In the
subgroup of patients with cirrhosis, SVR12 rates were 81.8% and 86.4% in the 12‐week regimen groups compared to 100% in the 24‐week regimen groups,
including both with and without ribavirin The study was not powered for intergroup comparisons. Eleven patients (2%) had a virologic relapse after treatment,
all of which received 12 weeks of treatment. Rates were similar among those who had previously received peginterferon and ribavirin and in those who had a
protease‐inhibitor regimen. Six of the 11 patients (55%) who relapsed had detectable NS5A‐resistant variants at baseline, and all 11 had detectable variants at
the time of relapse. Subgroup analyses showed much wider confidence intervals around SVR rates for those 65 years of age and older and in those with
cirrhosis. A regression analysis identified the absence of cirrhosis as the only baseline factor associated with a significant increase in rate of response.
ION‐3 was a poor quality trial comparing 12‐week SVR rates between an 8‐week regimen of LDV/SOF with or without ribavirin to a 12‐week regimen of LDV/SOF
without ribavirin in patients with CHC without cirrhosis.3 A secondary endpoint was the noninferiority of 8 weeks of LDV/SOF to 12 weeks of treatment
measured by SVR12 using a noninferiority margin of 12 percentage points. The SVR rate in the 8‐week LDV/SOF treatment group was noninferior to the other
two treatment groups (LDV/SOF + ribavirin x 8 weeks and LDV/SOF x 12 weeks). However, 12% is a high margin from a clinical perspective.20 Subgroup analysis
showed slightly lower SVR rates in those 65 years of age and older treated with LDV/SOF for 8 weeks (89.5% [95% CI 66.9 to 98.7%]) and in interferon ineligible
patients treated with LDV/SOF for 8 weeks (92.3% [95% CI 88.1 to 96.3%]). In all three treatment groups, the confidence intervals were wider in these two
subgroups. Fibrosis score (F0‐F3) did not seem to impact SVR rates in any of the treatment groups. Overall, 23 patients had a virologic relapse after therapy,
including 11 (5%) in the group that received 8 weeks of LDV/SOF, 9 (4%) in the group that received 8 weeks of therapy with ribavirin, and 3 (1%) in the 12‐week
group. The difference in relapse rates between the combined 8 week arms and the 12 week arm was 3.3% (95% CI 0.2 to 6.0%).17 Therefore, the FDA
recommends that a treatment duration of 8 weeks can only be considered in patients with more favorable baseline characteristics, including treatment‐naïve
patients without cirrhosis who have a pre‐treatment HCV RNA less than 6 million IU/mL.17
Subgroup Populations:
The LDV/SOF regimen was evaluated in patients with chronic HCV GT 1 that relapsed after SOF plus ribavirin therapy in a small, nonrandomized poor quality
phase 2a open‐label study.4 Patients who had relapse after 24 weeks of treatment with SOF plus ribavirin were offered re‐treatment with LDV/SOF (n=14) for 12
weeks. The primary end point was the proportion of patients with unquantifiable plasma HCV load 12 weeks after treatment completion in an intention‐to‐treat
(ITT) analysis. Most patients were black men with an unfavorable interleukin‐28B non‐CC genotype. All patients (100%) achieved SVR12 after completion of
treatment and had HCV RNA levels below the lower limit. All patients completed treatment and no serious adverse events occurred. The most common were
myalgia and hypophosphatemia. Results of this study should be interpreted with caution, as it was extremely small (n=14) with a high risk of selection and
performance bias.
One phase 2 unpublished study (ELECTRON) explored the safety and tolerability of treatment‐naïve patients with CHC genotype 2 and genotype 3. These
subjects had an 80% SVR12 (8/10 patients) with a 95% CI of 44.4‐97.5%. The two failures who both relapsed had HCV GT3a infection. The FDA reviewer
commented that available efficacy data in HCV GT3 patients are limited and are not considered sufficient for a labeling conclusion at this time.17
An ongoing trial is evaluating LDV/SOF for 24 weeks in patients who did not have a response to an 8 or 12‐week regimen of LDV/SOF.

48

8

Clinical Safety:
In clinical trials, the overall percentage of serious adverse events and discontinuations due to adverse events was low (0%, <1% and 1% for those receiving 8, 12,
and 24 weeks, respectively).16 The most common adverse events were fatigue, headache, insomnia, and nausea. Rates of adverse events were higher in the
groups treated for 24 weeks than 12 weeks, and in those treated with ribavirin than in the groups that did not. Patients in the groups that received ribavirin had
higher rates of events known to be associated with ribavirin therapy (fatigue, nausea, insomnia, arthralgia, cough, rash, irritability, dyspnea, and anemia).
Overall, rates of adverse events were lower in the group receiving 12 weeks of LDV/SOF without ribavirin compared to the other three treatment groups. Larger
trials of longer duration, including patients more likely to be seen in clinical practice, are needed to fully assess the safety risks associated with treatment of
LDV/SOF.
There were a total of 37 virologic failures from phase 3 trials; 35 from relapse. Overall, 63% of the failures had NS5a resistance substitution. There was a 3.6%
relapse rates in those with one baseline NS5A polymorphism. Relapse rates were higher (9.5%) in patients with at least 2 baseline NS5A resistance‐associated
polymorphisms.17 The FDA reviewer states that issues of optimal retreatment duration, contribution of ribavirin and impact on the number of certain types of
NS5A resistance substitutions remain unclear at this time. 17
COMPARATIVE CLINICAL EFFICACY
Relevant Endpoints:
1) Hepatocellular Carcinoma
2) Mortality
3) Liver Transplant
4) Discontinuation Rates Due to Adverse Events

Primary Study Endpoint:
1) Sustained Virologic Response at week 12 after the end of treatment
(SVR12)
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Ref./Study
Design

Drug
Regimens/
Duration
ION‐12
Ledipasvir 90mg/
sofosbuvir 400mg
Open‐label, +/‐ ribavirin:
Randomized
1) 12 weeks
2) 12 weeks (+ rib)
3) 24 weeks
4) 24 weeks (+rib)

Patient Population

N

Previously untreated
patients with chronic HCV
GT1 infection
16% with cirrhosis
12% black
Mean age: 52

865

Inclusion Criteria: Lab
parameters WNL (ALT/AST,
HGb, platelets, INR,
albumin, bilirubin, HgA1C,
CrCl), normal ECG, HCV
treatment‐naïve

1) 214
2) 217
3) 217
4) 217

Outcomes/
Efficacy Results
(CI, p‐values)
SVR12:
1) 211/214 (99%)
2) 211/217 (97%)
3) 215/217 (98%)
4) 215/217 (99%)
Compared to historical rate of
60%: p<0.001 for all
comparisons

ARR/
NNT

Safety Results
(CI, p‐values)

ARI/
NNH

Quality Rating; Internal Validity Risk of Bias/
Applicability Concerns

N/A

Discontinuations due to
Adverse Events:
10/865 (1.2%)

N/A

Quality Rating: Poor

NS

Internal Validity:
Selection: Interactive Web and Voice Response
System used for randomization and treatment
assignment; ribavirin groups had higher
proportion of patients with the IL28B CC allele
Performance: High RoB; open label ; compared
to historical rate; no control.
Detection: open label; objective outcome
Attrition: ITT analysis done and included all
patients randomized. Overall low attrition (4%)
and slightly higher in the 24 weeks groups (5%)

Serious AE:
1) 1 (<1%)
2) 7 (3%)
3) 18 (8%)
4) 7 (3%)
Relapse:
1) 1 (0.5%)
2) 0 (0%)

Exclusions Criteria: Clinically
relevant drug abuse within
12 mo, clinically‐significant
illness that may interfere
with compliance and
treatment, alcohol misuse,
HBV, or HIV infection,
hepatic decompensation,
significant pulmonary or
cardiac disease, psychiatric
hospitalization,

Applicability:
Recruitment: Unclear
Patient Characteristics: Significant inclusion
and exclusion criteria decrease
generalizability to hepatitis C population
Setting: US and Europe multicenter sites (41%
enrolled in Europe)
Outcomes: No long term clinical outcomes
evaluated. SVR 24 data not included. Some
evidence that SVR 24 is associated with
improved clinical outcomes.
No comparator group; SVR was compared with
an adjusted historical rate of 60%
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ION‐21
(previously
treated)

Ledipasvir 90mg/
sofosbuvir 400mg
+/‐ ribavirin:

Prior virologic failure;
chronic HCV GT1 infection
20% with cirrhosis
52% had prior treatment
Open‐label, 1) 12 weeks
with a protease‐inhibitor
randomized 2) 12 weeks (+ rib) 18% black
3) 24 weeks
Mean age: 56
4) 24 weeks (+rib)
Inclusion Criteria: Virologic
failure (non‐responder or
relapse), Lab parameters
WNL (ALT/AST, HGb,
platelets, INR, albumin,
bilirubin, HgA1C, CrCl),
normal ECG, HCV treatment
naïve

440

1) 109
2) 111
3) 109
4) 111

SVR12:
1) 102 (94%; 95% CI 87‐97)
2) 107 (96%; 95% CI 91‐99)
3) 108 (99%; 95% CI 95‐100)
4) 110 (99%; 95% CI 95‐100)
Compared to historical rate of
25%: p<0.001 for all
comparisons

N/A

Discontinuations due to
Adverse Events:
0

Serious AE:
1) 0 (0%)
2) 0 (0%)
3) 6 (6%)
4) 3 (3%)
Relapse:
1) 7 (6.5%)
2) 4 (3.6%)
3) 0 (0%)
4) 0 (0%)

Exclusions Criteria: Clinically
relevant drug abuse within
12 mo, clinically‐significant
illness that may interfere
with compliance and
treatment, alcohol misuse,
HBV, or HIV infection,
hepatic decompensation,
significant pulmonary or
cardiac disease, psychiatric
hospitalization, discontinued
prior treatment due to an
adverse event

N/A

Quality Rating: Poor
Internal Validity:
Selection: Interactive Web and Voice
Response System used for randomization and
treatment assignment; higher percentage of
non‐white participants in group 1; higher
percentage of previous protease‐inhibitor
regimen in 12 –week groups
Performance: High RoB; open label ;
compared to historical rate; no control.
Detection: open label; objective outcome
Attrition: Low RoB; low overall attrition (<1%)
and similar between groups
Applicability:
Recruitment: Unclear
Patient Characteristics: Significant inclusion
and exclusion criteria decrease
generalizability to hepatitis C population
Setting: 64 sites in US
Outcomes: No long term clinical outcomes
evaluated. SVR 24 data not included. Some
evidence that SVR 24 is associated with
improved clinical outcomes.
No comparator group; SVR was compared
with an adjusted historical rate of 25%
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ION‐33

Ledipasvir 90mg/
sofosbuvir 400mg
Open‐label; +/‐ ribavirin:
randomized
1) 8 weeks
2) 8 weeks (+ rib)
3) 12 weeks

Previously untreated
patients without cirrhosis;
chronic HCV GT1 infection
19% black
Mean age: 52
56% F0‐F2
94% interferon eligible
Inclusion Criteria: treatment
naïve, absence of cirrhosis,
Lab parameters WNL
(ALT/AST, HGb, platelets,
INR, albumin, bilirubin,
HgA1C, CrCl), normal ECG,
HCV treatment‐naïve

647

1) 215
2) 216
3) 216

SVR12:
1) 202 (94%; 95% CI 90‐97)
2) 201 (93%; 95% CI 89‐96)
3) 206 (95%; 95% CI 92‐98)
Compared to historical rate of
60%: p<0.001 for all
comparisons
Differences in Proportions
(Noninferiority)*:
1 vs. 3: ‐1.4% (‐6.4 to 3.6);
p=0.52

N/A

Discontinuations due to
Adverse Events:
3 (<1%)

Serious AE:
1) 4 (2%)
2) 1 (<1%)
3) 5 (2%)
Relapse:
1) 11 (5.1%)
2) 9 (4.2%)
3) 3 (1.4%)

N/A

Quality Rating: Poor
Internal Validity:
Selection: Interactive Web and Voice
Response System used for randomization and
treatment assignment;
Performance: High RoB; open label ;
compared to historical rate; no control.
Detection: open label; objective outcome
Attrition: Low RoB; low overall attrition (2%)
Higher in the LDV/SOF x 12 week group (3.2%)
Applicability:
Recruitment: Unclear
Patient Characteristics: Significant inclusion
and exclusion criteria decrease
generalizability to hepatitis C population
Setting: 58 sites in US
Outcomes: No long term clinical outcomes
evaluated. SVR 24 data not included. Some
evidence that SVR 24 is associated with
improved clinical outcomes.

1 vs. 2: 0.9% (‐3.9 to 5.7);
Exclusions Criteria: Cirrhosis
p=0.70
clinically relevant drug
abuse within 12 mo,
clinically‐significant illness
*Prespecified noninferiority
that may interfere with
margin was ‐12 percentage
compliance and treatment,
points
alcohol misuse, HBV, or HIV
infection, hepatic
Nonclinical, no comparator group; SVR was
decompensation, significant
compared with an adjusted historical rate of
pulmonary or cardiac
60%
disease, psychiatric
hospitalization, discontinued
prior treatment due to an
adverse event
Abbreviations: ALT: alanine aminotransferase, ARI: absolute risk increase, ARR: absolute risk reduction, AST: aspartate aminotransferase, CI: confidence interval, CrCl: Creatinine Clearance, GT1: genotype
1, HBV: hepatitis B virus, HCV: hepatitis C virus, Hgb: hemoglobin, INR: international normalized ratio, SVR12: sustained virologic response 12 weeks after completion of treatment, RoB: risk of bias, NNH:
number needed to harm, NNT: number needed to treat, rib: ribavirin, WNL: within normal limits
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Appendix 1: Specific Drug Information
CLINICAL PHARMACOLOGY
Harvoni is a fixed‐dose combination of ledipasvir and sofosbuvir, which are direct‐acting antiviral agents against the hepatitis C virus. Ledipasvir is an inhibitor of
the HCV NS5A protein, which is required for viral replication. Sofosbuvir is an inhibitor of the HCV NS5B RNA‐dependent RNA polymerase, which is required for
viral replication. Sofosbuvir is a prodrug that undergoes intracellular metabolism to the pharmacologically active uridine analog triphosphate (GS‐461203),
which acts as a chain terminator.
PHARMACOKINETICS1
Parameter
Oral Bioavailability
Protein Binding

Elimination
Half‐Life

Metabolism

Result
Not reported
Ledipasvir: >99.8% bound
Sofosbuvir: 61‐65% protein bound
Ledipasvir: 86% eliminated unchanged in feces
Sofosbuvir: Renal clearance is major pathway; 80% excreted unchanged in urine,
14% feces
Ledipasvir: 47 hours
Sofosbuvir: 27 hours (metabolite)
Ledipasvir: Non‐CYP mediated pathways; oxidative metabolism via an unknown
mechanism
Sofosbuvir: Non‐CYP mediated pathways in the liver involving
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DOSE & AVAILABILITY1
STRENGTH ROUTE FREQUENCY
90 mg
Oral
One tablet
ledipasvir
once daily
and 400
with or
mg
without
sofosbuvir
food.

DOSAGE:
No dose
adjustments
recommended in
mild or moderate
renal impairment
or hepatic
impairment. The
safety and efficacy
has not been
established in
patients with
severe renal
impairment (GFR <
30ml/min/1.73m2)
or ESRD requiring
hemodialysis or in
decompensated
cirrhosis.

RENAL ADJ
No dose
adjustments
recommended

HEPATIC ADJ
Not established in
decompensated
cirrhosis

Pediatric
Dose
Not
established

Elderly
Dose
OTHER DOSING CONSIDERATIONS
No dose
Recommended Treatment
adjustment Duration:
 Treatment‐naïve with or
without cirrhosis: 12 weeks
 Treatment‐experienced
without cirrhosis: 12 weeks
 Treatment‐experienced with
cirrhosis: 24 weeks
 Treatment‐naïve patients
without cirrhosis who have
pre‐treatment HCV RNA less
than 6 million IU/mL: 8 weeks
can be considered

DRUG SAFETY1
Pregnancy/Lactation:
Pregnancy Category B: There are no adequate and well controlled trials in pregnant women. LDV/SOF should be used during pregnancy only if the
potential benefit justified the potential risk to the fetus.
Lactation: Unknown if drug is present in human breast milk.
Serious (REMS, Black Box Warnings, Contraindications):
REMS: N/A
Black Box Warning: None
Contraindications: None
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Warnings and Precautions:
Risk of Reduced Therapeutic Effect Due to P‐gp Inducers: The concomitant use of LDV/SOF and P‐gp inducers (rifampin, St. John’s wort) may
significantly decrease ledipasvir and sofosbuvir plasma concentrations and lead to a reduced therapeutic effect.
Drug Interactions:
The following table provides a list of established or potentially clinically significant drug interactions.16
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Appendix 2: Proposed PA Criteria:

Hepatitis C Direct‐Acting Antivirals
Goal(s):
 Approve cost effective treatments of chronic hepatitis C which are supported by the medical literature when there is available evidence.
 Treat the patient population in greatest need of treatment and who will benefit the most from therapy.
 Provide consistent patient evaluations across all hepatitis C treatments.
Length of Authorization:
 8‐12 weeks
Requires PA:
 All drug regimens in the Hepatitis C PDL Class
Approval Criteria
1. What diagnosis is being treated?

Record ICD9 code.

2. Is the request for treatment of Chronic Hepatitis C Virus?

Yes: Go to #3

3. What regimen is requested?

Document and Go to #4.

4. Does the regimen contain a drug not yet reviewed by P&T?

Yes: Pass to RPh; deny for
appropriateness.

No: Pass to RPh; deny for
appropriateness.

No: Go to #5

Forward to DMAP for further
review to determine
appropriateness and coverage in
light of most recent community
standards and comorbidity.
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Approval Criteria
5. Is the medication being prescribed by or in consultation with
a hepatologist or gastroenterologist with experience in
Hepatitis C?

Yes: Go to #6.

No: Pass to RPh; deny for
appropriateness.
Forward to DMAP for further
review to determine
appropriateness of prescriber.

6. Does the patient have a biopsy or other non-invasive
technology (Fibroscan), including serum tests (Fibrosure,
Fibrotest) to indicate Advanced fibrosis (Metavir F3) or
compensated cirrhosis (Metavir F4) OR radiologic,
laboratory, or clinical evidence of cirrhosis without ongoing
progressive decompensation (MELD score between 8 and
11), and expected survival from non-HCV associated
morbidity should be greater than 5 years?

Yes: Go to #7.

7. Does the patient have decompensated cirrhosis?

Yes: Pass to RPh; deny for
appropriateness

No: Go to #10

8. Does the patient have one of the following extrahepatic
manifestations of hepatitis C and who have formal
documentation from a relevant specialist that their condition
is HCV related, and expected survival from non-HCV
associated morbidity should be greater than 5 years?
a. Type 2 or 3 cryoglobulinemia with end-organ
manifestations (vasculitis)
b. Proteinuria, nephrotic syndrome, or
membranoproliferative glomerulonephritis

Yes: Go to #10.

No: Go to #9.

No: Go to #8.
Note: Patients with a MELD
score >11 may be eligible for
therapy, but only after review by
the DMAP medical director.
Forward fee-for-service cases to
DMAP for Medical Director
Review and notify requesting
provider of pending review.
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Approval Criteria
9. Does the patient have Hepatitis C Virus in the transplant
setting, including the following scenarios:
a) Patient is listed for a transplant and it is essential to
prevent recurrent hepatitis C infection post-transplant
b) Post-transplant patients with Stage 4 fibrosis
c) Post-transplant patients with fibrosing cholestatic
hepatitis due to HCV infection
And expected survival from non-HCV associated
morbidity should be greater than 5 years?

Yes: Go to #10.
Note: Patients in the transplant
setting may be eligible for
therapy, but only after review by
the DMAP Medical Director.

No: Pass to RPh; deny for
medical appropriateness.
Note: Other scenarios not
included can be brought to the
Medical Director on a case by
case basis.

Forward case to DMAP for
Medical Director Review and
notify requesting provider of
pending review.

10. Has the patient been abstinent from IV drug, illicit drugs and
marijuana use, AND alcohol abuse for > 6 months? AND
If the patient has a history of alcohol abuse, has the patient
been abstinent from alcohol use for > 6 months?

Yes: Go to #11.

No: Pass to RPh; deny for
appropriateness.

11. Does the patient have significant renal impairment (CrCI , 30
ml/min) or end state renal disease (ESRD)?:

Yes: Pass to RPh; deny for
appropriateness.

No: Go to #12.

12. Does the patient have a baseline HCV RNA level?

Yes: Record value and go to #13. No: Pass to RPH. Request
provider obtains baseline lab
value.

13. What Hepatitis C genotype is the patient?
Record Genotype:

Record Genotype and go to #14.

14. Is the prescribed regimen appropriate for patient genotype
based on the dosing and administration table below?

Yes: Approve for 8-12 weeks
based on dosing and
administration table.
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No: Pass to RPh; deny for
appropriateness.
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Dosage and Administration:
Genotype 1
Naïve

Experienced
Genotype 2
Naïve and Experienced
Genotype 3
Naïve or Experienced
Genotype 4 and 6
Naïve or Experienced

Without Cirrhosis and HCV
RNA < 6 million IU/ml
Without Cirrhosis and HCV
RNA ≥ 6 million IU/ml
With Cirrhosis

LDV/SOF

8 weeks

LDV/SOF

12 weeks

LDV/SOF

12 weeks

Without Cirrhosis
With Cirrhosis

LDV/SOF
LDV/SOF + RBV

12 weeks
12 weeks

With or Without Cirrhosis

SOF + RBV

12 weeks

With or Without Cirrhosis

LDV/SOF + RBV or
SOF + RBV

12 weeks
24 weeks

With or Without Cirrhosis

LDV/SOF

12 weeks

P&T / DUR Action: 1/29/15(MH) 9/23/14 (MH), 1/30/14 (MH)
Revision(s):
9/26/14 (MH), 7/31/14 (MH), 3/27/14 (MH)
Initiated:
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The Hepatitis C Advisory Group, 12/21/2014

Hepatitis C Treatment in Oregon
Introduction
The rising health care burden of HCV infection in Oregon is occurring at this time of
growing interest in containing medical care costs nationally and limiting Oregon Medicaid
expenditures demanded by the OHP waiver. Recently available HCV treatment regimens
promise cure rates of greater than 95% with a 2 to 3 month course of oral medication
resulting in a 70% to 90% reduction in complications and death from advanced liver
disease. This holds the promise of congruent savings in the costs of HCV‐related liver
disease. Increasing numbers of HCV infected Oregonians are presenting for treatment for
several reasons: 1) increasing numbers of symptomatic patients with advanced liver
disease in the infected cohort; 2) increased screening of the 1945 to 1965 birth cohort; 3)
expansion of Medicaid in the context of the Affordable Care Act; and, 4) the “warehousing”
of patients with prior treatment failure, medication intolerance, treatment contra‐
indications or preference for eminent more effective, less toxic medications who are now
eligible for treatment. In the context of excessive pricing of new HCV medications, effective
treatment of the infected population requires creative approaches by public and private
payers to expand funding available for HCV patient treatment and aggressively seek lower
drug costs.
It is estimated that there are > 95,000 persons infected with hepatitis C in Oregon, with
nearly ¼ represented by the state Medicaid population. Well under ½ of these persons are
aware of their HCV infection. With increasing enrollment, in the last 6 months, the
estimates of the number of diagnosed HCV patients within the Oregon Health Plan
population has risen 5,800 to 10,900. It is estimated that 35% of this population has
advanced fibrosis (Stage 3‐4, F3‐F4) and is at highest risk for complications of cirrhosis,
liver caner and death. There are approximately 400 deaths per year in Oregon attributed
of complications of HCV‐related cirrhosis and about another 100 due to HCV‐related liver
cancer. There are approximately 800 hospitalizations in Oregon per year due to HCV
related disease with an average stay of 5 days (~$27,000 per hospitalization). This
represents as cost of~ $21 million per year, and rising, with ~62% for the costs billed to
Medicare and Medicaid. The age‐adjusted death rate from HCV in Oregon is ~10/100,00,
over twice the national average and >4X the HIV mortality rate, which it surpassed in 1999.
In recent years, 79% of HCV deaths have occurred in persons aged 45‐64 years. HCV
mortality rates in Oregon are 2 fold higher among Native Americans and blacks compared
to whites.
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Estimated HCV Costs in Oregon: impact of new treatments
To assist in state Medicaid policy development, Dan Hartung, PharmD, MPH, in concert
with members of the HCV advisory board, developed a series of economic models to project
the future impact of currently available all oral HCV treatment regimens on Medicaid costs
and health benefits. Using Markov transition state models, 30‐year costs and health
benefits for cohort of 50‐year‐old patients with chronic hepatitis C treated with sofosbuvir‐
based regimens (depending on genotype – SOF/LED for GT 1 and SOF/R for G2 and G3)
were simulated compared to no treatment and previous standards of care. Transition state
probabilities, drug efficacy, and costs of hepatitis C related care were derived from the
literature. Drug costs were estimated using Medicaid average acquisition costs (AAC) net
CMS mandated and supplemental rebates. We conducted sensitivity analyses to determine
the time horizon, subgroups of liver disease, and drug rebates at which downstream
reductions in HCV‐related care translate into cost savings for the state Medicaid program.
An economic projection for treating the anticipated number of individuals with Metavir
F3/F4 liver disease using Medicaid claims data was then developed.
In the anticipated genotype one (G1) population, sofosbuvir/ledipasvir (SOF/LED)
treatment would average $100,147 in HCV‐related health care costs per patient and yield
23.04 life‐years. Treatment of boceprevir‐based therapy (BOC), dual therapy (PR), or no
treatment (NTx) would cost $34,190, $27,845, and $35,711 respectively, and result in
20.78, 19.72, and 17.23 additional life‐years. Incremental costs per life‐year gained (not
quality adjusted) for SOF/LED are $22,645 relative to BOC, $17,343 relative to PR and
$11,090 compared to no treatment. At no time point or net drug cost with rebate over 50%
off AAC does SOF/LED become economically preferred to BOC, PR, or no treatment. Among
a population with advanced fibrosis – bridging fibrosis or cirrhosis (40%/60%),
incremental costs per life‐year gained for SOF/LED are $10,194 compared to BOC and
$5,830 compared to PR. We project 10,898 OHP enrollees with CHC, 3,000 of which we
estimate having Metavir F4/F3. By way of comparison, good values for medical treatment
based on cost/benefit analysis are considered to be less than $100,000 to $120,000 per
quality adjusted life year (QALY) gained, such as combination antiretroviral therapy for
HIV/AIDS ($10,000 to $20,000 per QALY) or dialysis for end‐stage kidney failure ($50,000
to $100,000 per QALY).
Using SOF‐based regimens, we estimate the total cost of treating CHC infected individuals
in the Oregon Medicaid population to be $910 million over 30 years. Treating the highest
priority patients (F4/F3) over a six‐year period would costs roughly $50 million per year
for the first six years. Treatment with all oral HCV regimens is highly cost‐effective by
most standards. Because their high upfront costs are not recouped through reductions in
downstream CHC complications, financing remains a challenge for state Medicaid
programs.
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When and in Whom to Initiate HCV Therapy HCV Treatment is
Most Likely to Provide the Most Immediate and Impactful
Benefits?
Based on the AASLD/IDSA Guidelines:
Highest Priority for Treatment Owing to Highest Risk for Severe Complications
• Advanced fibrosis (Metavir F3) or compensated cirrhosis (Metavir F4)
– Rating: Class I, Level A
• Organ transplant
– Rating: Class I, Level B
• Type 2 or 3 essential mixed cryoglobulinemia with end‐organ manifestations
(e.g., vasculitis)
– Rating: Class I, Level B
• Proteinuria, nephrotic syndrome, or membranoproliferative
glomerulonephritis
– Rating: Class IIa, Level B
Assessment of fibrosis can be based on liver biopsy, Fibroscan, and serum assays such as
FibroSpect, Fibrosure, FIB‐4, and APRI. Cirrhotic patients do not require further fibrosis
assessment if there is clinical (ascites, encephalopathy, varices), laboratory (elevated total
bilirubin, low albumin, elevated INR, and/or thrombocytopenia), and/or radiologic
evidence of cirrhosis.
Patient’s readiness for treatment should be based on provider and medical records data. If
there is abuse history of drugs and alcohol, abstinence should be for 6 months. If alcohol is
occasionally consumed with no evidence of abuse, hepatitis C treatment should not be
delayed.

Treatment Recommendations
Since overall treatment costs are high, it is reasonable to consider the least expensive
treatment options where there is equivalent or little data available. This should not only
lower the overall treatment costs for treating the hepatitis C population, but allow
potentially more patients to be treated in the long run. With this in mind, for many of the
subpopulations such as treatment‐experienced cirrhotics, the sample sizes in the majority
of studies (even in the large registration trials) are small. At the AASLD 2014 meetings
additional studies of equivalent or larger sample sizes evaluating specific subpopulations of
hepatitis C patients were presented. Many of these studies demonstrated that shorter
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duration of treatment gave in many instances similar SVR rates (treatment duration 12
weeks versus 24 weeks). The Recommendations below highlight emerging data that allows
the use of 12 weeks or less treatment duration to markedly reduce cost and at the same
time maintain similar SVR rates in the hepatitis C population. Of note, the HCV/HIV co‐
infected data suggests that efficacy and safety are similar to regimens used for HCV mono‐
infected patients. Therefore, the following treatment recommendations apply to both
populations.
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Genotype 1 HCV Patients – Naïve Patients
Population

Recommended Regimen

Duration

Treatment naive non-cirrhotic
genotype 1 with HCV RNA< 6
million IU/mL

Harvoni 1 tablet QD1

8 wks

Treatment naive genotype 1 with
HCV RNA> 6 million IU/mL

Harvoni 1 tablet QD1

12 wks

Treatment naive non-cirrhotic
genotype 1b

Paritaprevir/R+Ombitasvir+Dasabuvir2

12 wks

Treatment naive non-cirrhotic
genotype 1a

Paritaprevir/R+Ombitasvir+Dasabuvir
+ Ribavirin 2

12 wks

Harvoni 1 tablet QD

12 wks

Paritaprevir/R+Ombitasvir+Dasabuvir
+ Ribavirin2,3

12 wks

Treatment naive genotype 1 with
cirrhosis


**For decompensated cirrhotics start with Ribavirin dose of 600mg QD
1.
Havroni package insert
2.
Ferenci, et al NEJM 2014; 370:1983-1992.
3.
Viekira package insert.
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Genotype 1 HCV Patients – Treatment Experienced Patients
Population

Recommended Regimen

Treatment experienced genotype 1
without cirrhosis

Duration

Harvoni 1 tablet QD

12 wks

Paritaprevir/R+Ombitasvir+Dasabuvir
+ Ribavirin 1

12 wks

Harvoni 1 tablet QD plus
Ribavirin 1000-1200mg** 2

12 wks

Treatment experienced genotype
1b and 1a relapsers, partial
responders with cirrhosis

Paritaprevir/R+Ombitasvir+Dasabuvir
+ Ribavirin 3,4

12 wks

Treatment experienced genotype
1a null responder with cirrhosis

Paritaprevir/R+Ombitasvir+Dasabuvir
+ Ribavirin 3,4

24 wks

Treatment experienced genotype 1
with cirrhosis

**For decompensated cirrhotics start with Ribavirin dose of 600mg QD
1. Zeuzem, et al NEJM 2014; 370:1604-14.
2.
Abstract # 82 and LB #4 (previous PI failures), AASLD 2014
3.
Poordad et al NEJM 2014; 370:1973-1982 and Fried Liver Meeting 2014, Abst #81
4.
Viekira Package Insert
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5.

Genotype 2 HCV Treatment‐Naive Patients
Population
Treatment naive and previous
relapsers

Recommended
Regimen

Duration

Sofosbuvir 400 mg +
RBV 1000-1200 mg/day

12 wks

Genotype 2 HCV Treatment‐Experienced Patients
Population
Nonresponse to previous
treatment with pegIFN/RBV

Recommended Regimen
Sofosbuvir 400 mg +
RBV 1000-1200 mg/day

*Patients with cirrhosis may benefit by extension of therapy to 16 wks (89% vs 82%).
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Duration
12 wks*

Genotype 3 HCV Treatment‐Naive Patients
Population
Regardless of IFN
eligibility

Recommended Regimen

Duration

Harvoni + Ribavirin 1000-1200mg/day 1
Overall 100% SVR (n=26)
(16% were cirrhotic)
(Emerging regimen)

12 wks

Sofosbuvir 400 mg +
RBV 1000-1200 mg/day
Non-cirrhotic 93% SVR (n=92)
Cirrhotic 92% SVR (n=13)
(FDA-approved)

24 wks

1. Gane, EASL 2014

Genotype 3 HCV Treatment‐Experienced Patients
Population
Regardless of IFN
eligibility

Recommended Regimen

Duration

Harvoni + Ribavirin 1000-1200mg/day
Non-cirrhotic 89% SVR (n=28)
Cirrhotic 73% SVR (n=22) 2
(Emerging regimen)

12 wks

Sofosbuvir 400 mg +
RBV 1000-1200 mg/day
Non-cirrhotic 85% SVR (n=100)
Cirrhotic 60% SVR (n=45)
(FDA-approved)

24 wks

2. Gane, Liver Meeting 2014, LB Abst #11 (Electon II)
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Genotype 4 and 6 HCV Patients
Population

Recommended Regimen

Duration

Genotype 4

Harvoni 1 tablet QD 1
Overall
95% SVR (n=20)
(Emerging regimen)

12 wks

Genotype 6

Harvoni 1 tablet QD 2
Overall
96% SVR (n=25)
(Emerging regimen)

12 wks

1. Ruane, EASL 2014
2. Gane Liver Meeting 2014 Abst LB 11
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New Drug Evaluation: Albiglutide

Month/Year of Review: January 2015
Generic Name: Albiglutide
PDL Class: Oral Hypoglycemics

End date of literature search: October 13, 2014
Brand Name (Manufacturer): Tanzeum™ (GlaxoSmithKline)
Dossier Received: Yes

FDA Approved Indication:1
Albiglutide is a subcutaneous (SC) glucagon‐like peptide‐1 (GLP‐1) receptor agonist indicated as an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes mellitus (T2DM). Albiglutide is not recommended as first‐line therapy for patients unable to control glucose levels with diet and
exercise and should not be given to patients with type 1 diabetes.
Research Questions:
 Is there evidence of superior efficacy of albiglutide compared to other T2DM therapies when considering important outcomes such as hemoglobin A1c
(HbA1c) lowering and reduced microvascular and macrovascular outcomes?
 Is there evidence albiglutide has a better safety profile than other treatments for T2DM?
 Are there subgroups of patients which albiglutide shows improved efficacy or greater risk of harms?
Conclusions:
 There is insufficient evidence at this time that albiglutide reduces microvascular or macrovascular outcomes.
 There is moderate strength of evidence that albiglutide 30 mg to 50 mg weekly is effective in lowering HbA1c by ‐0.55% to ‐0.89% when used in combination
with other treatments.2‐7 Published trials showed albiglutide to be superior to sitagliptin (2 studies)3,7, glimepiride (1 study)3 and placebo (2 studies).2,3 Open‐
label comparison trials found albiglutide to be non‐inferior to insulin glargine and insulin lispro. 4,5 Albiglutide was found to be inferior to liraglutide (open‐
label study) and pioglitazone (unpublished study).6
 The most common adverse effects seen with albiglutide are gastrointestinal and injection site reactions. The incidence of injection site reactions was higher
with albiglutide compared to other injectable products; comparisons of albiglutide to daily GLP‐1 agonist, liraglutide, resulted in a number‐needed‐to‐harm
(NNH) of 13. Gastrointestinal adverse events were common in both groups, with higher rates in liraglutide treated patients compared to albiglutide, 49% and
35.9%, respectively. Withdrawals due to adverse reactions were higher with albiglutide, most commonly due to nausea and injection site reactions.1‐7
 In one fair‐good quality study, albiglutide was shown to be effective in patients (n=495) with renal dysfunction. Hemoglobin A1c reductions were
significantly greater in the albiglutide group compared to sitagliptin, ‐0.83% and ‐0.52%, respectively.
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Weight loss (‐0.64 to ‐1.21 kg), low risk of hypoglycemia, once weekly dosing and ability to be used in patients with reduced renal function are advantages of
albiglutide treatment. 1‐7

Recommendations:
 Recommend adding albiglutide to the current prior authorization criteria for GLP‐1 receptor agonists (Appendix 1). Recommend limiting use of albiglutide to
patients that have tried and failed other treatments for T2DM. No changes to the PDL are recommended.
Reason for Review:
Albiglutide is once weekly GLP‐1 receptor agonists for the treatment of T2DM. Comparison of the efficacy and safety data of albiglutide to other T2DM
treatments is necessary for the management of the preferred drug list (PDL) and prior authorization (PA) criteria.
Background:
Type 2 diabetes mellitus is a prevalent disease which affects an estimated 25.6 million people in the United States.8 Despite a variety of treatments, a significant
number of patients fail to meet A1C goals and within three years of being diagnosed 50% of patients require combination therapy to control rising glucose levels.
According to the Centers for Disease Control and Prevention (CDC), as many as 1 in every 3 adults will have T2DM by 2050.9 Treatment guidelines recommend a
trial of lifestyle modifications to control hyperglycemia in patients with T2DM and add pharmacotherapy for persistent elevated glucose levels. Guidelines
recommend a goal HbA1C of less than 7% to minimize macrovascular and microvascular complications. Lower or higher HbA1c goals may be appropriate
depending on patient specific characteristics. Therapy should be tailored according to patient factors, such as concomitant comorbidities.10,11 A number of
therapeutic options are available for management of glycemic variances associated with T2DM.12 Classes of anti‐hyperglycemic agents (AHA) currently available
are: alpha‐glucosidase inhibitors, biguanides, dipeptidyl peptidase‐4 (DPP‐4) inhibitors, glucagon‐like peptide‐1 (GLP‐1) analogues, sodium‐glucose co‐
transporter 2 (SGLT2) inhibitors, insulins, meglitinides, sulfonylureas, thiazolidinediones (TZD), bile acid sequestrants, dopamine‐2 agonists and amylin mimetics.
Important outcomes in patients with diabetes are: mortality, microvascular complications (chronic kidney disease, retinopathy, peripheral neuropathy) and
macrovascular complications (cardiovascular events, stroke/ischemic attacks, coronary heart disease, amputations). Intermediate outcomes of interest are
HbA1C and weight. Adverse event outcomes are: severe adverse events, hypoglycemia rates, and withdrawals due to adverse events. Hemoglobin A1C is often
used as a surrogate outcome to assess comparative efficacy of different AHA therapies, as hyperglycemia has been shown to correlate with microvascular
complications and potentially macrovascular outcomes.11 Available data are limited to short‐term studies, which prevents the assessment of the durability of
available AHAs to control glucose levels long‐term and to compare the effectiveness of AHAs on outcomes such as microvascular and macrovascular
complications. Differing definitions of hypoglycemia also complicate the comparisons of safety between the differing AHA agents. Available evidence suggests
that metformin is likely to reduce the incidence of cardiovascular disease based on data from the United Kingdom Prospective Diabetes Study (UKPDS) trial.11
UKPDS data has also indicated a reduced incidence of microvascular risk with sulfonylureas and insulin therapy. Thiazolidinediones, alpha‐glucosidase inhibitors
and dopamine‐2 agonists have studies that suggest reduced cardiovascular disease events but additional data are needed.11 The effects of many of the AHAs on
long‐term complications of T2DM remain unknown.
Clinical Efficacy:
Albiglutide was studied in six, published, phase 3 trials in nearly 4,000 patients.2‐7 Study design, inclusion and exclusion criteria and primary endpoints were
similar for all studies. Trials included adult patients (mean age of 56 years) with baseline HbA1c between 7% and 10.55 with normal renal function (creatinine
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clearance >60 mL/min), with the exception of one study in patients with reduced renal function (HARMONY 7).6 Of the published albiglutide trials, five evaluated
the 30 mg weekly dose of subcutaneous (SC) albiglutide, with the option to increase the dose to 50 mg weekly if appropriate. The sixth published trial,
HARMONY 1, only studied the 30 mg weekly dose.2 Patients were allowed to receive rescue therapy for hyperglycemic rescue if pre‐defined FPG and HbA1c
values were met. The primary outcome measure was change in HbA1c from baseline. Trial durations lasted 8 months to 3 years. Secondary endpoints included
decreases in fasting blood glucose (FPG), number of patients obtaining an HbA1c less than 7%, change in weight and number of patients requiring rescue therapy
for hyperglycemia.
HARMONY 12
In a good quality trial, 310 patients were randomized to albiglutide 30 mg weekly to placebo in patients taking background pioglitazone with or without
metformin, representing 80% of patients. Mean patient age was 55 years and mean HbA1c was 8.1%. Patients with obesity were largely included with a mean
patient BMI of 34 kg/m2. Results at 52 weeks showed albiglutide lowered HbA1c more than placebo (‐0.8% vs. ‐0.1%, respectively; mean difference ‐0.7% [95%
confidence interval (CI) ‐1.0 to ‐0.6, p<0.0001]). The number or patients obtaining an HbA1c less than 7% was significantly greater in the albiglutide group with a
number needed to treat (NNT) of 3 versus placebo.
HARMONY 33
In a fair quality trial, 999 were randomized to albiglutide 30 mg weekly, sitagliptin 100 mg orally daily, glimepiride 2 mg daily or placebo. Doses of albiglutide
could be increased to 50 mg weekly and the dose of glimepiride could be increased to 4 mg daily if predetermined elevated glucose levels were met. Enrolled
patients were subject to at 4‐week run‐in and stabilization period. Patients were allowed to be on concomitant metformin. Overall attrition rates were high with
less than 70% completing the study. Mean change in HbA1c at 104 weeks was significantly better for albiglutide compared to sitagliptin, glimepiride, and
placebo with HbA1c lowering of ‐0.63%, versus ‐0.28%, ‐0.36% and 0.27%, respectively. More patients in the albiglutide group obtained an HbA1c goal of less
than 7% and less patients in the albiglutide group required hyperglycemic rescue when compared to sitagliptin, glimepiride and placebo.
HARMONY 44
In this non‐inferiority study, albiglutide 30 mg weekly was compared to insulin glargine 10 units SC daily in 735 patients. HARMONY 4 was an open‐label study
that allowed for an increase treatment doses of up to 50 mg weekly in the albiglutide arm and increases in insulin glargine arm based on weekly self‐monitored
blood glucose levels. In this fair quality study, patients were allowed to continue metformin with or without sulfonylurea therapy. Albiglutide was non‐inferior to
insulin glargine at lowering HbA1c at week 52 (insulin glargine ‐0.79% vs. albiglutide ‐0.67%). Hyperglycemia rescue was higher in the albiglutide group; however,
weight loss was significantly more in the albiglutide group.
HARMONY 65
In this fair quality, open‐label, non‐inferiority trial, albiglutide 30 mg weekly was compared to insulin lispro given SC three times daily with meals in patients
currently receiving insulin glargine. All patients also received concomitant metformin and pioglitazone. Insulin glargine and insulin lispro doses were titrated
based on glucose levels and the albiglutide dose could be increased to 50 mg weekly if indicated. The study comprised of 563 moderately uncontrolled patients
with T2DM with a mean baseline Hba1c of 8.45%. At week 26, albiglutide was non‐inferior to insulin lispro at lowering HbA1c (albiglutide ‐0.82% vs. insulin
lispro ‐0.66%). Weight changes were minimal in both groups though considered statistically significant by study investigators (albiglutide ‐0.7 kg vs. insulin lispro
+0.8 kg).
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HARMONY 76
In this fair quality, open label, non‐inferiority trial, 805 patients were treated with either albiglutide 30 mg weekly, titrated to 50 mg at 6 weeks, or liraglutide 0.6
mg SC daily (titrated to 1.2 mg at week 1 and 1.8 mg at week 2) with changes in HbA1c documented at 32 weeks. Almost all patients were on concomitant oral
treatment for diabetes, most commonly a sulfonylurea and metformin. At week 32, HbA1c lowering was greater in the liraglutide group (‐0.99%) compared to
albiglutide (‐0.78%) and non‐inferiority was not met. Injection site reactions were more common in the albiglutide group. Gastrointestinal events were higher in
liraglutide patients.
HARMONY 87
Albiglutide was studied in patients with mild, moderate and severe renal impairment in a fair‐good quality trial involving 495 patients (HARMONY 8). Patients
received albiglutide 30 mg weekly, titrated to 50 mg if indicated, compared to sitagliptin dosed based on renal function outlined in the prescribing information.
Ninety‐three percent of patients had mild to moderate renal dysfunction. Patients were allowed to continue metformin, pioglitazone and sulfonylureas. At week
26, albiglutide was superior to sitagliptin with a difference in HbA1c ‐0.32% (95% CI ‐0.49 to ‐ 0.15, p=0.0003 for superiority). The number of patients meeting an
HbA1c goal of less than 7% was higher in the albiglutide group, with a NNT of 8. Significantly less patients in the albiglutide group received treatment for
hyperglycemic rescue.
There were two unpublished albiglutide efficacy trials. Albiglutide 30 mg weekly (with optional uptitration to 50 mg weekly) was compared to pioglitazone in a
52 week, double‐blind, randomized controlled trial. Albiglutide was found to be inferior to pioglitazone 30 mg daily in 657 patients with T2DM who were not
controlled on metformin (≥1500 mg/day) and glimepiride (4 mg/day).1 Baseline characteristics were similar to other trials. The non‐inferiority margin of 0.3%
against pioglitazone was not met. Changes in HbA1c were highest for pioglitazone (‐0.8%), followed by albiglutide (‐0.6%) and an increase in the placebo group
(0.3%).1
The second unpublished efficacy trial compared albiglutide to placebo. In this double‐blind, placebo‐controlled, randomized trial, 296 patients were randomized
to albiglutide 30 mg weekly, albiglutide 50 mg weekly (uptitrated from 30 mg weekly at week 12) or placebo for 52 weeks. Hemoglobin A1c lowering was found
to be significantly superior in the albiglutide 30 mg weekly group and albiglutide 50 mg weekly group when compared to placebo, ‐0.7%, 0.9% and +0.2%,
respectively.
Phase 3 studies of albiglutide ranged from fair to good quality. Limitations of the open‐label study design used in three trials, is the chance for performance bias.
Screening and run‐in periods allow for exclusion of patients not able to tolerate medications, which decreased applicability of these results. In trials with insulin
comparative groups, titration was not always maximized or done in a systematic fashion, which may have allowed for sub‐optimal comparative treatment and
reduced glucose control in insulin treated groups.
Clinical Safety:1
The most common adverse reactions reported in greater than 10% of patients were upper respiratory infections, diarrhea, nausea and injection site reactions. In
placebo‐controlled trials, nausea occurred in 9.6% of patients taking placebo compared to 11.1% in those taking albiglutide. Injection site reactions in a pooled
analysis of placebo‐controlled trials occurred at a rate of 8% for the placebo group and 18% for albiglutide patients. Results were similar in a pooled analysis of
placebo and active treatment trials, with the exception of hypoglycemia. Symptomatic hypoglycemia rates were similar with albiglutide and placebo, 2% in each
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group, and more common than placebo when albiglutide was combined with insulin or a sulfonylurea. Most common reasons for study withdrawals due to
adverse events were due to nausea and injection site reactions.
Pooled data from seven trials demonstrated a higher incidence of pneumonia with albiglutide treatment, 1.8% for albiglutide and 0.8% for comparators.
Appendicitis was more common with albiglutide than placebo, 0.3% and 0%, respectively. Acute pancreatitis has also been reported with albiglutide. Data from
eight clinical trials demonstrated an increased risk of pancreatitis with albiglutide than those receiving placebo or active treatment comparisons, at an incidence
of 0.3%, 0% and 0.1%, respectively. Anti‐albiglutide antibodies were noted in 116 (5.5%) patients taking albiglutide in a pooled analysis of seven trials. The
presence of antibodies was not shown to impact HbA1c or fasting glucose levels. Albiglutide was not associated with an increased risk in cardiovascular events.
Conclusion:
In conclusion, there is moderate strength of evidence that albiglutide lowers HbA1c by ‐0.55% to ‐0.89% when used in combination with other treatments. Small
decreases in weight and low incidences of hypoglycemia are benefits of treatment. Common adverse reactions include gastrointestinal issues and injection site
reactions. Ongoing monitoring of risk of pancreatitis and thyroid cancers will important as albiglutide is used long‐term.
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COMPARATIVE CLINICAL EFFICACY
Relevant Endpoints:
1) Microvascular outcomes
2) Macrovascular outcomes
3) Goal HbA1c
4) Hypoglycemia
5) Quality of life
6) Serious adverse reactions
7) Changes in weight
Ref./Study
Design
Reusch, et al
2
2014
(HARMONY‐1)

Drug
Regimens/
Duration
1. Albiglutide 30 mg SC
weekly (A)
2. Placebo SC weekly (P)

DB, PC, Phase 3 *Patients were on
RCT
background pioglitazone
and ±metformin
158 Centers and
4 Countries
* Trial was 52 weeks

Primary Study Endpoint:
1) Change in HbA1c from baseline

Patient Population

Demographics:
Age (mean): 55 years
Female: 40%
Baseline HbA1c (mean):
8.1%
2
BMI (mean): 34.1 kg/m
Inclusion Criteria:
Patients ≥18 years old,
body mass index of 20‐
45 kg/m2, non‐pregnant
and non‐lactating, HbA1c
of 7‐10% with type 2
diabetes and on stable
doses of pioglitazone,
with or without
metformin for at least 2
months before
randomization.
Exclusion Criteria:
History of active cancer,
diabetic gastroparesis,
biliary disease,
pancreatitis, significant
cardiovascular or
cerebrovascular
diseases, HIV, GI surgery,
family history of

N
mITT
(per protocol)
A. 150
(133)Attrition:
11%
P. 149 (115)
Attrition:
24%

Outcomes/
Efficacy Results
(98.5% CI, p‐values)
Primary Endpoint
Change in HbA1c at
52 weeks (model‐
adjusted):
A: ‐0.8%
P: ‐0.1%

ARR/
NNT

Safety Results
(CI, p‐values)

NA

Discontinuations due to
Adverse Events:
A: 7 (4.7%)
P: 10 (6.6%)
p‐value not reported
Symptomatic
Hypoglycemia:
A: 5 (3.3%)
P: 2 (1.3%)
p‐value not reported

Treatment
difference:
‐0.8% (95% CI ‐1.0
to ‐0.6, p<0.0001
for superiority)
Secondary
Endpoints
Patients Obtaining
HbA1c <7%:
A: 66 (44.3%)
P: 22 (14.8%)
P<0.0001
Changes in Weight
at week 52:
A: 0.28 kg
P: 0.45 kg

Nausea:
A: 16 (10.7%)
P: 17 (11.3%)
p‐value not reported
30%/3

NA

Injection site reactions:
A: 17 (11.3%)
P: 17 (7.9%)
p‐value not reported

ARR/
NNH

Quality Rating; Internal Validity
Risk of Bias/ External Validity
Concerns
Quality rating: Good
Internal Validity:
Selection: Randomized;
interactive voice response system
based on sequestered fixed
randomization schedule.
Performance: Patients and
caregivers blinded and efforts
made to conceal treatment
allocation.
Detection: Performed by
separate statistical team.
Attrition: High overall attrition;
ITT analysis with LOCF
External Validity:
Recruitment: Patients from 158
centers and 4 countries were
included.
Patient Characteristics:
Majority of patients (80%) on
concomitant pioglitazone and
metformin. Baseline HbA1c
indicates patients only
moderately uncontrolled.
Outcomes: Accepted surrogate
end‐point used. Data on long‐
term health outcomes are
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Ahrén, et al
20143
(HARMONY‐3)

DB, PC, PG,
Phase 3, RCT

1. Albiglutide 30 mg SC
weekly (A)*
2. Sitagliptin 100 mg PO
daily (S)
3. Glimepiride 2 mg PO
daily (G)**

289 Centers and
10 Countries
4. Placebo (P)




Patients were on
background
metformin
Patients had a run‐
in/stabilization
period of 4 weeks
Treatment duration
156 weeks

* Dose could be increased
to 50 mg once weekly.
** Dose could be
increased to 4 mg daily.

Weissman, et al 1. Albiglutide 30 mg SC

medullary carcinoma or
multiple endocrine
neoplasia type 2 or
hepatitis B or C infection.
Demographics:
Age (mean): 55 years
Male: 48%
Baseline HbA1c (mean):
8.1%
2
BMI (mean): 32.8 kg/m
Inclusion Criteria:
Patients ≥18 years old,
body mass index of 20‐
45 kg/m2, creatinine
clearance >60mL/min,
normal thyroid or
clinically euthyroid,
HbA1c of 7‐10% with
T2DM and experiencing
inadequate glycemic
control despite
metformin for ≥3 months
before screening.

lacking.

1.297
(215)
Attrition:
29%
2.300 (212)
Attrition:
30%
3.302 (218)
Attrition:
29%
4.100 (62)
Attrition:
39%

NA

A vs P, S vs P, G vs P
:
p≤0.02

Discontinuations due to
Adverse Events:
A: 20 (6.6%)
S: 11 (3.6%)
G: 14 (4.6%)
P: 5 (5%)
p‐value not reported
Symptomatic
Hypoglycemia:
A: 9 (3.0%)
S: 5 (1.7%)
G: 55 (17.9%)
P: 4 (4.0%)
p‐value not reported

Mean Treatment
Difference:
A: ‐0.9%
S: ‐0.4%
G: ‐0.3%
P: ‐0.1%
A vs. S: p=0.0001
A vs. G: p= 0.0033
A vs. P: p<0.0001
Secondary
Endpoints
Patients Obtaining
HbA1c <7%:
A: 113 (38.6%)
S: 94 (31.6%)
G: 94 (31.4%)
P: 15 (15.5%)

Exclusion Criteria:
History of active cancer,
gastroparesis, biliary
disease, pancreatitis,
significant cardiovascular o
cerebrovascular diseases,
HIV, GI surgery, family
history of medullary
carcinoma or multiple
endocrine neoplasia type 2
resting systolic blood
pressure >160 mmHg
and/or diastolic blood
pressure >100 mmHg or
abnormal lab values.

Demographics:

Primary Endpoint
Change in HbA1c at
104 weeks:
A: ‐0.63%
S: ‐0.28%
G: ‐0.36%
P: 0.27%

A vs. P:
23%/4
S vs P:
16%/6
G vs P:
16%/6

Nausea:
A: 31 (10.3%)
S: 20 (6.6%)
G: 19 (6.2%)
P: 17 (10.9%)
p‐value not reported
Injection site reactions:
A: 52 (17.2%)
S: 19 (6.3%)
G: 24 (7.8%)
P: 5 (5.0%)

Change in Weight
at Week 104:
A: ‐1.21 kg
S: ‐0.86 kg
G: 1.17 kg
P: ‐1.0 kg
p‐value not
reported
A. 496 (389)

Primary Endpoint

Discontinuations due to

Quality rating: Fair
Internal Validity:
Selection: Patients randomized
via a computer‐generated
randomization sequence based
on a sequestered fixed
randomization schedule.
Performance: Patients and
caregivers blinded. Matching
placebos for albiglutide,
sitagliptin, and glimepiride were
used to maintain blinding.
Detection: Performed by
separate statistical team.
Attrition: High overall attrition;
ITT analysis with LOCF.
External Validity:
Recruitment: Patients from 289
centers and 10 countries
included.
Patient Characteristics:
Moderately to severely obese
patients accounted for 67% of
study participants. Run‐
in/stabilization phase of 4 weeks
could eliminate patients unable
to tolerate medication before
start of trial. Patients
randomized to albiglutide on
mean dose of 40.5 mg weekly
and those on glimepiride on
mean dose of 3.1 mg daily.
Outcomes: Accepted surrogate
end‐point used. Data on long‐
term health outcomes are lacking

Quality rating: Fair
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20144
(HARMONY 4)

OL, PG, NI, RCT
222 Centers in 4
countries

once weekly* (A)
2. Insulin glargine SC 10
units daily** (G)




Patients on metformin
with or without a
sulfonylurea
Study duration is 3
years with results
reported at 1 year.
4 weeks of placebo
run‐in

* Dose could be increased
to 50 mg weekly.
**Dose could be
increased weekly based
on SMBGs.

Rosenstock, et
al 20145
(HARMONY 6)

1. Albiglutide 30 mg SC
once weekly* (A) + insulin
glargine SC daily

2. Insulin lispro SC TID
OL, NI, Phase 3, with meals (L) + insulin
PG, RCT
glargine SC daily


Background
metformin and/or
pioglitazone allowed

Age (mean): 56 years
Male: 56%
Baseline HbA1c (mean):
8.3%
2
BMI (mean): 33 kg/m
Inclusion Criteria:
Patients ≥18 years old,
body mass index of 20‐
2
45 kg/m , creatinine
clearance >60mL/min,
fasting C‐peptide ≥0.8
ng/ml, HbA1c of 7‐10%
with T2DM and
experiencing inadequate
glycemic control despite
metformin for ≥3 months
before screening and
stable dose for ≥8 weeks
before randomization) ±
a sulfonylurea.
Exclusion Criteria:
History of cancer, diabetic
gastroparesis, biliary
disease, pancreatitis,
significant recent
cardiovascular or
cerebrovascular diseases,
HIV, GI surgery, family
history of medullary
carcinoma or multiple
endocrine neoplasia type 2
and abnormal lab values.
Demographics:
Age (mean): 56 years
Male: 47%
Baseline HbA1c (mean):
8.45%
Weight (mean): 92 kg
Inclusion Criteria:
Patients 18‐75 years old;
T2DM inadequately
controlled on glargine,

Attrition:
22%
G: 239 (200)
Attrition:
16%

Change in HbA1c
from baseline at 52
weeks:
A: ‐0.67%
G: ‐0.79%
Treatment
difference:
0.11% (95% CI ‐0.4
to 0.27, p=0.0086
for non‐inferiority)
Secondary
Endpoints
Patients Obtaining
HbA1c <7%:
A: 159 (31.6%)
G: 79 (32.8%)
p‐value not
reported

Change in Weight
at week 52:
A: ‐1.06 kg
G: 1.57 kg
Mean difference:
‐2.61 kg (95% CI ‐
3.20 to ‐2.02
P<0.0001)

A.282 (258)
Attrition: 10%
L: 281(265)
Attrition:6%

Primary Endpoint
Change in HbA1c
from baseline at 26
weeks:
A: ‐0.82%
L: ‐0.66%
Treatment
difference:
‐0.16% (95% CI ‐
0.32 to 0.00,
p<0.0001 for non‐

NA

Adverse Events:
A: 35 (6.9%)
G: 6 (2.5%)
p‐value not reported
Symptomatic
Hypoglycemia:
A: 88 (17.5%)
G: 66 (27.4%)
p‐value not reported
Nausea:
A: 50 (9.9%)
G: 9 (3.7%)
p‐value not reported

NA
Injection site reactions:
A: 43 (8.5%)
G: 6 (2.5%)
p‐value not reported

NA

NA

Discontinuations due to
Adverse Events:
A: 15 (5.3%)
L: 1 (0.4%)
p‐value not reported
Symptomatic
Hypoglycemia:
A: 15.8%
L: 29.9%
p‐value not reported

Internal Validity:
Selection: Patients randomized
via a computer‐generated
randomization sequence with a
voice response system.
Performance: Open‐label study
design lends to a high probability
of bias.
Detection: No details provided.
Attrition: Attrition rate higher for
albiglutide than insulin glargine;
ITT analysis with LOCF
External Validity:
Recruitment: Patients from 222
centers (206 sites in USA) and 4
countries included.
Patient Characteristics:
Patients randomized to
albiglutide on mean dose of 43.4
mg weekly and those on insulin
glargine on mean dose of 35.1
units/day.
Outcomes: Accepted surrogate
end‐point used. Data on long‐
term health outcomes are
lacking.

Quality rating: Fair
Internal Validity:
Selection: Patients randomized
via a computer‐generated
randomization sequence based
on a sequestered fixed
randomization schedule.
Performance: open‐label
Detection: open‐label
Attrition: Low overall attrition;
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for both groups.
*Dose could be titrated
to 50 mg weekly.

determir, or NPH ± oral
antiglycemic drugs for ≥6
months and <5 years;
HbA1c ≥7.0% and BMI ≥20
2
2
kg/m and ≤45kg/m .

inferiority)
Secondary
Endpoints
Patients Obtaining
HbA1c <7%:
A: 85 (30%)
L: 70 (25%)
(p=NS)

Exclusion Criteria:
Ongoing symptomatic
biliary disease, history of
pancreatitis, elevated
lipase levels, significant
cardiovascular or
cerebrovascular disease,
history of medullary
carcinoma or multiple
endocrine neoplasia type 2

Pratley R, et al
6
2014
(HARMONY 7)

1. Albiglutide 30 mg SC
once weekly* (A)
2. Liraglutide 0.6 mg SC
daily** (L)

OL, NI, Phase 3,
PG, RCT

162 Centers and
8 Countries



Patients on
background
treatments of
metformin,
sulfonylureas, TZD or
combination of the
above.
4 weeks of placebo
run‐in and stabilization

Demographics:
Age (mean): 55 years
Male: 50%
Baseline HbA1c (mean):
8.16%
2
BMI (mean): 32.8 kg/m
Inclusion Criteria:
Patients at least 18 years
old; T2DM inadequately
controlled on metformin,
sulfonylurea, or TZD (or
combination therapy);
HbA1c ≥7.0% and
2
≤10.0%and BMI ≥20 kg/m
2
and ≤45kg/m .

*Titrated to 50 mg at week
Exclusion Criteria: History
6.
of type 1 diabetes; recent

ITT analysis done
Nausea:
A: 11.2%
L: 1.4%
p‐value not reported

Change in Weight
at week 26:
A: ‐0.7 kg
L: 0.8 kg
P<0.0001

A. 402 (346)
Attrition:
14%

L. 403
(340)
Attrition:
17%

Primary Endpoint
Change in HbA1c
from baseline at 32
weeks:
A: ‐0.78%
L: ‐0.99%
Treatment
difference:
0.21% (95% CI 0.08
to 0.34, p=0.0846
for non‐inferiority)
Secondary
Endpoints
Patients Obtaining
HbA1c <7%:
A: 168 (42%)
L: 208 (52%)
P=0.0023

External Validity:
Recruitment: Not described.
Patient Characteristics:
Baseline HbA1c 8.5%, indicates
only moderately uncontrolled
patients included.
Significantly younger patient age
in albiglutide group.
‐ Almost 70% of patients in both
groups on concomitant
metformin and 23.5% on neither
metformin nor TZD.
‐ Glargine doses increased at
similar rates in albiglutide and
lispro arms.
‐ Lispro dose increased from
baseline 15.5 IU to 30.6 IU.
‐ In albiglutide arm 51% of
patients increased dose to 50 mg
before week 26.
Outcomes: Accepted surrogate
end‐point used. Data on long‐
term health outcomes are
lacking.
Quality rating: Fair

Injection site reactions:
A: 9.5%
L: 5.3%
p‐value not reported

NA

NA

Symptomatic
Hypoglycemia:
A: 10.4%
L: 13%
p=0.25
NA
Nausea:
A: 40 (9.9%)
L: 119 (29.2%)
P<0.0001
7.5%/13
Injection site reactions:
A: 28 (12.9%)
L: 5 (5.4%)
P=0.0002

NA

Internal Validity:
Selection: Patients were
randomized via an independent
randomization schedule done by
an independent randomization
team. Assignments were done by
an interactive voice recognition
system.
Performance: Open‐label subject
to a high degree of bias.
Detection: No details were
provided.
Attrition: Attrition was 14% in the
albiglutide group and 16% in the
liraglutide group; mITT analysis
done with LOCF.
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cardiovascular or
cerebrovascular events; or
**Titrated to 1.2 mg at
week 1 and 1.8 mg at week abnormal labs.
2.

Leiter L, et al
20147
(HARMONY 8)

1. Albiglutide 30 mg SC
once weekly* (A)
2. Sitagliptin 25‐100 mg
PO daily**

DB, Phase 3, PG
RCT


134 Centers and
15 Countries







52 week treatment
duration with 2 week
screening and 4 week
run‐in
Mild renal impairment
(eGFR ≥60 to ≤89
2
mL/min/1.73 m )
Moderate renal
impairment (eGFR ≥30
to ≤59 mL/min/1.73
m2)
Severe renal
impairment ≥15 to ≤29
mL/min/1.73 m2)
Patients allowed to
take metformin, TZDs,
or sulfonylureas
If GFR fell below 60
mL/min/1.73 m2
patients were titrated
off metformin

*titrated to 50 mg if
needed.

Demographics:
Age (mean): 63.3 years
Male: 54%
Baseline HbA1c (mean):
8.2%
2
BMI (mean): 30.4 kg/m
Inclusion Criteria:
Patients 18 years or older
with T2DM, renal
impairment (mild,
moderate or severe),
inadequately controlled on
glargine, determir, or NPH
insulin, with or without ora
antiglycemic drugs for ≥6
months and <5 years;
HbA1c 7.0‐10.0%, BMI ≥20
kg/m2 and ≤45kg/m2,
fasting C‐peptide level of
≥0.8 ng/mL, GFR of ≥15 to
<90 mL/min/1.73m2,
hemoglobin of ≥10 g/dL for
male patients and ≥9 g/dL
for female patients.
Exclusion Criteria:
Malignancy, history of
diabetic gastroparesis,
ongoing symptomatic
biliary disease, history of

Change in Weight
at 32 weeks:
A: ‐0.64 kg
L: ‐2.19 kg
P<0.0001

A: 249 (198)
Attrition:
21%
S: 246 (178)
Attrition:
28%

Primary Endpoint
Change in HbA1c
from baseline at 26
weeks:
A: ‐0.83%
S: ‐0.52%
Treatment
difference:
‐0.32% (95% CI ‐
0.49 to ‐ 0.15,
p=0.0003 for
superiority)
Secondary
Endpoints
Secondary
Endpoints
Patients Obtaining
HbA1c <7% at week
26:
A: 106 (42.6%)
S: 75 (30.5%)
P=0.0077
Change in Weight
at week 26:
A: ‐0.79 kg
S: ‐0.19 kg
P<0.05

NA

NA

Discontinuations due to
Adverse Events:
A: 26 (10.4%)
S: 26 (10.6%)
p‐value not reported
Symptomatic
Hypoglycemia:
A: 29 (11.6)%
S: 15 (6.1%)
p‐value not reported
Nausea:
A: 12.8 (4.8%)
L: 8 (3.3%)
p‐value not reported

12.1%/8

NA

Injection site reactions:
A: 20 (8.0%)
S: 9 (3.7%)
p‐value not reported

External Validity:
Recruitment: Patients from 162
centers and 8 countries. Six
hundred, forty‐three patients
were from US sites.
Patient Characteristics:
Almost all patients (>99%) on
background oral treatment, most
commonly metformin and
sulfonylureas.
Outcomes: Accepted surrogate
end‐point used. Data on long‐
term health outcomes are
lacking.
Quality rating: Fair ‐ Good
Internal Validity:
Selection: Patients were
randomized via an interactive
voice response system.
Performance: Described as
double blind and efforts were
made to conceal treatment
allocation.
Detection: No details provided.
Attrition: Moderate‐high attrition
in both groups; ITT analysis done
External Validity:
Recruitment: Patients from 134
centers and 15 countries.
Patient Characteristics:
The mean baseline HbA1c was
8.2%, indicating that there were
only moderately uncontrolled.
Patients with mild renal
impairment accounted for 52%,
moderate renal impairment 41%
and severe renal impairment 7%
of study participants.
‐ The mean albiglutide dose was
40.2 mg.
Outcomes: Accepted surrogate
end‐point used. Data on long‐
term health outcomes are
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lacking.
pancreatitis, significant
gastrointestinal surgery,
HIV, Hepatitis B or C,
abnormal lab values,
significant cardiovascular o
cerebrovascular disease,
pregnancy or lactation.
Key: AE: adverse events, BMI: body mass index, DB: double blind, D/C: discontinuation, eGFR: estimated glomerular filtration rate, HbA1c: hemoglobin A1c, HIV: human immunodeficiency virus, ITT:
intent to treat, kg: kilogram, MC: multicenter, NA: not applicable, NI: non‐inferiority design, OL: open label, PP: per protocol analysis, RCT: randomized controlled trial, SC: subcutaneous, SMBG: self‐
monitored blood glucoses, TID: three times daily, TZD: thiazolidinediones.
**Renal dosing per
recommendations in
prescribing information.
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Appendix 1: Current PA Criteria and Proposed Changes

Incretin Mimetics (GLP‐1 Analogs)
Initiative: To optimize the correct use of insulin mimetics.
Length of Authorization: Up to 1 year
Requires PA:
 Non‐preferred drugs
Covered Alternatives:
 Preferred alternatives listed at www.orpdl.org
Approval Criteria
1. Does the patient have a diagnosis of Type 2
diabetes?

Yes: Go to #2

No: Pass to RPH; Deny
for medical
appropriateness.

2. Will the prescriber consider a change to a
preferred product?

Yes: Inform provider of covered
alternatives in class.
www.orpdl.org

No: Go to #3.

Yes: Go to #4.

No: Pass to RPH; Deny
for medical
appropriateness.

Message:
 Preferred products do not require PA.
 Preferred products are evidence-based
reviewed for comparative effectiveness &
safety by the Pharmacy and Therapeutics
(P&T) Committee.
Reports are available at:
http://pharmacy.oregonstate.edu/drug‐policy
3. Has the patient tried and failed metformin and
sulfonylurea therapy or have contraindications to
these treatments?
Contraindications to metformin:

Recommend trial of
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Known hypersensitivity
Renal disease or renal dysfunction
Acute or chronic metabolic acidosis
Increased risk of lactic acidosis (CHF,
advanced age, impaired hepatic function)
Contraindications to sulfonylureas:
- Known hypersensitivity
- Increased risk of hypoglycemia

metformin or
sulfonylurea. See below
for metformin titration
schedule.

-

4. Is the patient currently taking insulin?

Yes: Go to #5

5. Is the patient requesting exenatide (Byetta),
liraglutide (Victoza) or albiglutide (Tanzeum) and is
using basal insulin?
6. Is the patient requesting dulaglutide (Trulicity)
and is using prandial insulin?

Yes: Approve for up to 12 months.

Yes: Approve for up to 12 months.

No: Approve for up to 12
months.
No: Go to #6.

No: Pass to RPH; Deny for
medical appropriateness.
The safety and efficacy of
other insulin formations
and GLP‐1 agonists have
not been studied.

Initiating Metformin
1. Begin with low‐dose metformin (500 mg) taken once or twice per day with meals (breakfast and/or dinner) or 850 mg once
per day.
2. After 5‐7 days, if gastrointestinal side effects have not occurred, advance dose to 850 mg, or two 500 mg tablets, twice per
day (medication to be taken before breakfast and/or dinner).
3. If gastrointestinal side effects appear as doses advanced, decrease to previous lower dose and try to advance the dose at a
later time.
4. The maximum effective dose can be up to 1,000 mg twice per day but is often 850 mg twice per day. Modestly greater
effectiveness has been observed with doses up to about 2,500 mg/day. Gastrointestinal side effects may limit the dose that
can be used.
Nathan, et al. Medical Management of Hyperglycemia in Type 2 Diabetes; A Consensus Algorithm for the Initiation and Adjustment of Therapy. Diabetes Care 31;1‐11, 2008.
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Appendix 2: Specific Drug Information
CLINICAL PHARMACOLOGY 1
Albiglutide is a GLP‐1 receptor agonist and augments glucose‐dependent insulin secretion and slows gastric emptying.
PHARMACOKINETICS1
Parameter
Oral Bioavailability
Protein Binding
Elimination
Half‐Life
Metabolism

Result
NA
Not studied
Vascular endothelium
5 days
Proteolytic enzymes

DOSE & AVAILABILITY1
STRENGTH
30 mg or 50
mg

ROUTE
Subcutaneous

FREQUENCY
Once weekly

DOSAGE:
Give once
weekly
without
regard to
meals or
time of day.
Initiate at 30
mg initially
and may be
increased to
50 mg.

RENAL ADJ
Monitor renal
function in
patients with
renal
impairment
and report
sever adverse
gastrointestinal
symptoms

HEPATIC ADJ
None given

Pediatric
Dose
Not studied

Elderly
Dose
No
differences in
overall safety
and
effectiveness

OTHER DOSING CONSIDERATIONS
 If dose is missed, administer within three
days of missed dose.
 Inject into abdomen, thigh or upper arm.
 Use product within 8 hours of reconstitution.
 Delay in gastric emptying seen with
albiglutide may impact the absorption of
other medications.

DRUG SAFETY 1
Serious (REMS, Black Box Warnings, Contraindications):
-

REMS: Due to risk of medullary thyroid carcinoma and risk of acute pancreatitis associated with albiglutide.
Black box warning: Thyroid C‐cell tumors have been seen in rodent studies with GLP‐1 receptor agonists and it is unknown if albiglutide carries this same
risk. Do not use in patients with a personal or family history of medullary thyroid carcinoma, Multiple Endocrine Neoplasia syndrome type 2.
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Warnings and Precautions:






Discontinue albiglutide if pancreatitis is suspected. Consider using other agents in patients with a history of pancreatitis.
Hypoglycemia may occur when using albiglutide with insulin secretagogues or insulin. Consider lowering dose of insulin secretagogues or insulin when
starting albiglutide.
Discontinue albiglutide if hypersensitivity reactions occur.
Monitor renal function in patients with renal impairment and report severe gastrointestinal reactions.
Albiglutide is not recommended for patients with pre‐existing severe gastrointestinal disease.

Monitoring: Monitor renal function in patients with renal impairment.
Drug‐Drug interactions: No clinically significant drug interactions have been identified. Albiglutide has not been studied in combination with prandial insulin.
Food‐Drug Interactions: No food‐drug interactions have been identified.
Pregnancy/lactation rating: Category C. Albiglutide has not been adequately studied in pregnant women. Data is insufficient to recommend albiglutide in
women who are lactating.
ADVERSE REACTIONS1
Adverse reactions occurring in ≥10% of patients treated with albiglutide were upper respiratory tract infections, diarrhea, nausea, and injection site reactions.
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New Drug Evaluation: Dulaglutide

Month/Year of Review: January 2015
Generic Name: Dulaglutide
PDL Class: Oral Hypoglycemics

End date of literature search: November 15, 2014
Brand Name (Manufacturer): Trulicity ™ (Eli Lilly)
Dossier Received: Yes

FDA Approved Indication:1
Dulaglutide is a glucagon‐like peptide (GLP‐1) receptor agonist used as an adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes
mellitus (T2DM). Dulaglutide is not recommended as first‐line therapy or in those with type 1 diabetes mellitus, pancreatitis or severe gastrointestinal disease.
Research Questions:
 Is there evidence of superior efficacy of dulaglutide compared to other T2DM therapies when considering important outcomes such as reduced
microvascular and macrovascular outcomes or attainment of HbA1c goals?
 Is there evidence dulaglutide has a better safety profile than other treatments for T2DM?
 Are there subpopulations that would benefit more from dulaglutide therapy or are at increased risk of harms?
Conclusions:
 There is insufficient evidence at this time that dulaglutide reduces microvascular or macrovascular outcomes.
 There is moderate strength of evidence that both doses of dulaglutide significantly reduces short term HbA1c from baseline, ranging from ‐0.78% to ‐1.51%
for dulaglutide 1.5 mg and ‐0.71% to ‐1.30% for dulaglutide 0.75 mg. Both the 0.75 mg and 1.5 mg doses respectively reduced HbA1c relative to exenatide by
‐0.31% and ‐0.52%, sitagliptin by ‐0.47% and ‐0.71%, and metformin by ‐0.15% and ‐0.22%.2‐5
 The most common adverse reactions associated with dulaglutide are gastrointestinal in nature (nausea, vomiting, and diarrhea). Discontinuations due to
adverse effects in clinical trials were similar to comparators but higher for gastrointestinal reactions in patients taking dulaglutide. Patients should be
monitored for risk of rare but serious adverse reactions of pancreatitis and thyroid cancer.1


There is insufficient evidence to recommend dulaglutide use with basal insulin.1

Recommendations:


A prior authorization is recommended to limit use of dulaglutide to patients that have tried and failed other treatments for T2DM that have proven benefit
on microvascular or macrovascular outcomes. No changes to the PDL are recommended.
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Reason for Review:
Dulaglutide is the third once‐weekly GLP‐1 receptor agonists approved for the treatment of T2DM. Comparison of the efficacy and safety data of dulaglutide to
other diabetes treatments is necessary for the management of the preferred drug list (PDL) and prior authorization (PA) criteria.
Background:
Type 2 diabetes mellitus is a prevalent disease which affects an estimated 25.6 million people in the United States.6 Despite a variety of treatments, a significant
number of patients fail to meet HbA1C goals and within three years of being diagnosed and 50% of patients require combination therapy to control rising
glucose levels. According to the Centers for Disease Control and Prevention (CDC), as many as 1 in every 3 adults will have diabetes by 2050.7 Treatment
guidelines recommend a trial of lifestyle modifications to control hyperglycemia in patients with type 2 diabetes and add pharmacotherapy for persistent
elevated glucose levels. Guidelines recommend a goal HbA1C of less than 7% to minimize macrovascular and microvascular complications. Lower or higher
HbA1c goals may be appropriate depending on patient specific characteristics. Therapy should be tailored according to patient factors, such as concomitant
comorbidities.10,11 A number of therapeutic options are available for management of glycemic variances associated with diabetes.10 Classes of anti‐
hyperglycemic agents (AHA) currently available are: alpha‐glucosidase inhibitors, biguanides, dipeptidyl peptidase‐4 (DPP‐4) inhibitors, glucagon‐like peptide‐1
(GLP‐1) analogues, sodium‐glucose co‐transporter 2 (SGLT2) inhibitors, insulins, meglitinides, sulfonylureas, thiazolidinediones (TZD), bile acid sequestrants,
dopamine‐2 agonists and amylin mimetics.
Important outcomes in patients with diabetes are: mortality, microvascular complications (chronic kidney disease, retinopathy, peripheral neuropathy) and
macrovascular complications (cardiovascular events, stroke/ischemic attacks, coronary heart disease, amputations). Intermediate outcomes of interest are
HbA1C and weight. Adverse event outcomes are: severe adverse events, hypoglycemia rates, and withdrawals due to adverse events. Hemoglobin A1C is often
used as a surrogate outcome to assess comparative efficacy of different AHA therapies, as hyperglycemia has been shown to correlate with microvascular
complications and potentially macrovascular outcomes.9 Available data is limited to short‐term studies, which prevents the assessment of the durability of
available AHAs to control glucose levels long‐term and to compare the effectiveness of AHAs on outcomes such as microvascular and macrovascular
complications. Differing definitions of hypoglycemia also complicate the comparisons of safety between the differing AHA agents. Available evidence suggests
that metformin is likely to reduce the incidence of cardiovascular disease based on data from the United Kingdom Prospective Diabetes Study (UKPDS) trial.9
UKPDS data has also indicated a reduced incidence of microvascular risk with sulfonylurea and insulin therapy. Thiazolidinediones, alpha‐glucosidase inhibitors
and dopamine‐2 agonists have studies that suggest reduced cardiovascular events but additional data is needed.9 The effect of many of the AHAs on long‐term
complications of T2DM remains unknown.
Clinical Efficacy:
Dulaglutide was studied in three, phase 3, double‐blind, published, randomized controlled studies in patients with T2DM. 2‐4 These studies evaluated dulaglutide
as monotherapy3 and against active comparators2,4,5: with placebo, metformin, sitagliptin, and exenatide. An open‐label study also compared dulaglutide with
liraglutide.5 Patients enrolled in the trials were a mean age of 56 years, mean HbA1 ranging from 7.6% ‐8.1%, with normal or mildly impaired renal function and
obese (mean BMI 33 mg/k2). 2‐5 Most common pre‐existing conditions were hypertension followed by hyperlipidemia. The primary endpoint in all the trials was
change in HbA1c from baseline to 26 or 52 weeks, with treatment durations extending out to 104 weeks. Key secondary endpoints were number of patients
reaching a target HbA1c less than 7% and change in weight from baseline. 2‐5 Dulaglutide was compared to insulin glargine in two unpublished trials. These trials
Page 2 of 15
Author: Kathy Sentena, Pharm.D.

89

were not included in our assessment as unpublished literature has not been peer reviewed and therefore does not meet the inclusion criteria for new drug
reviews done by the Drug Use Research and Management Group.
AWARD‐1
In a 52 week study, dulaglutide 1.5 mg subcutaneously (sc) weekly, dulaglutide 0.75 mg sc weekly, exenatide 10 mcg sc twice daily and placebo sc injection
weekly were compared in 976 patients with T2DM.2 In this phase 3, double‐blind study the primary endpoint was change in baseline HbA1c at 26 weeks.
Patients were a mean age of 56 years with a mean HbA1c of 8.1% and mean BMI of 33 mg/k2 (considered obese). Patients were on maximum tolerated doses of
pioglitazone (30‐45 mg orally daily) and metformin (1,500‐3,000 mg orally daily). At 26 weeks, HbA1c reductions from baseline were the following: ‐1.51% for
dulaglutide 1.5 mg, ‐1.30% for dulaglutide 0.75 mg, ‐0.99% for exenatide and ‐0.46% for placebo. At 26 weeks, dulaglutide 1.5 mg was superior to placebo (‐
1.05% [95% CI ‐1.22 to ‐0.88%, p<0.001]) and exenatide (‐0.52% [95% CI ‐0.66 to ‐0.39%, p<0.001)]. Dulaglutide 0.75 mg was also superior to placebo (‐0.84%
[95% ‐1.01 to ‐0.67%, p<0.001)] and exenatide (‐0.31% [95% ‐0.44 to ‐0.18%, p<0.001)]. At 52 weeks, dulaglutide maintained superiority over exenatide;
however, HbA1c lowering was less at 52 weeks than at 26 weeks for dulaglutide 1.5 mg, dulaglutide 0.75 mg, and exenatide (‐1.36%, ‐1.07%, ‐0.80%,
respectively). At 26 weeks, both dulaglutide doses were superior to exenatide for the percentage of patients obtaining an HbA1c goal less than 7%, with a
number needed to treat (NNT) of 4 and 7, respectively. Only dulaglutide 1.5 mg was superior to exenatide for the percentage of patients obtaining an HbA1c
goal less than 7% at 52 weeks. Compared to placebo, dulaglutide 1.5 mg and exenatide demonstrated statistically significant weight loss of 1.30 kg and 1.07 kg,
respectively.
AWARD‐3
Dulaglutide 1.5 mg sc weekly, dulaglutide 0.75 mg sc weekly or metformin (2000 mg daily or 1,500 mg daily depending upon tolerability) were studied in 807
patients with T2DM.3 This double‐blind, double‐dummy, phase 3 trial lasted 52 weeks, with the primary outcome measured at 26 weeks. Patients were mildly
uncontrolled (mean baseline HbA1c 7.6%) on diet and exercise or one medication for diabetes. Dulaglutide 1.5 mg was associated with a change from baseline
HbA1c of ‐0.78% and dulaglutide 0.75 mg resulted in HbA1c lowering of ‐0.71%. The mean change in HbA1c in the metformin group was ‐0.56%. Both doses of
dulaglutide were superior to metformin at 26 weeks. At 52 weeks, dulaglutide 1.75 mg was superior to metformin with a difference in HbA1c lowering of ‐0.19%,
p=0.02; however clinical difference is minimal. Hemoglobin A1c lowering in dulaglutide 0.75 mg and metformin groups were similar at 52 weeks. The number of
patients obtaining an HbA1c <7% was also higher for both dulaglutide groups, NNT of 11 and 13. All groups demonstrated weight loss with the greatest amount
in the dulaglutide 1.5 mg group, followed by metformin and then dulaglutide 0.75 mg.
AWARD‐5
Dulaglutide was studied in a 104‐week trial of 1,098 patients.4 Patients moderately uncontrolled on metformin were randomized to dulaglutide 1.5 mg sc
weekly, dulaglutide 0.75 mg sc weekly, sitagliptin 100 mg orally daily or placebo. A dose finding portion of the study (about 13 weeks) preceded the efficacy
study. Patients were moderately uncontrolled (mean HbA1c of 8.1%), mean age of 56 years and equally divided been male and female sex. The primary
endpoint was change from baseline HbA1c at 52 weeks. Patients in the placebo arm, which satisfied the dose finding phase of the study, were switched to
sitagliptin after 26 weeks to maintain blinding, but not analyzed after 26 weeks. In the dulaglutide versus sitagliptin comparison arm, dulaglutide was found to be
superior to sitagliptin. The difference in HbA1c from baseline at 52 weeks were ‐1.10% for dulaglutide 1.5 mg, ‐0.87% for dulaglutide 0.75 mg and ‐0.39% for
sitagliptin. More patients in the dulaglutide 1.5 mg and 0.75 mg arms obtained an HbA1c target of less than 7% compared to sitagliptin at 52 weeks, with a NNT
of 4 and 6, respectively. Small decreases in body weight of 2.6 to 3.0 kg significantly favored both dulaglutide groups relative to sitagliptin.
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AWARD‐6
In an open‐label, fair quality trial, dulaglutide 1.5 mg sc weekly (n=299) was compared to liraglutide 1.8 sc mg daily (n=300) in patients on background metformin
therapy.5 Patients were a mean age of 57 years of age with mean HbA1c of 8.1%. The primary endpoint was change in baseline HbA1c at 26 weeks. Dulaglutide
was found to be non‐inferior to liraglutide with an HbA1c lowering of ‐1.42% and ‐1.36%, respectively. Sixty‐eight percent of patients in each group achieved
HbA1c goal of less than 7%. Weight loss was small for both arms, though there was a statistically significant improvement with liraglutide.
Dulaglutide was studied in two unpublished efficacy trials. The AWARD‐2 trial was an open‐label trial comparing dulaglutide 0.75 mg weekly and dulaglutide 1.5
mg weekly to insulin glargine daily in 807 patients. Included patients had a history of T2DM and were on maximum tolerated doses of metformin and
glimepiride. At 52 weeks dulaglutide 0.75 mg, dulaglutide 1.5 mg and insulin glargine groups had decreases in HbA1c, ‐0.8%, ‐1.1% and ‐0.6%, respectively. The
difference in treatment effect between the dulaglutide and insulin glargine excluded the pre‐specified non‐inferiority margin of 0.4%. In the AWARD‐4 study, 884
patients were studied in an open‐label trial comparing dulaglutide 0.75 mg weekly and dulaglutide 1.5 mg weekly to daily insulin glargine. Patients were on
background insulin lispro three times daily, plus or minus metformin therapy. At 26 weeks, the following HbA1c reductions were demonstrated: ‐1.6% for
dulaglutide 0.75 mg weekly, ‐1.6% for dulaglutide 1.5 mg weekly and ‐1.4% for insulin glargine. The difference in treatment effect between the dulaglutide and
insulin glargine excluded the pre‐specified non‐inferiority margin of 0.4%.
Limitations of most of these studies related to study design. There is a potential for performance and detection bias because no details on blinding or
assessment were provided. Additionally, many studies did not include information on patient recruitment. Study populations primarily from non‐US sites could
limit applicability to our treatment population. Results from these trials are most applicable to patients with T2DM who are already close to goal with HbA1cs
around 7.5 to 8%.
Clinical Safety:
The most common adverse reactions associated with dulaglutide are gastrointestinal, including nausea, vomiting, diarrhea, abdominal pain and decreased
appetite.1 Nausea associated with dulaglutide peaked after one to two weeks after starting the drug but decreased to a rate of 1‐6% thereafter.4,5
Discontinuations due to adverse effects were low for both groups and similar to the comparators. Discontinuations due to gastrointestinal events were higher in
both dulaglutide groups compared to placebo, with most cases being mild or moderate in severity.1 Discontinuation rates were twice as high in US treatment
sites when compared to non‐US sites. Risk of gastrointestinal effects increases in patients with declining renal function. Renal function should be monitored in
patients reporting severe gastrointestinal side effects. Incidence of hypoglycemia ranged from 5.3%‐12.3% as monotherapy and combination therapy.
Hypoglycemia was more common in dulaglutide patients taking a sulfonylurea or insulin. Severe hypoglycemia was rare.1
Rare adverse reactions included sinus tachycardia, development of anti‐drug antibodies, hypersensitivity, injection site reactions, and increases in lipase or
pancreatic amylase levels.1 Dulaglutide has a Risk Evaluation Mediation Strategy (REMS) program for the risk of medullary thyroid carcinoma due to increased
risk observed in rats. Additionally, a REMS program advises against the use of dulaglutide in patients with a history of pancreatitis and recommends that therapy
be discontinued if pancreatitis is suspected, as dulaglutide use has been associated with pancreatitis in clinical trials.1 A study of cardiovascular risk (REWIND) is
ongoing.
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Conclusion:
In studies ranging from 24‐104 weeks, there is moderate strength of evidence that dulaglutide 1.5 mg and 0.75 mg reduce HbA1c in patients with T2DM as
monotherapy and adjunctive therapy. Studies of longer duration suggest a decrease in dulaglutide efficacy over time, causing concerns over long‐term durability.
Small decreases in weight and low incidences of hypoglycemia are potential benefits of treating with dulaglutide. Common adverse reactions include
gastrointestinal issues, primarily nausea. Ongoing monitoring of risk of pancreatitis and thyroid cancers will be important as dulaglutide is used long‐term.
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COMPARATIVE CLINICAL EFFICACY
Relevant Endpoints:
1) Microvascular outcomes
2) Macrovascular outcomes
3) Goal HbA1c
4) Hypoglycemia
5) Quality of life
6) Serious adverse reactions
Ref./
Study Design

Drug
Regimens/Duration

Wysham, et al 1. Dulaglutide 1.5 mg sc
2014
weekly (D1.5)
(AWARD 1)2
2. Dulaglutide 0.75 mg sc
weekly (D.75)
DB, PC, Phase
3, RCT
3. Exenatide 10 mcg sc
twice daily (E)*
4. Placebo injections
once weekly (P)**
‐ Patients entered a
lead‐in period up to 12
weeks.
‐ Patients on maximum
tolerated doses of
metformin (1,500‐
3,000mg/day or max
allowed dose) and
pioglitazone (30‐
45mg/day).
‐ 52 weeks treatment

Primary Study Endpoint:
1) Change in HbA1c from baseline

Patient Population

Demographics (for
randomized patients):
Age (mean): 56 years
Male: 59%
Baseline HbA1c (mean):
8.1%
BMI (mean): 33 kg/m2
Inclusion Criteria:
Patients ≥18 years old,
body mass index
between 23 and 45
2
kg/m , non‐pregnant and
non‐lactating, HbA1c of
7‐11% on oral
antihyperglycemic
medicine monotherapy
between 7‐10% on
combination
antihyperglycemic
therapy.

Exclusion Criteria:
Use GLP‐1 receptor
*Exenatide was initiated at agonists during previous 3
5 mcg twice daily and
months or on long‐term
increased to 10 mcg twice insulin therapy.
daily after the first 4 weeks

N
mITT
(per ‐
protocol)
1. 279 (245)
Attrition 13%

Outcomes/
Efficacy Results

Primary Endpoint
Change in HbA1c at
26 weeks:
2. 280 (254) D1.5: ‐1.51%
Attrition 10% D.75: ‐1.30%
E: ‐0.99%
3. 276 (237) P: ‐0.46%
Attrition 16%
D1.5 vs P:
4. 141 (121) ‐1.05% (95% CI ‐1.22
Attrition 5% to ‐0.88%, p<0.001
for superiority)
D.75 vs. P:
‐0.84% (95% ‐1.01 to
‐0.67%, p<0.001, for
superiority)
D1.5 vs E:
‐0.52% (95% CI ‐0.66
to ‐0.39%, p<0.001
for superiority)
D.75 vs. E:
‐0.31% (95% ‐0.44 to
‐0.18%, p<0.001 for
superiority)

ARR/
NNT

N/A

Safety Results
(CI, p‐values)

Discontinuations
due to Adverse
Events at 52
weeks:
D1.5: 9 (3%)
D.75: 4 (1%)
E: 10 (4%)
p‐value = NS
Hypoglycemia at
26 weeks:
D1.5: 10.4%
D.75: 10.7%
E: 15.9%
P: 3.5%
p‐value = NS
Gastrointestinal
Events at 52
weeks:
D1.5: 142 (51%)
D.75: 94 (34%)
E: 128 (46%)

ARR/
NNH

Quality Rating; Internal Validity Risk of
Bias/ External Validity Concerns

Quality rating: Fair
Internal Validity:
Selection: Randomized via a computer
generated random sequence using an
interactive voice response system.
Performance: Patients and caregivers
blinded. No details provided.
Detection: Assessors blinded. No details
were provided.
Attrition: Overall attrition 6‐12% at 26
week; mITT analysis with LOCF.
External Validity:
Recruitment: Mexico, Argentina and U.S.
Patient Characteristics:
A majority (86%) of patients were receiving
>2,500mg/day metformin and 45 mg/day
pioglitazone. Patients were primarily white
and Hispanic.
D.75 vs E Outcomes: Accepted surrogate end‐point
ARR: 12 used. Data on long‐term health outcomes
NNT: 8 are lacking.

D1.5 vs E:
P<0.05

Secondary Endpoints
Percentage of
patients obtaining
an HbA1c goal of
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**Placebo treated
patients were switched
to dulaglutide 0.75 mg or
dulaglutide 1.5 mg
weekly, after 26 weeks
to maintain blinding.
Results only reported
out to 26 weeks for
placebo group in this
study.

Umpierrez G,
et al 2013
3
(AWARD‐3)

1. Dulaglutide 1.5 mg sc
weekly (D1.5)
2. Dulaglutide 0.75 mg sc
weekly

DB, PG, RCT
3. Metformin PO daily
(≥1500mg) (M)




Study duration was 52
weeks
2 weeks lead‐in period
Metformin was
titrated over 4 weeks
to 2,000 mg a day or
at least 1,500 mg daily
dependent upon
tolerability.

<7% at 26 weeks:
D1.5: 78%
D.75: 66%
E: 52%
D1.5 vs E:
P<0.001
D.75 vs E:
P<0.001

Demographics:
Age (mean): 56 years
Male: 44%
Baseline HbA1c (mean):
7.6%
2
BMI (mean): 33 kg/m
Inclusion Criteria:
Patients with type 2
diabetes ≥18 years old
with diabetes ≥3 months
and ≤5 years, (body mass
2
index of ≤45 kg/m ,
HbA1c of ≥6.5% and
≤9.5%, on diet and
exercise or one oral
diabetic medication for
≥3 months prior to
screening. If on oral

Change in
bodyweight at 26
weeks:
D1.5: ‐1.30 kg
D.75: 0.20 kg
E: ‐1.07 kg
P: 1.24 kg
D1.5 vs.p:
P<0.001
D.75 vs P:
P=0.010
E vs P:
P<0.001
1. 269 (220) Primary Endpoint
Attrition 18% Change in HbA1c
from baseline at 26
weeks:
2.270 (218) D1.5: ‐0.78%
Attrition 19% D.75: ‐0.71%
M: ‐0.56%
3.268 (213) LS mean difference
Attrition 21% for D1.5 vs. M: ‐
0.22% (95% CI ‐0.36
to ‐0.08, p=0.002)

D1.5 vs E:
26% / 4
D.75 vs.E:
14% / 7

NA

N/A

Discontinuations
due to Adverse
Events at 52
weeks:
D1.5: 14 (5.2%)
D.75: 8 (3.0%)
M: 12 (4.5%)
P‐value not
reported

LS mean difference
for D.75 vs. M: ‐
0.15%, p=0.020)

Hypoglycemia:
D1.5: 33 (12.3%)
D.75: 30 (11.1%)
M: 34 (12.7%)
P‐value not
reported

Secondary Endpoints
Change in HbA1c

Nausea:
D1.5: 53 (19.7%)

Quality rating: Fair
Internal Validity:
Selection: Patients were randomized via a
computer‐generated randomization
sequence with a voice response system.
Performance: No details were provided.
Detection: No details were provided.
Attrition: Attrition ranged from 10‐16% at
26 weeks and 18‐21% at 52 weeks, mITT
analysis with LOCF.
External Validity:
Recruitment: Not described.
Patient Characteristics:
Patients were only mildly uncontrolled at
baseline with ~75% taking one oral
diabetes treatment. Approximately 85% of
patients were taking 2,000 mg metformin
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diabetic medication,
then dose could not
exceed 50% of
recommended dose for
that country.
Exclusion Criteria:
Use of thiazolidinediones
or GLP‐1 receptor agonists
during previous 3 months.

from baseline at 52
weeks:
D1.5: ‐0.7%
D.75: ‐0.55%
M: ‐0.51%
P: 0.03%
P<0.001 for all
comparators vs
placebo.

N/A

D.75: 31 (11.5%)
M: 43 (16%)
P‐value = NS
Injection site
reactions:
D1.5: 10 (4%)
D.75: 6 (2%)
M: 4 (1%)

at week 26 and 52.
Outcomes: Accepted surrogate end‐point
used. Data on long‐term health outcomes
are lacking.

NA

D1.5 vs M:
‐0.19, p=0.02
Percentage of
patients obtaining
an HbA1c goal of
<7% at 26 weeks:
D1.5: 62%
D.75: 63%
M: 54%
P=0.02 for both
dulaglutide doses vs.
metformin

Percentage of
patients obtaining
an HbA1c goal of
<7% at 52 weeks:
D1.5: 62%
D.75: 54%
M: 50%
P<0.05 for D1.5 vs M

Nauck, et al
2014
4
(AWARD‐5)
DB, PC, PG,

1. Dulaglutide 1.5 mg sc
weekly (D1.5)
2. Dulaglutide 0.75 mg sc
weekly (D.75)

Demographics:
Age (mean): 54 years
Male: 48%
Baseline HbA1c (mean):
8.1%

Change from
baseline in body
weight at week 26:
D1.5: ‐2.29 kg
D.75: ‐1.36 kg
M: ‐2.22 kg
1. 304 (238) Primary Endpoint
Attrition 22% Change in HbA1c
from baseline at 52
2. 302(243) weeks:
Attrition 20% D1.5: ‐1.10%

D1.5 vs M
8% / 13
D.75 vs.
M:
9% / 11

D1.5 vs M
12% / 8

N/A

N/A

Discontinuations
due to Adverse
Events at 52
weeks:
D1.5: 33 (11%)

Quality rating: Poor‐Fair
Internal Validity:
Selection: Randomized, no details given.
Performance: No details on blinding were

Page 8 of 15
Author: Kathy Sentena, Pharm.D.

95

2

Phase 3, RCT

D.75: ‐0.87%
3. 315(238) S: ‐0.39%
Inclusion Criteria:
Attrition 24%
Patients were 18‐75 years
LS mean difference
with type 2 diabetes,
4. 177(112) for D1.5 vs. S: ‐0.71%
HbA1c ≥8% to ≤ 9.5% on Attrition 37% (95% CI ‐0.87 to ‐
diet and exercise alone or
0.55, p<0.001 for
≥7% to ≤ 9.5% on oral
superiority)
antihyperglycemic
medication(s) and BMI ≥25
LS mean difference
to ≤40kg/m2.
for D.75 vs. S: ‐0.47%
(95% CI ‐0.63 to ‐
Exclusion Criteria:
0.31, p<0.001 for
Patients taking other GLP‐1
superiority)
receptor agonists in the
previous 6 months.
Secondary Endpoints
Change in HbA1c
from baseline at 26
weeks:
D1.5: ‐1.22%
D.75: ‐1.01
S: ‐0.61%
P: 0.03%
P<0.001 for all
comparators vs
placebo.
BMI (mean): 31 kg/m

3. Sitagliptin 100 mg PO
daily (S)
4. Placebo (P)*






Patients were on
background
metformin dose
(≥1500 mg)
Eligible patients had
an 11 week lead‐in
period.
Treatment duration
was 104 weeks.
Dose finding study
preceded efficacy
study.

*Placebo treated
patients were switched
to sitagliptin at 26 weeks
to maintain blinding.
Results only reported
out to 26 weeks for
placebo group.

Percentage of
patients obtaining
an HbA1c goal of
<7% at 52 weeks:
D1.5: 58%
D.75: 49%
S: 33%
P<0.001 for both
dulaglutide doses vs.
sitagliptin

Change from
baseline in body
weight at week 52:
D1.5: ‐3.03 kg
D.75: ‐2.60 kg

provided.
Detection: No details were provided.
Attrition: Overall attrition was high (20‐
37%); ITT analysis done, with LOCF for
missing data.

D.75: 23 (8%)
S: 30 (10%)
p‐value = NS
Hypoglycemia at
52 weeks:
D1.5: 31 (10.2%)
D.75: 16 (5.3%)
S: 15 (4.8%)
P‐value not
reported

N/A

Gastrointestinal
Events at 52
weeks:
D1.5: 126 (41%)
D.75: 111 (37%)
S: 73 (23%)
P<0.001 for both
dulaglutide groups
vs. placebo

ARR
D1.5:
18
NNH: 6

External Validity:
Recruitment: No details on patient
recruitment were provided.
Patient Characteristics: Patients
uncontrolled on metformin with
moderately elevated HbA1c.
Outcomes: Accepted surrogate end‐point
used. Data on long‐term health outcomes
are lacking.

ARR
D.75:
14
NNH: 7

D1.5 vs S:
25% / 4
D.75 vs S:
16% / 6

N/A
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Dungan, et al
2014
(AWARD‐6)5
OL, Phase 3,
RCT

1. Dulaglutide 1.5 mg sc
weekly (D)
2. Liraglutide 1.8 mg sc
daily (L)


62 Centers in 9
countries


Both groups on
background
metformin (>1500
mg/day)
Treatment duration
was 26 weeks.

Demographics:
Age (mean): 57 years
Male: 48%
Baseline HbA1c (mean):
8.1%
BMI (mean): 34 kg/m2
Inclusion Criteria:
Patients ≥18 years with
type 2 diabetes
inadequately controlled on
metformin and for 3
months or longer; HbA1c
≥7.0% to ≤ 10% and BMI
2
≤45kg/m .

S: ‐1.53
P<0.001 for both
dulaglutide doses vs.
sitagliptin
1. 299(269) Primary Endpoint
Attrition 10% Change in HbA1c
from baseline at 26
2. 300(269) weeks:
Attrition 10% D: ‐1.42%
L: ‐1.36%
Mean difference:
‐0.06% (95% CI ‐0.19
to 0.07, p<0.001 for
non‐inferiority)
Secondary Endpoints
Change from
baseline in body
weight:
D: ‐2.90 kg
L: ‐3.61 kg
Mean difference:
0.71 (95% CI 0.17 to
1.26, p=0.011)

N/A

Discontinuations
due to Adverse
Events:
D: 8 (6%)
L: 8 (6%)
P=0.99
Hypoglycemia:
D: 26 (9%)
L: 17 (6%)
p‐value not
reported

Quality rating: Fair
Internal Validity:
Selection: Computer generated random
sequence with interactive voice response
system.
Performance: Open‐label design.
Detection: Statistician and medical
personnel from sponsor masked to
treatment allocation.
Attrition: Low overall attrition (10%
discontinued); mITT analysis done; LOCF fo
missing data.

Nausea:
D: 61 (20%)
L: 54 (18%)
P=0.46

External Validity:
Recruitment: Patients were recruited from
Exclusion Criteria:
62 centers in 9 countries.
N/A
Patients on other anti‐
Patient Characteristics:
Over 80% of patients were under the age o
diabetic therapy, elevated
Gastrointestinal
serum calcitonin levels,
Disorders:
65. One patient in the dulaglutide group
elevated serum creatinine
D: 107 (36%)
and three in the liraglutide group required
or reduced creatinine
L: 54 (18%)
rescue therapy for hyperglycemia.
clearance, history of
P=0.98
Compliance was 97% or greater for both
pancreatitis or recent
groups.
cardiovascular event.
Outcomes: Accepted surrogate end‐point
used. Data on long‐term health outcomes
are lacking. Non‐inferiority margin of 0.4%
was higher than commonly used 0.3%.
Key: AEs: adverse events, BMI: body mass index, CI: confidence interval, DB: double‐blind, DBP: diastolic blood pressure, D/C: discontinuation, eGFR: estimated glomerular filtration rate, GI:
gastrointestinal, HbA1c: hemoglobin A1c, kg: kilogram, LOCF: last observation carried forward, MC: multicenter, mITT: modified intent to treat, NA: not applicable, PC: placebo‐controlled, PG: parallel
group, RCT: randomized controlled trial, SBP: systolic blood pressure, T2DM: type 2 diabetes mellitus

References:
1.
2.
3.

Trulicity package information. Eli Lilly and Company, Indianapolis, IN; 2014.
Wysham C, Blevins T, Arakaki R, et al. Efficacy and safety of dulaglutide added onto pioglitazone and metformin versus exenatide in type 2 diabetes in a randomized
controlled trial (AWARD‐1). Diabetes Care 2014;37:2159‐2167. Doi: 10.2337/dc13‐2760.
Guillermo U, Povedano S, Manghi F, et al. Efficacy and safety of dulaglutide monotherapy versus metformin in type 2 diabetes in a randomized controlled trial (AWARD‐
3). Diabetes Care 2014;37:2168‐2176.doi: 10.2337/dc13‐2759.
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Appendix 1: Current/Proposed PA Criteria

Incretin Mimetics (GLP‐1 Analogs)
Initiative: To optimize the correct use of insulin mimetics.
Length of Authorization: Up to 1 year
Requires PA:
 Non‐preferred drugs
Covered Alternatives:
 Preferred alternatives listed at www.orpdl.org
Approval Criteria
1. Does the patient have a diagnosis of Type 2
diabetes?

Yes: Go to #2

No: Pass to RPH; Deny for
medical appropriateness.

2. Will the prescriber consider a change to a
preferred product?

Yes: Inform provider of covered
alternatives in class.
www.orpdl.org

No: Go to #3.

Yes: Go to #4.

No: Pass to RPH; Deny for
medical appropriateness.

Message:
 Preferred products do not require PA.
 Preferred products are evidence‐based
reviewed for comparative effectiveness &
safety by the Pharmacy and Therapeutics
(P&T) Committee.
Reports are available at:
http://pharmacy.oregonstate.edu/drug‐policy
3. Has the patient tried and failed metformin
and sulfonylurea therapy or have
contraindications to these treatments?
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Recommend trial of metformin
or sulfonylurea. See below for
metformin titration schedule.

Contraindications to metformin:
- Known hypersensitivity
- Renal disease or renal dysfunction
- Acute or chronic metabolic acidosis
- Increased risk of lactic acidosis (CHF,
advanced age, impaired hepatic
function)
Contraindications to sulfonylureas:
- Known hypersensitivity
- Increased risk of hypoglycemia
4. Is the patient currently taking insulin?

Yes: Go to #5

5. Is the patient requesting exenatide (Byetta),
liraglutide (Victoza) or albiglutide (Tanzeum)
and is using basal insulin?
6. Is the patient requesting dulaglutide
(Trulicity) and is using prandial insulin?

Yes: Approve for up to 12 months.

Yes: Approve for up to 12 months.

No: Approve for up to 12
months.
No: Go to #6.

No: Pass to RPH; Deny for
medical appropriateness.
The safety and efficacy of other
insulin formations and GLP‐1
agonists have not been studied.

Initiating Metformin
1. Begin with low‐dose metformin (500 mg) taken once or twice per day with meals (breakfast and/or dinner) or 850 mg once per day.
2. After 5‐7 days, if gastrointestinal side effects have not occurred, advance dose to 850 mg, or two 500 mg tablets, twice per day (medication to be taken
before breakfast and/or dinner).
3. If gastrointestinal side effects appear as doses advanced, decrease to previous lower dose and try to advance the dose at a later time.
4. The maximum effective dose can be up to 1,000 mg twice per day but is often 850 mg twice per day. Modestly greater effectiveness has been
observed with doses up to about 2,500 mg/day. Gastrointestinal side effects may limit the dose that can be used.
Nathan, et al. Medical Management of Hyperglycemia in Type 2 Diabetes; A Consensus Algorithm for the Initiation and Adjustment of Therapy. Diabetes Care 31;1‐11, 2008.

DUR Board Action:
Revision(s):
Initiated:

9/23/14 (KS), 9/26/13(KS), 4/26/12 (KS), 3/17/11 (KS)
1/1/14
7/23/12, 1/1/12
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Appendix 2: Specific Drug Information
CLINICAL PHARMACOLOGY 1
Dulaglutide activates the GLP‐1 receptor in pancreatic beta cells, which leads to glucose‐dependent insulin release. Decreases in glucagon secretion and

delayed gastric emptying are also caused by dulaglutide.
PHARMACOKINETICS1
Parameter
Oral Bioavailability
Protein Binding
Elimination
Half‐Life
Metabolism

Result
n/a
Not described
Not described
5 days
Protein catabolism

DOSE & AVAILABILITY1
STRENGTH
Single‐dose
dulaglutide pens:
0.75 mg/ 0.5 mL
and
1.5 mg/0.5 mL

ROUTE
Subcutaneous
in abdomen,
thigh or
upper arm.

Single‐dose
prefilled
dulaglutide
syringe:
0.75 mg/ 0.5 mL
and
1.5 mg/0.5 mL

FREQUENCY
Once weekly

DOSAGE:
Initiate at
0.75 mg
weekly.
Increase
to 1.5 mg
if needed
for glucose
control.

RENAL ADJ
Use with
caution in
patients with
severe renal
impairment or
ESRD and if
gastrointestinal
adverse events
are seen,
monitor renal
function.

HEPATIC ADJ
None given –
limited clinical
experience
however no
changes in
pharmacokinetics
were seen in
studies of
patients with
hepatic
impairment.

Pediatric
Dose
Not
studied

Elderly
Dose
No dose
adjustments
needed
based on
age. Monitor
renal
function.

OTHER DOSING CONSIDERATIONS
- Administration can be done
irrespective of time of day.
- If dose is missed administer within 3
days of missed dose.
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DRUG SAFETY 1
Serious (REMS, Black Box Warnings, Contraindications):
-

-

Risk Evaluation and Mitigation Strategy Program: There is a potential risk of medullary thyroid carcinoma (MTC) based on rodent studies with GLP‐1
receptor agonists. It is unknown if dulaglutide carries this same risk. There is a risk of pancreatitis with dulaglutide. Pancreatitis has been reported with
the use of GLP‐1 receptor agonists. Cases of pancreatitis have been associated wit dulaglutide in studies.
Black box warning: Do not use dulaglutide in patients with a personal or family history of MTC or in patients with Multiple Endocrine Neoplasia
syndrome type 2.
Contraindications: Do not use in patients with a personal or family history of MTC or in patients with Multiple Endocrine Neoplasia syndrome type 2. Do
not use patients with serious hypersensitivity to dulaglutide or components.

Warnings and Precautions:






Dulaglutide was shown to cause thyroid C‐cell tumors in animals. Patients should be counseled on risk of thyroid carcinomas and thyroid tumors.
Pancreatitis has been shown in studies with dulaglutide, discontinue if suspected.
Hypoglycemia seen with dulaglutide may occur more often in patients on insulin secretagogues or insulin consider reducing the dose of sulfonylurea or
insulin to reduce the risk.
Discontinue dulaglutide hypersensitivity is suspected.
Monitor renal function in patients with impaired renal function and report severe gastrointestinal reactions.

Monitoring: Monitor renal function in patients with renal impairment.
Drug‐Drug interactions: No specific interactions have been identified. Slowed gastric emptying and impaired absorption of orally administered drugs may occur
with dulaglutide.
Food‐Drug Interactions: No food‐drug interactions have been identified.
Pregnancy/lactation rating: Category C. Dulaglutide has not been adequately studied in pregnant women. Data is insufficient to recommend dulaglutide in
women who are lactating.
ADVERSE REACTIONS1
Adverse reactions occurring in ≥5% of patients treated with dulaglutide were: nausea, diarrhea, vomiting, abdominal pain and decreased appetite.
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New Drug Evaluation: Empagliflozin

Month/Year of Review: January 2015
Generic Name: Empagliflozin
PDL Class: Diabetes Medications

End date of literature search: October 13, 2014
Brand Name (Manufacturer): Jardiance ™ (Boehringer Ingelheim)
Dossier Received: Yes

FDA Approved Indication:1
Empagliflozin is a sodium‐glucose co‐transporter 2 (SGLT2) inhibitor used to improve glucose control in adult patients with type 2 diabetes mellitus (T2DM) as an
adjunct to diet and exercise. Empagliflozin is not for the treatment of type 1 diabetes mellitus or diabetic ketoacidosis.
Research Questions:
 Is there evidence of superior efficacy of empagliflozin compared to other T2DM therapies when considering important outcomes such as hemoglobin A1c
(HbA1c) lowering to goal and reduced microvascular and macrovascular outcomes?
 Is there evidence empagliflozin has a better safety profile than other treatments for T2DM?
 Are there subgroups that would benefit more from empagliflozin therapy or be at risk of more harm?
Conclusions:
 There is insufficient evidence at this time that empagliflozin reduces microvascular or macrovascular outcomes.
 Empagliflozin 10 mg daily and empagliflozin 25 mg daily were studied in six phase 3, randomized, fair quality clinical trials for approval.2‐7 There is moderate
strength of evidence that empagliflozin is effective in reducing HbA1c in patients with T2DM. Empagliflozin 10 mg and 25 mg daily lowered HbA1c from ‐
0.6% to ‐1.27% in placebo‐controlled randomized trials, both as monotherapy and as adjunctive therapy.2‐7 The 25 mg dose did not offer any significant
advantages over the 10 mg dose in decreasing HbA1c in these trials. Hemoglobin A1c reductions were greatest in those studies where patients had the
highest mean baseline HbA1cs. Small changes in systolic blood pressure (‐2 to ‐4 mmHg) and weight (placebo adjusted difference of about 2 kg over 24
weeks) were also found with empagliflozin therapy.8
 Empagliflozin was generally well tolerated. Discontinuations due to adverse effects were similar in empagliflozin groups (1‐5%) and active comparators (2‐
4%).2,3 Most common adverse effects are genital mycotic infections and urinary tract infections.1


Empagliflozin should not be used in patients with estimated glomerular filtration rate (eGFR) ≤45 mL/min /1.73m2 due to decreased effectiveness noted in
this population.1,8
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Indirect comparisons demonstrate that empagliflozin lowers HbA1c the same or less than therapies on the preferred drug list (PDL). Limited long‐term
evidence and insufficient evidence on microvascular and macrovascular complications suggest empagliflozin use should be reserved for patients who remain
hyperglycemic despite treatment with T2DM therapies on the PDL.

Recommendations:
 Recommend a prior authorization to limit use of empagliflozin to patients that have tried and failed other treatments forT2DM (Appendix 1). No changes to
the PDL are recommended.
Reason for Review:
Empagliflozin is a SGLT‐2 inhibitor used for the treatment of T2DM. Comparison of efficacy and safety data of empagliflozin to other T2DM treatments is
necessary for the management of the PDL and prior authorization (PA) criteria.
Background:
Type 2 diabetes mellitus is a prevalent disease which affects an estimated 25.6 million people in the United States.9 Despite a variety of treatments a significant
number of patients fail to meet A1C goals and within three years of being diagnosed 50% of patients require combination therapy to control rising glucose levels.
According to the Centers for Disease Control and Prevention (CDC), as many as 1 in every 3 adults will have T2DM by 2050.10 Treatment guidelines recommend
a trial of lifestyle modifications to control hyperglycemia in patients with T2DM and add pharmacotherapy for persistent elevated glucose levels. Guidelines
recommend a goal HbA1C of less than 7% to minimize macrovascular and microvascular complications. Lower or higher HbA1c goals may be appropriate
depending on patient specific characteristics. Therapy should be tailored according to patient factors, such as concomitant comorbidities.11,12 A number of
therapeutic options are available for management of glycemic variances associated with T2DM.13 Classes of anti‐hyperglycemic agents (AHA) currently available
are: alpha‐glucosidase inhibitors, biguanides, dipeptidyl peptidase‐4 (DPP‐4) inhibitors, glucagon‐like peptide‐1 (GLP‐1) analogues, SGLT2 inhibitors, insulins,
meglitinides, sulfonylureas, thiazolidinediones (TZD), bile acid sequestrants, dopamine‐2 agonists and amylin mimetics.
Important outcomes in patients with diabetes are: mortality, microvascular complications (chronic kidney disease, retinopathy, peripheral neuropathy) and
macrovascular complications (cardiovascular events, stroke/ischemic attacks, coronary heart disease, amputations). Intermediate outcomes of interest are
HbA1C and weight. Adverse event outcomes are: severe adverse events, hypoglycemia rates, and withdrawals due to adverse events. Hemoglobin A1C is often
used as a surrogate outcome to assess comparative efficacy of different AHA therapies, as hyperglycemia has been shown to correlate with microvascular
complications and potentially macrovascular outcomes.12 Available data are limited to short‐term studies, which prevents the assessment of the durability of
available AHAs to control glucose levels long‐term and to compare the effectiveness of AHAs on outcomes such as microvascular and macrovascular
complications. Differing definitions of hypoglycemia also complicate the comparisons of safety between the differing AHA agents. Available evidence suggests
that metformin is likely to reduce the incidence of cardiovascular disease based on data from the United Kingdom Prospective Diabetes Study (UKPDS) trial.12
UKPDS data has also indicated a reduced incidence of microvascular risk with sulfonylureas and insulin therapy. Thiazolidinediones, alpha‐glucosidase inhibitors
and dopamine‐2 agonists have studies that suggest reduced cardiovascular disease events but additional data are needed.12 The effects of many of the AHAs on
long‐term complications of T2DM remain unknown.
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Clinical Efficacy:
Empagliflozin was studied in six, phase three, fair‐quality studies.2‐7 Studies evaluated daily empagliflozin 10 mg and empagliflozin 25 mg. Three studies included
an empagliflozin 25 mg open‐label treatment arm.2,5,7 Five were placebo‐controlled (one with sitagliptin as a reference agent)2,4‐7 and one was a non‐inferiority
study with glimepiride.3 One study evaluated empagliflozin as monotherapy and five studies were studies as adjunctive therapy for the following treatments:
metformin, sulfonylureas, pioglitazone and insulin. Patients were a mean age of 56 years and mean HbA1cs between 7.88% and 8.34%. The primary endpoint
was change in baseline HbA1c for all studies. Secondary endpoints of interest were changes in weight and blood pressure.
Roden, et al.2
In this fair quality trial of patients not previously on treatment for T2DM, patients were randomized to empagliflozin 10 mg daily, empagliflozin 25 mg daily,
sitagliptin 100 mg daily or placebo. At 24 weeks, reductions in HbA1c were similar between the three treatment groups. Reductions in HbA1c for empagliflozin
10 mg, empagliflozin 25 mg, sitagliptin, placebo and open‐label empagliflozin 25 mg were ‐0.66%, ‐78%, ‐0.66%, 0.08% and ‐3.70%, respectively. Mean systolic
blood pressure reductions were significantly greater for empagliflozin 10 mg and 25 mg compared to placebo and sitagliptin. Reductions in body weight from
baseline were significantly lower in the empagliflozin groups compared to sitagliptin and placebo. Exploratory analysis found less hyperglycemia rescue was
needed in the active treatment group compared to placebo.
Ridderstrale, et al.3
In this fair quality trial, empagliflozin 25 mg daily was compared to glimepiride 1‐4 mg daily (mean 2.71 mg) in 1545 patients with T2DM and concomitant
metformin therapy. Patients were a mean age of 55 years old with a mean baseline HbA1c of 7.92%. Patients had normal renal function and a high percentage
were on cardiovascular medications (76%) and had uncontrolled blood pressure (69%). Empagliflozin was non‐inferior to glimepiride at 52 weeks, with HbA1c
lowering of ‐0.73% and ‐0.66%, respectively. At 104 weeks, patients on empagliflozin had a lower HbA1c compared to patients on glimepiride (treatment
difference ‐0.11 (95% CI ‐0.19 to ‐0.02, p<0.0001 for non‐inferiority and p=0.0153 for superiority). Exploratory analysis found significantly less hyperglycemia
rescue treatment was needed in the empagliflozin treatment group compared to glimepiride and a similar amount of patients in each group obtained a HbA1c of
less than 7%. Mean dose of glimepiride was low and only 40% reached the maximum allowed dose of 4 mg daily.
Kovacs, et al.4
In a 24‐week trial, 498 patients were treated with empagliflozin 10 mg daily, empagliflozin 25 mg daily or placebo with concomitant pioglitazone with or without
metformin. Patients were a mean age of 55 years with a baseline HbA1c of 8.1%. A majority (76%) of enrolled patients were on pioglitazone and metformin. A
smaller percentage (24%) were on pioglitazone alone. Empagliflozin was superior to placebo for both doses. Hemoglobin A1c reductions were the following: ‐
0.6% for empagliflozin 10 mg, ‐0.7% for empagliflozin 25 mg and ‐0.1% for placebo (p<0.001 for both comparisons). Efficacy of empagliflozin was consistent
regardless if patients were on pioglitazone or pioglitazone plus metformin.
Häring, et al.5
A fair quality study compared daily empagliflozin 10 mg and empagliflozin 25 mg to placebo in a 24‐week study of patients with T2DM taking metformin and a
sulfonylurea. Patients were a mean age of 56 years, had a mean baseline HbA1c of 8.1% and were well matched. Empagliflozin 10 mg was superior to placebo
with a treatment difference of ‐0.64% [95% CI ‐0.77 to ‐0.51]. Empagliflozin 25 mg was also superior to placebo with a treatment difference of ‐0.59% (95% CI ‐
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0.73 to ‐0.46). Both doses of empagliflozin were found to be superior to placebo for reductions in body weight and mean daily glucose at 24 weeks. In an
exploratory analysis, more patients in both empagliflozin groups obtained an HbA1c less than 7% compared to placebo.
Rosenstock, et al.6
In a 52‐week study, daily empagliflozin 10 mg and 25 mg in combination with insulin were compared to placebo plus insulin. Over 500 hundred obese patients
with history of previous insulin with or without metformin use were included. Insulin doses were to remain stable up to week 18. During weeks 19‐40, insulin
doses were adjusted to meet a preprandial glucose target of less than 100 mg/dL and postprandial glucose less than 140 mg/dL. During weeks 41‐52, insulin
doses were kept stable according to changes made during adjustment period. Included patients were a mean age of 57 years, had a baseline HbA1c of 8.34%,
mean BMI of 34.8 kg/m2 and mean insulin dose of 92 units. At week 18, empagliflozin 10 mg was superior to placebo for HbA1c lowering (treatment difference ‐
0.44% [95% CI ‐0.59 to ‐0.29, p<0.001]). Empagliflozin 25 mg was superior to placebo (treatment difference ‐0.52% [95% CI ‐0.67 to ‐0.37, p<0.001]). Both
groups of empagliflozin‐treated patients had greater HbA1c reduction compared to placebo. and weight loss in the empagliflozin groups was superior to
placebo. Hypoglycemia rates were similar between groups and much higher than in other studies, most likely a consequence of background insulin use.
Häring, et al.7
In a fair quality study, patients on metformin were randomized to daily empagliflozin 10 mg, empagliflozin 25 mg or placebo. Included patients were considered
overweight (mean BMI 29.2 kg/m2), with moderately uncontrolled T2DM (mean HbA1c 7.9%), mean age of 56 years and normal renal function. Patients with an
HbA1c of 10% or higher were candidates for treatment in the open‐label treatment arm with empagliflozin 25 mg daily. At 24 weeks, empagliflozin 10 mg daily
was superior to placebo, decreasing HbA1c by ‐0.70% vs. ‐0.13%, respectively. Empagliflozin 25 mg was also superior to placebo and decreased HbA1c by 0.77%
from baseline. HbA1c lowering in the open‐label empagliflozin 25 mg group was ‐3.23%.
Limitations of these studies are related to study design. There is a potential for performance and detection bias due to lack of details on blinding and
assessment. Most studies allowed for titration of antihypertensive treatments, which may influence diastolic and systolic blood pressure outcomes noted in
some trials. As with other SGLT2 inhibitors, efficacy of empagliflozin decreases as renal function declines. FDA subgroup analyses found those younger than 50
years of age responded better to empagliflozin 25 mg (HbA1c change ‐0.86%) compared to those older than 75 years (HbA1c change ‐0.54%). Hemoglobin A1c
of men also respond better to empagliflozin 25 mg daily than women (men ‐0.76%, women ‐0.58%). These differences may be due to a decline in eGFR, which
reduces the effectiveness of empagliflozin.
Clinical Safety:
Most common adverse reactions occurring in greater than 5% of patients with empagliflozin were urinary tract infections and female genital mycotic infections.1
Most genital and urinary tract infections were mild and unrelated to dose.1,8 Risk of hypoglycemia was similar between empagliflozin and placebo treated
patients, 19.9% and 21.9%, respectively.8 Volume depletion and associated hypotension in patients at increased risk (elderly, renal impairment, low systolic
blood pressure and diuretic use) were more common with empagliflozin versus comparators. Increases in HDL cholesterol levels were noted with empagliflozin
with no changes in other lipid parameters. Small increases in hematocrit and reductions in uric acid levels were also noted. Elevated liver enzymes with
associated increases in bilirubin have been seen in studies but no clear cause and effect relationship associated with empagliflozin has been determined.1 In an
ongoing cardiovascular outcomes trial, hepatic events are also being evaluated.8
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Conclusion:
There is moderate strength of evidence that empagliflozin lowers HbA1c levels ranging from ‐0.6% to ‐1.18%, as demonstrated in randomized placebo‐controlled
trials, both as monotherapy and as adjunct therapy. Small decreases in weight and low incidences of hypoglycemia are also noted with this treatment. Common
adverse events include urinary tract and genital mycotic infections.

COMPARATIVE CLINICAL EFFICACY
Relevant Endpoints:
1) Microvascular outcomes
2) Macrovascular outcomes
3) Goal HbA1c
4) Hypoglycemia
5) Quality of life
6) Serious adverse reactions
7) Changes in weight
Ref./Study Design

Drug
Regimens/
Duration

Roden, et al 20132

Primary Study Endpoint:
1) Change in HbA1c from baseline

Patient Population

1. Empagliflozin 10 mg Demographics (for
PO daily (E10)
randomized patients):
Age (mean): 55 years
2. Empagliflozin 25 mg Female: 40%
DB, PC, Phase 3, RCT PO daily (E25)
Baseline HbA1c (mean):
7.88%
2
124 Centers and 9
3. Sitagliptin 100 mg BMI (mean): 28.4 kg/m
Countries
PO daily (S)
Inclusion Criteria:
(reference agent)
Patients ≥18 years old,
4. Placebo PO daily (P) body mass index of ≤45
kg/m2, non‐pregnant and
non‐lactating, HbA1c of
5. Open‐label
Empagliflozin 25 mg PO 7‐10% (7‐9% in
daily in patients with Germany) or >10% if
HbA1c >10% (OLE)
enrolled in open label
arm, with T2DM and not
‐ Patients received
on any treatment for
2‐week open label
T2DM for at least 12
placebo run‐in,
months before
except for those
randomization or start of

N
mITT
(per‐
protocol)
1. 224
(206)
Attrition:
8%
2. 224
(204)
Attrition:
9%
3. 223
(206)
Attrition:
8%
4. 228
(187)
Attrition:
18%
5. 87 (78)

Outcomes/
ARR/ Safety Results
Efficacy Results
NNT (CI, p‐values)
(98.5% CI, p‐values
Primary
Outcome
Change in HbA1c
at 24 weeks:
E10: ‐0.66%
E25: ‐0.78%
S: ‐0.66%
P: 0.08%
OLE: ‐3.70%
E10 vs P:
‐0.74 (95% CI ‐
0.88 to ‐0.59,
p<0.001)
E25 vs P:
‐0.85 (95% CI ‐
0.99 to ‐
0.71,p<0.001)
E10 vs S:
0.00 (95% CI ‐
0.15 to 0.14,

N/A

Discontinuations
due to Adverse
Events:
E10: 2 (1%)
E25: 4 (2%)
S: 5 (2%)
P: 8 (3%)
OLE: 3 (3%)
p‐value not
reported
Hypoglycemia:
E10: 1 (<1%)
E25: 1 (<1%)
S: 1 (<1%)
P: 1 (<1%)
OLE: 0
p‐value not
reported
Urinary tract

ARR/ Quality Rating; Internal Validity Risk of Bias/ External
NNH Validity Concerns

Quality rating: Fair
Internal Validity:
Selection: Randomized via a computer generated
random sequence.
Performance: Patients and caregivers blinded. No
details provided.
Detection: Assessors blinded. No details were provided
Attrition: Low overall attrition; mITT analysis with
LOCF.
External Validity:
Recruitment: Patients from 124 centers and 9 countries
were included. Open label arm was not conducted in
Germany or Ireland.
Patient Characteristics:
Patients with mildly elevated HbA1c (mean baseline
HbA1c 7.88%) and normal renal function. Patients had
no prior treatment for T2DM.
Outcomes: Accepted surrogate end‐point used. Data on
long‐term health outcomes are lacking.
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randomized to open‐
label treatment arm.

open‐label treatment
phase.

* Trial was 24 weeks

Exclusion Criteria:
eGFR of <50 mL/min
2
/1.73m or <60 mL/min
/1.73m2 in China,
contraindications to
sitagliptin, treatment of
anti‐obesity drugs within
previous 3 months,
systemic corticosteroids,
uncontrolled thyroid
disease, or endocrine
disorder outside of
T2DM.

Attrition:
10%

p=0.9697)
E25 vs S:
‐0.12 (95% CI ‐
0.26 to 0.03,
p=0.1060)
Secondary
Outcomes
Change in weight
at 24 weeks (kg):
E10: ‐2.26
E25: ‐2.48
S: 0.18
P: ‐0.33
OLE: ‐2.43

infection:
E10: 15 (7%)
E25: 12 (5%)
S: 11 (5%)
P: 12 (5%)
OLE: 3 (3%)
p‐value not
reported

N/A

E10 vs.P:
P<0.0001
E25 vs. P:
P<0.0001
S vs. P:
P<0.0001
E10 vs. S:
P<0.0001

1. Empagliflozin 25 mg Demographics:
Age (mean): 55 years
PO daily (E)
Male: 54%
Baseline HbA1c (mean):
2. Glimepiride 1‐4
DB, PC, Phase 3, RCT mg PO daily (G)
7.92%
BMI (mean): 30 kg/m2
173 Centers and 23 
Patients were
Countries
Inclusion Criteria:
on background
Patients with T2DM, ≥18
metformin

Patients had an years old, body mass
2
open‐label run‐ index of ≤45 kg/m ,
HbA1c of 7‐10% with
in/stabilization
T2DM and experiencing
period of 2
inadequate glycemic
weeks
control
while taking

Treatment
Ridderstråle, et al
20133

1.765 (648 Primary
Attrition: Outcome
15%
Change in HbA1c
at 52 weeks:
2.780 (648 E: ‐0.73%
Attrition: G: ‐0.66%
17%
Treatment
difference:
‐0.07 (95% CI ‐
0.15 to 0.01,
p<0.0001 for
non‐inferiority)
Secondary
Outcomes

N/A

Genital infections:
E10: 7 (3%)
E25: 9 (4%)
S: 2 (1%)
P: 0
OLE: 1 (1%)
p‐value not
reported

Discontinuations
due to Adverse
Events:
E: 39 (5%)
G: 34 (4%)
Hypoglycemia at
week 52:
E: 12 (2%)
G: 159 (20%)
P<0.0001
Hypoglycemia at
week 104:
E: 19 (2%)

Analysis:
In patients with mildly uncontrolled T2DM,
empagliflozin 10 mg and 25 mg significantly reduced
HbA1c by 0.74 and 0.86%, respectively. Patients on
empagliflozin, a mild diuretic, also lost about 2 kg of
body weight and systolic blood pressure decreased 2.6
and 3.4 mmHg versus placebo with 10 mg and 25 mg,
respectively. Empagliflozin use resulted in increased
genital mycotic infections.

Quality rating: Fair
Internal Validity:
Selection: Computer generated random sequence.
Performance: Patients and caregivers blinded and
efforts were made to conceal treatment allocation.
Detection: No details were provided.
Attrition: Moderate attrition; ITT analysis with LOCF.
External Validity:
Recruitment: Patients from 173 centers and 23
countries were included.
Patient Characteristics:
Majority (69%) of patients had uncontrolled blood
pressure at time of study entry. Thirteen percent of
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duration 104
weeks
2 year
extension

Change in HbA1c
at 104 weeks:
E: ‐0.66%
G: ‐0.55%
Treatment
difference:
‐0.11 (95% CI ‐
0.19 to ‐0.02,
p<0.0001 for
non‐inferiority
and p=0.0153 for
superiority)

background metformin
for ≥12 weeks before
screening.
Exclusion Criteria:
2
eGFR ≤60 mL/min/1.73m ,
avg blood glucose >240
mg/dL (HbA1c >10%) after
overnight fast, use of other
antidiabetic drugs other
than metformin within 12
weeks of randomization.

Kovac, et al 20134
(EMPA‐REG PIO)

DB, PG, RCT
69 Centers in 8
countries

1. Empagliflozin 10 mg Demographics:
Age (mean): 55 years
PO daily (E10)
Male: 48%
Baseline HbA1c (mean):
2. Empagliflozin 25
8.1%
mg PO daily (E25)
BMI (mean): 29 kg/m2
3. Placebo PO daily
(P)
Inclusion Criteria:
Patients with T2DM ≥18
years old (and ≤65 years

Patients on
in India), body mass
pioglitazone ±
2
index of ≤45 kg/m ,
metformin.
HbA1c of 7‐10%, on a

Study duration
diet and exercise
was 24 weeks
program with an

2 weeks of
unchanged dose of
placebo run‐in
pioglitazone
monotherapy or
pioglitazone plus
metformin for ≥12 weeks
before randomization.
Exclusion Criteria:

1. 165
(154)
Attrition:
7%
2.168
(156)
Attrition:
7%
3.165
(147)
Attrition:
11%

Change in weight
at week 104:
E: ‐3.2 kg
G: 1.3 kg
Treatment
difference:
‐4.61 (95% CI, 4.8
to ‐4.1, p<0.0001)
Primary
Outcome
Change in HbA1c
from baseline at
24 weeks:
E10: ‐0.6%
E25: ‐0.7%
P: ‐0.1%
P<0.001 for both
group
comparisons
Secondary
Outcomes
Change in weight
at week 24:
E10: ‐1.62 kg
E25: ‐1.47 kg
P: 0.34 kg
E10 vs. P:
P<0.001
E25 vs. P:
P<0.001

G: 189 (24%)
P<0.0001
N/A
Urinary tract
infection:
E: 95 (12%)
G: 99 (13%)
p‐value not
reported

N/A

N/A

Analysis:
Study showed durability of empagliflozin efficacy out to
104 weeks. Lack of titration of glyburide dose beyond
mean dose of 2.71 mg/day may have influenced
results.

Genital infections:
E: 90 (12%)
G: 17 (2%)
p‐value not
reported

Discontinuations
due to Adverse
Events:
E10: 2 (1.2%)
E25: 5 (3.0%)
P: 4 (2.4%)
p‐value not given
Hypoglycemia:
E10: 2 (1.2%)
E25: 4 (2.4%)
P: 3 (1.8%)
p‐value not given

N/A

participants were from North America. The mean dose
of glimepiride was 2.71 mg/day.
Outcomes: Accepted surrogate end‐point used. Data on
long‐term health outcomes are lacking.

Quality rating: Fair
Internal Validity:
Selection: Patients were randomized via a computer‐
generated randomization sequence with a voice
response system.
Performance: Patients and caregivers blinded; no
details provided.
Detection: No details provided.
Attrition: Attrition was low in all groups (7‐11%), mITT
analysis with LOCF

Urinary Tract
Infection:
E10: 24 (14.5%)
E25: 18 (10.7%)
P: 18 (10.9%)
p‐value not given

External Validity:
Recruitment: Patients from 69 centers and 8 countries
included.
Patient Characteristics:
Seventy‐six percent of patients on pioglitazone and
metformin while 25% only taking pioglitazone.
Outcomes: Accepted surrogate end‐point used. Data on
long‐term health outcomes are lacking.

*Genital
Infections:

Analysis:
Study of short duration demonstrated that
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Uncontrolled T2DM (avg
glucose >240 mg/dL or
HbA1c >10%), severe renal
impairment, liver disease,
contraindication to
pioglitazone or metformin,
cardiovascular or
cerebrovascular disease
within 3 months, on anti‐
obesity medication within 3
months, bariatric surgery
within previous 2 years,
systemic corticosteroid
use, change in thyroid dose
in previous 6 weeks, or
endocrine disorder besides
T2DM.
1. 225
Häring, et al 20135 1. Empagliflozin 10 mg Demographics (for
(208)
(EMPA‐REG METSU) PO daily (E10)
randomized patients):
Attrition:
Age (mean): 57 years
8%
DB, PC, Phase 3, RCT 2. Empagliflozin 25
Male: 51%
mg PO daily (E25)
Baseline HbA1c (mean):
2. 216
8.10%
2
(199)
3. Placebo PO daily
BMI (mean): 28.2 kg/m
Attrition:
148 Centers in 12
Inclusion Criteria:
8%
countries
4. Open‐label
Patients ≥18 years with
empagliflozin 25 mg
T2DM inadequately
3. 225
PO daily (OLE)
controlled on metformin (201)
and a sulfonylurea for ≥12 Attrition:

Patients from
weeks and <5 years; HbA1c 11%
both groups on
≥7.0% to ≤ 10% and BMI
background
≤45kg/m2. Patients with a 4. 101
metformin
(85)
(≥1500 mg/day) HbA1c ≥10% were
candidates for treatment in Attrition:
and a
the open‐label treatment 16%
sulfonylurea (≥
arm.
to half the
maximum
Exclusion Criteria:
recommended
Patients with uncontrolled
dose or
hyperglycemia (avg glucose
maximum
≥240 mg/dL or HbA1c
tolerated dose
≥10%), acute
or maximum
cardiovascular or
dose according
cerebrovascular incident
to the label).

E10: 14 (8.5%)
E25: 6 (3.6%)
P: 4 (2.4%)
p‐value not given

empagliflozin was superior to placebo in patients on
background pioglitazone ± metformin.

* Events consistent
with infection

Primary
Outcome
Change in HbA1c
from baseline at
24 weeks:
E10: ‐0.82%
E25: ‐0.77%
P: ‐0.17%
OLE: ‐2.89%

NA

Treatment
difference E10 vs.
P:
‐0.64% (95% CI ‐
0.77 to ‐0.51,
p<0.001)

Hypoglycemia:
E10: 36 (16.1%)
E25: 25 (11.5%)
P: 19 (8.4%)
OLE: 7 (6.9%)
p‐value not
reported

Treatment
difference for
E25 vs. P:
‐0.59% (95% CI ‐
0.73 to ‐0.46,
p<0.001)
Secondary
Outcomes
Change in weight
at 24 weeks:

Discontinuations
due to Adverse
Events:
E10: 6 (2.7%)
E25: 7 (3.2%)
P: 8 (3.6%)
OLE: 5 (5%)
p‐value not
reported

Urinary tract
infections:
E10: 10.3%
E25: 8.3%
P: 8%
OLE: 3 (3%)
p‐value not
reported

Quality rating: Fair
Internal Validity:
Selection: Use of third‐party interactive voice and web
response system.
Performance: No details on blinding were provided.
Detection: No details were provided.
Attrition: Low overall attrition (9% discontinued); mITT
analysis done, with LOCF for missing data.
External Validity:
Recruitment: Patients were recruited from 148 centers
in 12 countries.
Patient Characteristics:
A majority of patients (77%) were diagnosed with
T2DM for >5 years. Less patients in the empagliflozin 10
mg group (2.2%) and empagliflozin 25 mg group (0.9%)
required rescue therapy compared to placebo (12%).
Outcomes: Accepted surrogate end‐point used. Data on
long‐term health outcomes are lacking.

N/A
Genital infections:
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within 3 months or
randomization, liver
disease, renal disease (<30
mL/min/1.73 m2),
contraindications to
metformin or

sulfonylureas, GI surgeries,
cancer, blood dyscrasias,
treatment with anti‐obesity
drugs, systemic steroid use
change in thyroid dose
within 6 weeks of study or
drug or alcohol abuse.
Rosenstock, et al
1. Empagliflozin 10 mg Demographics:
1. 186
Age (mean): 57 years
20146
PO daily (E10)
(155)
Male: 45%
(EMPA‐REG)
Attrition:
Baseline HbA1c (mean):
2. Empagliflozin 25
17%
8.34%
DB, PC, PG, Phase 3, mg PO daily (E25)
BMI (mean): 34.8 kg/m2
RCT
Insulin dose (mean): 92
3. Placebo PO daily
2. 189
units daily
(163)
Attrition:

Multi‐daily
Inclusion Criteria:
104 Centers in 14
14%
injections of
Patients ≥18 years with
countries
insulin ±
T2DM, HbA1c ≥7.5% to ≤
metformin as
10% and BMI ≥30 to
3. 188
background
≤45kg/m2, insulin dose >60 (157)
treatment.
units daily ± metformin,
Attrition:

First 18 weeks
with changes in insulin
16%
insulin dose
was kept stable. dose >10% and no change
in metformin dose within

Weeks 19‐40
12 weeks of study.
insulin doses
were adjusted
Exclusion Criteria:
to achieve
glucose targets. Patients with uncontrolled
hyperglycemia (avg glucose

Weeks 41‐52
≥240
mg/dL or HbA1c
insulin dose
was kept stable. ≥10%), acute
cardiovascular or

Open‐label
cerebrovascular within 3
placebo run‐in
months or randomization,
for 2 weeks.
liver disease, renal disease

Treatment
duration was 52 (<60 mL/min/1.73 m2),
contraindications to
weeks.
metformin or
Open‐label
placebo run‐in
for 2 weeks for
randomized
groups.
Treatment
duration was 24
weeks.

E10: ‐0.97 kg
E25: ‐1.54 kg
P: ‐0.34 kg
P<0.001 for both
comparisons

Primary
Outcome
Change in HbA1c
from baseline at
18 weeks:
E10: ‐0.94%
E25: ‐1.02%
P: ‐0.50%

E10: 6 (2.7%)
E25: 5 (2.3%)
P: 2 (0.9%)
OLE: 2 (2%)
p‐value not
reported

N/A

Discontinuations
due to Adverse
Events:
E10: 10 (5%)
E25: 9 (5%)
P: 9 (5%)
p‐value not
reported

Treatment
difference E10 vs.
P:
‐0.44% (95% CI ‐
0.59 to ‐0.29,
p<0.001)

Hypoglycemia:
E10: 97 (52%)
E25: 110 (58%)
P: 111 (59%)
p‐value not
reported

Treatment
difference for
E25 vs. P:
‐0.52% (95% CI ‐
0.67 to ‐0.37,
p<0.001)

Urinary tract
infections:
E10: 29 (16%)
E25: 29 (15%)
P: 29 (15%)
p‐value not
reported

Secondary
Outcomes
Change in HbA1c
from baseline at
52 weeks:
E10: ‐1.18%
E25: ‐1.27%
P: ‐0.81%

N/A

Quality rating: Fair
Internal Validity:
Selection: Use of third‐party interactive voice and web
response system.
Performance: No details on blinding were provided.
Detection: No details were provided.
Attrition: Overall attrition was 16%; mITT analysis done
with LOCF for missing data.
External Validity:
Recruitment: Patients were recruited from 104 centers
in 14 countries.
Patient Characteristics:
Patients were considered obese on high daily doses of
insulin. Insulin dose changes from baseline were
significantly less in both empagliflozin groups
compared to placebo.
Outcomes: Accepted surrogate end‐point used. Data on
long‐term health outcomes are lacking.

Genital infections:
E10: 8 (4%)
E25: 18 (10%)
P: 3 (2%)
p‐value not
reported
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Treatment
difference E10 vs.
P:
‐0.38% (95% CI ‐
0.59 to ‐0.16,
p<0.001)

sulfonylureas, GI surgeries,
cancer, blood dyscrasias,
treatment with anti‐obesity
drugs, systemic steroid use
change in thyroid dose
within 6 weeks of study or
drug or alcohol abuse, or
use of investigational drug
within 30 days.

Häring, et al 20147
(EMPA‐REG MET)

1. Empagliflozin 10 mg Demographics (for
randomized patients):
PO daily (E10)
Age (mean): 56 years
Male: 57%
DB, PC, Phase 3, RCT 2. Empagliflozin 25
Baseline HbA1c (mean):
mg PO daily (E25)
7.9%
2
3. Placebo PO daily
BMI (mean): 29.2 kg/m
148 Centers in 12
Inclusion Criteria:
countries
4. Open‐label
Patients ≥18 years with
empagliflozin 25 mg
T2DM inadequately
PO daily (OLE)
controlled on metformin
and for ≥12 weeks; HbA1c

Both groups on
≥7.0% to ≤ 10% and BMI
background
2
≤45kg/m . Patients with
metformin
(>1500 mg/day) HbA1c ≥10% were
candidates for treatment in

Open‐label
the open‐label treatment
placebo run‐in
arm.
for 2 weeks for
randomized
Exclusion Criteria:
groups.
Patients with uncontrolled

Treatment
duration was 24 hyperglycemia (≥240
mg/dL), acute
weeks.

Treatment
difference for
E25 vs. P:
‐0.46% (95% CI ‐
0.67 to ‐0.25,
p<0.001)

1. 217
(209)
Attrition:
4%
2. 213
(196)
Attrition:
8%
3. 207
(186)
Attrition:
10%
4. 69
(58)
Attrition:
16%

Change in weight
at week 52:
E10: ‐1.95 kg
E25: ‐2.04 kg
P: 0.44 kg
P<0.001 for both
comparisons
Primary
Outcome
Change in HbA1c
from baseline at
24 weeks:
E10: ‐0.70%
E25: ‐0.77%
P: ‐0.13%
OLE: ‐3.23%
Treatment
difference E10 vs.
P:
‐0.57% (95% CI ‐
0.70 to ‐0.43,
p<0.001)
Treatment
difference for
E25 vs. P:
‐0.64% (95% CI ‐
0.77 to ‐0.50,
p<0.001)

N/A

N/A

Discontinuations
due to Adverse
Events:
E10: 2 (0.9%)
E25: 5 (2.3%)
P: 7 (3.4%)
OLE: 1 (1.4%)
p‐value not given
Hypoglycemia:
E10: 4 (1.8%)
E25: 3 (1.4%)
P: 1 (0.5%)
OLE: 2 (2.9%)
p‐value not given
Urinary tract
infections:
E10: 11 (5.1%)
E25: 12 (5.6%)
P: 10 (4.9%)
OLE: 5 (7.2%)
p‐value not given

Quality rating: Fair
Internal Validity:
Selection: Use of third‐party interactive voice and web
response system.
Performance: No details on blinding were provided.
Detection: No details were provided.
Attrition: Low overall attrition (7% discontinued); mITT
analysis done, with LOCF for missing data.
External Validity:
Recruitment: Patients were recruited from 148 centers
in 12 countries.
Patient Characteristics:
Patients were overweight with moderately
uncontrolled T2DM and normal renal function.
Outcomes: Accepted surrogate end‐point used. Data on
long‐term health outcomes are lacking.
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cardiovascular or
Secondary
Genital infections:
cerebrovascular incident
Outcomes
E10: 8 (3.7%)
Change in weight N/A E25: 10 (4.7%)
within 3 months or
at 24 weeks:
randomization, liver
P: 0 (0%)
E10: ‐2.08 kg
disease, renal disease (<30
OLE: 1 (1.4%)
E25: ‐2.46 kg
mL/min/1.73 m2),
p‐value not given
P: ‐0.45 kg
contraindications to
P<0.001 for both
metformin, GI surgeries,
above
cancer, blood dyscrasias,
comparisons
treatment with anti‐obesity
drugs, use of treatment
OLE: ‐1.91 kg
that causes unstable body
weight, systemic steroid
use, change in thyroid dose
within 6 weeks of study or
drug or alcohol abuse.
Key: AEs: adverse events, BMI: body mass index, DB: double‐blind, DBP: diastolic blood pressure, D/C: discontinuation, eGFR: estimated glomerular filtration rate, GI: gastrointestinal, HbA1c:
hemoglobin A1c, kg: kilogram, LOCF: last observation carried forward, MC: multicenter, mITT: modified intent to treat, NA: not applicable, PC: placebo‐controlled, PG: parallel group, RCT: randomized
controlled trial, SBP: systolic blood pressure, T2DM: type 2 diabetes mellitus
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Appendix 1: Proposed/Current PA Criteria
Sodium-Glucose Co-Transporter 2 (SGLT2)
Initiative:
 Optimize appropriate prescribing of SGLT2s.
Length of Authorization:
Up to 12 months
Requires PA:
 Non-preferred drugs
Covered Alternatives:
Preferred alternatives listed at www.orpdl.org

Approval Criteria
1. Does the patient have a diagnosis of Type 2 diabetes?

Yes: Go to #2

No: Deny based on
appropriateness of therapy.

2. Has the patient tried and failed metformin and sulfonylurea
therapy or have contraindications to these treatments?

Yes: Go to #3

No: Recommend trial of
metformin or sulfonylurea. See
below for metformin titration
schedule.

Contraindications include:
 Renal disease or renal dysfunction
 Known hypersensitivity to therapies
 Acute or chronic metabolic acidosis
 Patients at increased risk of lactic acidosis (CHF,
advanced age, impaired hepatic function)
 Increased risk of hypoglycemia

Page 13 of 16
Author: Kathy Sentena, Pharm.D.

115

Approval Criteria
3. Is the patient requesting the following treatments (including
combination products) with an associated estimated glomerular
filtration rate (eGFR):
 canagliflozin and eGFR <45 mL/min/1.73 m2 or
 empagliflozin and eGFR <45 mL/min/1.73 m2 or
 dapagliflozin and eGFR <60 mL/min/1.73 m2

Yes: Deny based on
appropriateness of therapy.

No: Go to #4.

4. Has the patient tried and failed third-line* treatments for type
2 diabetes or have contraindications to third-line* treatments?

Yes: Approve for up to 12
months.

No: Deny. Require a trial of
third-line agents.

*Insulins, thiazolidinediones, incretin enhancers (DPP-4
inhibitors), incretin mimetics (GLP-1 agonists) or amylin analogs
Initiating Metformin
1. Begin with low‐dose metformin (500 mg) taken once or twice per day with meals (breakfast and/or dinner) or 850 mg once per day.
2. After 5‐7 days, if gastrointestinal side effects have not occurred, advance dose to 850 mg, or two 500 mg tablets, twice per day (medication to be taken before
breakfast and/or dinner).
3. If gastrointestinal side effects appear with increasing doses, decrease to previous lower dose and try to advance the dose at a later time.
4. The maximum effective dose can be up to 1,000 mg twice per day but is often 850 mg twice per day. Modestly greater effectiveness has been observed with
doses up to about 2,500 mg/day. Gastrointestinal side effects may limit the dose that can be used.
Nathan, et al. Medical Management of Hyperglycemia in Type 2 Diabetes; A Consensus Algorithm for the Initiation and Adjustment of Therapy. Diabetes Care 31;1-11, 2008.

P&T / DUR Action: 9/23/14 (KS), 9/26/13 (KS)
Revision(s):
Initiated:
9/26/13
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Appendix 2: Specific Drug Information
CLINICAL PHARMACOLOGY 1
Empagliflozin works by inhibiting SGLT2, which is responsible for reabsorption of glucose from the glomerular filtrate back into circulation. This in turn results in
reduced renal reabsorption of filtered glucose and lowers the renal threshold for glucose and increases urinary glucose excretion.
PHARMACOKINETICS1
Parameter
Oral Bioavailability
Protein Binding
Elimination
Half‐Life
Metabolism

Result
Not provided
86%
Feces/urine
12.4 hours
Glucuronidation

DOSE & AVAILABILITY1
STRENGTH
10 mg and
25 mg

ROUTE
Oral

FREQUENCY
Once daily

DOSAGE:
Once daily

RENAL ADJ
Renal function
should be
assessed
before starting
and
periodically
during
treatment. Do
not initiate in
patients with
an eGFR <45
mL/min/1.73
2
m . No dose
adjustment if
eGFR is >45

HEPATIC ADJ
None given

Pediatric
Dose
Not studied

Elderly
Dose
No dose
adjustments
needed based
on age.
Monitor renal
function.

OTHER DOSING CONSIDERATIONS
 May give without regard to meals or time of
day
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mL/min/1.73
m2.

DRUG SAFETY 1
Serious (REMS, Black Box Warnings, Contraindications):
‐
‐
‐

Black Box: No black box warnings for empagliflozin.
REMS: REMS not required for empagliflozin.
Contraindications: Do not use empagliflozin in patients with severe renal impairment , end‐stage renal disease, dialysis or hypersensitivity to
empagliflozin.

Warnings and Precautions:





Empagliflozin causes intravascular volume contraction. Hypotension may occur with treatment. Those who are elderly, have renal impairment, low
systolic blood pressure, and those on diuretics may be at increased risk. Monitor volume status before initiating therapy and correct if needed. Monitor
for signs and symptoms of hypotension throughout treatment.
Monitor renal function during empagliflozin therapy. Monitor more often in patients with eGFR <60 mL/min/1.73 m2.
Hypoglycemia may occur more often in patients on insulin secretagogues or insulin, consider reducing the dose when initiating empagliflozin.
Empagliflozin has been associated with an increased risk of genital mycotic infections, urinary tract infections and increased LDL‐C. Treat if needed.

Monitoring: Monitor renal function in patients with renal impairment.
Drug‐Drug interactions: If diuretics are used with empagliflozin there may be an increased risk of volume depletion. Use of empagliflozin with insulin or insulin
secretagogues increases the risk of hypoglycemia.
Food‐Drug Interactions: No food‐drug interactions have been identified.
Pregnancy/lactation rating: Category C. Empagliflozin has not been adequately studied in pregnant women. Data are insufficient to recommend empagliflozin
in women who are lactating.
ADVERSE REACTIONS1
Adverse reactions occurring in ≥5% of patients treated with empagliflozin were urinary tract infections and female genital mycotic infections.
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New Drug Evaluation: Canagliflozin and Metformin

Month/Year of Review: January 2015
Generic Name: Canagliflozin and Metformin
PDL Class: Oral Hypoglycemics

End date of literature search: November 17, 2014
Brand Name (Manufacturer): Invokamet ™ (Janssen Pharmaceuticals)
Dossier Received: Yes

FDA Approved Indication:1
Canagliflozin/metformin (CM) fixed combination product is a sodium‐glucose co‐transporter 2 (SGLT2) inhibitor and biguanide combination for use as an adjunct
to diet and exercise to improve glucose levels in patients with type 2 diabetes (T2DM) who are not adequately controlled on a regimen containing metformin or
canagliflozin or in patients already being treated with both canagliflozin and metformin.
Research Questions:
 Is there evidence of superior efficacy of CM compared to other T2DM therapies when considering important outcomes such microvascular outcomes,
macrovascular outcomes and long term hemoglobin A1c (HbA1c) goal attainment?
 Is there evidence CM has a better safety profile than other treatments for T2DM?
 Are there subgroups of patients, which CM shows improved efficacy, or greater risk of harms?
Conclusions:
 There is insufficient evidence at this time that CM reduces microvascular outcomes, macrovascular outcomes or mortality.
 FDA approval of the CM fixed combination product was based on the Agency’s previous findings on safety and efficacy of canagliflozin single product
approved March 2013, and metformin hydrochloride single product approved in 1995. Canagliflozin was originally reviewed by this P&T Committee in
September 2013 the oral hypoglycemic class was last reviewed by this P&T Committee in September 2014.
 There is insufficient evidence at this time that adding canagliflozin to metformin further reduces microvascular or macrovascular outcomes.
 There is moderate strength of evidence that adding canagliflozin to patients already on metformin (± other background therapy) lowers HbA1c by ‐0.55% to ‐
1.06% in published studies lasting 26‐52 weeks.2‐7 Fair to good quality trials show that 300 mg of canagliflozin combined with metformin were superior to
sitagliptin and glimepiride monotherapy. Canagliflozin 100 mg in combination with metformin was non‐inferior to sitagliptin and glimepiride.
 The most common adverse effects seen with adding canagliflozin to metformin are female genital mycotic infections, urinary tract infections and increased
urination. In published studies, withdrawals due to adverse reactions ranged from 1.8% to 9.5%.1‐7
 Adding canagliflozin to metformin is unlikely to cause hypoglycemia and has demonstrated positive effects on blood pressure (BP), high‐density lipoprotein
(HDL) and body weight while causing a dose‐related increase in low‐density lipoprotein (LDL) levels; long term clinical significance of these effects are
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unknown.1 Hypotension has been associated with canagliflozin and hypovolemia should be corrected prior to initiation. Patients at increased risk are those
patients with renal impairment, elderly patients, patients with low systolic blood pressure, or on angiotensin‐converting‐enzyme (ACE) inhibitors or
angiotensin receptor blockers (ARB).1
Canagliflozin is currently recommended as a fourth line agent (Appendix 1).

Recommendations:
 Add the CM fixed combination product to the current prior authorization criteria for SGLT2 inhibitors (Appendix 1) and limit the use of CM to patients that
have tried and failed other treatments for T2DM. No changes to the PDL are recommended.
Reason for Review:
CM is a fixed combination product used for controlling elevated glucoses in patients with T2DM. Comparison of the efficacy and safety data of CM to other
T2DM treatments is necessary for the management of the preferred drug list (PDL) and prior authorization (PA) criteria.
Background:
Type 2 diabetes mellitus is a prevalent disease which affects an estimated 25.6 million people in the United States.8 Despite a variety of treatments, a significant
number of patients fail to meet HbA1C goals; within three years of being diagnosed with T2DM, 50% of patients require combination therapy to control rising
glucose levels. According to the Centers for Disease Control and Prevention (CDC), as many as 1 in every 3 adults will have diabetes by 2050.9 Treatment
guidelines recommend a trial of lifestyle modifications to control hyperglycemia in patients with T2DM and add pharmacotherapy for persistent elevated glucose
levels. Guidelines recommend a goal HbA1C of less than 7% to minimize macrovascular and microvascular complications. Lower or higher HbA1c goals may be
appropriate depending on patient specific characteristics. Therapy should be tailored according to patient factors, such as concomitant comorbidities.10,11 A
number of therapeutic options are available for management of glycemic variances associated with diabetes.12 Classes of anti‐hyperglycemic agents (AHA)
currently available are: alpha‐glucosidase inhibitors, biguanides, dipeptidyl peptidase‐4 (DPP‐4) inhibitors, glucagon‐like peptide‐1 (GLP‐1) analogues, sodium‐
glucose co‐transporter 2 (SGLT2) inhibitors, insulins, meglitinides, sulfonylureas, thiazolidinediones (TZD), bile acid sequestrants, dopamine‐2 agonists and
amylin mimetics.
Important outcomes in patients with diabetes are: mortality, microvascular complications (chronic kidney disease, retinopathy, peripheral neuropathy) and
macrovascular complications (cardiovascular events, stroke/ischemic attacks, coronary heart disease, amputations). Intermediate outcomes of interest are
HbA1C and weight. Adverse event outcomes are: severe adverse events, hypoglycemia rates, and withdrawals due to adverse events. Hemoglobin A1C is often
used as a surrogate outcome to assess comparative efficacy of different AHA therapies, as hyperglycemia has been shown to correlate with microvascular
complications and potentially macrovascular outcomes.11 Available data is limited to short‐term studies, which prevents the assessment of the durability of
available AHAs to control glucose levels long‐term and to compare the effectiveness of AHAs on outcomes such as microvascular and macrovascular
complications. Differing definitions of hypoglycemia also complicate the comparisons of safety between the differing AHA agents. Available evidence suggests
that metformin is likely to reduce the incidence of cardiovascular disease based on data from the United Kingdom Prospective Diabetes Study (UKPDS) trial.11
UKPDS data also indicates reduced incidence of microvascular risk with sulfonylurea and insulin therapy. Thiazolidinediones, alpha‐glucosidase inhibitors and
dopamine‐2 agonists have studies that suggest reduced cardiovascular disease events but additional data are needed.11 The effects of many of the AHAs on long‐
term complications of T2DM remain unknown.
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Clinical Efficacy:
Concomitant canagliflozin and metformin was studied in 5 phase 3, published trials including in over 4,300 patients. No phase 3 fixed dose combination trials
have been conducted; however, phase 1 and phase 2 trials demonstrated bioequivalence of the fixed canagliflozin and metformin combinations to individual
administration of each agent together. Trials included adult patients (mean age of 56) with mean baseline HbA1cs between 7.8% and 8.1% with normal renal
function or mildly reduced renal function. Trial durations ranged from 26‐104 weeks. Patients were allowed to receive rescue therapy for hyperglycemia if pre‐
defined fasting plasma glucose (FPG) or HbA1c values were met. Study design, inclusion and exclusion criteria and primary endpoints were similar for all studies.
The primary outcome measure was change in HbA1c from baseline. Key secondary endpoints were number of patients obtaining an HbA1c less than 7% and
change in weight.
Forst, et al.
Canagliflozin 100 mg once daily and canagliflozin 300 mg once daily were studied in a placebo‐controlled trial of 342 patients on background metformin [≥ 2,000
mg daily (or 1,500 mg daily if unable to tolerate higher doses)] and pioglitazone (30‐45 mg daily) in a good quality trial.2 At baseline, patients had inadequately
controlled HbA1c (mean value of 7.9%) with normal renal function. The primary outcome was change in HbA1c from baseline at 26 weeks, with a secondary
outcome of change in HbA1c at 52 weeks. Patients in the placebo groups were switched to sitagliptin 100 mg once daily to maintain blinding for weeks 26‐52.
Efficacy comparisons were not analyzed for the placebo group beyond 26 weeks. Both canagliflozin arms were had significantly lower HbA1c at 26 weeks
compared to baseline. HbA1c reductions were ‐0.89%, ‐1.03% and ‐0.26% for canagliflozin 100 mg, canagliflozin 300 mg and placebo, respectively. At 52 weeks,
HbA1c lowering was maintained for both canagliflozin groups. Significantly more patients taking canagliflozin 100 mg or 300 mg obtained an HbA1c less than 7%,
with a number needed to treat (NNT) of 3 and 7, respectively, at 26 weeks. Weight loss in both canagliflozin arms was significantly greater statistically relative to
placebo. Significant decreases in systolic blood pressure were also found in the canagliflozin 100 mg (‐5.3 mmHg) and canagliflozin 300 mg (‐4.7 mmHg) arms
compared to placebo (‐1.2 mmHg). Increases in HDL‐C were significantly higher, and dose related, in both canagliflozin groups compared to placebo at week 26.
Non‐significant, dose‐related increases from baseline in LDL‐C were seen in canagliflozin groups relative to placebo at week 26 and small further increases seen
at 52 weeks.
CANTATA‐D
In this good‐quality trial, canagliflozin 100 mg daily and canagliflozin 300 mg daily were compared to sitagliptin 100 mg daily or placebo/sitagliptin in T2DM
patients also taking metformin.3 This was a randomized controlled trial consisting of four phases; a 2 week single‐blind, placebo run in period, a 26 week
placebo‐ and active‐controlled, double‐blind treatment period (period 1), a 26 week active‐ controlled, double‐blind treatment period (period 2) and 4 week
follow‐up period. After 26 weeks, placebo patients were switched to sitagliptin 100 mg daily in a blinded fashion. Results for sitagliptin were only calculated for
patients taking the drug from day 1. The primary endpoint was change in baseline HbA1c compared to placebo at 26 weeks. The primary hypothesis as the
comparison of canagliflozin to placebo and the key secondary hypothesis was the non‐inferiority of both doses of canagliflozin to sitagliptin at 52 weeks. At 26
weeks, both canagliflozin groups significantly lowered HbA1c compared to placebo (‐0.79%, ‐0.94%, ‐0.17%, respectively; p<0.001). At 52 weeks, canagliflozin
100 mg was non‐inferior to sitagliptin and canagliflozin 300 mg was superior to sitagliptin. A higher percentage of patients obtained an HbA1c less than 7% in the
canagliflozin 300 mg group compared to the canagliflozin 100 mg or sitagliptin groups. At 52 weeks, patients in both canagliflozin arms had statistically
significant reductions in body weight compared to sitagliptin (p<0.001). A significant decrease in systolic blood pressure compared to sitagliptin was also seen in
Page 3 of 17

Author: Kathy Sentena, Pharm.D.

121

both canagliflozin groups, with decreases ranging from ‐2.9 to ‐4.0 mmHg. Small increases in LDL cholesterol and HDL were seen in both canagliflozin arms. Less
patients in either canagliflozin arm required hyperglycemic rescue compared to sitagliptin or sitagliptin/placebo groups.
CANTATA‐MSU
This was a fair‐quality trial comparing canagliflozin 100 mg daily and canagliflozin 300 mg daily in a placebo‐controlled trial in T2DM patients on background
metformin and a sulfonylurea.4 Patients were inadequately controlled with an mean HbA1c of 8.1% and 66% of patients were obese. The primary endpoint was
change in HbA1c from baseline at 26 weeks, with a secondary endpoint of change in HbA1c at 52 weeks. At week 26, both groups of canagliflozin were superior
to placebo, with HbA1c lowering from baseline of ‐0.85%, ‐1.06% and ‐0.13%, respectively. The number of patients obtaining an HbA1c less than 7% was greater
in both canagliflozin groups at 26 and 52 weeks (NNT 3 at 26 weeks, no p‐value reported at 52 weeks). At 52 weeks, the number of patients obtaining an HbA1c
goal decreased in both canagliflozin groups and slightly improved in the placebo group. A small but statistically significant 2‐3 kg weight loss was observed in
both canagliflozin groups relative to placebo at 26 weeks, but was not observed at 52 weeks. Reduction in lipids and diastolic and systolic blood pressure were
not statistically different between either canagliflozin arm compared to placebo.
Schernthaner, et al.
A 52‐week, direct comparative study of canagliflozin 300 mg daily and sitagliptin 100 mg daily, with background metformin and sulfonylurea therapy, was
studied in the CANTATA‐D2 trial.5 This was a fair quality, phase 3, double‐blind, randomized trial of 755 patients with T2DM inadequately controlled on
metformin and sulfonylurea therapy. Included patients had a mean duration of diabetes of 9.6 years with a mean HbA1C of 8.1%. The primary endpoint was
change in baseline HbA1C at week 52. Canagliflozin was superior to sitagliptin in the primary endpoint (‐1.03% vs. ‐0.66%, respectively). Improvements in FPG,
body weight and systolic blood pressure were significantly greater with canagliflozin compared to sitagliptin. When HbA1C changes were analyzed according to
baseline A1C subgroups, the greatest difference was shown in those with the highest baseline A1cs (≥9.0%). The overall discontinuation rate was high and
occurred in 44% of the sitagliptin group and 33% in the canagliflozin group.
Cefalu, et al.
In a phase 3, double‐blind, active‐controlled, non‐inferiority, randomized‐controlled study, canagliflozin 100 mg daily and canagliflozin 300 mg daily were
compared to glimepiride, 6‐8 mg daily, in patients (n=1450) inadequately controlled on metformin (CANTATA‐SU).7 Mean patient age was 56 years with a mean
baseline HbA1C of 7.8%. The study treatment duration was 52 weeks and the primary endpoint was change in HbA1C at week 52. Both canagliflozin 100 mg and
300 mg arms were non‐inferior to glimepiride, and canagliflozin 300 mg was shown to be superior to glimepiride. Hemoglobin A1C changes were ‐0.82%, ‐ 0.93%, ‐
0.81% for canagliflozin 100 mg, canagliflozin 300 mg and glimepiride, respectively. The percent of patients obtaining an A1C less than 7% was similar between
groups. Both canagliflozin arms had statistically significant decreases in body weight compared to the glimepiride group.
Leiter, et al.
This study updates the previous study with results from the extension period. The study consisted of a 2 week, single blind, placebo run‐in, a 52 week, double‐
blind, core treatment period (results presented above), followed by a 52 week, double‐blind, extension period. Patients (n=1450) were randomized to canagliflozin
100 mg daily, canagliflozin 300 mg daily or glimepiride 6‐8 mg daily.6 Patients were an average age of 56 years old, mean baseline HbA1c of 7.8% and had normal
renal function. The primary endpoint was change in HbA1c from baseline at 52 weeks. Key secondary endpoints were change in HbA1c from baseline at 104
weeks, changes in weight and percent of patients obtaining an HbA1c of less than 7% at 104 weeks. There was no pre‐specified testing conducted at week 104;
therefore, non‐inferiority and superiority testing could not be done. Hemoglobin A1c reductions were ‐0.65% for canagliflozin 100 mg, ‐0.74% for canagliflozin 300
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mg and ‐0.55% for glimepiride. Patients in all groups who met HbA1c goals of less than 7% at 26 weeks were able to maintain HbA1c to 104 weeks. Small decreases
in systolic and diastolic blood pressure were demonstrated out to 104 weeks. There was an increase in LDL‐C for both canagliflozin groups (11.2% and 14.3% for
100 mg and 300 mg, respectively) and glimepiride (6.3%).
Limitations to CM studies include the titration of background therapy based on clinical requirements without standardized protocol. Some trials had high attrition
rates, which could influence true effect of therapy. Some studies failed to report confidence intervals with data, which can limit interpretation of magnitude of
treatment effect. The last observation carried forward imputation was used to provide results for missing data in all studies. This method may introduce
assessment bias, especially in circumstances where there is a higher attrition rate in the active comparator group, which assumes no change, potentially
overestimating the true treatment effect of CM.
Clinical Safety:
In studies of 6,177 T2DM patients receiving canagliflozin, the most common adverse effects associated with the canagliflozin arms were fatigue, female genital
mycotic infections, urinary tract infections, increased urination and male genital mycotic infections. Long term effects of commonly experienced adverse effects
are unknown and could be problematic. Hypotension, postural dizziness, orthostatic hypotension, syncope, and dehydration, occurred as a result of the osmotic
diuresis properties of canagliflozin, are also observed. Patients at increased risk of osmotic diuresis are those over 75 years of age, those on concomitant loop
diuretic therapy, and those with moderate renal impairment (estimated glomerular filtration rate [eGFR] 30 to less than 60 mL/min/1.73 m2). Dose‐related
increases in serum creatinine were also noted in these trials. Slightly higher rates of hypoglycemia occurred in the canagliflozin arms compared to placebo and
were more common when canagliflozin was combined with insulin or sulfonylureas. Pooled data on the risk of pancreatitis with canagliflozin show the incidence
to be 0.9, 2.7 and 0.9 per 1000 patient years of exposure for comparators, canagliflozin 100 mg, and canagliflozin 300 mg, respectively. Lab abnormalities were
seen in patients randomized to canagliflozin, including elevation in hemoglobin and dose‐related increases in potassium, magnesium and phosphate. Increased
LDL cholesterol levels of 4.4 mg/dL (4.5%) and 8.2 mg/dL (8.0%) also occurred in the 100 mg and 300 mg canagliflozin arms, respectively.
Metformin has most commonly been associated with the adverse reactions of diarrhea, nausea, vomiting, flatulence, asthenia, indigestion, abdominal
discomfort and headache. Long‐term therapy may be associated with decreases in vitamin B12, which is rarely clinically significant. Rarely, lactic acidosis may
occur in the setting of acute kidney injury.
Conclusion:
In conclusion, there is no evidence that adding metformin to canagliflozin reduced microvascular outcomes, macrovascular outcomes or mortality. There is
moderate strength of evidence that adding canagliflozin to metformin lowers HbA1c by an additional ‐0.65% to ‐1.06% in published efficacy studies ranging from
26 to 52 weeks. Lowering of HbA1c was greatest at 26 weeks with decreasing efficacy at 104 weeks. Canagliflozin is unlikely to cause hypoglycemia and has
demonstrated positive effects on FPG, BP, HDL and body weight while causing dose‐related increases in LDL levels. Common adverse reactions associated with
canagliflozin include female mycotic infections, urinary tract infections and increased urination. The cardiovascular risk of major adverse cardiac events associated
with canagliflozin are being evaluated in the CANagliflozin cardio Vascular Assessment Study (CANVAS). Results should be available in 2017.
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COMPARATIVE CLINICAL EFFICACY
Relevant Endpoints:
1) Microvascular Outcomes
2) Macrovascular outcomes
3) Goal HbA1c
4) Hypoglycemia
5) Quality of life
6) Serious adverse reactions
7) Changes in weight
Ref./
Drug
Study Design Regimens/
Duration
Forst, et al
1. Canagliflozin 100
2
2014
mg PO daily (C100)
2.Canaglilfozin 300
DB, Phase 3, mg PO daily (C300)
RCT
74 Centers
and 11
Countries

Patient Population

Demographics:
Age (mean): 57 years
Female: 37%
HbA1c (mean): 7.9%
BMI (mean): 32.5 kg/m2

Inclusion Criteria:
3. Placebo (P)∞
Patients ≥18 and ≤80
* Patients underwent years old, HbA1c of ≥7‐
a 2‐week single‐blind ≤10.5% with T2DM and on
stable doses of metformin
run in period.
and pioglitazone (if not on
max tolerated doses then
*Patients were on
entered a dose
background
stabilization period of 12
metformin and
weeks before entering
pioglitazone.
study), FPG <270 mg/dL at
week‐2 and fasting
* Trial was 52
fingerstick glucose ≥110
weeks‐ 26 weeks of
mg/dL and <270 mg/dL on
core treatment and
day 1.
26 weeks extension
study
Exclusion Criteria:
Repeated
FPG and/or SMBG
∞ Switched to
of ≥270 mg/dL during
sitagliptin 100mg
pretreatment phase; T1DM;
after 26 weeks to
cardiovascular disease;
maintain blinding.
uncontrolled hypertension;
Only included in 26
eating disorder; eGFR <55
week analysis.

Primary Study Endpoint:
1) Change in HbA1c from baseline

N
mITT
(per ‐protocol)
1.113 (104)
(96)*
Attrition 15%

Outcomes/
Efficacy Results
(98.5% CI, p‐values)
Primary Endpoint
Change in HbA1c at 26 weeks:
C100: ‐0.89%
C300: ‐1.03%
P: ‐0.26%

2.114 (101)
C100 vs. P:
(89)*
Attrition 21.9% ‐0.62%
C300 vs. P:
‐0.76%
p<0.001 for both comparisons (CI
3.115 (91)
not given)
(78)*
Attrition 32.2%
Secondary Outcomes
Change in HbA1c at 52 weeks:
*Per protocol C100: ‐0.92%
population for C300: ‐1.03%
extension
Patients Obtaining HbA1c <7% at
period
26 weeks:
C100: 46.9%
C300: 64.3%
P: 32.5%
C100 vs P: P<0.01
C300 vs P: p<0.001
Changes in Weight at week 26:
C100: ‐2.5 kg
C300: ‐3.5 kg

ARR/
NNT

NA

Safety Results
(CI, p‐values)
Discontinuations due
to Adverse Events at
52 weeks:
C100: 2 (1.8%)
C300: 5 (4.4%)
P: 7 (6.1%)
p‐value not reported
Hypoglycemia at 52
weeks:
C100: 5 (4.4%)
C300: 7 (6.1%)
P: 7 (6.1%)
p‐value not reported

Male genital mycotic
infections:
C100: 3 (3.9%)
C100 vs. C300: 3 (4.8%)
P: 0 (0%)
P:
ARR: 14% p‐value not reported
NNT: 7
C300 vs. Female genital
P:
mycotic infections:
ARR:32% C100: 6 (16.7%)
NNT: 3 C300: 11 (21.6%)
P: 3 (7.7%)
p‐value not reported
NA

ARR/
NNH

Quality Rating; Internal Validity Risk
of Bias/ External Validity Concerns
Quality rating: Good

NA

Internal Validity:
Selection: Interactive voice response
system/interactive web response
system was used.
Performance: Patients and caregivers
blinded to treatment.
Detection: Assessors were blinded to
treatment.
Attrition: Attrition at 26 weeks (8‐
21%); mITT analysis with LOCF.
External Validity:
Recruitment: Patients from 74 centers
and 11 countries were included.
Patient Characteristics: More females
were in the C300 group and a lower
percentage was Asian. Greater than
90% of patients were on ≥2000 mg
metformin and 68% were on 30 mg of
pioglitazone. Patients had normal
renal function.
Outcomes: Accepted surrogate end‐
point used. Data on long‐term health
outcomes are lacking.
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ml/min (or <60
ml/min/1.73m2 based on
metformin labeling
recommendations); or
elevated SCr
Lavalle‐
1. Canagliflozin 100
Gonzáles, et mg PO daily (C100)
3
al 2013
(CANTATA‐D) 2.Canaglilfozin 300
mg PO daily (C300)

Demographics:
Age (mean): 55 years
Female: 53%
HbA1c (mean): 7.9%
2
BMI (mean): 31.8 kg/m

Inclusion Criteria:
Patients ≥18 and ≤80
years old, HbA1c of ≥7‐
≤10.5% with T2DM and on
4. Placebo (P)∞
stable doses of metformin
* Patients underwent for at least ≥8 weeks
a 2‐week single‐blind before randomization and
FPG <268 mg/dL at week‐
run in period.
2 and fasting fingerstick
glucose ≥109 mg/dL and
*Patients were on
<268 mg/dL on day 1.
background
metformin
Exclusion Criteria:
Repeated FPG and/or
* Trial was 52
SMBG
of ≥268 mg/dL
weeks
during pretreatment
phase; T1DM;
∞ Switched to
cardiovascular disease;
sitagliptin 100mg
uncontrolled HTN; eGFR
after 26 weeks.
<55 ml/min or elevated
SCR; treatment with
peroxisome proliferator‐
activated receptor ϒ
agonist, insulin, other
SGLT2 inhibitor or other
antihyperglycemic agents.

DB, Phase 3, 3. Sitagliptin 100 mg
RCT
PO daily( S)
169 Centers
and 22
Countries

P: ‐0.1 kg
C100 and C300 vs P:
P<0.001

1.368 (322)
(298)*
Attrition 19%

2.367 (323)
(299)*
Attrition 19%

3.366 (319)
(285)*
Attrition 22%

4.183 (155)
(138)*
Attrition 25%

NA

Primary Endpoint
Change in HbA1c at 26 weeks:
C100: ‐0.79%
C300: ‐0.94%
S: ‐0.82 %
P: ‐0.17%
C100 vs. P:
‐0.62%
C300 vs. P:
‐0.77%
p<0.001 for both comparisons (CI
not given)

NA

Secondary Outcomes
Change in HbA1c at 52 weeks:*
C100: ‐0.73%
C300: ‐0.88%
S: ‐0.73%

*Per protocol C100 vs. S:
numbers for
0% (95% CI ‐0.12 to 0.12, for non‐
phase II period inferiority)
C300 vs. S:
‐0.15% (95%CI ‐0.27 to ‐0.03, for
superiority)
Patients Obtaining HbA1c <7% at
26 weeks:
C100: 45.5%
C300: 57.8%
S: 54.5%
P: 29.0%
P=0.000 for C100 and C300 vs
placebo
Changes in Weight at week 52:
C100: ‐3.3 kg
C300: ‐3.6 kg

Urinary Tract
Infections:
C100: 6 (5.3%)
C300: 9 (7.9%)
P: 9 (7.8%)
p‐value not reported
Discontinuations due
to Adverse Events at
52 weeks:
C100: 19 (5.2%)
C300: 12 (3.3%)
S: 16 (4.4%)
P: 8 (4.4%)
p‐value not reported
Hypoglycemia at 52
weeks:
C100: 25 (6.8%)
C300: 25(6.8%)
S: 15 (4.1%)
P: 5 (2.7%)
p‐value not reported
Male genital mycotic
infections:
C100: 9 (5.2%)
C300: 4 (2.4%)
S: 2 (1.2%)
P: 1 (1.1%)
p‐value not reported

Quality rating: Good
NA

Internal Validity:
Selection: Used an interactive voice
response system Computer‐generated
schedule.
Performance: Patients and caregivers
blinded to treatment.
Detection: Assessors were blinded to
treatment.
Attrition: High attrition up to 52 week
(19‐25%); mITT analysis with LOCF.
External Validity:
Recruitment: Patients from 169
centers and 22 countries were
included.
Patient Characteristics: Patients had
normal or mildly reduced renal
function and were overweight.
Outcomes: Accepted surrogate end‐
point used. Data on long‐term health
outcomes are lacking.

NA
Female genital
mycotic infections:
C100: 20 (9.9%)
C100
C300: 22 (11.3%)
vs.P:
ARR: 17% S: 5 (2.6%)
NNT: 6 P: 1 (1.1%)
C300 vs. p‐value not reported
P:
ARR:29% Urinary Tract
NNT: 3 Infections:
C100: 29 (7.9%)
C300: 18 (4.9%)
S: 23 (6.3%)
P: 12 (6.6%)
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S: ‐1.1 kg
P: ‐1.1 kg
C100 and C300 vs P:
P<0.001

Wilding, et al 1. Canagliflozin 100
20134
mg PO daily (C100)
(CANTATA‐
MSU)
2.Canaglilfozin 300
mg PO daily (C300)

Demographics:
Age (mean): 57 years
Female: 49%
HbA1c (mean): 8.1%
BMI (mean): 33.1 kg/m2

2. 156 (129)
Inclusion Criteria:
(111)*
Patients ≥18 and ≤80
Attrition 29%
* Patients underwent years old, HbA1c of ≥7‐
a 2‐week single‐blind ≤10.5% on maximally or
near‐maximally effective
run in period.
doses of metformin and a
3.156 (123)
sulfonylurea with T2DM.
*Patients were on
(90)*
background
Attrition 42%
Exclusion
Criteria:
metformin and
History
of
diabetic
sulfonylurea
ketoacidosis, T1DM,
repeated FPG and/or SMBG
* Trial was 52
*Per protocol
of ≥268 mg/dL during
weeks‐ 26 weeks of
population for
pretreatment
phase,
history
core treatment and
of ≥1 severe hypoglycemia extension
26 weeks extension
episodes within 6 months
period
study
before screening, eGFR <55
2
ml/min/1.73m (or <60
ml/min/1.73m2 based on
metformin labeling
recommendations), elevated
SCr, uncontrolled HTN or use
of other AHA agents within
12 weeks prior to screening.

DB, PC,Phase 3. Placebo (P)
3, RCT
85 Centers
and 11
Countries

1.157 (129)
(109)*
Attrition 30%

*Only includes patients originally
randomized to sitagliptin.
Primary Endpoint
Change in HbA1c at 26 weeks:
C100: ‐0.85%
C300: ‐1.06%
P: ‐0.13%
P<0.001

p‐value not reported
NA

NA

C100 vs. P:
‐0.71% (95% CI ‐0.90 to ‐0.52)
C300 vs. P:
‐0.92% (95% CI ‐1.11 to ‐0.73)
p<0.001 for both comparisons
Secondary Outcomes
Change in HbA1c at 52 weeks:
C100: ‐0.74%
C300: ‐0.96%
P: 0.01%

Hypoglycemia at 52
weeks:
C100: 53 (33.8%)
C300: 57 (36.5%)
P: 28 (17.9%)
p‐value not reported
NA

C100 vs. P:
‐0.75% (95% CI ‐0.95 to ‐0.55)
C300 vs. P:
‐0.97% (95% CI ‐1.17 to ‐0.77)

Patients Obtaining HbA1c <7% at
26 weeks:
C100: 43.2%
C300: 56.6%
P: 18.0%
P<0.001 for C100 and C300 vs
placebo

Patients Obtaining HbA1c <7% at
52weeks:
C100: 39.4%
C300: 52.6%

Discontinuations due
to Adverse Events at
52 weeks:
C100: 11 (7.0%)
C300: 12 (7.7%)
P: 7 (4.5%)
p‐value not reported

Male genital mycotic
infections:
C100: 6 (7.9%)
C300: 5 (5.7%)
P: 1 (1.3%)
p‐value not reported
Female genital
mycotic infections:
C100: 15 (18.5%)
C300: 13 (18.8%)
P: 4 (5.0%)
p‐value not reported

C100
vs.P:
ARR: 25%
NNT: 4 Urinary Tract
C300 vs. Infections:
P:
C100: 13 (8.3%)
ARR:39% C300: 13 (8.3%)
NNT: 3 P: 12 (7.7%)
p‐value not reported

Quality rating: Fair
NA
Internal Validity:
Selection: Interactive voice response
system/interactive web response
system based on a computer‐
generated schedule.
Performance: Patients and caregivers
blinded to treatment.
Detection: Assessors were blinded to
treatment.
Attrition: High attrition up to 26 week
(17‐21%) and at 52 weeks (29‐42%);
mITT analysis with LOCF.
External Validity:
Recruitment: Patients from 85 centers
and 11 countries were included.
Patient Characteristics: Patients in
c300 group had 6% more males and
patients in placebo group had had
diabetes for a year longer than those
in other groups.
A majority of patients were
considered obese (66%).
Outcomes: Accepted surrogate end‐
point used. Data on long‐term health
outcomes are lacking.

NA
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P: 18.7%

Schernthaner 1. Canagliflozin 300
et al5
mg PO daily (C300)
(CANTATA‐
D2)
2. Sitagliptin
100 mg PO daily
Phase 3, RCT, (S100)
DB, active
control, non‐ * Both groups on
inferiority
background
trial
metformin and
sulfonylurea
140 Center
and 17
*52 weeks with a 2
countries
week single‐blind
placebo run‐in

Demographics:
Age: 56 years
Female: 44.1%
HbA1c (mean): 8.1%
2
BMI (mean): 31.6 kg/m

1. 377 (254)
Attrition 33%
2. 378 (210)
Attrition 44%

Inclusion:
Subjects 18 years and older,
T2DM, on maximally or near
maximally effective doses of
metformin (2000 mg/day [o
1,500 mg/day if unable to
tolerate a higher dose]) and
sulfonylurea (at half‐
maximal labeled dose or
more) and A1C ≥7.0% and ≤
10.5%.

Secondary Outcomes
Subjects reaching A1C <7.0%:
C300: 47.6%
S100: 35.3%
Changes in Baseline body weight:
C300: ‐2.3 kg (‐2.5%)
S100: 0.1 kg (0.3%)
LS Mean Change:
‐2.8%, p<0.001

Exclusion:
Prior AHA therapy other
than metformin and
sulfonylurea up to 12 weeks
prior to study enrollment,
repeated fasting plasma
glucose or fasting self‐
monitored blood glucose
measurements >16.7
mmol/L (300 mg/dL) or both
during pretreatment phase,
T1DM, uncontrolled HTN,
cardiovascular disease and
2
eGFR <55 mL/min/1.73m .

Leiter, et al
6
2013

1. Canagliflozin

Demographics:
Age: 56 yrs

Changes in Weight at week 52:
C100: ‐2.0 kg
NA
C300: ‐3.1 kg
S: ‐1.1 kg
P: ‐1.0 kg
Primary Endpoint
Change from baseline in HbA1C at 52
weeks:
C300: ‐1.03%
S100: ‐0.66%
LS means: ‐0.37
NA
(95% CI ‐0.50 to ‐0.25) non‐inferiority
and superiority was achieved)

1. 483 (395)
(343)*

Secondary Outcomes*
Change from Baseline in HbA1C at

ARR:
12.3
NNT: 8

NA

Discontinuations due to
NA
Adverse Events:
C300: 20 (5.3%)
S100: 11 (2.9%)
p‐value not reported
Hypoglycemia:
C300: 163 (43.2%)
S100: 154 (40.7%)
p‐value not reported
Urinary tract infection:
C100: 15 (4.0%)
S100: 21 (5.6%)
p‐value not reported
Males genital mycotic
infection:
C300: 19 (9.2%)
S100: 1 (0.5%)
p‐value not reported

Quality Rating: Fair
Internal Validity:
Selection: Patients were randomized
via interactive voice response
system/interactive web response
system and computer generated
randomization schedule. High and
different levels of attrition may have
affected the ability to maintain
randomization.
Performance: Study was double‐blind
with study personnel remaining
blinded to treatment allocation.
Detection: Investigators and local
sponsor personnel were blinded to
treatment assignment.
Attrition: mITT analysis was used with
LOCF for missing data. Potential for
bias due to only 61% of patients
completing the 52 week study.

Female genital mycotic
infection:
C300: 26 (15.3%)
S100: 7 (4.3%)
p‐value not reported

External Validity:
Recruitment: 140 centers in 17
countries.

Discontinuations due to
Adverse Events:

Quality Rating: Fair

Patient Characteristics: Patients with
almost 10 years of diabetes and
moderate A1cs were included. Not
studied in newly diagnosed and those
with cardiovascular disease.
Outcomes: Accepted surrogate end‐
point used. Data on long‐term health
outcomes are lacking.
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(CANTATA‐SU 100mg PO daily (C100
ext.)
2. Canagliflozin
300mg PO daily (C300
Phase 3, DB,
3. Glimepiride 6‐8mg
active‐
PO daily (G)
controlled,
non‐
* All patients on
inferiority,
background
RCT
metformin
157 centers
and 19
countries

* 52 weeks with 2‐
week placebo run‐in
period, followed by
52 week extension
trial.

Male: 52%
HbA1C (mean): 7.8%
2
BMI (mean): 31.0 kg/m

Attrition 29%
2. 485 (380)
(323)*
Attrition 33%

Inclusion:
T2DM, 18‐80 years old, A1C 3. 482 (386)
≥7.0 and ≤9.5%, and stable (314)*
metformin dose for at least Attrition 29%
10 weeks.
Exclusion:
History of severe
hypoglycemia requiring
treatment, FPG ≥268 mg/dL,
(eGFR <55 ml/min/1.73 m2,
SrCr ≥1.4 mg/dL for men or
SrCr ≥1.3 mg/dL for women
or TZD in prior 16 weeks.

104 weeks :
C100: ‐0.65%
C300: ‐ 0.74%
G: ‐0.55%
(not pre‐specified, therefore no p‐
values)

*Per protocol
population from Subjects reaching HbA1C <7.0% at
extension
104 weeks:
period
C100: 42.5%
C300: 50.2%
G: 43.9%
p‐value not given

*Primary outcome reported in
separate study below (Cefalu, et al)

Phase 3, DB,
active‐
controlled,
non‐
inferiority,
RCT

157 centers

Demographics:
1. Canagliflozin
100mg PO daily (C100 Age: 56 yrs
Male: 52%
2. Canagliflozin
HbA1C (mean): 7.8%
300mg PO daily (C300 BMI (mean): 31.0 kg/m2

1. 483 (395)
Attrition 18%
2. 485 (380)
Attrition 22%

3. 482 (386)
3. Glimepiride 6‐8mg Inclusion:
Attrition 20%
T2DM, 18‐80 years old,
PO daily (G)
HbA1C ≥7.0 and ≤9.5%, and
stable metformin dose for at
* All patients on
least 10 weeks.
background
metformin
Exclusion:
History of severe

Primary Endpoint
Change in HbA1C from baseline to
week 52 :
C100: ‐0.82%
C300: ‐ 0.93%
G: ‐0.81%
LS Mean Change C100:
‐0.01%
(95% CI ‐0.11 to ‐0.09)
C100 non‐inferior to glimepiride
LS Mean Change C300:
‐0.12%

NA

Hypoglycemia:
C300: 3 (<1%)
C100: 2 (<1%)
G: 15 (3%)
p‐value not reported

C100 vs. G:
‐0.09% (95% CI ‐0.20 to ‐0.01%)
C300 vs. G:
‐0.18% (95% CI ‐0.29 to ‐0.08)

Changes in Baseline body weight at
104 weeks:
C100: ‐ 3.6 kg
C300: ‐ 3.6 kg
G: 0.8 kg

Cefalu, et al
20137
(CANTATA‐
SU)

NA

C100: 30 (6.2%)
C300: 46 (9.5%)
G: 35 (7.3%)
p‐value not reported

NA

NA

Urinary tract infection:
C100: 51 (10.6%)
C300: 42 (8.7%)
G: 33 (6.8%)
p‐value not reported
Males genital mycotic
infection:
C100: 24 (9.5%)
C300: 22 (9.1%)
G: 5 (1.9%)
p‐value not reported
Female genital mycotic
infection:
C100: 32 (13.9%)
C300: 38 (15.6%)
G: 6 (2.7%)
p‐value not reported
Urinary tract infection:
C100: 31 (6%)
NA
C300: 31 (6%)
G: 25 (5%)
p‐value not reported
Males genital mycotic
infection:
C100: 17 (7%)
C300: 20 (8%)
G: 3 (1%)
p‐value not reported
Female genital mycotic

Internal Validity:
Selection: Patients were randomized
via interactive voice response
system/interactive web response
system and computer generated
randomization schedule.
Performance: Study was double‐blind
and efforts were made to maintain
blinding during titration.
Detection: Investigators and local
sponsor personnel were blinded to
treatment assignment.
Attrition: mITT analysis was used with
LOCF for missing data. Overall
attrition was 18‐22% with similar rates
between the groups.
External Validity:
Recruitment: 157 centers in 17
countries.
Patient Characteristics: Patients had
an approximate 7 year history of
diabetes that were predominately
white with normal renal function.
Mean glimepiride dose during
extension phase was 5.6 mg.
Outcomes: Accepted surrogate end‐
point used. Data on long‐term health
outcomes are lacking.

Quality Rating: Fair
Internal Validity:
Selection: Patients were randomized
via interactive voice response
system/interactive web response
system and computer generated
randomization schedule.
Performance: Study was double‐blind
and efforts were made to maintain
blinding during titration.
Detection: Investigators and local
sponsor personnel were blinded to
treatment assignment.
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and 19
countries

* 52 weeks with 2‐
week placebo run‐in
period,

hypoglycemia requiring
treatment, FPG ≥268 mg/dL,
(eGFR <55 ml/min/1.73 m2,
SrCr ≥1.4 mg/dL for men or
SrCr ≥1.3 mg/dL for women
or TZD in prior 16 weeks.

(95% CI ‐0.22 to ‐0.02)
C300 superior to glimepiride (no p‐
value given)

NA

Secondary Outcomes
Subjects reaching HbA1C <7.0% at 52
weeks:
C100: 54%
NA
C300: 60%
G: 56%
p‐value not given

infection:
C100: 26 (11%)
C300: 34 (14%)
G: 5 (2%)
p‐value not reported
Severe Hypoglycemia:
C300: 3 (<1%)
C100: 2 (<1%)
G: 15 (3%)
p‐value not reported

Attrition: mITT analysis was used with
LOCF for missing data. Overall
attrition was 18‐22% with similar rates
between the groups.
External Validity:
Recruitment: 157 centers in 17
countries.
Patient Characteristics: Patients had
an approximate 7 year history of
diabetes that were predominately
white.
Outcomes: Accepted surrogate end‐
point used. Data on long‐term health
outcomes are lacking.

Withdrawal due to
Adverse Events:
Changes in Baseline body weigh at 52
weeks:
C100: 25 (5%)
NA
C100: ‐3.7 kg (4.2%)
C300: 32 (7%)
G: 28 (6%)
C300: ‐4.0kg (4.7%)
G: 0.7 kg (1%)
p‐value not reported
P<0.0001 for both doses
Key: AEs: adverse events, BMI: body mass index, CI: confidence interval, DB: double‐blind, DBP: diastolic blood pressure, D/C: discontinuation, eGFR: estimated glomerular filtration rate, GI: gastrointestinal,
HbA1c: hemoglobin A1c, kg: kilogram, LOCF: last observation carried forward, MC: multicenter, mITT: modified intent to treat, NA: not applicable, PC: placebo‐controlled, PG: parallel group, RCT: randomized
controlled trial, SBP: systolic blood pressure, SCr: serum creatinine, T1DM: type 1 diabetes mellitus, T2DM: type 2 diabetes mellitus
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Appendix 1: Current PA Criteria

Sodium-Glucose Co-Transporter 2 (SGLT2)
Initiative:
 Optimize appropriate prescribing of SGLT2s.
Length of Authorization:
Up to 12 months
Requires PA:
 Non-preferred drugs
Covered Alternatives:
Preferred alternatives listed at www.orpdl.org

Approval Criteria
1. Does the patient have a diagnosis of Type 2 diabetes?

Yes: Go to #2

No: Deny based on
appropriateness of therapy.

2. Has the patient tried and failed metformin and sulfonylurea
therapy or have contraindications to these treatments?

Yes: Go to #3

No: Recommend trial of
metformin or sulfonylurea. See
below for metformin titration
schedule.

Contraindications include:
 Renal disease or renal dysfunction
 Known hypersensitivity to therapies
 Acute or chronic metabolic acidosis
 Patients at increased risk of lactic acidosis (CHF,
advanced age, impaired hepatic function)
 Increased risk of hypoglycemia
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Approval Criteria
3. Is the patient requesting the following treatments (including
combination products) with an associated estimated glomerular
filtration rate (eGFR):
 canagliflozin and eGFR <45 mL/min/1.73 m2 or
 empagliflozin and eGFR <45 mL/min/1.73 m2 or
 dapagliflozin and eGFR <60 mL/min/1.73 m2

Yes: Deny based on
appropriateness of therapy.

No: Go to #4.

4. Has the patient tried and failed third-line* treatments for type
2 diabetes or have contraindications to third-line* treatments?

Yes: Approve for up to 12
months.

No: Deny. Require a trial of
third-line agents.

*Insulins, thiazolidinediones, incretin enhancers (DPP-4
inhibitors), incretin mimetics (GLP-1 agonists) or amylin analogs
Initiating Metformin
1. Begin with low‐dose metformin (500 mg) taken once or twice per day with meals (breakfast and/or dinner) or 850 mg once per day.
2. After 5‐7 days, if gastrointestinal side effects have not occurred, advance dose to 850 mg, or two 500 mg tablets, twice per day (medication to be taken before
breakfast and/or dinner).
3. If gastrointestinal side effects appear as doses advanced, decrease to previous lower dose and try to advance the dose at a later time.
4. The maximum effective dose can be up to 1,000 mg twice per day but is often 850 mg twice per day. Modestly greater effectiveness has been observed with
doses up to about 2,500 mg/day. Gastrointestinal side effects may limit the dose that can be used.
Nathan, et al. Medical Management of Hyperglycemia in Type 2 Diabetes; A Consensus Algorithm for the Initiation and Adjustment of Therapy. Diabetes Care 31;1-11, 2008.
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Appendix 2: Specific Drug Information
CLINICAL PHARMACOLOGY 1
This is a combination formulation of canagliflozin and metformin. Canagliflozin is a SGLT2 inhibitor, which reduces the reabsorption of renal glucose and
increases the urinary glucose excretion. Metformin decreases hepatic glucose production, decreases intestinal absorption of glucose, and improves insulin
sensitivity by increasing peripheral glucose uptake and utilization.
PHARMACOKINETICS1
Parameter
Oral Bioavailability
Protein Binding
Elimination
Half‐Life
Metabolism

Metformin
50‐60%
negligible
90% renal
6.2 hours in plasma/17.6 hours in blood
Excreted unchanged

Canagliflozin
65%
99%
33% renal 41.5% hepatic
10.6 – 13.1 hours
glucuronidation

DOSE & AVAILABILITY1

‐

‐

‐

‐

STRENGTH
canagliflozin 50
mg and
metformin 500
mg
canagliflozin 50
mg and
metformin
1,000 mg
canagliflozin 150
mg and
metformin
500m g
canagliflozin 150
mg and

ROUTE
Oral

FREQUENCY
Twice daily

DOSAGE
Take twice
daily with
meals.
Increase dose
slowly to
minimize
gastrointestina
l side effects.

RENAL ADJ
Do not use in patients
with renal impairment
(SrCr ≥1.5 mg/dL for
males or ≥1.4 mg/dL for
females). Limit dose to
canagliflozin 50 mg twice
daily in patients with
moderate renal
impairment (eGFR of 45
2
to <60 mL/min/1.73 m or
greater).

HEPATIC ADJ
Use not
recommended
in patients
with hepatic
impairment.

Pediatric
Dose
Not studied

Elderly
Dose
Monitor renal
function
more
frequently in
the elderly.
Dose
according to
renal
function

OTHER DOSING
CONSIDERATIONS
‐ N/A
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metformin
1,000 mg

DRUG SAFETY 1
Serious (REMS, Black Box Warnings, Contraindications):
‐
‐
‐

Black box warning: The metformin component in this combination can cause lactic acidosis. The risk increases in the following conditions: renal
impairment, sepsis, dehydration, excess alcohol intake, hepatic impairment, and acute congestive heart failure.
REMS: REMS is not required for the CM.
Contraindications: CM should not be used in patients with renal impairment, ESRD, on dialysis, metabolic acidosis (including diabetic ketoacidosis), or
hypersensitivity reaction to either canagliflozin or metformin.

Warnings and Precautions:











Advise against alcohol use due to risk of lactic acidosis. Do not use CM in patients with hepatic impairment or hypoxic states.
Monitor renal function and only initiate CM if normal renal function is verified.
Volume status should be monitored and hypovolemia should be corrected in patients with renal impairment, elderly, low systolic blood pressure,
diuretic use, ACE inhibitors use or ARB use.
Temporarily discontinue CM if radiologic studies with IV administration of iodinated contrast is used or if food or liquid intake is restricted.
Potassium levels should be monitored in patients with impaired renal function and in those predisposed to hyperkalemia.
A reduced dose of insulin or insulin secretagogues may be needed when initiating CM.
Monitor patients for genital mycotic infections.
Discontinue use if hypersensitivity reaction occurs.
Metformin may decrease vitamin B12 levels.
Increased LDL levels may occur, treat if needed.

Monitoring: Monitor renal function, potassium and vitamin B12.
Drug‐Drug interactions: Cationic drugs may reduce metformin elimination. UGT inducers (rifampin) may reduce canagliflozin exposure, dose may need to be
increased. Monitor digoxin levels in patients with CM.
Food‐Drug Interactions: No food‐drug interactions have been identified.
Pregnancy/lactation rating: Category C. Only use CM if benefit justifies the risk. Do not use if nursing.
ADVERSE REACTIONS1
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Adverse reactions occurring in ≥5% of patients treated with CM were: female genital mycotic infections, urinary tract infections and increased urination,
diarrhea, nausea, vomiting, flatulence, asthenia, indigestion, abdominal discomfort, and headache.
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Class Update with New Drug Evaluation: Colony Stimulating Factors (CSF)

Month/Year of Review: January 2015
PDL Class: Colony Stimulating Factors (CSF)
Source Document: OSU Abbreviated Class Update: Colony Stimulating Factors1
New Drug(s): tbo-filgrastim (Granix™)

End date of literature search: November Week 2 2014
Date of Last Review: September 2012
Manufacturer: Teva

Current Status of PDL Class: Appendix 1
Research Questions:
 Is there new evidence to change the previous recommendations regarding the efficacy, effectiveness or harms of colony stimulating factors (CSFs)?
 Is there evidence that tbo-filgrastim is superior to currently available CSFs for prevention of febrile neutropenia complications in non-myeloid malignancies
following myelosuppressive chemotherapy?
 Is there evidence that tbo-filgrastim is safer than currently available CSFs?
 Are there subpopulations where tbo-filgrastim may be more effective or safer?
Conclusions:
 There is no new evidence to support changes to the previous recommendations regarding the efficacy, effectiveness or harms of CSFs.
 There is low quality evidence from 3 randomized controlled trials that tbo-filgrastim is equivalent to filgrastim for reduction in the duration of neutropenia
and incidence of febrile neutropenia associated with myelosuppressive chemotherapy in chemotherapy naïve patients with breast cancer, non-Hodgkin
lymphoma and lung cancer.2,3,4
 There is low quality evidence from 3 randomized controlled trials that tbo-filgrastim is equivalent to filgrastim for harms.2,3,4
 There is insufficient evidence regarding subpopulations where the use of tbo-filgrastim may be safer or more effective.
Recommendations:
 Evaluate costs in executive session for tbo-filgrastim PDL placement.
 Consider a DUE of CSFs to assess adherence to NCCN guidelines and OHP Guideline Note 11.
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Reason for Review:
This class was last updated in September 2012.1 Tbo-filgrastim was approved by the United States Food and Drug Administration (FDA) on August 29, 2012. 5
While approved in Europe as a “biosimilar,” it was approved by the FDA under a standard new biological license application.6 Additionally, new myeloid growth
factors practice guidelines have been published by the National Comprehensive Cancer Network,6 and the National Institute of Health and Care Excellence.7
Previous Conclusions/Recommendations (2012):
 There is moderate level evidence filgrastim and pegfilgrastim both prevent febrile neutropenia and all-cause mortality compared to placebo in patients
receiving chemotherapy for solid or non-myeloid malignancies.
 There is low level evidence pegfilgrastim lowers the risk of febrile neutropenia versus filgrastim RR 0.66 (95% CI 0.44-0.98).
 There is low level evidence use of a CSF (filgrastim, pegfilgrastim, or sargramostim) lowers the risk of infection mortality versus placebo when used for
prophylaxis of febrile neutropenia in patients with acute myeloid leukemia receiving chemotherapy but comparative evidence is lacking.
 There was no evidence found comparing the filgrastim, pegfilgrastim or sargramostim for the other FDA approved indications.
 There is low level evidence supporting off-label use of CSFs for hepatitis C treatment-induced neutropenia as more effective than dose reduction in
improving sustained virologic response.
 Continue to list all drugs as preferred due to lack of comparative evidence for indications other than for prophylaxis of febrile neutropenia in patients
receiving chemotherapy for solid or non-myeloid malignancies.
Background:
There are currently four CSFs available in the US: filgrastim, tbo-filgrastim, pegfilgrastim, and sargramostim. Sargramostim is a granulocyte macrophage-colony
stimulating factor (GM-CSF) which stimulates the proliferation of neutrophil, monocyte, red-blood cell and platelet precursors.8 Filgrastim, tbo-filgrastim and
pegfilgrastim are granulocyte-colony stimulating factors (G-CSF) which induce proliferation of neutrophils.8
Filgrastim,9 tbo-filgrastim10 and pegfilgrastim11 are all indicated to prevent febrile neutropenia, typically in patients with non-myeloid malignancies undergoing
myelosuppressive chemotherapy. Febrile neutropenia can have a dose-limiting effect on chemotherapy, resulting in interruption of therapy, hospitalizations
and intensive antibiotics.6 The benefit of primary CSF prophylaxis in reducing hospitalizations, the need for antibiotics and rates of neutropenic fever in adults
has been established but the impact on survival is less clear.6 Established guidelines identify patients at highest risk for complications from chemotherapyinduced febrile neutropenia.6 However, as much as 28% of patients are treated outside of guideline recommendations to lower risk of complications of febrile
neutropenia.12 CSFs are not used prophylactically in all patients because of safety concerns regarding the risk of developing secondary myelodysplastic syndrome
or acute myeloid leukemia and rare cases of splenic rupture, even in healthy stem cell donors.6 The most consistently observed toxicity is bone pain.6 Treating
off-label chemotherapy-induced febrile neutropenia in patients with leukemia or myelodysplastic syndrome is controversial because of the increased risk of
stimulating the cancerous cell lines.6
Filgrastim is also indicated to speed myeloid recovery (engraftment) in harvesting of peripheral blood progenitor cells for transplant and for other neutropenias
(Table 1).9 G-CSFs are also used off-label for neutropenia induced from Hepatitis C (HCV) treatment or from AIDs, aplastic anemia, and Crohn’s disease.9,10,11
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Sargramostim is used primarily to speed engraftment after allogeneic or autologous bone marrow transplantation or following the harvesting of peripheral
blood progenitor cells for transplant or graft.13 Quick myeloid recovery (engraftment) in patients undergoing a bone marrow or peripheral blood progenitor cell
transplant reduces the risk or duration of FN in both situations.13
Filgrastim9 and sargramostim13 are given daily subcutaneously (SQ) or by intravenous infusion and dosed to response for the chemotherapy cycle or
transplantation. Tbo-filgrastim10 is available as only a daily SQ formulation. Pegfilgrastim is a pegylated formulation of filgrastim and is dosed SQ one time per
chemotherapy cycle.11
Tbo-filgrastim was approved in Europe on a biosimilar application to the reference drug filgrastim. However, in the United States it was approved on a standard
biological application with clinical trials. Another drug, lipefilgrastim, is under currently review by the FDA on a biosimilar application to the reference drug
pegfilgrastim.
Table 1: Colony stimulating factor indications
Drug
FDA Labeled Indications
-

filgrastim
(G-CSF)9

tbo-filgrastim
(G-CSF)10
pegfilgrastim
(G-CSF)11

sargramostim
(GM-CSF)13

-

Off-label indications

Febrile neutropenia, In non-myeloid malignancies, in patients undergoing myeloablative
chemotherapy followed by marrow transplantation; Prophylaxis
Febrile neutropenia, In non-myeloid malignancies following myelosuppressive chemotherapy;
Prophylaxis
Febrile neutropenia, In patients with acute myeloid leukemia receiving chemotherapy; Prophylaxis
Harvesting of peripheral blood stem cells
Neutropenic disorder, chronic (Severe), Symptomatic

-

Agranulocytosis
AIDS / Hep C- Neutropenia
Aplastic anemia
Febrile neutropenia
Febrile neutropenia, In myeloid malignancies following
bone marrow transplant; Prophylaxis’
Infectious disease; Prophylaxis
Leukemia
Myelodysplastic syndrome
Neutropenia - Pre-eclampsia

-

Neutropenia (Severe), In non-myeloid malignancies following myelosuppressive chemotherapy;
Prophylaxis

-

Febrile neutropenia, In patients with non-myeloid malignancies; Prophylaxis

-

Harvesting of peripheral blood stem cells, Prior to
autologous stem-cell transplantation

-

Allogeneic bone marrow transplantation, Myeloid reconstitution in HLA-matched related donors
Autologous bone marrow transplant, Myeloid reconstitution following transplant in patients with
non-Hodgkin's lymphoma, Hodgkin's disease, and acute lymphoblastic lymphoma
Bone marrow transplant, Delay or failure of myeloid engraftment
Febrile neutropenia, In acute myelogenous leukemia following induction chemotherapy;
Prophylaxis
Harvesting of peripheral blood stem cells
Peripheral blood stem cell graft, Autologous, myeloid reconstitution following transplant in
patients mobilized with granulocyte macrophage colony stimulating factor

-

Crohn's disease
Febrile neutropenia, In non-myeloid malignancies
following myelosuppressive chemotherapy; Prophylaxis
Malignant melanoma
Myelodysplastic syndrome
Neutropenic disorder - Sepsis of the newborn
Pulmonary alveolar proteinosis
Wound care

-

-
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Methods:
A Medline literature search for new systematic reviews and randomized controlled trials (RCTs) from July week 2 2012 to week 2 November 2014 assessing
clinically relevant outcomes of filgrastim, tbo-filgrastim, pegfilgrastim or sargramostim to placebo or active controls was conducted with limits for humans and
English. Search terms included filgrastim, tbo-filgrastim, pegfilgrastim, sargramostim, XM-22, XM,-02, graulocyte colony-stimulating factor or granulocytemacrophage colongy-stimulating factor and febrile neutropenia or peripheral blood stem cell transplantation. The OHSU Drug Effectiveness Review Project,
Agency for Healthcare Research and Quality (AHRQ), Cochrane Collection, National Institute for Health and Clinical Excellence (NICE), Department of Veterans
Affairs, BMJ Clinical Evidence, Dynamed, and the Canadian Agency for Drugs and Technologies in Health (CADTH) resources were manually searched for high
quality and relevant systematic reviews. The FDA website was searched for new drugs, indications, and safety alerts, and the AHRQ National Guideline
Clearinghouse (NGC) was searched for updated and recent evidence‐based guidelines. The primary focus of the evidence is on high quality systematic reviews
and evidence-based guidelines. Randomized controlled trials will be emphasized if evidence is lacking or insufficient from those preferred sources.
After review of the citations from Medline and the manual searches, two updated guidelines, 2 RCTs comparing filgrastim to pegfilgrastim and 3 RCTs comparing
tbo-filgrastim to placebo were included.
Systematic Reviews:
One systematic review of 3 clinical trials comparing tbo-filgrastim to filgrastim for prophylaxis of febrile neutropenia associated with myelosuppressive therapy
for non-myeloid malignancy has been published but was unavailable in full-text at the time of writing this review.14 The RCTs are reviewed individually below.
New Guidelines:
National Comprehensive Cancer Network6 updated their consensus oncology practice guidelines for the use of myeloid growth factors (i.e. CSFs). The focus is to
identify patients at high risk for febrile neutropenia for prophylactic CSF therapy. The guidelines align with Guideline Note 11 of the Prioritized List of Services
(Appendix 6).15 The guidelines identify sargramostim as having lower quality evidence for prophylaxis of febrile neutropenia in the oncology setting. It updates
recommendations of timing of pegfilgrastim administration but makes no recommendation as to which of the remaining three products to use preferentially. It
includes a new section on tbo-filgrastim.
The NICE pathway for prevention of neutopenic sepsis in cancer patients was updated in 2014.7 The only mention of CSFs was “Do not routinely offer G-CSF for
the prevention of neutropenic sepsis in adults receiving chemotherapy unless they are receiving G-CSF as an integral part of the chemotherapy regimen or in
order to maintain dose intensity.”
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Randomized Controlled Trials:
Table 2: Potentially relevant comparative trials
Study
Comparison
16
Cesaro S., et al.
32 patients got pegfilgrastim
100mcg/kg x 1 dose versus
RCT, open label,
29 patients got daily filgrastim
non-inferiority
5mcg/kg/day x 9 doses
Δ=3 days
Shi Y-K, et al.17
Arm 1 (n=173): single dose of
RCT, open-label, pegylated filgrastim 100 µg/kg in
crossover, noncycle 1 and daily doses of
inferiority study
filgrastim 5 µg/kg/day in cycle 2
(Δ not reported)
Arm 2 (n=164): daily doses of
filgrastim 5 µg/kg/day in cycle 1
and a single dose of pegylated
filgrastim 100 µg/kg in cycle 2

Population
Pediatric patients who underwent
autologous peripheral blood stem
cell transplant.
20% had lymphoma/leukemia and
80% had solid tumors
Adults with malignant solid
turmors, chemotherapy-naïve; life
expectancy of >3 months, normal
bone marrow function

Primary Outcome
mean number of days to
recovery of
polymorphonuclear cells

rate of protection against
grade 4 neutropenia after
chemotherapy

Results
filgrastim: 10.48 (SD 1.57)
pegfilgrastim: 10.44 (SD 2.44)
non-inferiority endpoint was
reached
“In cycle 1, the rates of protection
were 89.7% (pegylated filgrastim)
and 89.5% (filgrastim). In cycle 2,
no episodes of grade 4
neutropenia occurred.”
“The protective rates of pegylated
filgrastim did not differ
significantly from the protective
rates of filgrastim.”

New Safety Alerts, Indications:
No new safety alerts or FDA indications.
New Drug Evaluation: tbo-filgrastim
The FDA approved tbo-filgrastim based upon 2 Phase I5,18 and 3 Phase 3 studies.2,3,4 Only del Giglio A, et al.2 was a pivotal, equivalence study with the remaining
two being primarily safety and pharmacokinetic studies that also evaluated efficacy outcomes.3,4
FDA approved indications: Prophylaxis of febrile neutropenia, in patients with non-myeloid malignancies following myelosuppressive chemotherapy.
Potential Off-label Use: Treatment and prevention of neutropenia from other causes, peripheral blood stem cell transplantation and other indications listed in
Table 1.
Clinical Efficacy Data: Tbo-filgrastim was compared to filgrastim in patients with breast cancer,2 non-Hodgkin lymphoma3 and lung cancer4 taking
myelosuppressive chemotherapies. The studies were of poor to fair quality due to lack of complete blinding, no description of randomization processes and lack
of power analyses. The safety studies did not identify a primary outcome and considered efficacy outcomes exploratory. Tbo-filgrastim was superior to
placebo on the outcome of duration of severe neutropenia, defined as the number of days with grade 4 neutropenia with an ANC <0.5 × 109/L (1.1 days versus
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3.8 days, p <0.0001). No difference was found between tbo-filgrastim and filgrastim in any of the studies for the outcomes of duration of neutropenia and
incidence of febrile neutropenia.
Clinical Safety: The FDA safety review notes that 750 patients and healthy volunteers have received one dose of tbo-filgrastim. Bone pain was observed in 24%
of patients on tbo-filgrastim and 31% of patients on filgrastim.18 No new safety concerns were raised and the safety profile of tbo-filgrastim was equivalent to
that of filgrastim.18

COMPARATIVE CLINICAL EFFICACY
Relevant Endpoints:
1) Mortality
2) Infections requiring treatment or hospitalization
3) Withdrawal due to adverse events

Primary Study Endpoint:
1) Mean duration in days of severe neutropenia in cycle 1
2) Incidence of observed febrile neutropenia
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Comparative Evidence Table
Ref./
Study
Design
del Giglio A,
2
et al.

Drug Regimens/
Duration

Patient Population

N

Efficacy Outcomes

1. tbo-filgrastim (T):
5 mcg/kg/day

Withdrew due to
Adverse Event:

2. Neuopogen™ (N)
5 mcg/kg/day

ITT:
T:140
N:136
P:72

Primary Outcome:
Mean duration of severe
neutropenia (DSN) defined

RCT; Phase
3;

Demographics:
Female: >99%
Age: 51 (25-75)
Caucasian: 85%
2
BMI: 28 kg/m
Cancer Stage
II: ~22%
II: ~53%
IV: ~25%

as the number of days
with grade 4 neutropenia
with an ANC <0.5 ×
109/L. in cycle 1:

T: 2 (1.4%)
P: 4 (5.6%)
ARR: 4.2%

52 centers;
10 countries
(researchers
from South
America &
Eastern
Europe)
Dec. 2004 to
Sep. 2005

3. placebo (P) switched to T after
cycle 1.
Starting one day
after chemotherapy, patients
received daily
injections for 5-14
days; stopped
when an
ANC of ≥
9
10 × 10 /L after
nadir was reached.
Patients underwent
a maximum of 4 -3
week cycles of
doxorubicin
2
60 mg/m
(i.v. bolus injection)
and docetaxel 75
2
mg/m
(at least 1 hour
infusion).

Inclusion Criteria:
>18 years old
- breast cancer high
risk stage II, III or IV
(per AJCC)
-planned/eligible to
receive treatment
with docetaxel /
doxorubicin
9
- ANC ≥1.5 × 10 /L
-platelet count
9
≥100 × 10 /L
-adequate cardiac
function (LVEF ≥
50% as assessed by
ECG <4 weeks prior
to randomization)
- ALT/AST <2.5 ×
ULN, alkaline
phosphatase <5 ×
ULN, bilirubin <ULN,
- SCr <1.5 × ULN.
Exclusion Criteria:
-not reported

PP:
Not reported
Attrition:
Not reported

ARR/NNT

Safety Outcomes

N: 3 (2.2%)
P: 4 (5.6%)
ARR: 3.4%

T: 1.1 days
P: 3.8 days
Difference: 2.7 days
18
p<0.0001

NA

N: 1.1 days
P: 3.8 days
Difference: 2.7 days

T-N ARR:
0.8%

Quality Rating/
Internal Validity Risk of Bias/
Applicability Concerns
Quality Rating: Fair
Internal Validity (Risk of Bias):
Selection: (Mod) “randomized” not
described
Performance: (Mod) – un-blinded
because T, N formulated in different
volumes.
Detection: (Low) investigator/assessor
blinded; used objective outcomes
Attrition: (Mod); equivalence trial ITT
reported in tables but text specifies PP
used for primary analysis and is
recommended for equivalence trials.
Attrition not reported and sample size
calculation not reported.
Applicability:
Patient: Patient group likely more
healthy than typical patients
Intervention: no description; assume
same as commercially available.
Comparator: Neupogen™
Outcomes: Objective, clinical outcomes
but, unclear relationship to mortality.
Setting: Unclear how standards of care in
research sites compare to Oregon.

Least square mean:
T: 1.119 days
N: 1.087 days
Difference: 0.032 days
95% CI ( -0.262 days, 0.325
days)

Secondary Outcomes:
Incidence of observed
febrile neutropenia
T: 12.1%
P: 36.1%
ARR: 24%

ARR/NNH

T-N ARR:
0.4%

Analysis:
Equivalence of T and N was assessed
using per protocol data. A difference of
1 day was considered
to be the maximum clinically acceptable
difference. The least square mean of
DSN in cycle 1 was 1.119 and 1.087 days
in the T and N group, respectively.
ANCOVA calculated 2-sided 95% CI for "T
– N” was [-0.262 days,0.325 days],
which was entirely included in the pre-
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N: 12.5%
P: 36.1%
ARR: 23.6%
3

Engert et al.
RCT; Phase 3

1. tbo-filgrastim (T)
5 mcg/kg/day

29 centers in
8 countries
(researchers
from Eastern
Europe &
South
America)

2. Neuopogen™
5 mcg/kg/day

Dec. 2004 to
Mar. 2006

Study drug had to
be stopped when an
9
ANC of > 10 x 10 /L
after nadir was
reached.

x 5-14 days for first
cycle. All patients
received T in subsequent cycles.

Patients got a
maximum of 6 – 3
week cycles of
chemo.

Demographics:
Female: 48%
Age: 53 (18-83)
Caucasian: 88%
2
BMI: ~26 kg/m
Inclusion Criteria:
->18 years old
-aggressive NHL
- planned/eligible
to receive CHOP
-life expectancy >6
months
- IPI score <3
9
- ANC >1.5x 10 /L
-platelet count >100
9
x 10 /L
-adequate hepatic,
cardiac, and renal
function for the
chemotherapy
regimen.

ITT:
T: 63
N: 29
PP:
Total: 76
(17.4% nonadherence
rate)
Attrition:
Total: 1
(0.1%)

No primary outcome
designated.

Withdrawals due
to Adverse Event.

Mean duration of severe
neutropenia defined as

Total: 5 (5.4%)
not reported
separately

the number of days
with grade 4 neutropenia
with an ANC <0.5 × 109/L

NA

in cycle 1:
T: 0.5 days
N: 0.2 days
p-value = 0.1055

NA

Incidence of observed
febrile neutropenia during
first cycle:

specified equivalence range [-1, 1], thus,
equivalence was concluded.
Results for the full analysis set were
similar and confirmed equivalence of T
and N.
Quality Rating: Poor

NA

Internal Validity (Risk of Bias):
Selection: (Mod) “randomized” without
description. >10% differences noted in
gender, NHL types between groups.
Performance: (Mod) administered by
unblended personnel as formulations
looked different.
Detection: (Low) investigator/assessor
blinded; objective outcomes
Attrition: ITT used; multiple outcomes
increases potential for α-error; small
sample size increases potential for βerror for safety. No sample size
calculation provided.
Applicability:
Patient: patients likely more healthy
than typical NHL patient.
Intervention: no description; assume
same as commercially available.
Comparator: Neupogen™
Outcomes: Objective, clinical outcomes
but, unclear relationship to mortality.
Setting: Unclear how standards of care in
research sites compare to Oregon.

T: 11.1%
N: 20.7%
p-value 0.1232

Exclusion Criteria:
Not reported.

Analysis:
All analyses of efficacy endpoints were
done without alpha adjustment and
were interpreted as descriptive /
exploratory analyses.
Gatzemeier
4
et al.

1.tbo-filgrastim (T)
5 mg/kg/day

RCT, Phase 3

2. Neuopogen™ (N)

Demographics:
Female: 22%
Age: 58 (34-78)

ITT
T: 160
N: 80

No primary outcome
designated.

Quality Rating: Poor

Mean duration of severe

31 patients
(13.1%)
discontinued the

Internal Validity (Risk of Bias):
Selection: (Mod) “randomized” without
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5 mg/kg/day
47 centers
and 11
countries
(researchers
from Eastern
Europe &
South
America)
Dec. 2004 to
Dec. 2005

X 5-14 days for first
cycle then all
patient received T
thereafter.
Study drug had to
be stopped when an
9
ANC of > 10 x 10 /L
after nadir was
reached.
All patient got
maximum of 6 – 3
to 4 week cycles

Caucasian: 95%
2
BMI: 24 kg/m
Inclusion Criteria:
>18 years old
-small cell or nonsmall cell lung
cancer
-planned platinumbased
chemotherapy
-chemotherapy
naïve or no more
than 1 cycle.
9
- ANC >1.5 x 10 /L
-platelet count >100
9
x 10 /L,
-adequate hepatic,
cardiac, and renal
function for the
chemotherapy
regimen.

PP
“219 (91.3%)
completed
cycle 1”

neutropenia defined as

the number of days
with grade 4 neutropenia
with an ANC <0.5 × 109/L

NA

study due to a
adverse event
(differential not
reported)

in cycle 1:
Attrition not
reported.

T: 0.5 days
N: 0.3 days
p-value not reported
Incidence of observed
febrile neutropenia during
first cycle:

NA

T: 15.0%
N: 8.8%
p-value not reported

description. Groups similar at baseline.
Performance: (Mod) blinding not
described
Detection: (High) blinding not described
Attrition: ITT used; multiple outcomes
increases potential for α-error; small
sample size increases potential for βerror.
Applicability:
Patient: patients likely more healthy
than typical NHL patients;
overwhelmingly Caucasian.
Intervention: no description; assume
same as commercially available.
Comparator: Neupogen™
Outcomes: Objective, clinical outcomes
but, unclear relationship to mortality.
Setting: Unclear how standards of care in
research sites compare to Oregon.
Analysis:
All analyses of efficacy endpoints were
done without alpha adjustment and
were interpreted as
descriptive/exploratory analyses.

Exclusion Criteria:
Not reported.

The sample size of 240 has a 70%
probability of detecting 1 case of AE
which has an incidence rate of 0.5% or
91% for an incidence rate of 1%.
Key [alphabetical order]: AJCC = American Joint Committee on Cancer; ALT/AST = alanine and aspartate aminotransferases; ANC = absolute neutrophil count; ARR = absolute risk reduction; CHOP =
cyclophosphamide, hydroxydaunorubicin, oncovin (vincristine) and prednisone; CI = confidence interval; ECG = electrocardiography; DSN = duration of severe neutropenia; IPI = international prognostic
index; ITT = intention to treat; LVEF = left ventricular ejection fraction; mITT = modified intention to treat; N = number of subjects; NA = not applicable; NHL = non-Hodgkin lymphoma; NNH = number,
needed to harm; NNT = number needed to treat; PP = per protocol; RCT=Randomized Controlled Trial; RR = relative risk; SCr = serum creatinine; ULN = upper limit of normal.

9
Author: Ketchum

12/29/2014 1:09 PM
144

References:
1.
Burns A. Abbreviated Class Update: Colony Stimulating Factors. 2012. Available at: http://www.orpdl.org/durm/drug_articles/reviews/2012_09_27_CSF_CU.pdf.
Accessed November 24, 2014.
TM

2.
Del Giglio A, Eniu A, Ganea-Motan D, Topuzov E, Lubenau H. XM02 is superior to placebo and equivalent to Neupogen in reducing the duration of severe neutropenia
and the incidence of febrile neutropenia in cycle 1 in breast cancer patients receiving docetaxel/doxorubicin chemotherapy. BMC Cancer 2008;8(1):332. doi:10.1186/1471-24078-332.
3.
Engert A, Griskevicius L, Zyuzgin Y, Lubenau H, del Giglio A. XM02, the first granulocyte colony-stimulating factor biosimilar, is safe and effective in reducing the duration
of severe neutropenia and incidence of febrile neutropenia in patients with non-Hodgkin lymphoma receiving chemotherapy. Leuk Lymphoma 2009;50(3):374-379.
doi:10.1080/10428190902756081.
4.
Gatzemeier U, Ciuleanu T, Dediu M, Ganea-Motan E, Lubenau H, Del Giglio A. XM02, the first biosimilar G-CSF, is safe and effective in reducing the duration of severe
neutropenia and incidence of febrile neutropenia in patients with small cell or non-small cell lung cancer receiving platinum-based chemotherapy. Journal of Thoracic Oncology
2009;4(6):736–740.
5.
U.S. Food and Drug Administration: Drugs@ FDA. Summary Review: tbo-filgrastim (aka XM-02). 2012. Available at:
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/125294Orig1s000SumR.pdf. Accessed November 24, 2014.
6.

Crawford J, Armitage J, Balducci L, et al. Myeloid Growth Factors. J Natl Compr Canc Netw 2013;11(10):1266-1290.

7.
NICE. Neutropenic sepsis: prevention and management of neutropenic sepsis in cancer patients. 2012. Available at:
http://www.nice.org.uk/guidance/cg151/resources/guidance-neutropenic-sepsis-prevention-and-management-of-neutropenic-sepsis-in-cancer-patients-pdf. Accessed
September 22, 2014.
8.
Kaushansky K, Kipps TJ. Chapter 37. Hematopoietic Agents: Growth Factors, Minerals, and Vitamins. In: The Pharmacological Basis of Therapeutics. 12th ed. United
States: McGraw-Hill Companies. Available at:
http://accesspharmacy.mhmedical.com.liboff.ohsu.edu/content.aspx?bookid=374&sectionid=41266245&jumpsectionID=41277139&Resultclick=2. Accessed November 25,
2014.
9.
Filgrastim. In: Drug Point Summary. (Micromedex 2.0) [online database]. United States: Truven Health Analytics; 2014. Available at:
http://www.micromedexsolutions.com.liboff.ohsu.edu/micromedex2/librarian/. Accessed November 25, 2014.
10.
Tbo-filgrastim In: Drug Point Summary. (Micromedex 2.0) [online database]. United States: Truven Health Analytics; 2014. Available at:
http://www.micromedexsolutions.com.liboff.ohsu.edu/micromedex2/librarian/. Accessed November 25, 2014.
11.
Pegfilgrastim In: Drug Point Summary. (Micromedex 2.0) [online database]. United States: Truven Health Analytics; 2014. Available at:
http://www.micromedexsolutions.com.liboff.ohsu.edu/micromedex2/librarian/. Accessed November 25, 2014.

10
Author: Ketchum

12/29/2014 1:09 PM
145

12.
Freifeld A, Sankaranarayanan J, Ullrich F, Sun J. Clinical practice patterns of managing low-risk adult febrile neutropenia during cancer chemotherapy in the USA.
Support Care Cancer 2008;16(2):181-191. doi:10.1007/s00520-007-0308-x.
13.
Sargramostim In: Drug Point Summary. (Micromedex 2.0) [online database]. United States: Truven Health Analytics; 2014. Available at:
http://www.micromedexsolutions.com.liboff.ohsu.edu/micromedex2/librarian/. Accessed November 25, 2014.
14.
Engert A, del Giglio A, Bias P, Lubenau H, Gatzemeier U, Heigener D. Incidence of febrile neutropenia and myelotoxicity of chemotherapy: a meta-analysis of biosimilar
G-CSF studies in breast cancer, lung cancer, and non-Hodgkin’s lymphoma. Onkologie 2009;32(10):599-604. doi:http://dx.doi.org/10.1159/000232580.
15.
Prioritized List of Health Services. 2014. Available at: http://www.oregon.gov/oha/herc/PrioritizedList/10-12014%20Prioritized%20List%20of%20Health%20Services.pdf. Accessed November 25, 2014.
16.
Cesaro S, Nesi F, Tridello G, et al. A Randomized, Non-Inferiority Study Comparing Efficacy and Safety of a Single Dose of Pegfilgrastim versus Daily Filgrastim in Pediatric
Patients after Autologous Peripheral Blood Stem Cell Transplant. Glod JW, ed. PLoS ONE 2013;8(1):e53252. doi:10.1371/journal.pone.0053252.
17.
Shi Y, Chen Q, Zhu Y, et al. Pegylated filgrastim is comparable with filgrastim as support for commonly used chemotherapy regimens: a multicenter, randomized,
crossover phase 3 study. Anti-Cancer Drugs 2013;24(6):641-7. doi:http://dx.doi.org/10.1097/CAD.0b013e3283610b5d.
18.
FDA Oncologic Drug Advisory Committee Briefing Materials: tbo-filgrastim. 2013. Available at:
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/MedicalImagingDrugsAdvisoryCommittee/UCM350157.pdf. Accessed July 3, 2014.
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Appendix 2: Abstracts of Clinical Trials
1) Title
A randomized, non-inferiority study comparing efficacy and safety of a single dose of pegfilgrastim versus daily filgrastim in pediatric patients
after autologous peripheral blood stem cell transplant.
Source
PLoS ONE [Electronic Resource]. 8(1):e53252, 2013.
Abstract PURPOSE: To assess the non-inferiority of pegfilgrastim versus filgrastim in speeding the recovery of polymorphonuclear cells (PMN) in
pediatric patients who underwent autologous peripheral blood stem cell transplant (PBSCT).
METHODS: The sample size of this randomized, multicenter, phase III study, was calculated assuming that a single dose of pegfilgrastim of 100 ug/kg
was not inferior to 9 doses of filgrastim of 5 ug/kg/day. Randomization was performed by a computer-generated list and stored by sequentially
numbered sealed envelopes.
RESULTS: Sixty-one patients, with a median age of 11.5 years, were recruited: 29 in the filgrastim arm and 32 in the pegfilgrastim arm. Twenty
percent were affected by lymphoma/leukaemia and eighty percent by solid tumors. The mean time to PMN engraftment was 10.48 days (standard
deviation [SD] 1.57) and 10.44 days (SD 2.44) in the filgrastim and pegfilgrastim arms, respectively. Having fixed a non-inferiority margin Delta of 3,
the primary endpoint of non-inferiority was reached. No differences were observed for other secondary endpoints: platelet engraftment, mean time
to platelet recovery (28 days vs. 33 days), fever of unknown origin (79% vs. 78%), proven infection (34% vs. 28%), mucositis (76% vs. 59%). After a
median follow-up of 2.3 years (95% C.I.: 1.5, 3.3), 20 deaths were observed due to disease progression.
CONCLUSIONS: We conclude that pegfilgrastim was not inferior to daily filgrastim in pediatric patients who underwent PBSCT. EU CLINICAL TRIAL
REGISTER
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2) Title Pegylated filgrastim is comparable with filgrastim as support for commonly used chemotherapy regimens: a multicenter, randomized, crossover phase 3
study.
Source Anti-Cancer Drugs. 24(6):641-7, 2013 Jul.
Abstract
The purpose of this study was to compare the efficacy and safety of a single subcutaneous injection of pegylated filgrastim with daily
filgrastim as a prophylaxis for neutropenia induced by commonly used chemotherapy regimens. Fifteen centers enrolled 337 chemotherapy-naive cancer
patients with normal bone marrow function. All patients randomized into AOB and BOA arms received two cycles of chemotherapy. Patients received a
single dose of pegylated filgrastim 100 g/kg in cycle 1 (AOB) or cycle 2 (BOA) and daily doses of filgrastim 5 g/kg/day in cycle 1 (BOA) or cycle 2 (AOB).
Efficacy and safety parameters were recorded. The primary end point was the rate of protection against grade 4 neutropenia after chemotherapy
[defined as the rate at which the absolute neutrophil count (ANC) remained >0.5x10(9)/l throughout the entire cycle]. Ninety-four percent of patients
receiving pegylated filgrastim or filgrastim did not develop grade 4 neutropenia. The incidence of ANC<1.0x10(9)/l was 16.0% (50/313) after support
with either pegylated filgrastim or filgrastim. The incidences of febrile neutropenia and antibiotic administration were similar in both groups. Notably,
faster ANC recovery was observed with pegylated filgrastim support. The ANC nadir was also earlier with pegylated filgrastim (day 7) support than with
filgrastim support (day 9), although the depth of nadir was not significantly different. A single subcutaneous injection of pegylated filgrastim 100 mug/kg
provided adequate and safe neutrophil support comparable with daily subcutaneous injections of unmodified filgrastim 5 mug/kg/day in patients
receiving commonly used standard-dose mild-to-moderate myelosuppressive chemotherapy regimens.
3) Title XM02 is superior to placebo and equivalent to Neupogen in reducing the duration of severe neutropenia and the incidence of febrile neutropenia in
cycle 1 in breast cancer patients receiving docetaxel/doxorubicin chemotherapy.
Source BMC Cancer. 8:332, 2008.
Abstract
BACKGROUND: Recombinant granulocyte colony-stimulating factors (G-CSFs) such as Filgrastim are used to treat chemotherapy-induced
neutropenia. We investigated a new G-CSF, XM02, and compared it to Neupogen after myelotoxic chemotherapy in breast cancer (BC) patients.
METHODS: A total of 348 patients with BC receiving docetaxel/doxorubicin chemotherapy were randomised to treatment with daily injections
(subcutaneous 5 microg/kg/day) for at least 5 days and a maximum of 14 days in each cycle of XM02 (n = 140), Neupogen (n = 136) or placebo (n = 72).
The primary endpoint was the duration of severe neutropenia (DSN) in cycle 1.
RESULTS: The mean DSN in cycle 1 was 1.1, 1.1, and 3.9 days in the XM02, Neupogen, and placebo group, respectively. Superiority of XM02 over placebo
and equivalence of XM02 with Neupogen could be demonstrated. Toxicities were similar between XM02 and Neupogen.
CONCLUSION: XM02 was superior to placebo and equivalent to Neupogen in reducing DSN after myelotoxic chemotherapy.
4) Title XM02, the first granulocyte colony-stimulating factor biosimilar, is safe and effective in reducing the duration of severe neutropenia and incidence of
febrile neutropenia in patients with non-Hodgkin lymphoma receiving chemotherapy.
Source Leukemia & Lymphoma. 50(3):374-9, 2009 Mar.
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Abstract
Recombinant granulocyte colony-stimulating factors (G-CSFs) such as filgrastim or lenograstim are being used to treat chemotherapyinduced neutropenia. The aim of the present study was to investigate a new G-CSF, XM02, in comparison to filgrastim in terms of safety and efficacy in
the prevention of chemotherapy-induced neutropenia in non-Hodgkin-lymphoma (NHL). A total of 92 patients receiving chemotherapy were randomised
in cycle 1 to treatment with daily injections (subcutaneous 5 microg/kg/day) of XM02 (n = 63) or filgrastim (n = 29) for at least 5 days and a maximum of
14 days. In subsequent cycles, all patients received XM02. The mean duration of severe neutropenia (DSN) was 0.5 and 0.9 days in cycle 1 for XM02 and
filgrastim, respectively (p = 0.1055). In cycle 1, the incidence of febrile neutropenia (FN) was 11.1% for XM02 and 20.7% for filgrastim (p = 0.1232). The
adverse event profile was similar between XM02 and filgrastim. XM02 demonstrated equivalent efficacy and similar safety profile as the reference
medication filgrastim. Treatment with XM02 is as beneficial as filgrastim in ameliorating severe neutropenia and FN in patients with NHL receiving
chemotherapy. XM02 is safe and well tolerated in the doses applied in this study.
5) Title XM02, the first biosimilar G-CSF, is safe and effective in reducing the duration of severe neutropenia and incidence of febrile neutropenia in patients
with small cell or non-small cell lung cancer receiving platinum-based chemotherapy.
Source Journal of Thoracic Oncology: Official Publication of the International Association for the Study of Lung Cancer. 4(6):736-40, 2009 Jun.
Abstract
BACKGROUND: Recombinant granulocyte colony-stimulating factors such as Neupogen are used to treat chemotherapy-induced
neutropenia. The aim of the study was to show that a new granulocyte colony-stimulating factor, XM02, is as safe and effective as Neupogen in the
treatment of chemotherapy-induced neutropenia in patients with small cell or non-small cell lung cancer.
PATIENTS AND METHODS: A total of 240 patients receiving platinum-based chemotherapy were randomized in cycle 1 to treatment with daily injections
(subcutaneous 5 microg/kg/d) of XM02 (n = 160) or Filgrastim Neupogen (n = 80) for at least 5 days and a maximum of 14 days. In subsequent cycles, all
patients received XM02.
RESULTS: The mean duration of severe neutropenia was 0.5 and 0.3 days in cycle 1 for XM02 and Filgrastim, respectively. In the analysis of covariance
for duration of severe neutropenia in cycle 1, the estimated treatment difference "XM02 minus Filgrastim" was 0.157 days, with 95% confidence level (0.114 days, 0.428 days), which was included in the prespecified equivalence range (-1, 1). There was no statistically significant difference of the end
point incidence of febrile neutropenia in cycle 1 between XM02 and Filgrastim (p = 0.2347). The adverse event profile was similar between XM02 and
Filgrastim.
CONCLUSION: XM02 demonstrated similar efficacy and safety profile as the reference medication Filgrastim in cycle 1. In conclusion, treatment with
XM02 is beneficial in ameliorating severe neutropenia and febrile neutropenia in lung cancer patients receiving myelosuppressive chemotherapy. XM02
is safe and well tolerated in the doses applied in this study.
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Appendix 3: Highlights of Prescribing Information
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Appendix 5: Current Prior Authorization Criteria
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Appendix 6: Oregon Health Plan List of Prioritized Services: Guideline Note 1115
GUIDELINE NOTE 11, COLONY STIMULATING FACTOR (CSF) GUIDELINES
Lines 79,102,103,105,123-125,131,144,159,165,166,168,170,181,197,198,206-208,218,220,221,228,229,231,243,249,252,275278,280,287,292,310-312,314,320,339-341,356,459,622
A) CSF are not indicated for primary prophylaxis of febrile neutropenia unless the primary chemotherapeutic regimen is known to
produce febrile neutropenia at least 20% of the time. CSF should be considered when the primary chemotherapeutic regimen
is known to produce febrile neutropenia 10-20% of the time; however, if the risk is due to the chemotherapy regimen, other
alternatives such as the use of less myelosuppressive chemotherapy or dose reduction should be explored in this situation.
B) For secondary prophylaxis, dose reduction should be considered the primary therapeutic option after an episode of severe or
febrile neutropenia except in the setting of curable tumors (e.g., germ cell), as no disease free or overall survival benefits have
been documented using dose maintenance and CSF.
C) CSF are not indicated in patients who are acutely neutropenic but afebrile.
D) CSF are not indicated in the treatment of febrile neutropenia except in patients who received prophylactic filgrastim or
sargramostim or in high risk patients who did not receive prophylactic CSF. High risk patients include those age >65 years or
with sepsis, severe neutropenia with absolute neutrophil count <100/mcl, neutropenia expected to be more than 10 days in
duration, pneumonia, invasive fungal infection, other clinically documented infections, hospitalization at time of fever, or prior
episode of febrile neutropenia.
E) CSF are not indicated to increase chemotherapy dose-intensity or schedule, except in cases where improved outcome from
such increased intensity has been documented in a clinical trial.
F) CSF (other than pegfilgrastrim) are indicated in the setting of autologous progenitor cell transplantation, to mobilize peripheral
blood progenitor cells, and after their infusion.
G) CSF are NOT indicated in patients receiving concomitant chemotherapy and radiation therapy.
H) There is no evidence of clinical benefit in the routine, continuous use of CSF in myelodysplastic syndromes. CSF may be
indicated for some patients with severe neutropenia and recurrent infections, but should be used only if significant response is
documented.
I) CSF is indicated for treatment of cyclic, congenital and idiopathic neutropenia.
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Class Update: Vascular Endothelial Growth Factor (VEGF) Inhibitors
Month/Year of Review: January 2015
PDL Class: Ophthalmic VEGF Inhibitors

Last Review: November 2012

Current Status of Preferred Drug List (PDL) Class:
 Preferred Agents: BEVACIZUMAB (AVASTIN ®)
 Non Preferred Agents: AFLIBERCEPT (EYLEA ®), RANIBIZUMAB (LUCENTIS ®), PEGAPTANIB (MACUGEN ®)

Research Questions:
 Is there new comparative effectiveness or safety evidence since the last review of VEGF inhibitors for ocular disorders to warrant a change to the preferred
drug list (PDL)?
 Is there evidence that there is a difference in efficacy or safety between any VEGF inhibitors for the treatment of neovascular age‐related macular
degeneration, diabetic macular edema (DME), or macular edema following retinal vein occlusion (RVO)?
Conclusions:
 There is high quality evidence of no difference between bevacizumab and ranibizumab for the treatment of neovascular age‐related macular degeneration
(AMD) in gain in visual acuity at one year (RR 0.90; 95% CI 0.73 to 1.11) or loss of visual acuity (RR 1.00; 95% CI 0.98 to 1.02).1 Two studies have confirmed
that there is no difference in efficacy at two years.2
 There is moderate quality evidence of no difference serious ocular adverse events between bevacizumab and ranibizumab in the treatment of neovascular
AMD. 1
 For the treatment of neovascular AMD, there was moderate quality evidence of no significant difference in risk of death between bevacizumab and
ranibizumab (3.7% vs. 3.4%; RR 1.10; 95% CI 0.78 to 1.57); p=0.59). 3
 There is moderate to high quality evidence that anti‐VEGF therapy improves visual acuity in patients with diabetic macular edema (DME) relative to laser
treatment and sham injection, with similar improvements across agents.
 There is conflicting evidence regarding the comparative risk of serious systemic adverse events between bevacizumab and ranibizumab. A recent Cochrane
Collaboration systematic review found low quality evidence of no difference in serious systemic adverse events (RR 1.08; 95% CI 0.90 to 1.31; p=0.41);
however, when removing unpublished trials there was a significant difference favoring ranibizumab. The current evidence remains imprecise and suggests
that if a difference does exist, it is likely to be small. There is evidence of no difference in arterial thrombotic events (RR 1.02; 95% CI 0.65 to 1.60) between
ranibizumab and bevacizumab.
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There is insufficient comparative evidence to make conclusions on the relative efficacy and safety of pegaptanib or aflibercept.

Recommendations:
 Overall, there is no difference in efficacy between ranibizumab and bevacizumab with potentially slight differences in systemic adverse events and no
differences in mortality. Evaluate comparative costs in executive session to determine appropriate PDL placement. Maintain pegaptanib and aflibercept as
non‐preferred due to lower strength evidence.
Reason for Review: Routine class update to evaluate new evidence.
Previous P&T Conclusions and Recommendations:
 There is moderate to high quality evidence that VEGF inhibitors improve visual acuity in patients with neovascular AMD and are recommended as first
line treatment.
 There is low quality evidence that bevacizumab is equivalent to ranibizumab in improving visual outcomes over two years in neovascular AMD
(difference in mean improvement with bevacizumab compared to ranibizumab was ‐1.4 letters; 95% CI ‐3.7 to 0.8) and that bevacizumab is associated
with a higher rate of serious, nonspecific systemic adverse events over 2 years (31.7% vs. 39.9%; p=0.004, RR 1.30).
 There is insufficient evidence to make comparative conclusions for the use of pegaptanib in AMD.
 There is low quality evidence that aflibercept is equivalent to ranibizumab in maintaining vision at 1 year in the treatment of AMD.
 There is moderate to high quality evidence that anti‐VEGF therapy improves visual acuity in patients with diabetic macular edema (DME) relative to laser
treatment and sham injection, with similar improvements across agents.
 There is insufficient evidence to determine whether there are clinically meaningful differences in health outcomes between the available agents for the
treatment of DME.
 There is insufficient direct comparative evidence comparing intravitreal bevacizumab with ranibizumab in patients with DME.
 There is insufficient evidence to support the use of pegaptanib in the use of DME.
 There is moderate quality evidence that anti‐VEGF therapy improves visual acuity compared to sham injections in central retinal vein occlusion (RVO)
related macular edema with no direct comparative evidence of any agents.
 Due to a lack of clinical benefit in both AMD and DME over other anti‐VEGF agents, make pegaptanib non‐preferred.
 There is not strong evidence of superiority of one anti‐VEGF agent over another for the treatment of AMD or DME and low quality evidence
demonstrating equivalence of bevacizumab to ranibizumab and aflibercept to ranibizumab in AMD. Compare costs of bevacizumab, ranibizumab, and
aflibercept.
 Make bevacizumab preferred, with a liberal exception policy for non‐preferred agents, and grandfather current patients.
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Background:
The major growth factor controlling angiogenesis is vascular endothelial growth factor (VEGF), which plays a key role in neovascularization. Anti‐VEGF agents
have been developed and studied for the treatment of diabetic macular edema, age‐related macular degeneration, and macular edema following retinal vein
occlusion (RVO). Bevacizumab, aflibercept, ranibizumab and pegaptanib are currently the only anti‐VEGF agents available used intravitreally for eye disorders.
Ranibizumab and aflibercept are approved for treatment of neovascular AMD, DME and macular edema following RVO; pegaptanib is only approved for AMD
and intravitreal use of bevacizumab is only used off‐label for various ocular disorders. Intravenous bevacizumab is approved for several forms of cancer, but has
been used off‐label intravitreally for vascular diseases of the eye, including AMD and DME.4 Ranibizumab comes from the same parent molecule as bevacizumab
but is a humanized monoclonal antibody fragment that binds active forms of VEGF‐A, whereas bevacizumab is a full‐length antibody and binds to all types of
VEGF. Bevacizumab is significantly less expensive than ranibizumab.5
The goal of treatment with VEGF inhibitors is to preserve current visual acuity and reduce the progression to visual loss. Change in visual acuity is one of the
common outcomes evaluated in trials of patients with vascular eye diseases. It is commonly measured as the best‐corrected visual acuity (BCVA). The Eye
Disease Prevalence Research Group (EDPRS) developed a series of charts to standardize evaluation of visual acuity, which are commonly used as a standard
outcome measure in randomized controlled trials (RCTs).6 An improvement of at least 15 letters on the ETDRS eye chart is considered clinically significant and
has been shown to correlate with clinically meaningful improvements in patient‐perceived visual function. Serious adverse events of interest include
endophthalmitis, glaucoma, stroke, myocardial infarction, other cardiovascular events, and death.
Age related macular degeneration is a progressive chronic disease of the central retina and leading cause of vision loss worldwide.13 Patients are typically over 50
years of age and the goal of treatment is to minimize or reverse loss of vision and to maximize the vision‐related quality of life related to AMD. Treatment
options for AMD include observation, antioxidant vitamin and mineral supplements, photodynamic therapy (PDT) with verteporfin, intravitreal injection of VEGF
inhibitors, and laser photocoagulation surgery.14 VEGF inhibitors have become the standard of care for neovascular AMD and are recommended first‐line. They
have demonstrated improved visual outcomes compared with other therapies. 2014 guidelines from The American Academy of Ophthalmology (AAO)
recommend VEGF inhibitors as first line treatment for AMD with no specific distinctions between ranibizumab, bevacizumab, or pegaptanib.15 Two controversies
in the treatment of AMD with VEGF inhibitors include the preferred dosing regimen and systemic safety. Trials have evaluated a stricter monthly dosing regimen
versus a less frequent, as needed, protocol based on clinical and imaging features. Safety is a concern as the drugs enter the systemic circulation after ocular
injection and there is a theoretical higher risk of systemic vascular events. Clinical data on the systemic safety are sparse and available studies are not large
enough to address safety concerns.
Retinal vein occlusion is the second most common retinal vascular disease after diabetic retinopathy with main risk factors being age over 50 and hypertension.
There are two types of RVO: branch retinal vein occlusion (BRVO) occurring 2‐3 times more often than central retinal vein occlusion (CRVO).17,18
Ophthalmological treatments focus on the prevention and management of the main sight‐threatening complications – ocular neovascularization and macular
edema. 17 In the absence of either of these complications, there is no evidence that treatment improves outcomes, and treatment is associated with some
adverse effects. Macular edema is the most common cause of visual loss in patients with RVO. Laser photocoagulation, steroids, and intravitreal injections of
anti‐VEGF have been evaluated as treatments, with laser photocoagulation and VEGF inhibitors as the primary treatment options.

17,18

155

Methods:
A Medline literature search ending December 2014 for new systematic reviews and RCTs directly comparing VEGF inhibitors for ocular disorders was performed.
The Agency for Healthcare Research and Quality (AHRQ), Cochrane Collection, National Institute for Health and Clinical Excellence (NICE), Department of
Veterans Affairs, Clinical Evidence, Dynamed, and the Canadian Agency for Drugs and Technologies in Health (CADTH) resources were manually searched for high
quality and relevant systematic reviews. The FDA website was searched for new drugs, indications, and safety alerts, and the AHRQ National Guideline
Clearinghouse (NGC) was searched for updated and recent evidence‐based guidelines. The primary focus of the evidence is on high quality systematic reviews
and evidence based guidelines for this class update. Randomized controlled trials will be emphasized if evidence is lacking or insufficient from those preferred
sources. Placebo controlled trials were excluded from the review and head to head trials included in high quality systematic reviews will not be evaluated
separately.
Systematic Reviews:
A recent Cochrane Collaboration systematic review compared the safety of bevacizumab versus ranibizumab for neovascular AMD.3 Primary outcomes were
death and serious adverse events. A literature evaluation through March 2014 identified 9 studies for inclusion (n=3665). Three studies excluded patients at
high cardiovascular risk and low precision lowered the strength of the evidence. Overall, there was moderate quality evidence of no significant difference in
death between bevacizumab and ranibizumab (RR 1.10; 95% CI 0.78 to 1.57); p=0.59). There was low quality evidence of no difference in serious systemic
adverse events (RR 1.08; 95% CI 0.90 to 1.31; p=0.41). The only adverse event that occurred significantly more in the bevacizumab group compared to
ranibizumab was a higher risk of gastrointestinal disorders (RR 1.82; 95% CI 1.04 to 3.19). However, removing unpublished studies resulted in a significantly
higher rate of serious adverse events with bevacizumab than ranibizumab (RR 1.21; 95% CI 1.06 to 1.37; p=0.04). The authors concluded that the current
evidence is imprecise and might vary based on patient risks but suggests that if a difference does exist, it is likely to be small.
Another 2014 Cochrane Collaboration review evaluated the effects of VEGF inhibitors on neovascular AMD.1 A literature search through March 2014 identified
a total of 12 RCTs for inclusion in the review (n=5498). The overall quality of the evidence was very good with most trials having a low risk of bias. The primary
outcome was visual acuity, measured by the proportion of patients who gained or lost 15 letters or more of BCVA at one year of follow‐up. One trial compared
pegaptinib, three trials compared ranibizumab, and two trials compared bevacizumab, to placebo. Six noninferiority trials compared ranibizumab to
bevacizumab. Compared to no VEGF inhibitor, any of the three medications demonstrated improved vision, less often lost vision, and were less likely to be
legally blind than those without VEGF inhibitors. Compared with control treatments, treatment with ranibizumab or bevacizumab resulted in larger
improvements than pegaptanib. No trials compared pegaptanib to another VEGF inhibitor. No significant differences in outcomes were seen between
bevacizumab and ranibizumab with the only difference observed being cost. There is high quality evidence of no difference between bevacizumab and
ranibizumab for the treatment of neovascular age‐related macular degeneration (AMD) in gain in visual acuity (RR 0.90; 95% CI 0.73 to 1.11) and loss of visual
acuity (RR 1.00; 95% CI 0.98 to 1.02).1 Two year data were available from 2 studies and results were consistent with 1 year data, with no difference in the
proportion of patients who gained 15 letters or more of visual acuity (RR 0.84; 95% CI 0.63 to 1.11).There is moderate quality evidence of no difference in
serious systemic adverse events (RR 1.27; 95% CI 1.06 to 1.52) or serious ocular adverse events. Limited data were available to evaluate quality of life outcomes.
A systematic review and meta‐analysis by Wu et al. compared ranibizumab to bevacizumab for ophthalmic diseases related to neovascularization.19 The primary
outcome was change in baseline in the BCVA measured on ETDRS charts after at least 6 months of follow‐up. A total of 9 studies were included in the meta‐
analysis. Five of these included patients with AMD, two on pathologic myopia, and one each on retinal angiomatous proliferation and DME. The overall quality
of the studies was good. The weighted mean difference (WMD) in change in visual acuity score from baseline for ranibizumab versus bevacizumab was 0.52
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letters (95% CI ‐0.11 to 1.14; p=0.146) and there was no significant difference in the proportion of patients who gained 15 letters or more (OR 1.10; 95% CI 0.90
to 1.33; p=0.359). Using a fixed‐effect model, there was no significant difference in death or death from vascular causes but there was a significantly lower risk
of serious systemic adverse events for ranibizumab compared to bevacizumab (RR 0.83; 95% CI 0.73 to 0.94; p=0.0035). However, there was also statistically
significant heterogeneity among the studies. There was no difference in ocular serious adverse events. One study compared the two treatments for DME and
found no significant difference in the proportion of patients with an increase of 15 or more letters (OR 1.44; 95% CI 0.51 to 4.05).
New Guidelines:
The American Academy of Ophthalmology developed preferred practice guidelines for the treatment of age‐related macular degeneration based on evidence
methods from the Scottish Intercollegiate Guideline Network (SIGN) and the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
groups.15 Based on good evidence, a strong recommendation endorses therapy with VEGF inhibitors is the most effective way to manage neovasulcar AMD and
it represents the first line of treatment. No preference is given between aflibercept, bevacizumab, or ranibizumab.
Guidance from the National Institute of Clinical Excellence evaluated the use of ranibizumab for treatment DME in 2013.20 The guidance was based on a
submission from the manufacturer which did not contain a comparison of ranibizumab with bevacizumab. The evidence review group questioned the
manufacturer’s argument that there is a lack of robust evidence on clinical effectiveness or safety of bevacizumab in the treatment of DME and felt that there is
sufficient evidence to provide an indirect comparison. The following guidance was provided:
 Ranibizumab is recommended as an option for treating visual impairment due to DME only if:
o The eye has a central retinal thickness of 400 micrometers or more at the start of treatment AND
o The manufacturer provides ranibizumab with the agreed upon discount in the patient access scheme
 Treatment should be given monthly and continued until maximum visual acuity is reached (stable for 3 consecutive months). The interval between
doses should not be shorter than 1 month.
The American Optometric Association (AOA) released 2014 guidelines on the eye care of the patient with Diabetes Mellitus.21 The following recommendations
are provided:
 Once clinically significant macular edema develops, treatment with focal laser photocoagulation or intravitreal anti‐VEGF injection is indicated (Evidence
Strength A, Recommendation A).
 The current standard of care for treatment of center‐involved DME in persons with BCVA of 20/32 or worse is VEGF inhibitors (Evidence Strength: A,
Recommendation: A).
No preference is given to one VEGF inhibitor over another.
New Safety Alerts:
None identified.
New Formulations or Indications:
Aflibercept received FDA approval for DME in July 2014 and for macular edema following RVO in October 2014.22
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Approval for macular edema following RVO comes from 2 clinical studies (COPERNICUS AND GALILEO) in patients with central retinal vein occlusion (CRVO) and
in one study (VIBRANT) with branch retinal vein occlusion (BRVO). 22 All three studies compared aflibercept injections to sham injections.23–25 The primary
outcome was the proportion of patients who gained at least 15 letters in BCVA compared to baseline and at week 24, aflibercept was superior to the control
group (56% vs. 12% in COPERNICUS and 60% vs. 22% in GALILEO). In the VIBRANT study, patients were randomized to aflibercept every 4 weeks or laser
photocoagulation and significantly more patients gained at least 15 letters in BCVA from baseline in the aflibercept group (52.7% vs. 26.7%).
For the treatment of DME, aflibercept was assessed in 2 RCT’s (VIVID and VISTA).26 In both studies, patients were randomized to aflibercept 2 mg every 8 weeks
following 5 initial monthly injections, aflibercept every 4 weeks, or laser photocoagulation. Efficacy of aflibercept, as defined by mean change from baseline in
BCVA at week 52, was statistically superior to the control group.
Randomized Controlled Trials:
Two‐year findings of the IVAN trial were published in 2013. At the time of the last P&T review, this trial was ongoing and interim 1‐year results were reported.
The IVAN trial was conducted to compare the efficacy and safety of ranibizumab and bevacizumab in AMD in a noninferiority trial. A total of 610 patients were
randomized to 4 groups: ranibizumab or bevacizumab, given either every month or as‐needed.27 Both groups received 3 months of treatment and then were
allocated to continuous or as needed treatment. Patients and clinicians were blinded to drug allocation but not to treatment regimen allocation. The primary
outcome was best‐corrected distance visual acuity measured as ETDRS letters, with a noninferiority limit of 3.5 letters. The difference between drugs
(bevacizumab minus ranibizumab) at one year was ‐1.99 letters (95% CI ‐4.04 to 0.06) and between treatment regimens was ‐0.35 letters (95% CI ‐2.40 to 1.70),
favoring continuous therapy. 27 Overall, the comparison between study drugs was inconclusive using the 3.5 letter limit and as‐needed treatment was
equivalent to monthly treatment. There were no significant differences between drugs or regimens for quality of life. There were no differences at year 1
between drugs or treatment regimens in terms of mortality serious adverse events. Arteriothrombotic events occurred infrequently, but more often with
ranibizumab than bevacizumab. 27
At 2 years, there was no difference between the drugs for any of the primary or secondary efficacy outcomes.2 BCVA was similar between both groups as well as
between continuous and discontinuous treatment groups. Continuous administration was superior for secondary outcomes of near visual acuity, contrast
sensitivity, and total lesion thickness at fovea. For safety outcomes at 2 years, the rate of arterial thrombotic events or heart failure hospitalization was not
significantly different between ranibizumab and bevacizumab or between continuous and as‐needed administration. In addition, systemic serious adverse
events and mortality was also similar between the two drugs.
The authors also pooled the results of the CATT and IVAN trials. They found bevacizumab to be noninferior to ranibizumab in BCVA and as‐needed treatment
inferior to continuous monthly treatment. The two trials used different as‐needed regimens. Ranibizumab was also associated with a lower risk of serious
systemic adverse events compared to bevacizumab (OR 0.76; 95% CI 0.63 to 0.93) and there no difference in death (RR 0.89; 95% CI 0.59‐1.33) or arterial
thrombotic events (RR 1.02; 95% CI 0.65 to 1.60).
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Research Questions:
 Is there any new comparative evidence of meaningful difference in effectiveness for different drug classes of ophthalmic medications used to treat
glaucoma?
 Is there any new comparative evidence of meaningful difference in harms for different drug classes of ophthalmic medications used to treat glaucoma?
 Is there any evidence that brinzolamide/brimonidine fixed‐combination or unoprostone are safer or more effective than other ophthalmic glaucoma
agents?
 Are there subgroups of patients in which brinzolamide/brimonidine or unoprostone are safer or more effective than other available ophthalmic
treatments for glaucoma?
Previous Recommendations:
 No changes to current preferred drug list (PDL) status are necessary based on continued lack of clinical evidence for differences in efficacy/effectiveness
or harms between drugs within each class.
 Continue to include a medication from each pharmacologic category on the PDL, including miotics, sympathomimetics, beta blockers, carbonic
anhydrase inhibitors, and prostaglandin analogues.
Current Conclusions:
 There is insufficient evidence to determine if there are any meaningful differences in efficacy/effectiveness or harms for the different drug classes of
ophthalmic medications used to treat glaucoma.
 There is insufficient evidence to determine if there is any difference in efficacy/effectiveness or safety with brinzolamide/brimonidine fixed‐combination
compared to the individual components of the drug together. However, there is moderate quality evidence brinzolamide/brimonidine as a fixed‐
combination is more effective than the individual components alone.1,2
 There is moderate quality evidence that unoprostone is less effective than latanoprost or timolol at lowering intra‐ocular pressure.3–8
 There is insufficient evidence that unoprostone is safer than other ophthalmic prostaglandins.3,4,6–8
Current Recommendations:
 Maintain brinzolamide/brimonidine fixed‐combination product and unoprstone as non‐preferred.
 Continue to include a medication from each category including miotics, alpha‐adrenergic agonists, beta‐blockers, carbonic anhydrase inhibitors, and
prostaglandin analogues on the PDL.
 Evaluate comparative costs in the executive session.
Background:
Glaucoma is a group of eye diseases traditionally characterized by elevated intraocular pressure (IOP).9 Lowering intraocular pressure (IOP) reduces the risk of
glaucomatous progression of visual field loss and optic disc changes and is therefore the primary goal of therapy.10 Topical medications work either by increasing
aqueous outflow (prostaglandins, alpha adrenergic agonists, acetylcholinesterase inhibitors/miotic agents) or by decreasing aqueous production (alpha
adrenergic agonists, beta‐blockers, carbonic anhydrase inhibitors).9
2
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Methods:
An Ovid MEDLINE search was conducted using all available ophthalmic glaucoma agents and limited to randomized controlled trials, systematic reviews, English
language, and studies conducted in humans since the last review was performed. The Agency for Healthcare Research and Quality (AHRQ), Cochrane Collection,
and the Canadian Agency for Drugs and Technologies in Health (CADTH) resources were searched for high quality systematic reviews. The FDA website was
searched for new drugs, indications, and safety alerts, and the AHRQ National Guideline Clearinghouse (NGC) was searched for updated and recent evidence‐
based guidelines. After review of the citations from Medline and manual searches, two systematic reviews, three head‐to‐head trials and two new drug
formulations were included.
New Systematic Reviews:
Quranta, et al.11 conducted a systematic review and meta‐analysis on the IOP‐lowering effect of prostaglandin analogs (PGAs) administered in combination with
beta‐blockers in patients with glaucoma or ocular hypertension. The efficacy endpoint was the mean difference (MeD) in reduction of IOP from baseline.
Tolerability was assessed by evaluating the incidence of hyperemia. The review included 18 trials using PGAs and timolol as monotherapy (MT) or in fixed
combinations (FC) or unfixed combinations (UC). There were a total of 23 comparisons of FC vs. MT, and 5 comparisons of FC vs. UC. The FCs were less
efficacious than UCs (0.69 mm Hg, 95% CI: 0.29 to 1.08 mm Hg). In comparison with timolol MT, the latanoprost/timolol FC led to a greater IOP reduction (‐2.74
mm Hg, 95% CI: ‐3.24 to ‐2.23 mm Hg) than the bimatoprost/timolol FC (‐1.49 mm Hg, 95% CI: ‐1.86 to ‐1.12 mm Hg) or the travoprost/timolol FC (‐1.93 mm Hg,
95%CI: ‐2.98 to ‐0.88 mm Hg). The FCs led to a lower hyperemia risk than UCs [relative risk (RR): 0.70, 95% CI: 0.43 to 1.14] and PGA MT (RR: 0.61, 95% CI: 0.53
to 0.70). The authors concluded FCs are more efficacious than their individual components, but less efficacious than their respective UCs. There was a lower risk
of hyperemia associated with FCs compared to UCs and their respective PGA MTs.
Chang, et al.12 performed a systematic review and meta‐analysis to evaluate the IOP‐lowering effect of the commonly used FCs containing 0.5% timolol. Forty‐
one randomized clinical trials of patients with primary open angle glaucoma (POAG) or ocular hypertension (OHT) were conducted. The primary efficacy
endpoints were the absolute and relative values of mean diurnal IOP reduction, and the highest and lowest IOP reduction on the diurnal IOP curve. The relative
reductions for mean diurnal IOP were 34.9% for travoprost/timolol, 34.3% for bimatoprost/timolol, 33.9% for latanoprost/timolol, 32.7% for
brinzolamide/timolol, 29.9% for dorzolamide/timolol, and 28.1% for brimonidine/timolol. For the highest IOP decrease, relative reductions ranged from 31.3%
for dorzolamide/timolol to 35.5% for travoprost/timolol; for the lowest IOP decrease, those varied from 25.9% for dorzolamide/timolol to 33.1% for
bimatoprost/timolol. Both latanoprost/timolol and travoprost/timolol were more effective in lowering mean diurnal IOP than brimonidine/timolol (WMD: 5.9
and 7.0) and dorzolamide/timolol (WMD: 3.8 and 3.3). The analysis concluded that the six commonly used FC drugs containing timolol can effectively lower IOP
in patients with POAG and OHT, and both latanoprost/timolol and travapost/timolol might achieve greater IOP‐lowering effects.
New Guidelines:
None identified.
New FDA Safety Alerts:
None identified.
New Drugs:
None identified.
3
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New Formulations or Indications:
In April 2013, the FDA approved a fixed combination ophthalmic suspension product of brinzolamide 1%/brimonidine 0.2% (Simbrinza®) to lower the IOP in
patients with open angle glaucoma or ocular hypertension.13 Approval was based on two published randomized clinical trials.1,2 Both trials were Phase 3,
factorial‐design, double‐masked studies comparing brinzolamide 1%/brimonidine 0.2% fixed combination (BBFC) to each of the two components individually.
The primary end point of IOP was measured at four time points during one day at baseline, one day at Week 2, one day at Week 6, and one day at Month 3.
Study C‐10‐0332 enrolled 660 patients at 68 sites and Study C‐10‐0391 enrolled 690 patients at 64 sites in the U.S. The results of study C‐10‐033 showed at 3
months, the mean IOP of the BBFC group was statistically significantly lower than that of either the brinzolamide group (ranging from ‐1.1 to ‐3.4 mmHg) or the
brimonidine group (ranging from ‐1.5 to ‐2.8 mmHg) across all time four points at each of the three visits.2 Study C‐10‐039 also found similar results, with mean
IOP in the BBFC group significantly lower than that of either the brinzolamide group or the brimonidine group alone (P≤0.005) across all time points.2 Common
adverse reactions reported in these studies were essentially analogous to adverse reactions previously reported with one or the other ingredient when used in
treatment of IOP. Most common adverse reactions occurring in approximately 3 to 5% of patients included blurred vision, eye irritation, dysgeusia (bad taste),
and dry mouth.
Unoprostone (Rescular®) was approved by the FDA to lower IOP in patients with open angle glaucoma or ocular hypertension in 200014; however, it was not
marketed until 2013. Since its approval, there have been several randomized comparative studies investigating its efficacy and safety as adjunctive therapy.
Information on these trials are summarized in Table 1 and abstracts are available in Appendix 1.3–8,15,16,17 Studies that directly compared latanoprost and
unoprostone showed statistically significant IOP reduction favoring latanoprost4,7,8. Similar results was also observed in two small randomized crossover
studies.3,6 When unoprostone was compared with the two beta‐blockers timolol or betaxolol, each drug produced a clinically and statistically (P <.001)
significant reduction from baseline in 12‐hour diurnal IOP at month 6. Unoprostone was clinically equivalent to betaxolol (0.53 mmHg [95% CI: ‐ 0.03, 1.09
mmHg]) but did not have as great an IOP‐lowering effect as timolol (adjusted mean of 1.57 mmHg (95% CI: 1.00, 2.13).5 Two studies investigated the efficacy of
unoprostone as adjunctive therapy to timolol compared with brimonidine as adjunctive therapy to timolol15 or dorzolamide as a FC with timolol17; each
treatment produced additive IOP reduction, but showed no statistical difference between treatments.
Table 1: Studies of Unoprstone 0.15% Ophthalmic Solution Applied Twice Daily.
Study
Comparison
Population
Primary Outcome
3
Aung, et al.
Latanoprost 0.005% at POAG or OH
Reduction in IOP when
2002
HS added to
both medications were
RCT
unoprostone (n= 15)
used compared with
vs. unoprsterone
when one medication
added to latanoprost
used
0.005% at HS (n=17).
Gianpani, et
Latanoprost 0.005% at POAG or OH
Mean change of IOP
al.4
HS with AM placebo
between baseline and at
2001
(n= 54) vs.
the end of 8 weeks
RCT, DB, PG
unoprostone (n= 54).
treatment
Nordmann,
Unoprostone (n= 278) POAG or OH
Mean IOP change
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Results
IOP decreased by 1.9 (±0.6) mmHg (p = 0.012) when latanoprost was
added to patients already treated with unoprostone. However,
unoprostone added to patients already treated with latanoprost, IOP
increased +0.4 (±0.5) mm Hg (p = 0.42).

Latanoprost reduced IOP by 6.7 mmHg (28%) and unoprostone
reduced IOP by 3.3 mmHg (14%), a significant difference of 3.4 mmHg
(95% CI, ‐4.7 to ‐2.1; p < 0.001). Incidences of AEs were low and
comparable between groups.
Each drug produced a clinically and statistically (P <.001) significant
4

et al.5
2002
RCT, MC, DB

vs. timolol 0.5% BID
(n= 138) vs. betaxolol
0.5% BID (n= 140)

Aung, et al.6
2001
RCT, DB, CO

Latanoprost 0.005% at
HS for 4 weeks (n=
30) vs. unoprostone
twice daily for 4
weeks (n= 30).
Brimonidine 0.2% TID
vs. unoprostone both
added to timolol 0.5%
BID (n=33)

Sharpe, et
al.15
2005
MC, DB, CO

between baseline and at
the end of 6 months
treatment for each drug
and comparison between
drugs at the end of 6
months treatment
POAG or OH

Mean reduction in IOP
between two treatments

POAG or OH

Comparison of IOP
measured at 0800, 1000,
1600, 1800, and 2000
hours at baseline and at
the end of 6 weeks
treatment

Sponsel, et
al.7
2002
RCT

Unoprostone in one
eye and latanoprost
0.005% in other eye at
HS with placebo in AM
(n=25)

POAG or OH

Mean reduction in IOP
between two treatments
at end of 28 days
measured in the morning
and afternoon.

Jampel, et
al.8
2002
RCT, PG, MC

Latanoprost 0.005% at
HS with morning
placebo (n= 84) vs.
unoprostone (n= 81).

POAG or OH

Hommer, et
al. 16
2003
MC, RCT, DB,

Unoprostone (n = 50),
brimonidine 0.2% BID
(n= 48) or
dorzolamide 2% BID

POAG or OH

Mean reduction in IOP
between baseline and at
the end of 8 weeks
treatment measured at
0800, 1000, and 1600
hours
Mean change from
baseline to week 12 in 8‐
hour diurnal IOP

reduction from baseline in 12‐hour diurnal IOP at month 6 (‐4.3
mmHg for unoprostone; ‐5.8 mmHg for timolol; ‐4.9 mmHg for
betaxolol). Differences in adjusted treatment means between
unoprostone and timolol and unoprostone and betaxolol were 1.57
mmHg (95% CI: 1.00, 2.13) and 0.53 mmHg (95% CI: ‐ 0.03, 1.09),
respectively. Unoprostone was clinically equivalent to betaxolol but
did not have as great an IOP‐lowering effect as timolol.
The difference of 1.9 mmHg between treatments was statistically
significant in favor of latanoprost (p =0.003) after 4 weeks.
Unadjusted analysis of responders using the percent decrease in IOP
showed that the proportion of responders in the latanoprost‐treated
group was greater than in the unoprostone‐treated group.
No significant difference between treatment groups at any time point
for the diurnal curve, or in the reduction from baseline (P>0.05). Both
treatments failed to statistically reduce the IOP from baseline at 1800
hours. There was no difference between treatment groups regarding
unsolicited ocular and systemic AEs, but patients admitted to more
dryness (P=0.02) and burning upon instillation (P<0.0001) with
unoprostone.
Latanoprost decreased IOP by 2.6 mmHg (14%) in the AM to 16.2 ±0.6
mmHg among eyes treated with latanoprost (P < .0001), and
decreased by ‐1.6 mm Hg (8%), among eyes treated with
unoprostone, to a level of 17.9 ±0.7 mmHg (P < .02). Difference in
mean IOP after 1 week of therapy was statistically significant (P <
.001). Similarly, the PM IOP showed statistically significant difference
between two drugs (p = 0.04) favoring latanoprost.
The change in the mean ±SD of the IOPs measured at 8:00 AM, noon,
and 4:00 PM was ‐7.2 ±3.2 mmHg (28%) for latanoprost (25.3 ±2.8
mmHg at baseline to 18.2 ±2.8 mm Hg at 8 weeks) and ‐3.9 ±2.6
mmHg (15%) for unoprostone (25.5 ±3.3 mmHg at baseline to 21.6
±4.0 mmHg (P ≤0.01). No SAEs related to either medication were
reported.
At week 12, each adjunctive therapy produced statistically significant
(p<0.001) reductions from timolol treated baseline in the mean 8‐
hour diurnal IOP (‐2.7 mmHg for unoprostone; ‐2.8 mmHg for
brimonidine; ‐3.1 mmHg for dorzolamide). The extent of IOP
5
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PG

Day, et al.17
2003
MC, RCT, CO,
DB

(n= 48) as adjunctive
therapy to timolol
0.5% BID for 12
weeks.
Timolol
0.5%/dorzolamide 2%
fixed combination vs.
timolol 0.5% and
unoprostone for 6
weeks (n=13)

reduction did not differ significantly between unoprostone and either
brimonidine (p = 0.154) or dorzolamide (p = 0.101). Burning/ stinging
were the most commonly reported AEs.
POAG or OH

IOP measured at 0800,
1000, 1600, 1800, and
2000 hours at baseline
and at the end of 6
weeks

No significant difference for the diurnal curve (p = 0.63), or in the
extended IOP reduction from baseline (p>0.05) between treatment
groups at any time point at 6 weeks. No SAEs reported.

Key: AE = adverse event; AM = morning; BID = twice daily; CI = confidence interval; CO = cross‐over; DB = double blind; HS = bedtime; IOP = intraocular pressure; MC = multi‐
center; OH = ocular hypertension; PC = placebo control; PG= parallel group; PM = afternoon; POAG = primary open‐angle glaucoma; RCT = Randomized controlled trial; SAE =
serious adverse events.

New Trials:
A total of 105 citations were identified from initial literature search. After screening, 3 head‐to‐head randomized trials were included (Appendix 1). These trials
are briefly described in Table 2.
Table 2: Potential Relevant New Clinical Trials.
Study
Comparison
Population
Primary Outcome
18
Shoji, et al.
Travoprost/timolol (TTFC) Normal‐tension Reduction of IOP from
2013
0.004%/0.5% daily vs.
glaucoma
baseline
MC, SB, CO,
latanoprost/timolol (LTFC)
RCT
0.005%/0.5% daily
19
Delval, et al.
Unpreserved timolol 0.1% OH
20% reduction at Day 84 of
2013
gel daily vs. preserved
the sum of the scores of the
RCT, DB
latanoprost 0.005% daily
eight ocular symptoms and
the six objective signs, as well
as satisfactory IOP reduction.
Day, et al.20
Bimatoprost 0.03% PF
POAG or OH
Non‐inferiority evaluated as
2013
twicw daily vs.
change from baseline in IOP in
MC, DB, PG,
bimatoprost 0.03%
worst eye in the per‐protocol
NI, RCT
(Lumigan) twice daily.
population at week 12.

Results
Mean reduction in IOP at 12 weeks was significantly greater in
the TTFC group than in the LTFC group (‐2.4 ±2.3 mmHg vs. ‐1.1
±2.3 mmHg; P = 0.021).
At day 84, 91.5% of patients were responders to the primary
composite outcome with timolol vs. 48.6% with latanoprost
(P<0.001). Response was driven by symptom relief with the
unpreserved product. IOP was not statistically different
between the two groups at day 28 or day 84.
Bimatoprost PF is noninferior to bimatoprost (Lumigan) as both
treatments showed similar decreases in mean average eye IOP
at all follow‐up time points (p<0.001).

Key: CI = confidence interval; CO = cross‐over; DB = double blind; IOP = intraocular pressure; LTFC = latanoprost‐timolol fixed combination; MC = multi‐center; NI = non‐
inferiority; PF = preservative free; PG = parallel group; SB = single‐blinded; RCT = randomized controlled trial; TTFC = travoprost‐timolol fixed combination.
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Appendix 1: Abstract of RCTs and Systematic Reviews
1.

Whitson J, Realini, Nguyen, McMenemy, Goode. Six‐month results from a Phase III randomized trial of fixed‐combination brinzolamide 1% + brimonidine 0.2% versus
brinzolamide or brimonidine monotherapy in glaucoma or ocular hypertension. Clinical Ophthalmology. 2013:1053.
Abstract
Background: The objective of this study was to examine the safety and intraocular pressure (IOP)‐lowering efficacy of a fixed combination of brinzolamide 1% +
brimonidine 0.2% (BBFC) after six months of treatment in patients with open‐angle glaucoma or ocular hypertension.
Methods: This was a randomized, multicenter, double‐masked, three‐month, three‐arm contribution‐of‐elements study with a three‐month safety extension. Patients
were randomly assigned 1:1:1 to treatment with BBFC, brinzolamide 1%, or brimonidine 0.2% after a washout period. Patients dosed their study medications three times
daily at 8 am, 3 pm, and 10 pm for six months. Patients returned for visits at two weeks, six weeks, three months, and six months. IOP measurements were used to assess
efficacy. Safety assessments were adverse events, corrected distance visual acuity, slit‐lamp biomicroscopy, pachymetry, perimetry, fundus parameters, and cardiac
parameters.

Results: A total of 690 patients were randomized. Six‐month mean IOP values were similar to those at three months, when the mean IOP in patients treated with BBFC was
significantly lower than that of either monotherapy group. A total of 175 patients experienced at least one treatment‐related adverse event (BBFC, 33.0%; brinzolamide,
18.8%; brimonidine, 24.7%), eight of which were severe, and five resulted in discontinuation. Seventy‐seven patients discontinued participation due to treatment‐related
adverse events (BBFC, 17.2%; brinzolamide, 2.1%; brimonidine, 14.5%). There were 21 serious adverse events (n = 7 in each group), none of which was related to
treatment. Resting mean pulse and blood pressure with BBFC were similar to those with brimonidine, demonstrating modest, clinically insignificant decreases. No new or
increased risks were identified with use of BBFC relative to either monotherapy.
Conclusions: This study showed that, after six months of treatment, the safety profile of BBFC was similar to that of its individual components and its IOP‐lowering activity
was similar to its efficacy at three months, when it was superior to both brinzolamide 1% alone and brimonidine 0.2% alone.
2.

Katz G, DuBiner H, Samples J, Vold S, Sall K. THree‐month randomized trial of fixed‐combination brinzolamide, 1%, and brimonidine, 0.2%. JAMA Ophthalmol.
2013;131(6):724‐730.
Abstract
Importance: This study evaluates the contribution of the individual components of an investigational non‐β‐antagonist fixed combination of brinzolamide, 1%, and
brimonidine, 0.2%. This study and its sister study provide the first randomized data showing the intraocular pressure (IOP)‐lowering activity and the toxicity profile of this
novel topical antihypertensive fixed combination.
Objective: To compare IOP‐lowering efficacy of fixed‐combination brinzolamide, 1%, and brimonidine, 0.2%, with that of its components in patients with open‐angle
glaucoma or ocular hypertension.
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Design: In this phase 3, double‐masked, parallel‐group, multicenter study, eligible patients were randomized 1:1:1 to treatment with fixed‐combination brinzolamide, 1%,
and brimonidine, 0.2%; brinzolamide, 1%; or brimonidine, 0.2%, 3 times daily for 3 months.
Setting: Sixty‐six academic and private practice study sites throughout the United States.
Participants: A total of 660 adults with a clinical diagnosis of open‐angle glaucoma or ocular hypertension from a referred sample were enrolled. Thirty‐four patients
discontinued participation due to treatment‐related nonserious adverse events.
Intervention: Topical administration of study medication (fixed‐combination brinzolamide, 1%, and brimonidine, 0.2%; brinzolamide, 1%; or brimonidine, 0.2%) 1 drop 3
times daily for 3 months.
Main outcomes and measures: Mean IOP at the 3‐month visit at all time points (8 AM, 10 AM, 3 PM, and 5 PM).
Results: A total of 660 patients were enrolled. Baseline mean IOP values were similar among treatment groups at all 4 time points. At 3 months, the mean IOP of the
brinzolamide‐brimonidine group (16.3‐19.8 mm Hg) was significantly lower than that of either the brinzolamide group (19.3‐20.9 mm Hg; P ≤ .002) or the brimonidine
group (17.9‐22.5 mm Hg; P < .001) across all time points. One of 10 serious adverse events (chest pain, brinzolamide group) was judged as treatment related. A total of 129
patients experienced at least 1 treatment‐related adverse effect (brinzolamide‐brimonidine, 22.9%; brinzolamide, 18.6%; and brimonidine, 17.3%; P = .31), most of which
were ocular.

Conclusions and relevance: This registrational study provides evidence that the fixed combination of brinzolamide, 1%, and brimonidine, 0.2%, can safely and effectively
lower IOP in patients with open‐angle glaucoma or ocular hypertension, showing significantly superior IOP‐lowering activity compared with either brinzolamide or
brimonidine monotherapy while providing a safety profile consistent with that of its individual components.
3.

Aung T, Chew PTK, Oen FTS, et al. Additive effect of unoprostone and latanoprost in patients with elevated intraocular pressure. Br J Ophthalmol 2002;86(1):75‐79.
Abstract
Aims: To assess the additive effect of unoprostone and latanoprost in patients with primary open angle glaucoma (POAG) or ocular hypertension (OHT) METHODS: 32
patients with POAG or OHT were randomised to receive either latanoprost once daily or unoprostone twice daily for 4 weeks. After 4 weeks, all patients received both
latanoprost and unoprostone for another 4 weeks. The IOP was measured at 9 am and 5 pm on the baseline, day 28, and day 56 visits, and at 9 am on day 14 and day 42
visits. The medications were given to the patients in an open label fashion. The observer was masked to the treatment given. The mean of the measurements was
calculated. Safety parameters were also recorded. The additive effect of the medications was assessed by the reduction in intraocular pressure (IOP) when both
medications were used, compared with when one medication was used.
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Results: 28 patients completed both treatment periods and had IOP data available for evaluation. After 1 month of treatment, latanoprost significantly reduced IOP (mean
by 6.1 (SEM 0.8) mm Hg (p<0.001) and unoprostone by 4.9 (1.0) mm Hg (p<0.001) from the baseline of 24.4 (0.6) mm Hg and 24.4 (1.1) mm Hg respectively (p = 0.18).
When latanoprost once daily was given to patients treated with unoprostone, there was additional IOP lowering of 1.9 (0.6) mm Hg (p = 0.012). However, adding
unoprostone to those being treated with latanoprost produced an IOP change of +0.4 (0.5) mm Hg (p = 0.42). Ocular symptoms and findings were mild and equally
distributed between treatment groups, and after combined therapy. Hyperaemia and ocular irritation were the most frequently reported events. Over a third of patients
experienced ocular irritation with the combination of medications.
Conclusions: Latanoprost once daily causes additional IOP lowering in eyes which were being treated with unoprostone twice a day. However, there was no additional IOP
lowering when unoprostone was added to eyes which were being treated with latanoprost. Both drugs were well tolerated together with few ocular adverse events.
4.

Susanna R, Giampani J, Borges AS, Vessani RM, Jordao ML. A double‐masked, randomized clinical trial comparing latanoprost with unoprostone in patients with open‐
angle glaucoma or ocular hypertension. Ophthalmology 2001;108(2):259‐263.
Abstract
Purpose: To compare the intraocular pressure (IOP) reducing effect and safety of latanoprost 0.005% once daily with unoprostone 0.12% twice daily in patients with
primary open‐angle glaucoma (POAG) or ocular hypertension (OH).
Design: An 8‐week, double‐masked, randomized, parallel‐group, single‐center clinical trial.
Participants: A total of 108 patients with POAG or OH were enrolled.
Interventions: After completing a wash‐out of ocular hypotensive medications, patients were randomized to receive either latanoprost once daily in the evening plus
placebo once daily in the morning, or unoprostone twice daily (morning and evening).
Main Outcomes: IOP was measured at 10:00 AM and at 5:00 PM at baseline and at week 8, and before 12:00 noon at week 2. Ocular and systemic safety assessments were
performed.
Results: From an overall baseline of 24.1 mmHg, latanoprost reduced IOP by 6.7 mmHg (28%) and unoprostone reduced IOP by 3.3 mmHg (14%). The difference between
the groups of 3.4 mmHg was significant (P: < 0.001, analysis of covariance; 95% confidence interval [CI]: ‐4.7 to ‐2.1) in favor of latanoprost. A >/=30% reduction in mean
IOP from baseline was achieved by 44% of latanoprost‐treated patients compared with 8% of unoprostone‐treated patients. The incidence of adverse events was low and
comparable between the groups.
Conclusions: Latanoprost administered once daily was significantly more effective in reducing IOP compared with unoprostone administered twice daily in patients with
POAG and OH.

5.

Nordmann J‐P, Mertz B, Yannoulis NC, et al. A double‐masked randomized comparison of the efficacy and safety of unoprostone with timolol and betaxolol in patients
with primary open‐angle glaucoma including pseudoexfoliation glaucoma or ocular hypertension. 6 month data. Am. J. Ophthalmol. 2002;133(1):1‐10.
Abstract
Purpose: A long‐term comparison of the ocular hypotensive efficacy and safety of unoprostone isopropyl 0.15% twice daily with that of timolol maleate 0.5% twice daily
and betaxolol HCl 0.5% twice daily.
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Design: This was a randomized, multicenter, double‐masked, active‐controlled 24‐month clinical trial involving 27 centers in Europe and Israel.
Methods: The study population was composed of patients with primary open‐angle glaucoma (including pseudoexfoliation) or ocular hypertension. After washout of
antiglaucoma medications, intraocular pressure (IOP) was measured at 0, + 2, + 8, and + 12 hours. Patients were randomized in a 2:1:1 ratio to unoprostone, timolol, or
betaxolol. Patients returned for examinations at 2 and 6 weeks and 3 and 6 months.
Results: 556 patients were randomized. Each drug produced a clinically and statistically (P <.001) significant reduction from baseline in 12‐hour diurnal IOP at month 6 (‐
4.3 mm Hg, unoprostone; ‐ 5.8 mm Hg, timolol; ‐ 4.9 mm Hg, betaxolol). Differences in adjusted treatment means between unoprostone and timolol and unoprostone and
betaxolol were 1.57 mm Hg (95% CI: 1.00, 2.13) and 0.53 mm Hg (95% CI: ‐ 0.03, 1.09), respectively. Unoprostone was clinically equivalent to betaxolol but did not have as
great an IOP‐lowering effect as timolol. Discontinued for inadequate control of IOP were 7%, 1%, and 4% of the patients for unoprostone, timolol, and betaxolol,
respectively. There were no changes of note in visual acuity, pupil size, cup‐to‐disk ratio, visual fields, or iris color. Changes in heart rate and blood pressure were small,
with no clinically significant differences between groups.
Conclusions: Unoprostone provided a clinically significant IOP‐lowering effect equivalent to betaxolol but not to timolol. The side effect profile of unoprostone appears to
be comparable to other established IOP‐lowering agents.
6.

Aung T, Chew PT, Yip CC, et al. A randomized double‐masked crossover study comparing latanoprost 0.005% with unoprostone 0.12% in patients with primary open‐
angle glaucoma and ocular hypertension. Am. J. Ophthalmol. 2001;131(5):636‐642.
Abstract
Purpose: To compare the intraocular pressure)‐lowering effect and side effects of latanoprost 0.005% once daily with unoprostone 0.12% twice daily.
Methods: Sixty patients with primary open‐angle glaucoma or ocular hypertension were randomized to receive either latanoprost once daily in the evening and placebo
once daily in the morning, or unoprostone twice daily in the morning and evening. The study was double masked and followed a crossover design with two treatment
periods of 1 month separated by a 3‐week washout period. The intraocular pressure was measured at 9 AM and 5 PM on the baseline and day 28 visits, and at 9 AM on day
2 and day 14 visits of each treatment period. The 9 AM measurement was taken 2 hours and 13 hours after the last drop of unoprostone and latanoprost, and the 5 PM
measurement was at 10 and 21 hours, respectively. The mean of the measurements was calculated. Safety parameters were also recorded.
Results: Fifty‐six patients completed both treatment periods and had intraocular pressure data available for evaluation. After 1 month of treatment, latanoprost
significantly reduced intraocular pressure (mean +/‐ SEM) by 6.1 +/‐ 0.5 mm Hg (P <.001) and unoprostone by 4.2 +/‐ 0.4 mm Hg (P <.001) adjusted from an overall baseline
of 22.3 +/‐ 0.5 mm Hg and 23.2 +/‐ 0.4 mm Hg, respectively. The difference of 1.9 mm Hg between treatments was statistically significant in favor of latanoprost [P =.003,
analysis of covariance (ANCOVA)]. Unadjusted analysis of responders using the percentage decrease in intraocular pressure showed that the proportion of responders in
the latanoprost‐treated group was greater than in the unoprostone‐treated group. Adverse ocular symptoms and findings were mild in both treatment groups. Eye redness
and ocular irritation were the most frequently reported events.
Conclusions: Latanoprost once daily was significantly more effective in reducing intraocular pressure compared with unoprostone twice daily after 1 month of treatment in
patients with primary open‐angle glaucoma and ocular hypertension. Both drugs were well tolerated with few ocular adverse events.

7.

Sharpe ED, Henry CJ, Mundorf TK, et al. Brimonidine 0.2% vs unoprostone 0.15% both added to timolol maleate 0.5% given twice daily to patients with primary open‐
angle glaucoma or ocular hypertension. Eye (Lond) 2005;19(1):35‐40.
Abstract
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Purpose: To compare the efficacy and safety of brimonidine 0.2% vs unoprostone 0.15%, both added to timolol maleate 0.5% each given twice daily.
Methods: In this prospective, multi‐centred, double‐masked, crossover comparison, patients were randomized to one treatment group for a 6‐week treatment period, and
then crossed over to the opposite treatment. Measurements were performed at 0800, 1000, 1600, 1800, and 2000 h at baseline and at the end of each treatment period.
Results: In all, 33 patients entered this trial and 29 completed. The baseline trough intraocular pressure (IOP) was 23.3+/‐2.4 and the diurnal curve IOP was 22.0+/‐1.3
mmHg. For the brimonidine and timolol maleate treatment group, the trough IOP was 21.6+/‐3.3 and the diurnal curve IOP was 19.8+/‐2.1 mmHg, while the timolol and
unoprostone treatment showed a trough IOP of 20.9+/‐3.8 and a diurnal curve IOP of 19.3+/‐2.4 mmHg. There was no significant difference between treatment groups at
any time point for the diurnal curve, or in the reduction from baseline (P>0.05). Both treatments failed to statistically reduce the IOP from baseline at 1800 h. There was no
difference between treatment groups regarding ocular and systemic unsolicited adverse events, but patients admitted to more dryness (P=0.02) and burning upon
instillation (P<0.0001) with unoprostone by survey.
Conclusion: Brimonidine 0.2% or unoprostone 0.15% added to timolol maleate 0.5% provide similar efficacy and safety throughout the daytime diurnal curve.
8.

Sponsel WE, Paris G, Trigo Y, Pena M. Comparative effects of latanoprost (Xalatan) and unoprostone (Rescula) in patients with open‐angle glaucoma and suspected
glaucoma. Am. J. Ophthalmol. 2002;134(4):552‐559.
Abstract
Purpose: To compare, in paired eyes of open‐angle glaucoma patients and glaucoma suspects, hydrodynamic and visual changes after 1 month of topical latanoprost in
one eye and unoprostone in the other.
Design: Single‐center, institutional randomized clinical trial.
Methods: After completing a washout period off all topical medication, 25 adults (mean age 54 +/‐ SEM 2 years) with bilateral open‐angle glaucoma or glaucoma suspect
status underwent morning (8 to 10 AM) and afternoon (1 to 3 PM) measurements of intraocular pressure (IOP), pulsatile ocular blood flow (POBF), contrast, sensitivity,
frequency doubling technology, and Humphrey 10‐2 perimetry (HVFA II) in both eyes. Each then started unoprostone 0.15% (Rescula) in one randomly assigned eye and
latanoprost 0.005% (Xalatan) in the other. Unoprostone was administered at 8 AM and 8 PM and latanoprost at 8 PM with placebo at 8 AM, both from masked bottles.
After 28 days, differences were determined for each measured variable by two‐tailed paired t test.
Results: Starting from similar baseline IOP levels, after 1 month of treatment, the mean morning IOP values differed according to the topical agent received (16.2 +/‐ SEM
0.6 mm Hg for latanoprost vs 17.9 +/‐ 0.7 mm Hg for unoprostone; P =.001). These morning pressures were 2.6 mm Hg lower than baseline in the eyes receiving
latanoprost (P <.0001), and 1.6 mm Hg lower in unoprostone‐treated eyes (P =.02). Afternoon values were 3.1 +/‐ SEM 0.6 lower than corresponding baseline in eyes
receiving latanoprost, and 2.4 +/‐ SEM 0.6 mm Hg in unoprostone‐treated eyes (P <.0001) from baseline for both medications; inter drug mean IOP difference (P =.04). Eyes
receiving unoprostone showed a 1.7‐db improvement in frequency doubling mean deviation (P =.03), the only significant visual function change observed. Pulsatile ocular
blood flow increased 30% relative to baseline in eyes receiving latanoprost, (P <.0001) and 16% in eyes receiving unoprostone (P =.05) by the morning of day 28. That
afternoon, mean POBF had increased 30% (P <.0001) relative to afternoon baseline values among eyes receiving latanoprost and 18% (P =.03) among those receiving
unoprostone (interdrug change difference, P =.05). Humphrey perimetry and contrast sensitivity remained stable with both prostanoids.
Conclusions: Both latanoprost and unoprostone produced significant reductions in IOP and increases in POBF, with stable central and perimacular visual function.
Latanoprost once daily produced IOP reduction and POBF increases nearly twofold greater than those obtained with unoprostone twice daily. These differences in IOP and
POBF change between unoprostone and latanoprost were statistically significant.
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9.

Jampel HD, Bacharach J, Sheu W‐P, et al. Randomized clinical trial of latanoprost and unoprostone in patients with elevated intraocular pressure. Am. J. Ophthalmol.
2002;134(6):863‐871.
Abstract
Purpose: To compare the intraocular pressure (IOP)‐lowering effect and safety of latanoprost 0.005% once daily with that of unoprostone 0.15% twice daily for patients
with primary open‐angle glaucoma or ocular hypertension.
Design: Randomized clinical trial.
Methods: In a prospective, 8‐week, investigator‐masked, parallel‐group study conducted at numerous centers in the United States, 165 previously treated patients with
IOP >or= 25 mm Hg in one or both eyes after washout were randomly assigned to receive either latanoprost 0.005% once daily in the evening or unoprostone 0.15% twice
daily. Observations procedures were Goldmann applanation tonometry, best‐corrected visual acuity, slit lamp biomicroscopy, and ophthalmoscopy. The main outcome
measure was change in the mean of the IOPs measured at 8:00 AM, 12 noon, and 4:00 PM between baseline (before treatment) and after 8 weeks of treatment.
Results: The change in the mean +/‐ SD of the IOPs measured at 8:00 AM, 12 noon, and 4:00 PM was ‐7.2 +/‐ 3.2 mm Hg (28%) for latanoprost (25.3 +/‐ 2.8 mm Hg at
baseline to 18.2 +/‐ 2.8 mm Hg at 8 weeks) and ‐3.9 +/‐ 2.6 mm Hg (15%) for unoprostone (25.5 +/‐ 3.3 mm Hg at baseline to 21.6 +/‐ 4.0 mm Hg; P ≤001. No serious
adverse event related to either medication was reported.
Conclusions: Over an 8‐week period, latanoprost 0.005% once daily lowered IOP more than unoprostone 0.15% twice daily in patients with elevated IOP. Both agents were
safe and well tolerated.

10. Hommer A, Kapik B, Shams N, Unoprostone Adjunctive Therapy Study Group. Unoprostone as adjunctive therapy to timolol: a double masked randomised study versus
brimonidine and dorzolamide. Br J Ophthalmol 2003;87(5):592‐598.
Abstract
Aims: To compare the safety and efficacy of unoprostone, brimonidine, and dorzolamide as adjunctive therapy to timolol in patients with primary open angle glaucoma or
ocular hypertension.
Methods: This was a randomised, double masked, parallel group, multicentre (14) study. After using timolol maleate 0.5% monotherapy twice a day for 2 weeks, patients
(n = 146) with an early morning intraocular pressure (IOP) between 22 and 28 mm Hg, inclusively, received unoprostone isopropyl 0.15% (n = 50), brimonidine tartrate
0.2% (n = 48), or dorzolamide hydrochloride 2.0% (n = 48) twice daily as adjunctive therapy to timolol maleate 0.5% for another 12 weeks. Safety was based on
comprehensive ophthalmic examinations, adverse events, and vital signs. Efficacy was based on mean change from baseline in the 8 hour diurnal IOP at week 12. Baseline
was defined as values obtained after 2 weeks of timolol monotherapy.
Results: Each drug was safe and well tolerated. Burning/stinging was the most common treatment emergent adverse event. No clinically relevant changes from baseline
were observed for any ophthalmic examination or vital signs. At week 12, each adjunctive therapy produced statistically significant (p<0.001) reductions from timolol
treated baseline in the mean 8 hour diurnal IOP (‐2.7 mm Hg, unoprostone; ‐2.8 mm Hg, brimonidine; ‐3.1 mm Hg, dorzolamide). The extent of IOP reduction did not differ
significantly between unoprostone and either brimonidine (p = 0.154) or dorzolamide (p = 0.101).
Conclusion: Unoprostone was safe and well tolerated and provided a clinically and statistically significant additional reduction in IOP when added to stable monotherapy
with timolol. Furthermore, unoprostone was not significantly different from brimonidine and dorzolamide as adjunctive therapy to timolol.
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11. Day DG, Schacknow PN, Wand M, et al. Timolol 0.5%/dorzolamide 2% fixed combination vs timolol maleate 0.5% and unoprostone 0.15% given twice daily to patients
with primary open‐angle glaucoma or ocular hypertension. Am. J. Ophthalmol. 2003;135(2):138‐143.
Abstract
Objective: To compare the efficacy and safety of timolol 0.5%/dorzolamide 2% fixed combination vs timolol maleate 0.5% and unoprostone 0.15% given twice daily.
Design: Prospective multicenter, randomized, double‐masked, crossover comparison study.
Methods: Primary open‐angle glaucoma or ocular hypertension patients were randomly assigned to one of the treatment groups for a 6‐week treatment period and then
crossed over to the opposite treatment. Diurnal curve testing was performed at 8:00 AM, 10:00 AM, 4:00 PM, 6:00 PM, and 8:00 PM at baseline and the end of each
treatment period. The run‐in medicine was timolol twice daily for 28 days.
Results: Thirty‐two patients completed this trial. The baseline trough pressure was 24.3 +/‐ 3.0 mm Hg, and the diurnal curve was 23.4 +/‐ 3.2 mm Hg. For the fixed
combination the treatment trough pressure was 20.8 +/‐ 4.1 mm Hg and the diurnal curve was 19.6 +/‐ 3.6 mm Hg, whereas timolol and unoprostone concomitant therapy
showed a treatment trough pressure of 20.1 +/‐ 4.5 mm Hg and a diurnal pressure of 19.8 +/‐ 4.1 mm Hg. There was no significant difference between treatment groups at
any time point, for the diurnal curve, or in the extended reduction from baseline. There was no difference between treatment groups regarding ocular and systemic
unsolicited or solicited adverse events. Burning, stinging, and conjunctival hyperemia were the adverse events most noted. There were no serious adverse events during
this trial.
Conclusions: This study suggests that both timolol/dorzolamide 2% fixed combination and concomitant timolol maleate 0.5% and unoprostone 0.15% therapy provide
similar efficacy and safety throughout the daytime diurnal curve.

12. Shoji T, Sato H, Mizukawa A, et al. Hypotensive effect of latanoprost/timolol versus travoprost/timolol fixed combinations in NTG patients: a randomized, multicenter,
crossover clinical trial. Invest Ophthalmol Vis Sci. 2013;54(9):6242‐6247.
Abstract
Purpose: To compare the ocular hypotensive effect of travoprost plus timolol (TTFC) and latanoprost plus timolol fixed combinations (LTFC) in patients with normal‐tension
glaucoma (NTG).
Methods: A two‐sequence 12‐week, multicenter, prospective, randomized, single‐blinded, crossover clinical trial examined 59 NTG patients. If both eyes were eligible, only
one eye (chosen at random) was used for analytical purposes. After a 12‐week run‐in period with dorzolamide plus timolol fixed combination (DTFC), patients were
randomized into one of the two crossover sequences of treatment for 12 weeks with TTFC or LTFC and were subsequently crossed over to the alternative treatment for a
further 12 weeks. The primary endpoint was reduction in IOP after 12 weeks of each treatment sequence. The effect of treatment on IOP was assessed using a linear mixed
model.
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Results: The mean baseline IOP was 14.8 ± 3.3 mm Hg (95% confidence interval [CI], 14.1‐15.3 mm Hg) for treatment with DTFC. The TTFC treatment period showed
consistently lower mean IOP compared with LTFC treatment period at all measurement time points. Mean reduction in IOP at 12 weeks was significantly greater in the
TTFC group than in the LTFC group (‐2.4 ± 2.3 mm Hg vs. ‐1.1 ± 2.3 mm Hg; P = 0.021). No interaction between the drug and treatment sequence was detected. The effects
of intraocular lens implantation and measurement time were also not significant. The tolerability profiles of both treatments were similar.
Conclusions: The additional reduction in IOP was greater with TTFC than with LTFC, and their tolerability profiles were similar.
13. Delval L, Baudouin C, Gabisson P, Alliot E, Vincent B, Diamant Study Group. Safety and efficacy of unpreserved timolol 0.1% gel in patients controlled by preserved
latanoprost with signs of ocular intolerance. J Fr Ophtalmol. 2013;36(4):316‐323.
Abstract
Purpose: To assess the safety and efficacy of unpreserved timolol 0.1% gel in ocular hypertensive (OHT) or glaucomatous patients controlled by preserved latanoprost
0.005% but with signs of ocular intolerance.
Methods: Patients initially treated with preserved latanoprost were randomized to receive once daily either one drop of unpreserved timolol gel in the morning or one
drop of preserved latanoprost in the evening for 84 days. All patients attended three visits (D0, D28 and D84). A patient was considered as responder to primary criteria at
Day 84 if the sum of the scores of the eight ocular symptoms and the six objective signs had decreased by at least 20% and if the effect on intra‐ocular pressure (IOP) was
assessed as either satisfactory or acceptable.

Results: At D84, 91.5% of patients were responders to the primary combined efficacy/safety criteria under unpreserved timolol gel treatment versus 48.6% under
latanoprost treatment (P<0.001). As early as D28, 85.3% of patients were responders in the unpreserved timolol gel group compared to 40.3% of patients in the preserved
latanoprost group (P<0.001). IOP change from baseline was not significant between treatments (P>0.05) at D28 or D84. Both signs and symptoms were significantly
improved (P<0.001) with unpreserved timolol gel compared to preserved latanoprost.
Conclusions: Unpreserved timolol 0.1% gel maintained the efficacy of preserved latanoprost and reduced signs and symptoms of intolerance in almost all
glaucomatous/OHT patients on preserved latanoprost.
14. Day DG, Walters TR, Schwartz GF, et al. Bimatoprost 0.03% preservative‐free ophthalmic solution versus bimatoprost 0.03% ophthalmic solution (Lumigan) for
glaucoma or ocular hypertension: a 12‐week, randomised, double‐masked trial. Br J Ophthalmol. 2013;97(8):989‐993.
Abstract
Background/Aim: To evaluate efficacy and safety of bimatoprost 0.03% preservative‐free (PF) ophthalmic solution versus bimatoprost 0.03% (Lumigan)
solution for glaucoma or ocular hypertension.

ophthalmic

Methods: In this double‐masked, parallel‐group study, patients were randomised to bimatoprost PF or bimatoprost for 12 weeks. The primary analysis for non‐inferiority
was change from baseline in worse eye intraocular pressure (IOP) in the per‐protocol population at week 12. For equivalence, it was average eye IOP in the intent‐to‐treat
population at each time point at weeks 2, 6 and 12.
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Results: 597 patients were randomised (bimatoprost PF, n=302 and bimatoprost, n=295). The 95% CI upper limit for worse eye IOP change from baseline was <1.5 mm Hg
at each week 12 time point, meeting prespecified non‐inferiority criteria. The 95% CI upper limit for the treatment difference for average IOP was 0.69 mm Hg and the
lower limit was ‐0.50 mm Hg at all follow‐up time points (hours 0, 2 and 8 at weeks 2, 6 and 12), meeting equivalence criteria. Both treatments showed decreases in mean
average eye IOP at all follow‐up time points (p<0.001), were safe and well tolerated.
Conclusions: Bimatoprost PF is non‐inferior and equivalent to bimatoprost in its ability to reduce IOP‐lowering with a safety profile similar to bimatoprost.
15. Quaranta L, Biagioli E, Riva I, et al. Prostaglandin analogs and timolol‐fixed versus unfixed combinations or monotherapy for open‐angle glaucoma: a systematic review
and meta‐analysis. J Ocul Pharmacol Ther. 2013;29(4):382‐389.
Abstract
Purpose: To estimate the intraocular pressure (IOP)‐lowering effect of prostaglandin analogs (PGAs) administered in combination with β‐blockers.
Methods: We searched the Medline and Embase databases for randomized trials comparing topical therapies with PGAs and timolol administered as monotherapy Mt), or
in fixed (FC) or unfixed combinations (UC) to patients with glaucoma or ocular hypertension. The efficacy endpoint was the mean difference (MeD) in the reduction in IOP
from baseline; the tolerability endpoint was the incidence of hyperemia.

Results: The 18 eligible trials involved 23 comparisons of FC versus Mt, and 5 of FC versus UC. The FCs were less efficacious than UCs (MeD: 0.69, 95% CI: 0.29 to 1.08). In
comparison with timolol Mt, the latanoprost/timolol FC led to a greater IOP reduction (MeD: ‐2.74, 95% CI: ‐3.24 to ‐2.23) than the bimatoprost/timolol FC (MeD: ‐1.49,
95% CI: ‐1.86 to ‐1.12) or the travoprost/timolol FC (MeD: ‐1.93, 95%CI: ‐2.98 to ‐0.88). The FCs led to a lower hyperemia risk than UCs [relative risk (RR): 0.70, 95% CI: 0.43
to 1.14] and PGA Mt (RR: 0.61, 95% CI: 0.53 to 0.70).
Conclusions: FCs are more efficacious than their individual components, but less efficacious than their respective UCs. FCs lead to a lower hyperemia risk than UCs and
their respective PGA Mts.

16. Cheng J‐W, Cheng S‐W, Gao L‐D, Lu G‐C, Wei R‐L. Intraocular pressure‐lowering effects of commonly used fixed‐combination drugs with timolol: a systematic review and
meta‐analysis. PLoS ONE. 2012;7(9):e45079.
Abstract
Background: The first goal of medical therapy in glaucoma is to reduce intraocular pressure (IOP), and the fixed‐combination medications are needed to achieve sufficiently
low target IOP. The aim of this systematic review and meta‐analysis is to evaluate IOP‐lowering effect of the commonly used fixed‐combination drugs containing 0.5%
timolol.
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Methods: Pertinent publications were identified through systematic searches. Over 85% of the patients had to be diagnosed with primary open‐angle glaucoma (POAG) or
ocular hypertension (OHT). Forty‐one randomized clinical trials were included in the meta‐analysis. The main efficacy measures were the absolute and relative values of
mean diurnal IOP reduction, and the highest and lowest IOP reductions on the diurnal IOP curve. The pooled 1‐ to 3‐month IOP‐lowering effects after a medicine‐free
washout period was calculated by performing meta‐analysis using the random effects model, and relative treatment effects among different fixed combinations were
assessed using a mixed‐effects meta‐regression model.
Results: The relative reductions for mean diurnal IOP were 34.9% for travoprost/timolol, 34.3% for bimatoprost/timolol, 33.9% for latanoprost/timolol, 32.7% for
brinzolamide/timolol, 29.9% for dorzolamide/timolol, and 28.1% for brimonidine/timolol. For the highest IOP decrease, relative reductions ranged from 31.3% for
dorzolamide/timolol to 35.5% for travoprost/timolol; for the lowest IOP decrease, those varied from 25.9% for dorzolamide/timolol to 33.1% for bimatoprost/timolol. Both
latanoprost/timolol and travoprost/timolol were more effective in lowering mean diurnal IOP than brimonidine/timolol (WMD: 5.9 and 7.0) and dorzolamide/timolol
(WMD: 3.8 and 3.3).
Conclusions: All six commonly used fixed‐combination drugs containing timolol can effectively lower IOP in patients with POAG and OHT, and both latanoprost/timolol and
travoprost/timolol might achieve better IOP‐lowering effects among the six fixed‐combination agents.
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Drug Use Research & Management Program
Oregon State University, 500 Summer Street NE, E35, Salem, Oregon 97301‐1079
Phone 503‐945‐5220 | Fax 503‐947‐1119

Class Update: Treatment for Opioid Use Disorder
Month/Year of Review: January 2015
PDL Class: Opioid Dependence
Literature Search End Date: October 2014

Date of Last Review: July 2013
Source Document: OSU College of Pharmacy

Current Status of PDL Class:
 Preferred Agents: buprenorphine sublingual tablets, buprenorphine/naloxone sublingual tablets, and buprenorphine/naloxone sublingual film
(Suboxone®)
 Non‐Preferred Agents: naltrexone extended‐release injection (Vivitrol®), buprenorphine/naloxone buccal film (Bunavail®)
Research Questions:
 Is there any new comparative evidence of meaningful difference in efficacy/effectiveness for different drugs and formulations approved to treat opioid
dependence?
 Is there any new comparative evidence of meaningful difference in safety for different drugs and formulations approved to treat opioid dependence?
 Are there any subpopulations in which a particular drug or formulation approved for opioid dependence may be more effectives or more safe?
Previous Conclusions and Recommendations:
 There is moderate level evidence that buprenorphine is an effective intervention for maintenance treatment of opioid dependence/addiction with or
without adjunctive counseling.
 All buprenorphine and buprenorphine/naloxone products should be preferred agents; continue requiring prior authorization criteria to ensure
appropriate diagnosis and prescribing privileges.
 There is moderate level evidence that when compared to placebo for the treatment of opioid dependence, naltrexone extended‐release injectable
suspension is associated with reduced opioid use after detoxification and improves abstinence in patients when studied for 24 weeks in combination
with drug counseling.
 Retain naltrexone extended‐release injections as non‐preferred on PDL for the treatment of opioid dependence and require prior authorization criteria
to ensure appropriate diagnosis and prescribing privileges, to verify the patient is unable to tolerate oral treatment for opioid dependence, is enrolled in
a comprehensive treatment program that includes a psychosocial support system, and is opioid‐free for at least 7 days prior to initiating therapy.
PA Criteria: Prior authorization (PA) criteria are currently in place for buprenorphine, buprenorphine/naloxone, and extended‐release naltrexone (Appendix 1).
1
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Conclusions and Recommendations:
 New evidence is still insufficient to determine if there is any difference in efficacy/effectiveness or safety between different opioid dependence
treatments, including different buprenorphine formulations.
 New evidence is insufficient to determine if a specific subpopulation may benefit more with a specific drug or formulation approved for opioid
dependence.
 Evaluate comparative costs in the executive session.
Methods:
A PubMed search was conducted using the following search terms: opioid dependence, methadone, buprenorphine, naloxone, and naltrexone. The search was
limited to comparative randomized controlled trials (RCTs), systematic review, English language, and studies conducted in humans since the last literature search
was conducted in preparation for P&T Committee review until the second week of October 2014. The Agency for Healthcare Research and Quality (AHRQ),
Cochrane Collection, and the Canadian Agency for Drugs and Technologies in Health (CADTH) resources were searched for high quality systematic reviews. The
FDA website was searched for new drugs, indications, and safety alerts, and the AHRQ National Guideline Clearinghouse (NGC) was searched for updated and
recent evidence‐based guidelines.
New Systematic Reviews:
Since the last evidence review, there were several meta‐analyses and systematic reviews conducted. Please see Appendix 2 for abstracts.
A Cochrane Review by Perry, et al.2 examined the effectiveness of pharmacological interventions for drug‐using offenders in reducing criminal activity and/or
drug use. Eleven trials evaluating a total of 2,678 participants were evaluated. Nine of the 11 studies primarily studied male subjects. Pharmacological
interventions (buprenorphine, methadone and naltrexone) were compared to non‐pharmacological therapy (e.g., counseling) and then methadone was
compared to buprenorphine, diamorphine and naltrexone. The methodological trial quality was poorly described and most study methodologies were unclear to
the reviewers. The largest threats to risk of bias were generated through inappropriate blinding (performance and assessment bias) and incomplete outcome
data (attrition bias). When combined, the results suggest that pharmacological interventions significantly reduce subsequent drug use using biological measures
such as urine drug tests or hair sample drug concentrations (relative risk (RR) 0.71, 95% confidence interval (CI) 0.52 to 0.97, three studies, 300 participants),
self‐reported dichotomous drug use data (i.e., yes/no) (RR 0.42, 95% CI 0.22 to 0.81, three studies, 317 participants) and continuous measures (i.e. mean days of
drug use) (MD ‐59.66, 95% CI ‐120.60 to 1.28, one study, 51 participants). Criminal activity was significantly reduced favoring the dichotomous measures of re‐
arrest, (RR 0.60, 95% CI 0.32 to 1.14, one study, 62 participants), re‐incarceration (RR 0.33, 95% CI 0.19 to 0.56, three studies, 142 participants) and continuous
measures (MD ‐74.21, 95% CI ‐133.53 to ‐14.89, one study, 51 participants). Findings on the effects of individual pharmacological interventions on drug use and
criminal activity yielded mixed results. Buprenorphine compared to non‐pharmacological treatment tended to favor buprenorphine, but not significantly, with
self‐reported drug use (RR 0.58, 95% CI 0.25 to 1.35, one study, 36 participants). There was a significant reduction for self‐reported dichotomous drug use with
methadone and cognitive behavioral skills compared to standard psychiatric services (RR 0.43, 95% CI 0.33 to 0.56, one study, 253 participants) but not for self‐
reported continuous data (MD ‐0.52, 95% CI ‐1.09 to 0.05, one study, 51 participants) or re‐incarceration (RR 1.23, 95% CI 0.53 to 2.87). Naltrexone was favored
significantly over routine parole and probation for re‐incarceration (RR 0.36, 95% CI 0.19 to 0.69, two studies 114 participants) but no data were available on
drug use. No significant differences were found when methadone was compared to buprenorphine in regard to self‐reported dichotomous drug use (RR 1.23,
95% CI 0.86 to 1.76, one study, 193 participants), continuous measures of drug use (MD 0.70, 95% CI ‐5.33 to 6.73) or criminal activity (RR 1.25, 95% CI 0.83 to
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1.88). Similar results were found for comparisons of methadone with diamorphine, with no significant differences in self‐reported dichotomous drug use that led
to arrest (RR 1.25, 95% CI 1.03‐1.51, one study, 825 participants), and when compared to naltrexone, with no significant differences in dichotomous measures of
re‐incarceration (RR 1.10, 95% CI 0.37 to 3.26, one study, 44 participants) and continuous outcome measures of crime (MD ‐0.50, 95% CI ‐8.04 to 7.04) or self‐
reported drug use (MD 4.60, 95% CI ‐3.54 to 12.74).
A Cochrane Review by Mattick, et al.3 evaluated buprenorphine maintenance treatment compared to placebo or methadone maintenance treatment for opioid
dependence, including its ability to retain people in treatment, suppress illicit drug use, reduce criminal activity and mortality. Thirty‐one trials with 5,430
participants were included in the meta‐analysis. There was high quality evidence that buprenorphine was superior to placebo in retention of participants in
treatment at all doses examined. Specifically, buprenorphine retained participants better than placebo at low doses (2‐6 mg daily, RR 1.50, 95% CI 1.19 to 1.88, 5
studies, 1131 participants), at medium doses (7‐15 mg daily, RR 1.74, 95% CI 1.06 to 2.87, 4 studies, 887 participants) and at high doses (≥16 mg daily, RR 1.82,
95% CI 1.15 to 2.90, 5 studies, 1001 participants). There was high quality of evidence that buprenorphine at flexible doses adjusted to participant needs was less
effective than methadone in retaining participants (RR 0.83; 95% CI 0.72 to 0.95, 5 studies, 788 participants). Low daily doses of methadone (≤40 mg daily) were
more likely to retain participants than low doses of buprenorphine (2‐6 mg daily) (RR 0.67, 95% CI 0.52 to 0.87, 3 studies, 253 participants). However, the
authors found contrary results when higher doses of methadone were compared to buprenorphine. There was no difference between medium doses of
buprenorphine (7‐15 mg daily) and medium doses of methadone (40‐85 mg daily) in terms of therapy retention (RR 0.87, 95% CI 0.69 to 1.10, 7 studies, 780
participants) or in suppression of illicit opioid use as measured by urinalysis (standardized mean difference (SMD) 0.25, 95% CI ‐0.08 to 0.58, 4 studies, 476
participants) or self‐reported illicit opioid use (SMD ‐0.82, 95% CI ‐1.83 to 0.19, 2 studies, 174 participants). Similarly, there was no difference between high
doses of buprenorphine (≥ 16 mg daily) and high doses of methadone (≥ 85 mg daily) in retention (RR 0.79, 95% CI 0.20 to 3.16) or suppression of self‐reported
heroin use (SMD ‐0.73, 95% CI ‐1.08 to ‐0.37, 1 study, 134 participants). Few studies reported adverse events; two studies compared adverse events statistically,
finding no difference between methadone and buprenorphine except for one study finding more sedation among those using methadone. Based on placebo‐
controlled trials, the authors concluded buprenorphine is an effective medication in the maintenance treatment of heroin dependence, retaining people in
treatment at any dose higher than 2 mg daily, and suppressing illicit opioid use at doses 16 mg daily or higher. However, buprenorphine retains fewer people
when doses are flexibly adjusted to meet patient needs or at low fixed doses compared to methadone, though both drugs under these conditions equally
suppress illicit opioid use. If fixed medium or high doses are used, buprenorphine and methadone are not different in effectiveness outcomes such as retention
in treatment and suppression of illicit opioid use.
A meta‐analysis by Larney, et al.5 assessed the safety and efficacy of naltrexone implants for the treatment of opioid dependence. Outcomes assessed included
induction to treatment, retention in treatment, opioid and non‐opioid use, adverse events, non‐fatal overdose and mortality. Five randomized trials (n = 576)
and four non‐randomized studies (n = 8,358) were eligible for review. The quality of the evidence ranged from moderate to very low. Naltrexone implants at
doses between 1 gram to 2.2 grams were superior to placebo implants (RR 0.57, 95% CI 0.48 to 0.68; k = 2) and oral naltrexone (RR 0.57, 95% CI 0.47 to 0.70;
k = 2) in suppressing opioid use. No difference in opioid use measured by either urine drug tests or self‐reporting was observed between naltrexone implants and
methadone maintenance (SMD ‐0.33, 95% CI ‐0.93 to 0.26; k = 1); however, this finding was based on low‐quality evidence from one study. The authors
concluded better designed research is needed to establish the safety and efficacy of naltrexone implants.
A Cochrane Review by Minozzi, et al.1 assessed the effectiveness of any maintenance opioid treatment alone or in combination with psychosocial intervention
during pregnancy or child birth, compared to either no intervention, another pharmacological intervention or psychosocial intervention alone. Focused
endpoints included child health status, neonatal mortality, retaining pregnant women in treatment and reducing the use of substances for opioid‐dependent
pregnant women. Four trials with 271 pregnant women were included in the analysis. Three trials compared methadone with buprenorphine and one trial
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compared methadone with oral slow‐release morphine. Three out of four studies had adequate allocation concealment and were double‐blinded. The major
flaw in the included studies was attrition bias: three out of four had a high attrition rate (30% to 40%) which was unbalanced between groups. When
methadone was compared to buprenorphine, the attrition rate from treatment was lower in the methadone group (RR 0.64, 95% CI 0.41 to 1.01, three studies,
223 participants). However, there was no statistically significant difference in the use of primary substances between the methadone and buprenorphine
participants (RR 1.81, 95% CI 0.70 to 4.69, two studies, 151 participants). For both endpoints, the authors judged the quality of evidence to be low. Birth weight
was higher in the buprenorphine group in the two of the three trials where data could be pooled (mean difference [MD] ‐365.45 grams; 95% CI ‐673.84 to ‐
57.07, two studies, 150 participants); the third study reported no statistically significant difference. Neither of the studies which compared methadone with
buprenorphine found a significant difference in Apgar scores when assessing newborns but the authors rated the quality of evidence as low. Many measures
were used in the studies to assess neonatal abstinence syndrome. The number of newborns treated for neonatal abstinence syndrome did not significantly differ
between groups but the quality of evidence was rated as very low. Attrition rates were minimal in trials that compared methadone with slow‐release morphine.
Oral slow‐release morphine seemed superior to methadone for abstinence from heroin use during pregnancy (RR 2.40, 95% CI 1.00 to 5.77, one study, 48
participants) and the quality of evidence was rated as moderate. There was only one study which compared reported adverse events to methadone and
buprenorphine and there was no statistically significant difference for the mothers; however, there were significantly fewer serious adverse events in the
newborns of mothers on buprenorphine compared to methadone. In the comparison between methadone and slow‐release morphine, no adverse events were
reported for the mothers, whereas one child in the methadone group experienced central apnea and one child in the morphine group experienced obstructive
apnea. The authors concluded there was insufficient evidence to suggest significant differences between methadone and buprenorphine or slow‐release
morphine to make a conclusion that one treatment is superior to another for all relevant outcomes.
In the systematic review by Soyka4, the author reviewed RCTs and one national cohort sample between 2011 and 2013 in the management of opioid
dependence in pregnancy. Most of the studies compared buprenorphine with methadone. When maternal outcomes were examined, most studies found
buprenorphine to have similar effects as methadone. There were very few data from small studies evaluating the effect of buprenorphine on neurodevelopment
of the fetus. Neonatal abstinence syndrome is common in infants of both buprenorphine‐ and methadone‐maintained mothers. Overall, buprenorphine had
similar neonatal clinical outcomes as methadone, although some newer studies suggest that buprenorphine may cause fewer withdrawal symptoms. There were
few studies investigating the combination of buprenorphine with naloxone in pregnant women because of the possible teratogenic effects from naloxone. The
authors acknowledged the role of buprenorphine in pregnant opioid users, but also recognized the need of long‐term studies to explore the impact of
maintenance therapy on child development, including neurological, psychiatric and neuropsychological updates.
In 2013, CADTH6 reviewed the clinical‐ and cost‐effectiveness of buprenorphine/naloxone versus methadone for the treatment of opioid dependence. Four RCTs
(a secondary analysis on data from one RCT was performed), two non‐randomized trials, and two economic evaluations were identified. Based on the results
from RTC data, no difference was found in terms of opioid use measured by urine drug tests between buprenorphine/naloxone and methadone. Three out four
RTCs reported similar retention time between the two groups. The Greek economic evaluation estimated patient total costs for one year were lower for
treatment with buprenorphine/naloxone compared to methadone, whereas the Australian economic analysis found the mean treatment costs over a 6‐month
period were relatively equal between the two treatments. Most of the included clinical trials had small sample sizes, power calculations were not described and
the economic data are not specific to the U.S.; therefore, results should be interpreted with caution. In addition, all studies reported results from the evaluable
population or from patients who had completed the studies even though participant retention rates were low.
New drugs:
4
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In June 2014, the FDA approved a new buprenorphine/naloxone buccal film (Bunavail®). Like buprenorphine/naloxone sublingual tablet and film, the buccal film
formulation was approved as maintenance treatment for opioid dependence.7 The buccal formulation is absorbed faster than the sublingual tablet or film,
allowing it to be administered in doses of 2.1/0.3 mg, 4.2/0.7 mg, or 6.3/1 mg instead of corresponding doses of 2/0.5 mg, 4/1 mg, 8/2 mg or 12/3 mg for the
sublingual film. However, there is no evidence to suggest there are any differences in efficacy and safety between these formulations.8
New FDA Indications:
None
New FDA safety alerts:
None
New Trials (Appendix 2):
A total of 107 citations were identified from the initial literature search. Articles were excluded due to wrong study design (observational), comparator
(placebo), or outcome (non‐clinical). After inclusion for further review, 41 citations were further evaluated but only 7 potentially relevant comparative
randomized trials were identified through abstract review for appropriate medication, indication, study design, and outcomes. The trials are briefly described in
Table 1.
Table 1: Potentially Relevant New Trials.
Study
Fiellin, et al.
20149

Comparison
Buprenorphine taper
(n=57) vs. ongoing
maintenance therapy
(n=56)

Population
Adults with opioid
dependence treated at
primary care setting

Primary Outcome
Illicit opioid use via
results of urinalysis and
patient report and
treatment retention.

Liebschutz,
et al. 201410

Buprenorphine
detoxification only
(n=67) vs. detoxification
linked to office‐based
buprenorphine
treatment (n=72)

Post‐discharge adults
with opioid dependence
identified during medical
hospitalization.

Entry and sustained
engagement with
buprenorphine at 1, 3,
and 6 months (medical
record verified) and prior
30‐day use of illicit
opioids (self‐report).

Sigmon, et al.
201311

Buprenorphine 1‐
(n=24), 2‐ (n=24), and 4‐

Adults with prescription
opioid following a brief

The percentage of
participants negative for
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Results
The mean percentage of urine samples negative for opioids was lower for
patients in the taper group (35.2% [95% CI, 26.2%‐44.2%]) compared with
those in the maintenance group (53.2% [95% CI, 44.3%‐62.0%]). Patients in
the taper group reported more days per week of illicit opioid use than those
in the maintenance group once they were no longer receiving
buprenorphine (mean use, 1.27 [95% CI, 0.60‐1.94] vs. 0.47 [95% CI, 0.19‐
0.74] days). Patients in the taper group had fewer maximum consecutive
weeks of opioid abstinence compared with those in the maintenance group
(mean abstinence, 2.70 [95% CI, 1.72‐3.75] vs. 5.20 [95% CI, 4.16‐6.20]
weeks).
Participants referred to office‐based buprenorphine treatment (linkage
participant) were more likely to enter office‐based therapy than those in the
detoxification group (52 [72.2%] vs. 8 [11.9%], P < .001). At 6 months, 12
linkage participants (16.7%) and 2 detoxification participants (3%) were
receiving buprenorphine (P = .007). Compared with those in the
detoxification group, participants in the linkage group reported less illicit
opioid use in the 30 days before the 6‐month interview (incidence rate
ratio, 0.60; 95% CI, 0.46‐0.73; P < .01) in an intent‐to‐treat analysis.
Opioid abstinence at the end of phase 1 was greater in the 4‐week
compared to the 2‐ and 1‐week taper (P=0.02), with 63% (n=14), 29% (n=7),
5

(b=22) week taper
regimens with
subsequent naltrexone
therapy.

period of buprenorphine
stabilization.

illicit opioid use,
retention, naltrexone
ingestion, and favorable
treatment response (i.e.,
retained in treatment,
opioid abstinence, and
receiving naltrexone at
the end of the study).

Neumann, et
al. 201312

Methadone (n=26) vs.
buprenorphine/
naloxone (n=28)

Adults with opioid
addiction receiving
opioids for the
treatment of
nonmalignant chronic
pain.

Otiashvili, et
al. 201313

Buprenorphine/naloxone
(n=40) vs. methadone
(n=40)

Adults with opioid
dependence.

Lintzeris, et
al. 201314

Buprenorphine/naloxone
tablets (n=46) vs. film
(n=46)

Opioid‐dependent adults
on
buprenorphine/naloxone
treatment

Rosenthal, et
al. 201315

Buprenorphine implant
(BI) (n=114) vs. placebo
implant (PI) (n=54)

Adults (age 18 ‐ 65) with
DSM‐IV‐TR opioid
dependence

Compare the influence of
6 months of methadone
and buprenorphine/
naloxone treatment on
analgesia, illicit drug use,
treatment retention, and
functioning.
The impact of continuing
treatment with
buprenorphine/naloxone
or methadone in
buprenorphine injectors
on substance use and
HIV risk behaviors.
Subjective dose effects
and equivalence, trough
plasma levels, adverse
events, patient
satisfaction, supervised
dosing time, and impact
upon treatment
outcomes (substance
use, psychosocial
function)
Percentage of urine
samples negative for
opioids collected from
weeks 1 to 24, examined
as a cumulative
distribution function
(CDF).

and 29% (n=7) of participants abstinent with the 4‐, 2‐, and 1‐week tapers,
respectively. Abstinence at the end of phase 2 was also greater in the 4‐
week compared with the 2‐ and 1‐week tapers (P=0.03), with 50% (n = 11),
16% (n = 4), and 20% (n = 5) of participants abstinent with the 4‐, 2‐, and 1‐
week tapers, respectively. There were more treatment responders with the
4‐week taper (P=0.03), with 50% (n = 11), 17% (n = 4), and 21% (n = 5) of
participants with the 4‐, 2‐, and 1‐week tapers considered responders at the
end of treatment, respectively. Treatment retention and naltrexone use
were also higher in the 4‐week taper vs. briefer tapers (both P=0.04).
The 26 participants (48.1%) who remained in the study noted a 12.75%
reduction in pain (P=0.043). No participants in the methadone group,
compared to 5 in the buprenorphine group, reported illicit opioid use
(P=0.039). Other differences, such as treatment retention and functioning,
were not found between methadone and buprenorphine/naloxone groups.

In both study arms, treatment resulted in a marked reduction in
unprescribed buprenorphine and other opioid use, but the methadone arm
had more reported positive urine tests compared with
buprenorphine/naloxone (P=0.03). However, there was no significant
differences in self‐reported HIV risk behaviors, such as needle sharing,
between the two treatment groups (P=1.0).
No significant group differences were observed for subjective dose effects,
trough plasma buprenorphine or norbuprenorphine levels, adverse events
or treatment outcomes. The only difference between the two formulations
was the buprenorphine/naloxone film took significantly less time to dissolve
than tablets (173 ±71 seconds vs. 242 ±141 seconds, p=0.007).

The BI CDF was significantly different from placebo (P < 0.0001) with mean
proportions (95% CI) of urine samples negative for opioids (BI = 31.2% [25.3,
37.1] vs. PI = 13.4% [8.3, 18.6]).
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Appendix 1: Current Prior Authorization Criteria.

Buprenorphine Sublingual
Goal(s):
 Expand access to opioid dependence/addiction treatment
 Treatment of pain remains a priority, including opioid‐dependent patients with injury or illness. Buprenorphine
must be held during opioid treatment, especially with long‐acting opioids.
 Clinical Guidelines for the Use of Buprenorphine in the Treatment of Opioid Addiction, TIP 40, available at
http://buprenorphine.samhsa.gov/Bup_Guidelines.pdf.
Initiative: Opioid Dependence Treatment
Length of Authorization: up to 6 months; 2 months if the prescription is for immediate need pending certification.
Requires PA:
Brand

Generic

Suboxone

buprenorphine/naloxone

Subutex

buprenorphine

Covered Alternatives: Preferred alternatives available at www.orpdl.org
Approval Criteria
1. What diagnosis is being treated?

Record ICD9 code.

2. Is diagnosis one of the following?
 304.00 Opioid type dependence
unspecified use
 304.01 Opioid type dependence
continuous use
 304.70 Opioid type dependence
continuous use
 304.70 Combinations of opioid type drug
with other drug dependence unspecified
use
 304.71 Combinations of opioid type drug
with any other drug dependence
continuous.

Yes: GO TO #3

No: PASS TO RPH; deny for
medical appropriateness

3. Is prescriber a physician assistant or nurse
practitioner? (NPs and PAs may not
prescribe)

Yes: PASS TO RPH; deny for
medical appropriateness

No: GO TO #4
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Approval Criteria
4. Does prescribing physician have a Drug
Addiction Treatment Act (DATA)‐2000
waiver ID number (also termed a special X‐
DEA license or certification)?
OR
Prescriber provides copy of SAMSHA
certification request pending with
“Immediate Need” checked? (once
prescriber meets criteria SAMHSA may take
45 days to process.)

Yes: Document number or
attach copy of SAMSHA request
to PA record.

No: GO TO #5

GO TO #6

Note: Physicians do not have to list their
license on the SAMHSA Buprenorphine
Physician Locator website, which is publicly
available. Pharmacists may call the
Buprenorphine Information Center at 1‐866‐
BUP‐CSAT to verify unlisted or application
under review prescribers.
5. Does the prescriber qualify for waiver from
separate registration?
a) Must have a valid DEA license
AND
b) Board certified in addiction medicine
OR
c) Employed by an opioid treatment
program
OR
d) Federally employed physicians (e.g.
IHS or VA)

Yes: GO TO #6

6. Is patient concurrently on long‐acting
opioids (check claim record and inform
prescriber of any current claims)?

Yes: PASS TO RPH; deny for
medical appropriateness.

Examples of long‐acting opioids include:
- methadone (e.g. Dolophine, Methadose)
- levorphanol (e.g. Levo‐Dromoran)
- extended‐release morphine (e.g. MS
Contin, Oramorph SR, Kadian, Avinza)
- extended‐release oxycodone (e.g.
OxyContin)
- fentanyl patches (e.g. Duragesic)
extended‐release oxymorphone (e.g. Opana ER)

No: PASS TO RPH; deny for
medical appropriateness.
Encourage physician to get
training & register at SAMSHA
http://buprenorphine.samhsa.g
ov/howto.html or
FAX “intent” form to 240‐276‐
1630 at DEA.

NO: GO TO #7

DO NOT GIVE methadone, or any
long‐acting opiate
CONCURRENTLY with
buprenorphine. If currently on
methadone, reduce to stable
state of 30 mg methadone
equivalent (methadone 40 mg =
buprenorphine 6 mg), then wait
24 hours to initiate
buprenorphine.
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Approval Criteria
7. Is patient concurrently on other opioids
(check claim record and prescriber of any
current claims in STC 40)?

Yes: PASS TO RPH; deny for
medical appropriateness.

No: GO TO #8

If physician can provide rationale
for concurrent therapy,
document in PA and record and
GO TO #8.
8. Is dose ≤ 24 mg/day? (may average every
other day therapy, e.g., 48 mg QOD)

Yes: GO TO #9

9. What is patient’s pharmacy‐of‐choice?
- Document pharmacy name and NPI or
address in PA record.
- Lock patient into their pharmacy of
choice for 6 months.
- Use reason code: Suboxone

Inform prescriber patient will be locked to a single pharmacy for all
prescriptions.

10. What is the expected length of treatment?
Document treatment length in PA record.

a) If prescriber is waiting for SAMSHA certification subsequent
approvals dependent on certification: Approve for 2 months.
b) If prescriber is certified: Approve for anticipation length of
treatment or 6 months, whichever is shorter.

P&T / DUR Action:
Revision(s):
Initiated:

No: PASS TO RPH; deny for
medical appropriateness.

GO TO #10

9/24/09 (REH), 5/21/09, 9/24/09
9/1/13
1/1/10
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Naltrexone Extended Release Inj. (Vivitrol®)
Goal:
Promote safe and cost effective therapy for the treatment of alcohol and opioid dependence.
Length of Authorization:
 Initial – 3 months; Renewal – 1 year
Covered Alternatives:
 Acamprosate, naltrexone tablets, disulfiram. Preferred alternatives available at www.orpdl.org

Approval Criteria
1. What diagnosis is being treated?

Record ICD9 code.

2. Does the member have a diagnosis of alcohol
dependence (DSM‐IV‐TR) or alcohol use disorder
(AUD: DSM5)?

Yes: GO TO #3

No: GO TO #4

3. Has the requesting prescriber provided
documentation and/or confirmation of abstinence
from alcohol as assessed by the provider and/or
objective testing?

Yes: GO TO #6

No: PASS TO RPH; Deny for
medical appropriateness.

4. Does the member have a diagnosis of opioid
dependence (DSM‐IV‐TR) or opioid use disorder
(OUD: DSM5)?

Yes: GO TO #5

Patients must have
demonstrated alcohol
abstinence prior to
administration.
No: PASS TO RPH; deny for
medical appropriateness.
Naltrexone extended release
injection is only approved for
alcohol and opioid dependence.

5. Has the patient tried and failed other oral agents for
the treatment of opioid dependency
(buprenorphine, methadone)

Yes: GO TO #6

No: PASS TO RPH; Deny for
medical appropriateness.

OR
Is the patient unable to take oral therapy or does the
patient require injectable therapy due to adherence
issues?
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Approval Criteria
6. Is the member part of a comprehensive treatment
program for substance abuse that includes a
psychosocial support system?

Yes: GO TO #7

No: PASS TO RPH; deny for
medical appropriateness.
Naltrexone extended release
injection therapy must be part
of a comprehensive treatment
program including psychosocial
support.

Yes: Notify requesting
provider of the opioid
prescriber, drug, dose,
prescription date and the
day supply;

7. Has the patient received any opioid prescription
within the last 30 days from a prescriber other than
the requesting provider based on prescription claims
history?

No: GO TO #8

GO TO #8
8. Has the patient abstained from the use of any
opioids for at least 7 to 10 days, including street
opioids such as heroin or prescription opioids as
assessed by the provider and/ or objective testing?

P&T / DUR Action:
Revision(s):
Initiated:

Yes: Approve for 3
months for initial
therapy, 12 months for
continuation therapy.

No: PASS TO RPH; deny for
medical appropriateness.
Patient must be opioid‐free for 7
to 10 days prior to
administration to minimize risk
of acute opioid withdrawal
syndrome.

5/29/14 BBL, 11/21/2013 (TW/MH)
1/1/15
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Appendix 2: Abstracts of Systematic Reviews and Randomized Clinical Trials.
1.

Minozzi S, Amato L, Bellisario C, Ferri M, Davoli M. Maintenance agonist treatments for opiate‐dependent pregnant
women. Cochrane Database of Systematic Reviews 2013, Issue 12.
Abstract
Background: The prevalence of opiate use among pregnant women can range from 1% to 2% to as high as 21%. Heroin
crosses the placenta and pregnant, opiate‐dependent women experience a six‐fold increase in maternal obstetric
complications such as low birth weight, toxaemia, third trimester bleeding, malpresentation, puerperal morbidity, fetal
distress and meconium aspiration. Neonatal complications include narcotic withdrawal, postnatal growth deficiency,
microcephaly, neuro‐behavioural problems, increased neonatal mortality and a 74‐fold increase in sudden infant death
syndrome.
Objectives: To assess the effectiveness of any maintenance treatment alone or in combination with psychosocial
intervention compared to no intervention, other pharmacological intervention or psychosocial interventions for child health
status, neonatal mortality, retaining pregnant women in treatment and reducing the use of substances.
Search methods: We searched the Cochrane Drugs and Alcohol Group Trials Register (September 2013), PubMed (1966 to
September 2013), CINAHL (1982 to September 2013), reference lists of relevant papers, sources of ongoing trials,
conference proceedings and national focal points for drug research. We contacted authors of included studies and experts
in the field.
Selection criteria: Randomised controlled trials assessing the efficacy of any maintenance pharmacological treatment for
opiate‐dependent pregnant women.
Data collection and analysis: We used the standard methodological procedures expected by The Cochrane Collaboration.
Main results: We found four trials with 271 pregnant women. Three compared methadone with buprenorphine and one
methadone with oral slow‐release morphine. Three out of four studies had adequate allocation concealment and were
double‐blind. The major flaw in the included studies was attrition bias: three out of four had a high drop‐out rate (30% to
40%) and this was unbalanced between groups.
Methadone versus buprenorphine: the drop‐out rate from treatment was lower in the methadone group (risk ratio (RR)
0.64, 95% confidence interval (CI) 0.41 to 1.01, three studies, 223 participants). There was no statistically significant
difference in the use of primary substance between methadone and buprenorphine (RR 1.81, 95% CI 0.70 to 4.69, two
studies, 151 participants). For both, we judged the quality of evidence as low. Birth weight was higher in the buprenorphine
group in the two trials that could be pooled (mean difference (MD) ‐365.45 g (95% CI ‐673.84 to ‐57.07), two studies, 150
participants). The third study reported that there was no statistically significant difference. For APGAR score neither of the
studies which compared methadone with buprenorphine found a significant difference. For both, we judged the quality of
evidence as low. Many measures were used in the studies to assess neonatal abstinence syndrome. The number of
newborns treated for neonatal abstinence syndrome, which is the most critical outcome, did not differ significantly
between groups. We judged the quality of evidence as very low.
Methadone versus slow‐release morphine: there was no drop‐out in either treatment group. Oral slow‐release morphine
seemed superior to methadone for abstinence from heroin use during pregnancy (RR 2.40, 95% CI 1.00 to 5.77, one study,
48 participants). We judged the quality of evidence as moderate.
Only one study which compared methadone with buprenorphine reported side effects. For the mother there was no
statistically significant difference; for the newborns in the buprenorphine group there were significantly fewer serious side
effects.
In the comparison between methadone and slow‐release morphine no side effects were reported for the mother, whereas
one child in the methadone group had central apnoea and one child in the morphine group had obstructive apnoea.
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Authors' conclusions: We did not find sufficient significant differences between methadone and buprenorphine or slow‐
release morphine to allow us to conclude that one treatment is superior to another for all relevant outcomes. While
methadone seems superior in terms of retaining patients in treatment, buprenorphine seems to lead to less severe
neonatal abstinence syndrome. Additionally, even though a multi‐centre, international trial with 175 pregnant women has
recently been completed and its results published and included in this review, the body of evidence is still too small to draw
firm conclusions about the equivalence of the treatments compared. There is still a need for randomised controlled trials of
adequate sample size comparing different maintenance treatments.
2.

Perry AE, Neilson M, Martyn‐St James M, Glanville JM, McCool R, Duffy S, Godfrey C, Hewitt C. Pharmacological
interventions for drug‐using offenders. Cochrane Database of Systematic Reviews 2013, Issue 12.
Abstract
Background: The review represents one in a family of four reviews focusing on a range of different interventions for drug‐
using offenders. This specific review considers pharmacological interventions aimed at reducing drug use and/or criminal
activity for illicit drug‐using offenders.
Objectives: To assess the effectiveness of pharmacological interventions for drug‐using offenders in reducing criminal
activity and/or drug use.
Search Methods: Fourteen electronic bibliographic databases (searched between 2004 and 21 March 2013) and five
additional Web resources (searched between 2004 and 11 November 2011) were searched. Experts in the field were
contacted for further information.
Selection Criteria: Randomised controlled trials assessing the efficacy of any pharmacological interventions for reducing,
eliminating or preventing relapse in drug‐using offenders were included. Data on the cost and cost‐effectiveness of
interventions were reported.
Data Collection and Analysis: We used standard methodological procedures as expected by The Cochrane Collaboration.
Main Results: A total of 76 trials across the four reviews were identified. After a process of prescreening had been
completed, 17 trials were judged to meet the inclusion criteria for this specific review (six of the 17 trials are awaiting
classification for the review). The remaining 11 trials contained a total of 2,678 participants. Nine of the eleven studies used
samples with a majority of men. The interventions (buprenorphine, methadone and naltrexone) were compared to non
pharmacological treatments (e.g., counselling) and other pharmacological drugs. The methodological trial quality was
poorly described, and most studies were rated as 'unclear' by the reviewers. The biggest threats to risk of bias were
generated through blinding (performance and detection bias) and incomplete outcome data (attrition bias). When
combined, the results suggest that pharmacological interventions do significantly reduce subsequent drug use using
biological measures, (three studies, 300 participants, RR 0.71 (95% CI 0.52 to 0.97)), self report dichotomous data (three
studies, 317 participants, RR 0.42, (95% CI 0.22 to 0.81)) and continuous measures (one study, MD ‐59.66 (95% CI ‐120.60 to
1.28)) . In the subgroups analysis for community setting, (two studies, 99 participants: RR 0.62 (95% CI 0.35 to 1.09)) and for
secure establishment setting, (one study, 201 participants: RR 0.76 (95% CI 0.52 to 1.10)), the results are no longer
statistically significant. Criminal activity was significantly reduced favouring the dichotomous measures of re arrest, (one
study, 62 participants, RR 0.60 (95% CI 0.32 to 1.14)), re‐incarceration, (three studies, 142 participants, RR 0.33 (95% CI 0.19
to 0.56)) and continuous measures (one study, 51 participants, MD ‐74.21 (95% CI ‐133.53 to ‐14.89)). Findings on the
effects of individual pharmacological interventions on drug use and criminal activity show mixed results. Buprenorphine in
comparison to a non pharmacological treatment seemed to favour buprenorphine but not significantly with self report drug
use, (one study, 36 participants, RR 0.58 (95% CI 0.25 to 1.35)). Methadone and cognitive behavioural skills in comparison
to standard psychiatric services, did show a significant reduction for self report dichotomous drug use (one study, 253
participants, RR 0.43 (95% CI 0.33 to 0.56)) but not for self report continuous data (one study 51 participants) MD ‐0.52
(95% CI ‐1.09 to 0.05)), or re incarceration RR 1.23 (95% CI 0.53 to 2.87)). Naltrexone was favoured significantly over routine
parole and probation for re incarceration (two studies 114 participants, RR 0.36 (95% CI 0.19 to 0.69)) but no data was
available on drug use. Finally, we compared each pharmacological treatment to another. In each case we compared
methadone to: buprenorphine, diamorphine and naltrexone. No significant differences were displayed for either treatment
for self report dichotomous drug use (one study, 193 participants RR 1.23 (95% CI 0.86 to 1.76)), continuous measures of
drug use MD 0.70 (95% CI ‐5.33 to 6.73) or criminal activity RR 1.25 (95% CI 0.83 to 1.88)) between methadone and
15
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buprenorphine. Similiar results were found for comparisons with Diamorphine with no significant differences between the
drugs for self report dichotomous drug use for arrest (one study, 825 participants RR 1.25 (95% CI 1.03‐1.51)) or Naltrexone
for dichotomous measures of re incarceration (one study, 44 participants, RR 1.10 (95% CI 0.37 to 3.26)), and continuous
outcome measure of crime MD ‐0.50 (95% CI ‐8.04 to 7.04)) or self report drug use MD 4.60 (95% CI ‐3.54 to 12.74)).
Author's Conclusions: Pharmacological interventions for drug‐using offenders do appear to reduce overall subsequent drug
use and criminal activity (but to a lesser extent). No statistically significant differences were displayed by treatment setting.
Individual differences are displayed between the three pharmacological interventions (buprenorphine, methadone and
naltrexone) when compared to a non pharmacological intervention, but not when compared to each other. Caution should
be taken when interpreting these findings, as the conclusions are based on a small number of trials, and generalisation of
these study findings should be limited mainly to male adult offenders. Additionally, many studies were rated at high risk of
bias because trial information was inadequately described.
3.

Mattick RP, Breen C, Kimber J, Davoli M. Buprenorphine maintenance versus placebo or methadone maintenance for
opioid dependence. Cochrane Database of Systematic Reviews 2014, Issue 2. Art. No.: CD002207.
Abstract
Background: Buprenorphine maintenance treatment has been evaluated in randomised controlled trials against placebo
medication, and separately as an alternative to methadone for management of opioid dependence.
Objectives: To evaluate buprenorphine maintenance compared to placebo and to methadone maintenance in the
management of opioid dependence, including its ability to retain people in treatment, suppress illicit drug use, reduce
criminal activity, and mortality.
Search methods: We searched the following databases to January 2013: Cochrane Drugs and Alcohol Review Group
Specialised Register, Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE, Current Contents, PsycLIT, CORK,
Alcohol and Drug Council of Australia, Australian Drug Foundation, Centre for Education and Information on Drugs and
Alcohol, Library of Congress, reference lists of identified studies and reviews. We sought published/unpublished
randomised controlled trials (RCTs) from authors.
Selection criteria: Randomised controlled trials of buprenorphine maintenance treatment versus placebo or methadone in
management of opioid‐dependent persons.
Data collection and analysis: We used Cochrane Collaboration methodology.
Main results: We include 31 trials (5430 participants), the quality of evidence varied from high to moderate quality.
There is high quality of evidence that buprenorphine was superior to placebo medication in retention of participants in
treatment at all doses examined. Specifically, buprenorphine retained participants better than placebo: at low doses (2 ‐ 6
mg), 5 studies, 1131 participants, risk ratio (RR) 1.50; 95% confidence interval (CI) 1.19 to 1.88; at medium doses (7 ‐ 15
mg), 4 studies, 887 participants, RR 1.74; 95% CI 1.06 to 2.87; and at high doses (≥ 16 mg), 5 studies, 1001 participants, RR
1.82; 95% CI 1.15 to 2.90. However, there is moderate quality of evidence that only high‐dose buprenorphine (≥ 16 mg) was
more effective than placebo in suppressing illicit opioid use measured by urinanalysis in the trials, 3 studies, 729
participants, standardised mean difference (SMD) ‐1.17; 95% CI ‐1.85 to ‐0.49, Notably, low‐dose, (2 studies, 487
participants, SMD 0.10; 95% CI ‐0.80 to 1.01), and medium‐dose, (2 studies, 463 participants, SMD ‐0.08; 95% CI ‐0.78 to
0.62) buprenorphine did not suppress illicit opioid use measured by urinanalysis better than placebo.
There is high quality of evidence that buprenorphine in flexible doses adjusted to participant need, was less effective than
methadone in retaining participants, 5 studies, 788 participants, RR 0.83; 95% CI 0.72 to 0.95. For those retained in
treatment, no difference was observed in suppression of opioid use as measured by urinalysis, 8 studies, 1027 participants,
SMD ‐0.11; 95% CI ‐0.23 to 0.02 or self report, 4 studies, 501 participants, SMD ‐0.11; 95% CI ‐0.28 to 0.07, with moderate
quality of evidence.
Consistent with the results in the flexible‐dose studies, in low fixed‐dose studies, methadone (≤ 40 mg) was more likely to
retain participants than low‐dose buprenorphine (2 ‐ 6 mg), (3 studies, 253 participants, RR 0.67; 95% CI: 0.52 to 0.87).
However, we found contrary results at medium dose and high dose: there was no difference between medium‐dose
buprenorphine (7 ‐ 15 mg) and medium‐dose methadone (40 ‐ 85 mg) in retention, (7 studies, 780 participants, RR 0.87;
95% CI 0.69 to 1.10) or in suppression of illicit opioid use as measured by urines, (4 studies, 476 participants, SMD 0.25; 95%
16
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CI ‐0.08 to 0.58) or self report of illicit opioid use, (2 studies, 174 participants, SMD ‐0.82; 95% CI ‐1.83 to 0.19). Similarly,
there was no difference between high‐dose buprenorphine (≥ 16 mg) and high‐dose methadone (≥ 85 mg) in retention (RR
0.79; 95% CI 0.20 to 3.16) or suppression of self‐reported heroin use (SMD ‐0.73; 95% CI ‐1.08 to ‐0.37) (1 study, 134
participants).
Few studies reported adverse events ; two studies compared adverse events statistically, finding no difference between
methadone and buprenorphine, except for a single result indicating more sedation among those using methadone.
Authors' conclusions: Buprenorphine is an effective medication in the maintenance treatment of heroin dependence,
retaining people in treatment at any dose above 2 mg, and suppressing illicit opioid use (at doses 16 mg or greater) based
on placebo‐controlled trials. However, compared to methadone, buprenorphine retains fewer people when doses are
flexibly delivered and at low fixed doses. If fixed medium or high doses are used, buprenorphine and methadone appear no
different in effectiveness (retention in treatment and suppression of illicit opioid use); however, fixed doses are rarely used
in clinical practice so the flexible dose results are more relevant to patient care. Methadone is superior to buprenorphine in
retaining people in treatment, and methadone equally suppresses illicit opioid use.
4.

Larney S, Gowing L, Mattick RP, Farrell M, Hall W, Degenhardt L. A systematic review and meta‐analysis of naltrexone
implants for the treatment of opioid dependence. Drug Alcohol Rev 2014;33(2):115‐128.
Abstract
Introduction and Aims: Naltrexone implants are used to treat opioid dependence, but their safety and efficacy remain
poorly understood. We systematically reviewed the literature to assess the safety and efficacy of naltrexone implants for
treating opioid dependence.
Design and Methods: Studies were eligible if they compared naltrexone implants with another intervention or placebo.
Examined outcomes were induction to treatment, retention in treatment, opioid and non‐opioid use, adverse events, non‐
fatal overdose and mortality. Quality of the evidence was assessed using the Grading of Recommendations Assessment,
Development, and Evaluation approach. Data from randomised studies were combined using meta‐analysis. Data from non‐
randomised studies were presented narratively.
Results: Five randomised trials (n = 576) and four non‐randomised studies (n = 8358) were eligible for review. The quality of
the evidence ranged from moderate to very low. Naltrexone implants were superior to placebo implants [risk ratio (RR):
0.57; 95% confidence interval (CI) 0.48, 0.68; k = 2] and oral naltrexone (RR: 0.57; 95% CI 0.47, 0.70; k = 2) in suppressing
opioid use. No difference in opioid use was observed between naltrexone implants and methadone maintenance
(standardised mean difference: ‐0.33; 95% CI ‐0.93, 0.26; k = 1); however, this finding was based on low‐quality evidence
from one study.
Discussion: The evidence on safety and efficacy of naltrexone implants is limited in quantity and quality, and the evidence
has little clinical utility in settings where effective treatments for opioid dependence are used.
Conclusions: Better designed research is needed to establish the safety and efficacy of naltrexone implants. Until such time,
their use should be limited to clinical trials. [Larney S, Gowing L, Mattick RP, Farrell M, Hall W, Degenhardt L. A systematic
review and meta‐analysis of naltrexone implants for the treatment of opioid dependence.

5.

Soyka M. Buprenorphine Use in Pregnant Opioid Users: A Critical Review. CNS Drugs 2013;27(8):653‐662.
Abstract

17
Author: B. Liang, Pharm.D. and A. Gibler, Pharm.D.

196

Pregnancy in opioid users poses a number of problems to treating physicians. Most guidelines recommend maintenance
treatment to manage opioid addiction in pregnancy, with methadone being the gold standard. More recently,
buprenorphine has been discussed as an alternate medication. The use and efficacy of buprenorphine in pregnancy is still
controversial. This article reviews the current database on the basis of a detailed and critical literature search performed in
MEDLINE (206 counts). Most of the relevant studies (randomised clinical trials and one national cohort sample) were
published in the last 2 years and mainly compared buprenorphine with methadone. Some studies are related to maternal
outcomes, others to foetal, neonatal or older child outcomes. With respect to maternal outcomes, most studies suggest
that buprenorphine has similar effects to methadone. Very few data from small studies discuss an effect of buprenorphine
on neurodevelopment of the foetus. Neonatal abstinence syndrome is common in infants of both buprenorphine‐ and
methadone‐maintained mothers. As regards neonatal outcomes, buprenorphine has the same clinical outcome as
methadone, although some newer studies suggest that it causes fewer withdrawal symptoms. Since hardly any studies have
investigated the combination of buprenorphine with naloxone (which has been suggested to possibly have teratogenic
effects) in pregnant women, a switch to buprenorphine monotherapy is recommended in women who become pregnant
while receiving the combination product. These novel findings indicate that buprenorphine is emerging as a first‐line
treatment for pregnant opioid users.

6.

CADTH Rapid Response. Suboxone versus Methadone for the Treatment of Opioid Dependence: A Review of the Clinical
and Cost‐Effectiveness. Ottawa (ON): Canadian Agency for Drugs and Technologies in Health; 2013.
Excerpt
Addiction to opioids causes major medical, social, and economic problems to both the individual and society. Opioid
dependence is defined as a strong desire to use the substance, difficulty in controlling its use, the presence of a
physiological withdrawal state, tolerance of the use of the drug, neglect of alternative pleasures and interests and
persistent use of the drug, despite harm to oneself and others. It is a complex disease involving physiological, psychological,
genetic, behavioral and environmental factors. In Canada, it is estimated that there were more than 80,000 regular illegal
opioid users in 2003. The number of illegal drug‐related overdose deaths in Canada was 958 in 2002. Opioid dependence is
related to the abuse of not only illegal opioid drugs (e.g. heroin), but also some of the most commonly prescription drugs,
such as codeine‐containing Tylenol, hydromorphone, oxycodone, morphine and others. Treatment of opioid dependence
includes three approaches: stabilization, detoxification and maintenance. Stabilization is usually achieved by opioid
substitution treatments to ensure that the drug use becomes independent of mental state (such as craving and mood) and
independent of circumstances (such as finance and physical location). The next stage is detoxification that is to withdraw
from opioids. The final step is maintenance to prevent relapse. Detoxification refers to the process by which the effects of
opioid drugs are eliminated in a safe and effective manner, such that withdrawal symptoms are minimized. Appropriate use
of the detoxification agents plays a crucial role in increasing the successful detoxification rate, while minimizing the side
effects and withdrawal symptoms. Methadone (μ‐opioid receptor agonist) or buprenorphine (μ‐opioid receptor agonist and
κ‐opioid receptor antagonist) are recommended first‐line treatments in opioid detoxification. Naloxone is an opioid
antagonist without agonist properties. In opioid‐dependent patients, naloxone precipitates withdrawal. Suboxone
(buprenorphine/naloxone) was approved by Health Canada in 2007 for substitution treatment in opioid drug dependence in
adults. It is a fixed combination of buprenorphine (a partial μ‐opioid receptor agonist) with naloxone (an opioid antagonist)
in a 4:1 ratio. The addition of naloxone to buprenorphine is expected to decrease the intravenous abuse of buprenorphine,
because when taken sublingually, absorption of naloxone is minimal, however it can rapidly precipitate opioid withdrawal
when injected. Suboxone is recommended for the treatment of opioid dependence for patients in whom methadone is
contraindicated (such as patients at high risk of, or with QT prolongation, or hypersensitivity to methadone). The purpose of
this review is to provide evidence on the comparative clinical effectiveness and cost‐effectiveness of use of Suboxone
compared with methadone, for the treatment of patients with opioid dependence. Subgroups such as children and
pregnant women may also have access to opioids thus, the clinical benefits and risks of Suboxone for these patients will be
examined as well, when evidence is available.

18
Author: B. Liang, Pharm.D. and A. Gibler, Pharm.D.

197

7.

Fiellin DA, Schottenfeld RS, Cutter CJ, Moore BA, Barry DT, O’Connor PG. Primary Care‐Based Buprenorphine Taper vs
Maintenance Therapy for Prescription Opioid Dependence: A Randomized Clinical Trial. JAMA Intern Med 2014.
Abstract
Importance: Prescription opioid dependence is increasing and creates a significant public health burden, but primary care
physicians lack evidence‐based guidelines to decide between tapering doses followed by discontinuation of buprenorphine
hydrochloride and naloxone hydrochloride therapy (hereinafter referred to as buprenorphine therapy) or ongoing
maintenance therapy.
Objective: To determine the efficacy of buprenorphine taper vs ongoing maintenance therapy in primary care‐based
treatment for prescription opioid dependence.
Design, Setting, and Participants: We conducted a 14‐week randomized clinical trial that enrolled 113 patients with
prescription opioid dependence from February 17, 2009, through February 1, 2013, in a single primary care site.
Interventions: Patients were randomized to buprenorphine taper (taper condition) or ongoing buprenorphine maintenance
therapy (maintenance condition). The buprenorphine taper was initiated after 6 weeks of stabilization, lasted for 3 weeks,
and included medications for opioid withdrawal, after which patients were offered naltrexone treatment. The maintenance
group received ongoing buprenorphine therapy. All patients received physician and nurse support and drug counseling.
Main Outcomes and Measures: Illicit opioid use via results of urinanalysis and patient report, treatment retention, and
reinitiation of buprenorphine therapy (taper group only).
Results: During the trial, the mean percentage of urine samples negative for opioids was lower for patients in the taper
group (35.2% [95% CI, 26.2%‐44.2%]) compared with those in the maintenance group (53.2% [95% CI, 44.3%‐62.0%]).
Patients in the taper group reported more days per week of illicit opioid use than those in the maintenance group once they
were no longer receiving buprenorphine (mean use, 1.27 [95% CI, 0.60‐1.94] vs 0.47 [95% CI, 0.19‐0.74] days). Patients in
the taper group had fewer maximum consecutive weeks of opioid abstinence compared with those in the maintenance
group (mean abstinence, 2.70 [95% CI, 1.72‐3.75] vs 5.20 [95% CI, 4.16‐6.20] weeks). Patients in the taper group were less
likely to complete the trial (6 of 57 [11%] vs 37 of 56 [66%]; P < .001). Sixteen patients in the taper group reinitiated
buprenorphine treatment after the taper owing to relapse.
Conclusions and Relevance: Tapering is less efficacious than ongoing maintenance treatment in patients with prescription
opioid dependence who receive buprenorphine therapy in primary care.

8.

Liebschutz JM, Crooks D, Herman D, et al. Buprenorphine treatment for hospitalized, opioid‐dependent patients: A
randomized clinical trial. JAMA Intern Med 2014;174(8):1369‐1376.
Abstract
Importance: Buprenorphine opioid agonist treatment (OAT) has established efficacy for treating opioid dependency among
persons seeking addiction treatment. However, effectiveness for out‐of‐treatment, hospitalized patients is not known.
Objective: To determine whether buprenorphine administration during medical hospitalization and linkage to office‐based
buprenorphine OAT after discharge increase entry into office‐based OAT, increase sustained engagement in OAT, and
decrease illicit opioid use at 6 months after hospitalization.
Design, Setting, and Participants: From August 1, 2009, through October 31, 2012, a total of 663 hospitalized, opioid‐
dependent patients in a general medical hospital were identified. Of these, 369 did not meet eligibility criteria. A total of
145 eligible patients consented to participation in the randomized clinical trial. Of these, 139 completed the baseline
interview and were assigned to the detoxification (n = 67) or linkage (n = 72) group.
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Interventions: Five‐day buprenorphine detoxification protocol or buprenorphine induction, intrahospital dose stabilization,
and postdischarge transition to maintenance buprenorphine OAT affiliated with the hospital's primary care clinic (linkage).
Main Outcomes and Measures: Entry and sustained engagement with buprenorphine OAT at 1, 3, and 6 months (medical
record verified) and prior 30‐day use of illicit opioids (self‐report).
Results: During follow‐up, linkage participants were more likely to enter buprenorphine OAT than those in the
detoxification group (52 [72.2%] vs 8 [11.9%], P < .001). At 6 months, 12 linkage participants (16.7%) and 2 detoxification
participants (3.0%) were receiving buprenorphine OAT (P = .007). Compared with those in the detoxification group,
participants randomized to the linkage group reported less illicit opioid use in the 30 days before the 6‐month interview
(incidence rate ratio, 0.60; 95% CI, 0.46‐0.73; P < .01) in an intent‐to‐treat analysis.
Conclusions and Relevance: Compared with an inpatient detoxification protocol, initiation of and linkage to buprenorphine
treatment is an effective means for engaging medically hospitalized patients who are not seeking addiction treatment and
reduces illicit opioid use 6 months after hospitalization. However, maintaining engagement in treatment remains a
challenge.
9.

Sigmon SC, Dunn KE, Saulsgiver K, et al. A randomized, double‐blind evaluation of buprenorphine taper duration in
primary prescription opioid abusers. JAMA Psychiatry 2013;70(12):1347‐1354.
Abstract
Importance: Although abuse of prescription opioids (POs) is a significant public health problem, few experimental studies
have investigated the treatment needs of this growing population.
Objective: To evaluate, following brief stabilization with a combination of buprenorphine hydrochloride and naloxone
hydrochloride dihydrate, the relative efficacy of 1‐, 2‐, and 4‐week buprenorphine tapering regimens and subsequent
naltrexone hydrochloride therapy in PO‐dependent outpatients.
Design, Setting, and Participants: A double‐blind, 12‐week randomized clinical trial was conducted in an outpatient
research clinic. Following a brief period of buprenorphine stabilization, 70 PO‐dependent adults were randomized to
receive 1‐, 2‐, or 4‐week tapers followed by naltrexone therapy.
Intervention: During phase 1 (weeks 1‐5 after randomization), participants visited the clinic daily; during phase 2 (weeks 6‐
12), visits were reduced to thrice weekly. Participants received behavioral therapy and urine toxicology testing throughout
the trial.
Main Outcomes and Measures: The percentage of participants negative for illicit opioid use, retention, naltrexone
ingestion, and favorable treatment response (ie, retained in treatment, opioid abstinent, and receiving naltrexone at the
end of the study).
Results: Opioid abstinence at the end of phase 1 was greater in the 4‐week compared with the 2‐ and 1‐week taper
conditions (P = .02), with 63% (n = 14), 29% (n = 7), and 29% (n = 7) of participants abstinent in the 4‐, 2‐, and 1‐week
conditions, respectively. Abstinence at the end of phase 2 was also greater in the 4‐week compared with the 2‐ and 1‐week
conditions (P = .03), with 50% (n = 11), 16% (n = 4), and 20% (n = 5) of participants abstinent in the 4‐, 2‐, and 1‐week
conditions, respectively. There were more treatment responders in the 4‐week condition (P = .03), with 50% (n = 11), 17%
(n = 4), and 21% (n = 5) of participants in the 4‐, 2‐, and 1‐week groups considered responders at the end of treatment,
respectively. Retention and naltrexone ingestion also were superior in the 4‐week vs briefer tapers (both P = .04).
Experimental condition (ie, taper duration) was the strongest predictor of treatment response, followed by buprenorphine
stabilization dose.
Conclusions and Relevance: This study represents a rigorous experimental evaluation of outpatient buprenorphine
stabilization, brief taper, and naltrexone maintenance for treatment of PO dependence. Results suggest that a meaningful
subset of PO‐dependent outpatients may respond positively to a 4‐week taper plus naltrexone maintenance intervention.
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10. Neumann AM, Blondell RD, Jaanimägi U, et al. A preliminary study comparing methadone and buprenorphine in patients
with chronic pain and coexistent opioid addiction. J Addict Dis 2013;32(1):68‐78.
Abstract
Patients with opioid addiction who receive prescription opioids for treatment of nonmalignant chronic pain present a
therapeutic challenge. Fifty‐four participants with chronic pain and opioid addiction were randomized to receive
methadone or buprenorphine/naloxone. At the 6‐month follow‐up examination, 26 (48.1%) participants who remained in
the study noted a 12.75% reduction in pain (P = 0.043), and no participants in the methadone group compared to 5 in the
buprenorphine group reported illicit opioid use (P = 0.039). Other differences between the two conditions were not found.
Long‐term, low‐dose methadone or buprenorphine/naloxone treatment produced analgesia in participants with chronic
pain and opioid addiction.
11. Otiashvili D, Piralishvili G, Sikharulidze Z, Kamkamidze G, Poole S, Woody GE. Methadone and buprenorphine‐naloxone
are effective in reducing illicit buprenorphine and other opioid use, and reducing HIV risk behavior‐‐outcomes of a
randomized trial. Drug Alcohol Depend 2013;133(2):376‐382.
Abstract
Aims: Determine the extent to which buprenorphine injectors continue treatment with buprenorphine‐naloxone or
methadone, and the impact of these treatments on substance use and HIV risk in the Republic of Georgia.
Methods: Randomized controlled 12‐week trial of daily‐observed methadone or buprenorphine‐naloxone followed by a
dose taper, referral to ongoing treatment, and follow‐up at week 20 at the Uranti Clinic in Tbilisi, Republic of Georgia.
Eighty consenting treatment‐seeking individuals (40/group) aged 25 and above who met ICD‐10 criteria for opioid
dependence with physiologic features and reported injecting buprenorphine 10 or more times in the past 30 days. Opioid
use according to urine tests and self‐reports, treatment retention, and HIV risk behavior as determined by the Risk
Assessment Battery.
Results: Mean age of participants was 33.7 (SD5.7), 4 were female, mean history of opioid injection use was 5.8 years
(SD4.6), none were HIV+ at intake or at the 12‐week assessment and 73.4% were HCV+. Sixty‐eight participants (85%)
completed the 12‐week medication phase (33 from methadone and 35 from buprenorphine/naloxone group); 37 (46%)
were in treatment at the 20‐week follow‐up (21 from methadone and 16 from the buprenorphine/naloxone group). In both
study arms, treatment resulted in a marked reduction in unprescribed buprenorphine, other opioid use, and HIV injecting
risk behavior with no clinically significant differences between the two treatment arms.
Conclusions: Daily observed methadone or buprenorphine‐naloxone are effective treatments for non‐medical
buprenorphine and other opioid use in the Republic of Georgia and likely to be useful for preventing HIV infection.

12. Lintzeris N, Leung SY, Dunlop AJ, et al. A randomised controlled trial of sublingual buprenorphine‐naloxone film versus
tablets in the management of opioid dependence. Drug Alcohol Depend 2013;131(1‐2):119‐126.
Abstract
Background: Buprenorphine‐naloxone sublingual film was introduced in 2011 in Australia as an alternative to tablets. This
study compared the two formulations on subjective dose effects and equivalence, trough plasma levels, adverse events,
patient satisfaction, supervised dosing time, and impact upon treatment outcomes (substance use, psychosocial function).
Methods: 92 buprenorphine‐naloxone tablet patients were recruited to this outpatient multi‐site double‐blind double‐
dummy parallel group trial. Patients were randomised to either tablets or film, without dose changes, over a 31 day period.
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Results: No significant group differences were observed for subjective dose effects, trough plasma buprenorphine or
norbuprenorphine levels, adverse events and treatment outcomes. Buprenorphine‐naloxone film took significantly less
time to dissolve than tablets (173±71 versus 242±141s, p=0.007, F=7.67).
Conclusions: The study demonstrated dose equivalence and comparable clinical outcomes between the buprenorphine‐
naloxone film and tablet preparations, whilst showing improved dispensing times and patient ratings of satisfaction with
the film.
13. Rosenthal, R. N., Ling, W., Casadonte, P., Vocci, F., Bailey, G. L., Kampman, K., Patkar, A., Chavoustie, S., Blasey, C.,
Sigmon, S. and Beebe, K. L. (2013), Buprenorphine implants for treatment of opioid dependence: randomized comparison
to placebo and sublingual buprenorphine/naloxone. Addiction, 108: 2141–2149.
Abstract
Aims: To evaluate the safety and efficacy of buprenorphine implants (BI) versus placebo implants (PI) for the treatment of
opioid dependence. A secondary aim compared BI to open‐label sublingual buprenorphine/naloxone tablets (BNX).
Design: Randomized, double‐blind, placebo‐controlled trial. Subjects received either four buprenorphine implants
(80 mg/implant) (n = 114), four placebo implants (n = 54) or open‐label BNX (12–16 mg/day) (n = 119).
Setting: Twenty addiction treatment centers.
Participants: Adult out‐patients (ages 18–65) with DSM‐IV‐TR opioid dependence.
Measurements: The primary efficacy end‐point was the percentage of urine samples negative for opioids collected from
weeks 1 to 24, examined as a cumulative distribution function (CDF).
Findings: The BI CDF was significantly different from placebo (P < 0.0001). Mean [95% confidence interval (CI)]
proportions of urines negative for opioids were: BI = 31.2% (25.3, 37.1) and PI = 13.4% (8.3, 18.6). BI subjects had a higher
study completion rate relative to placebo (64 versus 26%, P < 0.0001), lower clinician‐rated (P < 0.0001) and patient‐rated
(P < 0.0001) withdrawal, lower patient‐ratings of craving (P < 0.0001) and better subjects' (P = 0.031) and clinicians'
(P = 0.022) global ratings of improvement. BI also resulted in significantly lower cocaine use (P = 0.0016). Minor implant‐
site reactions were comparable in the buprenorphine [27.2% (31 of 114)] and placebo groups [25.9% (14 of 54)]. BI were
non‐inferior to BNX on percentage of urines negative for opioids [mean (95% CI) = 33.5 (27.3, 39.6); 95% CI for the
difference of proportions = (−10.7, 6.2)].
Conclusions: Compared with placebo, buprenorphine implants result in significantly less frequent opioid use and are non‐
inferior to sublingual buprenorphine/naloxone tablets.
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New Drug Evaluation: Olodaterol oral inhalation solution (Striverdi Respimat)
Month/Year of Review: January 2015
Generic Name: olodaterol
PDL Class: Long‐acting Bronchodilators

End Date of Literature Search: November 2014
Brand Name (Manufacturer): Striverdi® Respimat
Dossier Received: Yes

FDA Approved Indication: For the long‐term, once‐daily maintenance bronchodilator treatment of airflow obstruction in patients with COPD, including chronic
bronchitis and/or emphysema.
Research Questions:
 Is there any evidence that olodaterol is more effective or safer than other long acting bronchodilators in adults with COPD?
 Are there subgroups of patients in which olodaterol is more effective or safer than other available treatments for the treatment of COPD in adults?
Conclusions:
 There is low quality evidence of no difference in mean change in lung function from baseline to 24 weeks, as measured by trough forced expiratory volume
in the first second (FEV1), between olodaterol 5 mcg daily via Respimat inhaler and formoterol 12 mcg twice daily.1
 There is low quality evidence that once daily olodaterol improves lung function from baseline to 24 weeks in patients with moderate to severe COPD
compared to placebo, as measured by FEV1 and FEV1 area under the curve from 0 to 3 hours (AUC0‐3). This improvement in lung function is not considered
clinically meaningful but may be explained in the context that use of other COPD medications were permitted during the study periods.
 There is insufficient evidence that olodaterol decreases COPD exacerbations, hospitalizations, mortality or health‐related quality of life.1,2 There is low
quality evidence that olodaterol does not improve dypsnea compared to placebo.1,3
 Serious adverse events were similar among olodaterol groups and placebo. The most common adverse events were nasopharyngitis, upper respiratory tract
infection, bronchitis, cough, and back pain.
 There is insufficient evidence of olodaterol in specific subpopulations in which the drug may be more or less effective or less safe.
Recommendations:
 Designate olodaterol as non‐preferred due to lack of quality evidence demonstrating clinical effectiveness.
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Background:
Chronic Obstructive Pulmonary Disease (COPD) is a leading cause of morbidity and mortality worldwide and results in an economic and social burden that is both
substantial and increasing.4 COPD is characterized by persistent airflow limitation that is usually progressive and associated with an enhanced chronic
inflammatory response in the airways and the lung to noxious particles or gases.5 The chronic airflow limitation characteristic of COPD is caused by a mixture of
small airways disease (obstructive bronchiolitis) and parenchymal destruction (emphysema); the degree to which each type of structural changes contributes to
disease varies in each individual. Chronic inflammation causes structural changes and narrowing of the small airways.4 COPD is the result of cumulative
exposures over decades. The most common risk factor for COPD is tobacco smoking. Other risk factors include indoor air pollution, occupational dusts and
chemicals, outdoor air pollution, and factors that affect lung growth during gestation and childhood. COPD results from a gene‐environment interaction. The
genetic risk factor that is best documented is a severe hereditary deficiency of alpha‐1 antitrypsin, a circulating inhibitor of serine proteases. COPD has a higher
prevalence among men and prevalence increases with age.5
COPD is defined as a ratio of FEV1 and forced vital capacity (FEV1/FVC) less than 0.70 based on a post‐bronchodilator FEV1. Patients are stratified into groups (A‐
D) based on their symptoms and future risk of exacerbations.5 Many trials for COPD use a surrogate endpoint of change in FEV1 because it is highly reproducible
in a majority of patients. However, FEV1 measurements do not always correlate with clinically relevant outcomes such as dyspnea, health status, exercise
capacity, quality of life or exacerbations and hospitalization, and changes in lung volume can occur without concomitant changes in FEV1.6 A change of 5‐10%
from baseline FEV1 values is considered to be clinically important to regulators. 7 The American Thoracic Society/European Respiratory Society (ATS/ERS)
recommends the change in FEV1 should be ≥20% in short‐term trials and ≥15% in long‐term trials (≥1 year) to be confident that a clinically meaningful change
has occurred. 7 A minimal clinically important difference in trough FEV1 in COPD of 100 mL is generally accepted.8
Both pharmacological and non‐pharmacological treatment options exist for COPD. Smoking cessation is one of the most effective interventions. Other non‐
pharmacological options are modification of occupational exposure, reducing or avoiding indoor air pollution, and participating in physical exercise. There are
several drug classes available for the relief of airflow obstruction in patients with COPD and to reduce the frequency and severity of COPD exacerbations. These
include short‐ and long‐acting beta‐2 adrenergic agonists (SABAs and LABAs), short‐ and long‐acting anticholinergic agents (SAMAs and LAMAs), combination
products containing beta‐2 adrenergic agonists and anticholinergic agents (both short‐acting and long‐acting), combination of LABAs and ICS, as well as
methylxanthines and phosphodiesterase‐4 (PDE4) inhibitors. There are a small number of drug classes available for reducing COPD exacerbations. These include
LAMAs, combination products containing LABA and ICS, and PDE inhibitors. With the exception of methylxanthines and PDE4 inhibitors, all products are inhaled.
Adjunctive therapies include systemic corticosteroids, vaccines, alpha‐1 antitrypsin augmentation therapy, antibiotics, mucolytic agents, antitussives and
vasodilators. Optimal therapy must factor in the severity of disease, comorbidities, frequency and severity of exacerbations, cost, and general health status.5,9
Combination therapy with ICS and long acting agents appears to reduce the risk of exacerbation and improve lung function and health status in patients with
moderate to severe COPD. Based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines, patients who are in Group A (and low risk of
exacerbation) should be managed by SABAs and/or SAMAs, patients in Group B should be on a long acting agent (LABA or LAMA), and patients in Group C and D
should be on an ICS and a long acting agent. Drug therapy can be escalated based on patient response and deterioration in lung capacity.5 The NICE guidelines
recommend adding therapy based on an algorithm of breathless ness and FEV1. If patients have intermittent breathlessness, they should use a short‐acting
agent. Patients with exacerbations or persistent breathlessness should be on a long‐acting agent. These guidelines recommend adding an ICS to a long acting
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agent when a patient’s FEV1 is less than 50% predicted or in patients with an FEV1 greater than 50% predicted who remain breathless or have exacerbations
despite maintenance therapy with a LABA.6
Olodaterol is a new LABA and joins short‐acting LAMA ipratropium/albuterol (Combivent) as drugs available in the Respimat inhaler, a delivery device aerosolizes
the drug into a mist. Olodaterol is not approved for use in patients with asthma, although it may be used off‐label, and carries a safety warning in patients with
asthma, as LABAs increase the risk of asthma‐related death.10
Clinical Efficacy:
The approval of olodaterol was based on two pairs of replicate, poor to fair‐quality, 48‐week phase 3 studies enrolling 3,104 total patients. All four studies were
randomized, double‐blind, and placebo‐controlled with similar inclusion and exclusion criteria and study design. The co‐primary endpoints in the first two studies
was the change in trough FEV1 and change in FEV1 AUC0‐3 after 12 weeks, and the co‐primary endpoints for the second two studies were after 24 weeks of
therapy. The second set of studies also had an additional co‐primary endpoint of rating change in severity of dyspnea. These studies included patients who had a
diagnosis of moderate‐to‐severe COPD. Patients were assigned to 5 mcg or 10 mcg daily doses of olodaterol or placebo. With the exception of other LABAs, all
pulmonary medications were allowed as concomitant therapy and enrollment was stratified by tiotropium use. Despite the long follow‐up period, these studies
did not report data on COPD exacerbations as a studied outcome and instead focused on surrogate analyses. Table 1 details the efficacy and safety data for
olodaterol.
Results from these four trials showed a statistically significant improvement in lung function for olodaterol 5 mcg daily versus placebo, as measured by change
from baseline in trough FEV1 and FEV1 AUC0‐3 after week 12 or week 24. There was no incremental benefit for olodaterol 10 mcg when compared with 5 mcg,
but there was an increase in safety concerns with the 10 mcg dose. Therefore, the FDA only approved the 5 mcg daily dose.
The first pair of studies (1222.11 and 1222.12) included 1,266 patients randomized to once daily olodaterol 5 mcg, olodaterol 10 mcg or placebo. The statistical
analyses were amended for studies 1222.11 and 1222.12 after unblinding of the data.2,3 The FDA considered the amendment a post‐hoc analyses, which are not
reasonable to use as the basis for efficacy conclusions. The treatment effect of olodaterol with the amended analyses was of a higher magnitude, making all co‐
primary endpoint comparisons of olodaterol 5 mcg versus placebo statistically significant.3,11 However, the pre‐specified analysis of the trough FEV1 response
with olodaterol after 12 weeks was not statistically significant from placebo.3 Using the pre‐specified data analysis, olodaterol 5 mcg daily increased trough FEV1
after 12 weeks from baseline by 84 mL relative to placebo in study 1222.11 and 33 mL in study 1222.12. The difference was statistically significant in study
1222.11 but not in study 1222.12. For the second co‐primary endpoint, olodaterol 5 mcg daily increased trough FEV1 AUC0‐3 after 12 weeks from baseline by 164
mL relative to placebo in study 1222.11 and 134 mL in study 1222.12. The differences were statistically significant in both studies.3
The second pair of studies (1222.13 and 1222.14) included 1,838 patients randomized to once daily olodaterol 5 mcg, olodaterol 10 mcg, twice daily formoterol
12 mcg or placebo. Results from both trials showed a statistically significant increase in mean change from baseline in pre‐dose trough FEV1 for olodaterol 5 mcg
versus placebo by 78 mL and 53 mL, respectively. Data from the FDA indicated there was not a significant difference in either co‐primary endpoint between
either dose of olodaterol relative to formoterol in both studies.1,3 These studies had an additional co‐primary endpoint of the Transitional Dyspnea Index (TDI), a
measurement of shortness of breath. There was no statistically significant difference between the olodaterol arms and placebo for total or individual
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components of the TDI score when data from these two trials were pooled for analysis by the FDA.3 Based on this analysis, there is low quality evidence that
olodaterol does not significantly improve dypsnea.
Despite the statistical significance for most of the trough FEV1 response data, the treatment effect was modest and not clinically significant.8 This may be
explained by the concomitant pulmonary medications permitted for all patients. Nearly half of all participants were on inhaled corticosteroids (ICS), 25% were
taking ipratropium, 24% also used tiotropium, and 16% used methylxanthines, which were relatively equal between groups. Clinically, LABAs are not used alone
or as first‐line therapy in patients with moderate‐to‐severe COPD.
Numerous secondary endpoints were also studied. These endpoints largely showed a sustained improvement in lung function to 48 weeks with less need for
rescue medications but no difference in COPD exacerbations or hospitalizations.3 These results may be a reflection of the majority of patients enrolled in these
studies having moderate COPD (GOLD 2) compared to more severe cases.
Clinical Safety:
Overall, the most common adverse events seen in trials were nasopharyngitis, upper respiratory tract infection, bronchitis, cough and dyspnea. The total
incidence of adverse events was comparable across treatment groups and respiratory events were the most commonly reported. Rates of discontinuation due to
adverse events were comparable across treatment groups. The proportion on serious adverse events (SAEs) was balanced across treatment groups with COPD
exacerbation and pneumonia being the most common SAEs. There is low quality evidence of no statistically significant difference in rates of mortality.
Because this is a LABA, the FDA has issued a safety warning for its use in patients with asthma, as LABAs have been shown to increase asthma exacerbation and
10
asthma‐related death.12 Olodaterol has not been specifically studied in the pediatric population, and as such no safety data for this population is available.
COMPARATIVE CLINICAL EFFICACY
Relevant Endpoints:
1) Mortality
2) Rate of COPD exacerbations
3) Hospitalizations
4) Health‐related quality of life

Author: Amanda Meeker

Primary Study Endpoint:
1) Mean change from baseline in pre‐dose trough FEV1
2) Dyspnea
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Table 1. Phase 3 Trial Efficacy and Safety Data for Olodaterol Administered with Respimat Inhaler.
Ref./Study
Drug Regimens
Design
1. 1222.112,3 O5: olodaterol 5
mcg INH daily w/
R, DB, PC,
Respimat inhaler
MC, PG
O10: olodaterol
Phase 3
10 mcg INH daily
w/ Respimat
48 weeks
inhaler

Patient Population

N

Efficacy Outcomes

Demographics:
Males: 73%
Mean age: 65 years
Current smokers: 38.6%
Mean Pack Year: 49 years
GOLD 2: 45‐48%
GOLD 3: 40‐45%
Mean FEV1 predicted:
41‐43%

mITT:
O5: 206 (99%)
O10: 206
(99.5%)
P: 208 (99.5%)

Primary Outcomes:*
1. Mean ∆FEV1 trough after
12 weeks (SE)

P: placebo daily
Background
SABA, LAMA,
SAMA, PO/INH
corticosteroid,
methylxanthine
permitted

Key Inclusion Criteria:
COPD GOLD stage 2‐4,
age ≥40 years, ≥10
pack‐year smoking
history, post‐
bronchodilator FEV1
<80% predicted, or
post‐bronchodilator
FEV1/FVC <70%
predicted
Key Exclusion Criteria:
Regular oxygen use;
significant disease
other than COPD, h/o
asthma, MI in past year,
unstable or life‐
threatening cardiac
arrhythmia, or heart
failure hospitalization in
past year.

Author: Amanda Meeker

Per‐protocol:
O5: 202
(97.1%)
O10: 200
(96.6%)
P: 207 (99%)
Attrition:
O5: 35
(16.8%)
O10: 35
(16.9%)
P: 50
(23.2%)

O5: 0.052 L
O10: 0.048 L
P: ‐0.032 L
O5 vs. P: 0.084 L (0.023)
p<0.0001
O10 vs. P: 0.080 L (0.022)
p<0.0001
2. Mean ∆FEV1 AUC0‐3 after
12 weeks (SE)
O5: 0.167 L (0.016)
O10: 0.157 L (0.016)
P: 0.002 L (0.016)
O5 vs. P: 0.164 L (0.023)
p<0.0001
O10 vs. P: 0.155 L (0.022)
p<0.0001
*Pre‐specified analysis
reported. Statistical analysis
amended after un‐blinding of
data, which the FDA
considered a post‐hoc analysis
and not reasonable to use as
the basis for efficacy
conclusions
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ARR/ Safety Outcomes
NNT
SAE:
O5: 39 (18.8%)
NA
O10: 43 (20.8%)
P: 34 (16.3%)
p‐value = NS
Withdrawals due to AE:
O5: 15 (7.2%)
O10: 16 (7.7%)
P: 20 (9.6%)
p‐value = NS
Deaths:
O5: 3 (1.4%)
O10: 1 (0.5%)
P: 1 (0.5%)
p‐value = NS

ARR/ Quality Rating; Internal Validity Risk of Bias/
NNH Applicability Concerns
Quality Rating: Poor
NA
Internal Validity:
Selection: randomization not described
Performance: blinding not described
Detection: planned statistical stratification
based on tiotropium use was changed after
unblinding of results, unclear what this
means for subsequent statistical testing.
Imputed random missing data w/ LOCF.
Attrition: high for all groups; similar to
other COPD trials. Attrition higher for
placebo due to lack of efficacy and
worsening COPD.
Applicability:
Recruitment: Not described
Patient Characteristics: Baseline
characteristics were similar across all
groups. Most aged mid‐60s, male, GOLD
stage 2/3, and about 40% used ICS
Setting: USA, Germany, Australia, New
Zealand, China and Taiwan.
Outcomes: The accepted surrogate
outcome of FEV1 was used for efficacy
measure. No clinically important primary
outcomes measured, including mortality,
COPD exacerbations, hospitalizations, or
quality of life.
Analysis:
No evidence of a dose response with O5 vs.
O10. Response with olodaterol is smaller
than with other LABA studies, likely due to
background use of other COPD inhalers in
these studies. Twenty secondary endpoints
studies did not have pre‐specified
hierarchical analysis plan and are not
reported here ‐ see references for details.
Adherence similar across groups.
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2. 1222.122,3 Same as 1222.11
R, DB, PC,
MC, PG
Phase 3
48 weeks

Demographics:
Males: 71%
Mean age: 65 years
Current smokers: 43.8%
Mean Pack Year: 50 years
GOLD 2: 43‐49%
GOLD 3: 33‐45%
Mean FEV1: 43%
Key Inclusion/Exclusion
Criteria:
Same as 1222.11

mITT:
O5: 207 (99%)
O10: 215
(99.1%)
P: 215 (99.5%)
Per Protocol:
O5: 206
(98.6%)
O10: 211
(97.2%)
P: 210 (97.2%)
Attrition:
O5: 24
(11.5%)
O10: 36
(16.6%)
P: 41 (19%)

Primary Outcomes:*
1. Mean ∆FEV1 trough after
12 weeks (SE)
O5: 0.038 L
O10: 0.049 L
P: 0.005 L
O5 vs P: 0.033 L (0.024)
p=0.16 (NS)
O10 vs P: 0.045 L (0.023)
p=0.056 (NS)
2. Mean ∆FEV1 AUC0‐3 after
12 weeks (SE)
O5: 0.155 L
O10: 0.151 L
P: 0.021 L

NA

SAE:
O5: 32 (15.3%)
O10: 37 (17.1%)
P: 32 (14.8%)
p‐value = NS

Same as 1222.11
NA

Withdrawals due to AE:
O5: 9 (4.3%)
O10: 19 (8.8%)
P: 19 (8.8%)
p‐value = NS
Deaths:
O5: 0 (0%)
O10: 4 (1.8%)
P: 1 (0.5%)
p‐value = NS

O5 vs. P: 0.134 L (0.022)
p<0.0001
O10 vs. P: 0.130 L (0.022)
p<0.0001
*Pre‐specified analysis
reported. Statistical analysis
amended after un‐blinding of
data, which the FDA
considered a post‐hoc analysis
and not reasonable to use as
the basis for efficacy
conclusions

Author: Amanda Meeker
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3. 1222.131,3 O5: olodaterol 5
mcg INH daily w/
R, DB, PC,
Respimat inhaler
MC, PG
O10: olodaterol
Phase 3
10 mcg INH daily
w/ Respimat
48 weeks
inhaler
F: Formoterol 12
mcg INH BID
P: Placebo

Demographics:
Males: 78%
Mean age: 64 years
Current smokers: 35%
Mean Pack Year: 45 years
GOLD 2: 54%
GOLD 3: 39%
Mean FEV1: 45.3%

Key Inclusion/Exclusion
Criteria:
Same as 1222.11

mITT:
O5: 222
(97.8%)
O10: 223
(99.1%)
F: 223 (98.2%)
P: 217 (96.4%)
Per Protocol:
O5: 213
(93.8%)
O10: 215
(95.6%)
F: 215 (94.7%)
P: 211 (93.8%)
Attrition:
O5: 36
(15.9%)
O10: 39
(17.3%)
F: 43 (18.9%)
P: 57
(25.3%)

Primary Outcomes:
1. Mean ∆FEV1 trough after
24 weeks (SE)
O5: 0.021 L (0.015)
O10: 0.028 L (0.015)
F: ‐0.002 L (0.015)
P: ‐0.056 L (0.015)
O5 vs P: 0.078 L (0.021);
p=0.0002
O10 vs P: 0.085 L (0.021);
P<0.0001
F vs P: 0.054 L (0.021);
P=0.0088
2. Mean ∆FEV1 AUC0‐3 after
24 weeks (SE)
O5: 0.142 L (0.015)
O10: 0.156 L (0.015)
F: 0.168 L (0.015)
P: ‐0.009 L (0.016)
O5 vs P: 0.151 L (0.021);
p<0.0001
O10 vs P: 0.165 L (0.021);
p<0.0001
F vs P: 0.177 L (0.021);
p<0.0001
3. TDI score after 24 weeks
No statistically significant
difference between
treatment groups and
placebo for total and
individual component scores

Author: Amanda Meeker
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NA

SAE:
O5: 33 (14.5%)
O10: 26 (11.6%)
P: 31 (13.8%)
F: 33 (14.5%)
p‐value = NS
Withdrawals due to AE:
O5: 15 (6.6%)
O10: 15 (6.7%)
P: 16 (7.1%)
F: 19 (8.4%)
p‐value = NS
Deaths:
O5: 3 (1.3%)
O10: 6 (2.7%)
P: 4 (1.8%)
F: 4 (1.8%)
p‐value = NS

Quality Rating: Poor‐Fair
NA
Internal Validity:
Selection: Randomization not described
Performance: Double‐dummy, but no
details given
Detection: Spirometry read centrally by
one center
Attrition: High; withdrawals similar to other
COPD trials
Applicability:
Recruitment: Not described
Patient Characteristics: Baseline
characteristics similar across all groups.
Most aged between 50‐60 years, male,
GOLD stage II or III, and about 45% used ICS
Setting: No sites in US. Multiple sites in
Europe, Asia and Africa.
Outcomes: The accepted surrogate
outcome of FEV1 was used for efficacy
measure. No clinically important primary
outcomes measured, such as mortality,
COPD exacerbations, hospitalizations, or
quality of life.
Analysis:
Adherence was high across all groups,
ranging from 97‐98%. Patients were
randomized by tiotropium use; tiotropium
non‐users generally responded better
relative to placebo. No evidence of a dose
response with O5 vs. O10. Response with
olodaterol is smaller than with other LABA
studies, likely due to background use of
other COPD inhalers in these studies. There
were no statistically significant differences
between olodaterol and formoterol in the
co‐primary endpoints. Several secondary
endpoints studied but not reported here –
see references for details.
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4. 1222.141,3 Same as 1222.13
R, DB, PC,
MC, PG
Phase 3
48 weeks

Demographics:
Males: 81%
Mean age: 64 years
Current smokers: 33%
Mean Pack Year: 42.5
years
GOLD 2: 52%
GOLD 3: 39%
Mean FEV1: 46%

Key Inclusion/Exclusion
Criteria:
Same as 1222.11

mITT:
O5: 230
(99.1%)
O10: 233
(99.6%)
F: 232 (99.6%)
P: 233 (99.1%)
Per Protocol:
O5: 223
(96.1%)
O10: 228
(97.4%)
F: 218 (93.6%)
P: 220 (93.6%)
Attrition:
O5: 37
(16.0%)
O10: 36
(15.4%)
P: 51
(21.7%)
F: 40 (17.2%)

SAE:
O5: 34 (14.7%)
O10: 41 (17.5%)
P: 48 (20.4%)
F: 36 (15.5%)
p‐value = NS

Primary Outcomes:
1. Mean ∆FEV1 trough after
24 weeks (SE)
O5: ‐0.003 L (0.014)
O10: 0.014 L (0.014)
F: ‐0.13 L (0.014)
P: ‐0.055 L (0.014)

NA

O5 vs P: 0.053 L (0.019);
p=0.0055
O10 vs P: 0.069 L (0.019);
p=0.0003
F vs P: 0.042 L (0.019);
p=0.027
2. Mean ∆FEV1 AUC0‐3 after
24 weeks (SE)
O5: 0.116 L (0.014)
O10: 0.140 L (0.014)
F: 0.137 L (0.014)
P: ‐0.013 L (0.014)

Same as 1222.13
NA

Withdrawals due to AE:
O5: 15 (6.5%)
O10: 16 (6.8%)
P: 19 (8.1%)
F: 17 (7.3%)
p‐value = NS
Deaths:
O5: 7 (3.0%)
O10: 6 (2.6%)
P: 6 (2.6%)
F: 6 (2.6%)
p‐value = NS

O5 vs P: 0.129 L (0.019);
p<0.0001
O10 vs P: 0.154 L (0.019);
p<0.0001
F vs P: 0.150 L (0.019);
p<0.0001
3. TDI score after 24 weeks
No statistically significant
difference between treatment
groups and placebo for total
and individual component
scores
Key: AE= adverse events; ARR = absolute risk reduction; AUC0‐3 = area under the curve from 0 to 3 hours; BID=twice daily; DB = double‐blind; DD=double‐dummy; FEV1=forced expletory volume in 1
second; FVC=forced volume capacity; GOLD = Global Obstructive Lung Disease; h/o = history of; ICS=inhaled corticosteroid; INH = inhaled; ITT=intention‐to‐treat; L = Liters; LAMA = long‐acting
muscarinic antagonist; LOCF = last observation carried forward; MC =multicenter; mITT = modified intention to treat; NA=not applicable; NNH = number needed to harm; NNT = number needed to
treat; NS = not significant; PC = placebo‐controlled, PG = parallel group; RRR = relative risk reduction; SABA = short‐acting beta‐agonist; SAE = serious adverse events; SAMA = short‐acting muscarinic
antagonist; SE = standard error; TDI = Transitional Dyspnea Index.
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Appendix 1: Specific Drug Information
CLINICAL PHARMACOLOGY
PHARMACOKINETICS 12
Parameter
Bioavailability
Protein Binding
Half‐Life
Metabolism
Bioavailability

Result
30% (inhaled)
60%
7.5 hours
Glucoronidation and CYP 2C9, 2C8, 1A7
and 1A9
30% (inhaled)

DOSE & AVAILABILITY 12
STRENGTH ROUTE FREQUENCY
INH
Once daily
2.5 mcg/
actuation

DOSAGE:
2 actuations
(5 mcg)

RENAL ADJ
None

HEPATIC ADJ
None

Pediatric
Dose
None

Elderly
Dose
Same as
adult

OTHER DOSING
CONSIDERATIONS
None

DRUG SAFETY 12
Serious (REMS, Black Box Warnings, Contraindications):
Black Boxed Warning: May cause an increase in asthma‐related death, which is considered a class effect of LABA. No study adequate to determine whether the
rate of asthma‐related death is increased in subjects treated with olodaterol has been conducted.

Warnings and Precautions:
-

Should not be initiated in patients during rapidly deteriorating exacerbations.
Should not be used as a rescue inhaler
Should not use with any other LABA‐containing medication
May produce a clinically significant cardiovascular effect in some patients as measured by increases in pulse rate, systolic or diastolic blood pressure, and
cardiac arrhythmias

Author: Amanda Meeker
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Unanswered Safety Questions:
Pediatric efficacy/safety
Safety and efficacy in asthma
Look‐alike / Sound‐alike (LA/SA) Error Risk Potential:
Olodaterol may be confused with indacaterol
Striverdi may be confused with Stribild

Adverse Reactions Table

12

Adverse Reaction
Nasopharyngitis
Upper Respiratory Tract Infection
Bronchitis
Cough
Back Pain

Author: Amanda Meeker

Placebo (n=876)
7.7%
7.5%
3.6%
4.0%
2.7%

Olodaterol 5 mcg (n=885)
11.3%
8.2%
4.7%
4.2%
3.5%
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Drug Use Research & Management Program
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Phone 503-947-5220 | Fax 503-947-1119
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Month/Year of Review: January 2015
PDL Class: Ophthalmic Antibiotics
Current Status of PDL Class:
Preferred Agents
Aminoglycosides
Gentamicin drops and ointment
Tobramycin drops and Tobramycin (Tobrex®) ointment
Fluoroquinolones
Ciprofloxacin drops and Ciprofloxacin (Ciloxan®) ointment
Gatifloxacin (Zymar®) 0.3% drops
Moxifloxacin (Vigamox®) drops
Ofloxacin drops
Macrolides
Erythromycin base ointment
Others
Bacitracin/polymyxin B ointment
Natamycin (Natacyn®) drops
Neomycin/polymyxin B/gramicidin drops
PolymiyxinB/Trimethoprim drops
Sulfacetamide drops

Date of Last Review: September 2012
Source Document: OSU College of Pharmacy

Non‐Preferred Agents

Besifloxacin (Besivance®) drops
Gatifloxacin (Zymaxid®) 0.5% drops
Levofloxacin (Iquix®) 1.5% drops
Levofloxacin 0.5% drops
Moxifloxacin (Moxeza®) 0.5% drops
Azithromycin (AzaSite®)
Bacitracin ointment
Neomycin/polymyxin B/bacitracin ointment
Sulfacetamide ointment

Previous Conclusions and Recommendations:
1. There is high‐quality evidence that there is no difference in efficacy/effectiveness or in safety between agents.
2. Consider at least one medication from each class (aminoglycosides, macrolides, fluoroquinolones and others).
3. Include natamycin as it is the only medication that carries FDA approval for fungal infections.
4. Consider having drops and ointments available.
5. Consider step therapy for 4th and 5th generation fluoroquinolones.
6. Surgical consideration regarding 4th and 5th generation fluoroquinolones which are commonly used pre‐ and post‐op.
Conclusions and Recommendations:
 There is no significant new comparative evidence on the efficacy and safety of agents that changes the previous
conclusions.
 No further review of research needed at this time and review comparative costs.

Methods:
A Medline literature search for new systematic reviews and randomized controlled trials (RCTs) comparing ophthalmic
antibiotics to placebo or other products was conducted with limits for humans and English. The Agency for Healthcare
Research and Quality (AHRQ), Cochrane Collection, National Institute for Health and Care Excellence (NICE), Department
of Veterans Affairs, Clinical Evidence, Dynamed, and the Canadian Agency for Drugs and Technologies in Health (CADTH)
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resources were manually searched for high quality and relevant systematic reviews. The FDA website was searched for
new drugs, indications, and safety alerts, and the AHRQ National Guideline Clearinghouse (NGC) was searched for
updated and recent evidence‐based guidelines. The primary focus of the evidence is on high quality systematic reviews
and evidence based guidelines for this class update. Randomized controlled trials will be emphasized if evidence is
lacking or insufficient from those preferred sources.

New Systematic Reviews:
A systematic review and meta‐analysis by McDonald et al1 evaluated the efficacy of ophthalmic antibiotics in patients
with bacterial keratitis. Randomized controlled trials that compared two or more antibiotics administered for at least 7
days were included. A total of 16 trials with 1,823 participants were included. The primary outcome was treatment
success, defined as complete re‐epithelialization of the cornea at trial conclusion. There was no evidence of difference in
relative risk (RR) of treatment success when moxifloxacin was compared with tobramycin‐cefazolin (RR 1.02; 95% CI 0.91
to 1.14), when ciprofloxacin was compared with gentamicin‐cefazolin (RR 1.11; 95% CI 0.84 to 1.45), or when
moxifloxacin, ofloxacin or ciprofloxacin was compared with aminoglycoside‐cephalosporin (RR 0.93: 95% CI 0.64 to 1.36;
RR 0.94: 95% CI 0.68 to 1.30; and RR 1.02: 95% CI 0.83 to 1.25, respectively). There was also no difference in risk of
treatment success when moxifloxacin, ofloxacin, ciprofloxacin, gatifloxacin or tobramycin‐cefazolin were compared with
fluoroquinolones (RR 1.02: 95% CI 0.58 to 1.80; RR 0.82: 95% CI 0.57 to 1.16; RR 1.44: 95%: 0.94 to 2.21; RR 0.76: 95% CI
0.40 to 1.44; and RR 1.03: 95% CI 0.85 to 1.24, respectively). When compared as a class, there was no evidence of
difference in risk of treatment success between fluoroquinolones and aminoglycoside‐cephalosporin (RR 1.01; 95% CI
0.94 to 1.08) in 10 trials with 1,265 participants. No difference was seen in any comparison for the difference in time to
cure or risk of serious complications of infections. When compared to aminoglycoside‐cephalosporin, ofloxacin
significantly reduced the risk of ocular discomfort (RR 0.22; 95% CI 0.13 to 0.39; 2 trials). Tobramycin‐cefazolin increased
ocular discomfort when compared to fluoroquinolones (RR 3.13; 95% CI 2.13 to 4.60; 3 trials). There was no evidence of
significant heterogeneity in any outcome. Risk of bias of each trial was assessed using the Cochrane Risk of Bias tool. The
risk of bias overall was low in trials; two trials did not give adequate details on randomization, allocation concealment, or
blinding.
Azari et al3 reviewed the literature available for diagnosis and treatment all types of conjunctivitis. A level of evidence
was assigned to treatment recommendations using the following grading system: Level A assigned if there are multiple
randomized trials with large numbers of patients, Level B assigned if there are a limited number of randomized trials
with small numbers of patients, careful analyses of non‐randomized studies, or observational registries, and Level C
assigned when expert consensus is the primary basis for the recommendation. For acute bacterial conjunctivitis,
tobramycin, besofloxacin, cirprofloxacin, moxifloxacin, ofloxacin, azithromycin, and trimethoprim/polymixin B all have
Level A evidence; gentamycin, gatifloxacin, levofloxacin, erythromycin and sulfacetamide all have level B evidence. All
treatments for hyperacute bacterial conjunctivitis, viral conjunctivitis, herpes zoster virus and herpes simplex virus are
oral medications and have level C evidence.

New Guidelines:
Scottish Intercollegiate Guidelines Network: Antibiotic Prophylaxis in Surgery (Updated April 2014)4
 Grades of Recommendation4
o Level A evidence: At least one meta‐analysis, systematic review or RCT rated as high quality with very
low risk of bias and directly applicable to the target population; or a body of evidence consisting
principally of well conducted meta‐analyses, systematic reviews or RCTs with low risk of bias directly
applicable to the target population and demonstrating overall consistency of results
o Level B evidence: A body of evidence including high quality systematic reviews of case control or cohort
studies directly applicable to the target population and demonstrating overall consistency of results; or
extrapolated evidence from high quality meta‐analyses, systematic reviews or RCTs with low risk of bias
Author: A Meeker, Pharm.D.
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Level C evidence: A body of well conducted case control or cohort studies with low risk of confounding
or bias and a moderate probability that the relationship is not causal, directly applicable to the target
population and demonstrating overall consistency of results; or extrapolated evidence from high quality
systematic reviews of case control or cohort studies
o Level D evidence: Non‐analytic studies (case reports, case series) or expert opinion; or extrapolated
evidence from well conducted case control or cohort studies with a low risk or confounding or bias and a
moderate probability that the relationship is causal
Recommended Indications for surgical prophylaxis using topical ophthalmic antibiotics to prevent skin and soft
tissue infections‐Ophthalmic4
o Cataract surgery: Topical antibiotic prophylaxis is highly recommended (OR 0.36; NNT 451 for
endophthalmitis, evidence level 1) (Level A evidence) 4
o Glaucoma or corneal grafts: Topical antibiotic prophylaxis is recommended (Level B evidence,
effectiveness inferred from evidence about cataract surgery) 4
o Lacrimal surgery: Topical antibiotic prophylaxis is recommended (OR 0.03, NNT= 9 for wound infection)
(Level C evidence) 4
o Penetrating eye injury: Topical antibiotic prophylaxis is recommended (OR 0.20, NNT = 18 for
endopthalmitis)(Level B evidence) 4
o



New drugs:
None
New Formulations/Indications:
None
New FDA safety alerts:
None
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New Trials (Appendix 1):

37 potentially relevant RCTs were evaluated from the literature search. After further review, 34 RCTs did not
have a head‐to‐head comparison and were therefore excluded. The remaining 3 RCTs are briefly described in
the table below. Full abstracts are included in Appendix 1.
Table 1: Description of RCTs
Study
Blavin et al5

Comparison
Azithromycin TID
or tobramycin QID
until
reepithelialization

Prajna et al6

Voriconazole 1% or
natamycin 5%
applied every hour
while awake until
reepithelializtion
then four times
daily for at least 3
weeks
Moxifloxacin 0.5%
TID Vs. Polymyxin
B‐trimethoprim
QID

Williams et
al7

Population
Adult patients
undergoing
penetrating
ketatoplasty in one
eye
Adults with fungal
corneal ulcer and
visual acuity of
20/40 to 20/400

Primary Outcome
Time to
reepithelialization

Results
N=46
Similar between tobramycin group
(4.14±1.17 days) and azithromycin
group (4.13±1.82) (p=0.89)

Best spectacle‐
corrected visual
acuity (BSCVA) at 3
months

N=323
Patients receiving voriconazole did
worse than those randomized to
receive natamycin (regression
coefficient = −0.18; 95% CI, −0.30
to −0.05; P = .006)

Children aged 1‐18
with conjunctivitis

Clinical cure rates at
4‐6 days

N=124
Cure rates not different for the two
treatment groups (p=0.59)
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Appendix 1: Abstracts of RCTs
Blavin, J. et al. A comparison of azithromycin and tobramycin eye drops on epithelial wound healing and tolerance
after penetrating keratoplasty. Journal of Ocular Pharmacology 28, 428–32 (2012).
PURPOSE: After keratoplasty, antibiotic eye drops are used to prevent ocular infection until the recipient corneal epithelium has
healed. We compared the effects of azithromycin, a new macrolide, with the effect of the standard antibiotics, tobramycin, on the (i)
prevention of infection, (ii) epithelial healing, and (iii) ocular tolerance after penetrating keratoplasty.
METHODS: In this prospective, single‐center, randomized study, patients undergoing penetrating keratoplasty received
postoperative topical dexamethasone and either azithromycin (n=23; Azyter(); one drop twice daily for 3 days) or tobramycin (n=23;
Tobrex(); 1 drop 4 times daily until complete re‐epithelialization). Daily slit‐lamp examination with fluorescein was performed, and
photographs were taken to digitally assess the re‐epithelialized surface area. Daily questionnaires assessed ocular comfort and pain.
RESULTS: There were no cases of infection in either group. The re‐epithelialized area of the corneal graft increased at a similar rate
in each group, with no difference between the groups on any day. The mean+SD days until complete re‐epithelialization did not
differ between tobramycin (4.14+1.17) and azithromycin (4.13+1.82) (P=0.89). Superficial punctate keratitis scores were similar for
tobramycin (1.39) and azithromycin (1.34). Pain and discomfort scores improved each day after surgery with no differences between
the groups on any day.
CONCLUSION: Postkeratoplasty epithelial healing and ocular tolerance were not significantly different between the azithromycin‐
and tobramycin‐treatment groups. Our results support the use of azithromycin as an alternative to tobramycin after corneal surgery
such as keratoplasty.

Prajna, N. et al. The mycotic ulcer treatment trial: a randomized trial comparing natamycin vs voriconazole. JAMA
Ophthalmology 131, 422–9 (2013).
OBJECTIVE: To compare topical natamycin vs voriconazole in the treatment of filamentous fungal keratitis.
METHODS: This phase 3, double‐masked, multicenter trial was designed to randomize 368 patients to voriconazole (1%) or
natamycin (5%), applied topically every hour while awake until reepithelialization, then 4 times daily for at least 3 weeks. Eligibility
included smear‐positive filamentous fungal ulcer and visual acuity of 20/40 to 20/400.
MAIN OUTCOME MEASURES: The primary outcome was best spectacle‐corrected visual acuity at 3 months; secondary outcomes
included corneal perforation and/or therapeutic penetrating keratoplasty.
RESULTS: A total of 940 patients were screened and 323 were enrolled. Causative organisms included Fusarium (128 patients [40%]),
Aspergillus (54 patients [17%]), and other filamentous fungi (141 patients [43%]). Natamycintreated cases had significantly better 3‐
month best spectacle‐corrected visual acuity than voriconazole‐treated cases (regression coefficient=0.18 logMAR; 95% CI, 0.30 to
0.05; P=.006). Natamycin‐treated cases were less likely to have perforation or require therapeutic penetrating keratoplasty (odds
ratio=0.42; 95% CI, 0.22 to 0.80; P=.009). Fusarium cases fared better with natamycin than with voriconazole (regression
coefficient=0.41 logMAR; 95% CI,0.61 to 0.20; P<.001; odds ratio for perforation=0.06; 95% CI, 0.01 to 0.28; P<.001), while non‐
Fusarium cases fared similarly (regression coefficient=0.02 logMAR; 95% CI, 0.17 to 0.13; P=.81; odds ratio for perforation=1.08; 95%
CI, 0.48 to 2.43; P=.86).
CONCLUSIONS: Natamycin treatment was associated with significantly better clinical and microbiological outcomes than
voriconazole treatment for smear‐positive filamentous fungal keratitis, with much of the difference attributable to improved results
in Fusarium cases.
APPLICATION TO CLINICAL PRACTICE: Voriconazole should not be used as monotherapy in filamentous keratitis.

Williams, L. et al. A single‐blinded randomized clinical trial comparing polymyxin B‐trimethoprim and moxifloxacin for
treatment of acute conjunctivitis in children. Journal of Pediatrics 162, 857–61 (2013).
OBJECTIVE: To perform a randomized controlled trial comparing moxifloxacin hydrochloride with polymyxin B‐trimethoprim for the
treatment of acute conjunctivitis.
STUDY DESIGN: Patients ages 1‐18 years old with acute conjunctivitis had cultures performed and were randomized to receive
either moxifloxacin hydrochloride or polymyxin B‐trimethoprim ophthalmic solution for 7 days. Response to treatment was
determined by phone query on day 4‐6 and by examination with post‐treatment conjunctival culture on day 7‐10.
RESULTS: One hundred and twenty‐four patients were enrolled. Eighty patients (65%) had recognized pathogens (55 Haemophilus
influenzae, 22 Streptococcus pneumoniae, 4 Moraxella catarrhalis) isolated from their conjunctiva. One hundred fourteen
(56/62 moxifloxacin and 58/62 polymyxin B‐trimethoprim) completed the 4‐6 day evaluation, with 43/56 (77%) of the moxifloxacin
group and 42/58 (72%) of the polymyxin B‐trimethoprim group clinically cured according to parents (noninferiority test P = .04).
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Eighty‐nine (39/56 moxifloxacin and 50/58 polymyxin B‐trimethoprim) patients completed the 7‐10 day evaluation. Clinical cure was
observed in 37/39 (95%) of the moxifloxacin and 49/51 (96%) of the polymyxin B‐trimethoprim treated groups (noninferiority test P
< .01). Clinical cure rates for culture positive and negative conjunctivitis were not different. There was no statistically significant
difference in bacteriologic cure rates between the 2 groups.
CONCLUSIONS: Polymyxin B‐trimethoprim continues to be an effective treatment for acute conjunctivitis with a clinical response
rate that does not differ from moxifloxacin. Use of polymyxin B‐trimethoprim for the treatment of conjunctivitis would result in
significant cost savings compared with fluoroquinolones.
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Month/Year of Review: January 2015
PDL Classes: Ophthalmic Antibiotic/Corticosteroids
Current Status of PDL Class:
Preferred
Neomycin/polymyxin B/dexamethasone susp
(DEXASPORIN; MAXITROL)
Sulfacetamide sodium/prednisolone acetate oint
(BLEPHAMIDE SOP)
Sulfacetamide sodium/prednisolone acetate susp
(BLEPHAMIDE)
Tobramycin/dexamethasone oint (TOBRADEX)
Tobramycin/dexamethasone susp (TOBRADEX)

Date of Last Review: November 2012
Source Document: OSU College of Pharmacy

Non‐Preferred
Gentamicin/prednisolone 0.3/1% susp (PRED‐G)
Gentamicin/prednisolone 0.3/0.6% oint (PRED‐G)
Neomycin/polymyxin B/dexamethasone oint (MAXITROL)
Neomycin/bacitracin/polymyxin B/hydrocortisone oint
Neomycin/dexamethasone susp (NEO‐DEXAIR)
Neomycin/polymyxin B/hydrocortisone susp
Sulfacetamide/prednisolone sol
Tobramycin/loteprednol (ZYLET) susp

Previous Conclusions and Recommendations:



There is insufficient evidence of difference in efficacy/effectiveness or in safety between agents.
There is insufficient evidence to make a specific recommendation.

Conclusions and Recommendations:



There is no significant new comparative evidence on the efficacy and safety of agents that changes the previous
conclusions.
No further review of research needed at this time; review comparative costs in executive session.

Methods:
A Medline literature search for new systematic reviews and randomized controlled trials (RCTs) comparing fixed
combinations of ophthalmic antibiotic/corticosteroid to placebo or active controlss was conducted with limits for
humans and English. The Agency for Healthcare Research and Quality (AHRQ), Cochrane Collection, National Institute for
Health and Care Excellence (NICE), Department of Veterans Affairs, Clinical Evidence, Dynamed, and the Canadian
Agency for Drugs and Technologies in Health (CADTH) resources were manually searched for high quality and relevant
systematic reviews. The FDA website was searched for new drugs, indications, and safety alerts, and the AHRQ National
Guideline Clearinghouse (NGC) was searched for updated and recent evidence‐based guidelines. The primary focus of
the evidence is on high quality systematic reviews and evidence based guidelines for this class update. Randomized
controlled trials will be emphasized if evidence is lacking or insufficient from those preferred sources.
New Systematic Reviews:
None identified.
New Guidelines:
1
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None identified.
New drugs:
None.
New Formulations/Indications:
None.
New FDA safety alerts:
None.
New Trials:
20 potentially relevant RCTs were evaluated from the literature search. After further review, only one placebo‐
controlled trial was identified relevant to this scan. The abstract is provided below:
Comstock T, Paterno M, Bateman K, et al. Safety and Tolerability of Loteprednol Etabonate 0.5% and Tobramycin 0.3%
Ophthalmic Suspension in Pediatric Subjects. Pediatr Drugs. 2012;14:119‐30.
Background: Loteprednol etabonate 0.5% and tobramycin 0.3% ophthalmic suspension (LE/T) is indicated for steroid‐
responsive inflammatory ocular conditions where superficial bacterial ocular infection or a risk of bacterial ocular infection
exists. LE/T was shown to be safe in healthy volunteers and patients aged 18 years and older with minimal effect on
intraocular pressure (IOP).
Objective: The aim of the study was to evaluate the safety of LE/T in pediatric subjects by examining data from two clinical
studies.
Methods: Two randomized, multicenter, double‐masked, parallel‐group (one two‐arm, the other four‐arm) studies were
conducted in subjects aged 0–6 years (N = 245). One study assessed LE/T compared with vehicle in the management of lid
inflammation (n = 108) and the other compared LE/T with loteprednol etabonate ophthalmic suspension 0.5% (LE),
tobramycin ophthalmic solution 0.3% (tobramycin), and vehicle in the treatment of blepharoconjunctivitis (n = 137). In the
first study, subjects were randomized to LE/T or vehicle administered four times daily (qid) for the first 7 days followed by
twice daily (bid) for 7 days along with warm compresses bid for the entire 2 weeks. In the second study, subjects were
randomized to LE/T, LE, tobramycin, or vehicle administered qid for 14 days. Treatment‐emergent ocular and non‐ocular
adverse events (AEs) and bilateral vision were assessed at all study visits in both studies. In addition, in the lid inflammation
study, IOP was assessed at all visits. The primary safety endpoint in both studies was the incidence of treatment emergent
AEs.
Results: The incidence of LE/T treatment‐emergent AEs was low. A total of four ocular AEs were reported for three LE/T‐
treated subjects in the first study (conjunctivitis [two events], meibomian gland dysfunction, and corneal staining), and one
ocular AE was reported for an LE/T‐treated subject in the second study (eye pain). A total of 13 non‐ocular AEs were
reported for eight LE/T‐treated subjects in the two trials. The most prevalent non‐ocular AEs were pyrexia (three events)
and rash (two events). There were no differences in the incidence of specific ocular and non‐ocular AEs between the LE/T
group and the comparator treatment group. In both studies, there were no clinically meaningful reductions in vision at
follow‐up visits. Mean IOP and IOP changes from baseline, assessed in the lid inflammation study, were not different
between LE/T and vehicle treatment groups at any study visits.
Conclusion: The results of these two clinical trials demonstrate the short‐term safety of treatment with topical LE/T in
pediatric subjects (0–6 years of age) with lid inflammation or blepharoconjunctivitis.
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Literature Scan: Cephalosporins and Related Beta‐lactam Antibiotics
Month/Year of Review: January 2015
PDL Classes: Cephalosporins and Related Antibiotics, oral
Current Status of PDL Class:
Current Preferred Agents1
Oral Cephalosporins, 1st Generation
Cephalexin cap (Keflex)
Cephalexin susp (generic)
Oral Cephalosporins, 2nd Generation
Cefprozil tab (generic)
Cefprozil susp (generic)
Cefuroxime tab (Ceftin)
Oral Cephalosporins, 3rd Generation
Cefdinir cap (generic)
Cefdinir susp (generic)

Date of Last Review: November 2012
Source Document: OSU College of Pharmacy

Current Non‐Preferred Agents
Oral Cephalosporins, 1st Generation
Cefadroxil cap (generic)
Cefadroxil tab (generic)
Cefadroxil susp (generic)
Cephradine cap [DSC]
Oral Cephalosporins, 2nd Generation
Cefaclor cap (generic)
Cefaclor ER tab (generic)
Cefaclor susp (generic)
Cefuroxime susp (Ceftin)
Loracarbef cap [DSC]
Loracarbef susp [DSC]
Oral Cephalosporins, 3rd Generation
Cefditoren tab (Spectracef)
Cefixime cap (Suprax)
Cefixime chew tab (Suprax)
Cefixime susp (Suprax)
Cefixime tab (Suprax)
Cefpodoxime tab (generic)
Cefpodoxime susp (generic)
Ceftibuten cap (Cedax)
Ceftibuten susp (Cedax)

Oral Penicillin/Beta‐Lactamase Inhibitor Combination
Amoxicillin/clavulanate tab (Augmentin)
Amoxicillin/clavulanate chew tab (Augmentin)
Amoxicillin/clavulanate susp (Augmentin)

Oral Penicillin/Beta‐Lactamase Inhibitor Combination
Amoxicillin/clavulanate ER tab (Augmentin XR)

Abbreviations: cap = capsule; chew = chewable; DSC = discontinued product; ER = extended release; susp = suspension; tab = tablet

Previous Conclusions and Recommendations:2



Evidence does not support a difference in efficacy or safety between cephalosporins.
Maintain at least one agent from 1st, 2nd and 3rd generation cephalosporins and amoxicillin/clavulanate as well as
age appropriate dosage formulations.
1
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Conclusions and Recommendations:
 Maintain at least one oral agent from 1st, 2nd and 3rd generation cephalosporins and amoxicillin/clavulanate as
well as age appropriate dosage formulations due to similar effectiveness and safety between these agents.
 No further review or research needed at this time.
 Evaluate comparative costs in executive session.
Methods:
A Medline literature search for new systematic reviews and randomized controlled trials (RCTs) comparing oral
cephalosporins or oral beta‐lactams with beta‐lactamases to active controls was conducted with limits for humans and
English. The Agency for Healthcare Research and Quality (AHRQ), Cochrane Collection, National Institute for Health and
Clinical Excellence (NICE), Department of Veterans Affairs, Clinical Evidence, Dynamed, and the Canadian Agency for
Drugs and Technologies in Health (CADTH) resources were manually searched for high quality and relevant systematic
reviews. The FDA website was searched for new drugs, indications, and safety alerts, and the AHRQ National Guideline
Clearinghouse (NGC) and Infectious Disease Society of America (IDSA) was searched for updated and recent evidence‐
based guidelines. The primary focus of the evidence is on high quality systematic reviews and evidence‐based guidelines
for this class scan. Prospective RCTs will be emphasized if evidence is lacking or insufficient from those preferred sources
and if the RCT directly compares antibiotics with clinically relevant outcomes (i.e., cure rate, resolutions of symptoms,
etc).
New Systematic Reviews:
A Cochrane Collaboration systematic review compared antibiotics used for community‐acquired pneumonia (CAP) in
children. There were few comparisons involving cephalosporins; however, the authors concluded that for the treatment
of patients with CAP in ambulatory settings, cefpodoxime may be an alternative second‐line drug. One multi‐centered,
open‐label study (n=348; ages 3 months to 11.5 years) compared cefpodoxime to amoxicillin/clavulanic acid and found
similar response rates after 10 days of treatment (OR 0.69; 95% CI 0.18 to 2.60). Another open‐label study (n=140)
compared ceftibuten with cefuroxime in children with radiographically confirmed CAP. Sequence generation for
randomization and methods to conceal allocation were not clear. Cure rate (OR 0.32; 95% CI 0.11 to 0.94) and failure
rate (OR 6.81; 95% CI 1.46 to 31.70) were significantly better in children receiving cefuroxime. However, the review
concluded several antibiotics as viable alternative to first‐line amoxicillin or trimethoprim/sulfamethoxazole for CAP in
children treated in the outpatient setting, including amoxicillin‐clavulanate, macrolides, or cephalosporins (cefpodoxime,
ceftibuten or cefuroxime) due to lack of robust data demonstrating any clinical differences.3
Another review from the Cochrane Collaboration examined the effectiveness of antibiotics in relieving symptoms for
breastfeeding women with mastitis. Overall, the authors found insufficient evidence to confirm the effectiveness of
antibiotic therapy for the treatment of mastitis. Only two trials met inclusion criteria. One small trial (n=25) found no
significant difference in symptom relief or abscess formation between amoxicillin and cephradine.4
New Guidelines:
The updated clinical practice guideline from the Infectious Diseases Society of America (IDSA) for the treatment of
community acquired pneumonia is projected to be available in fall of 2015.5
The IDSA recently published a clinical practice guideline for acute bacterial rhinosinusitis (ABRS) in children and adults.
Amoxicillin‐clavulanate, rather than amoxicillin alone, is recommended for empiric first‐line antimicrobial therapy of
ABRS in children (Strong Recommendation, Moderate‐quality Evidence) and adults (Weak Recommendation, Low‐quality
Evidence). Amoxicillin‐clavulanate is also recommended for first‐line empiric treatment of ABRS rather than a respiratory
fluoroquinolone (Weak Recommendation, Moderate‐quality Evidence). Empiric therapy should be initiated as soon as
ABRS is diagnosed (Strong Recommendation, Moderate‐quality Evidence). “High‐dose” amoxicillin‐clavulanate, at a dose
of 2 g orally twice daily or 90 mg/kg/day orally twice daily, is recommended in both children and adults with ABRS who
live in geographic areas with high rates (≥10%) of penicillin‐resistant S. pneumonia, those with severe infection,
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attendance at day care, age <2 or >65 years, recent hospitalization, antibiotic use within the past month, or who are
immunocompromised (Weak Recommendation, Moderate‐quality Evidence). Duration of empiric treatment is 5‐7 days
in adults and 10‐14 days in children (Weak Recommendation, Low‐Moderate‐quality Evidence).6
The IDSA recommends penicillin or amoxicillin for treatment of Group A streptococcal pharyngitis based on narrow
spectrum of activity, infrequency of adverse reactions and modest cost (Strong Recommendation, High‐quality
Evidence). In patients with penicillin allergies not anaphylactically sensitive, a first generation cephalosporin, clindamycin
or clarithromycin is recommended for 10 days, or azithromycin for 5 days (Strong Recommendation, Moderate‐quality
evidence).7
In 2012, the CDC released an update to the Sexually Transmitted Diseases Treatment Guidelines from 2010 which no
longer recommends first‐line treatment with oral cephalosporins for gonococcal infections. Current guidelines
recommend combination therapy with a single intramuscular dose of ceftriaxone 250 mg plus either a single dose of
azithromycin 1 g orally or doxycycline 100 mg orally twice daily for 7 days. A single oral 400 mg dose of cefixime is
recommended as second‐line treatment with either azithromycin or doxycycline if ceftriaxone is not available.8
The American Academy of Pediatrics guideline on the diagnosis and management of acute otitis media (AOM) was
updated in 2013. High‐dose amoxicillin is recommended as first‐line treatment for AOM when a decision to treat with
antibiotics has been made and the child has not received amoxicillin in the past 30 days, does not have concurrent
purulent conjunctivitis, or is not allergic to penicillin (Grade B Recommendation). Additional β‐lactamase coverage with
amoxicillin‐clavulanate at 90 mg/kg/day of amoxicillin and 6.4 mg/kg/day of clavulanate (amoxicillin to clavulanate ratio,
14:1) in 2 divided doses for AOM is recommended if the child has received amoxicillin in the last 30 days, has concurrent
purulent conjunctivitis, or has a history of recurrent AOM unresponsive to amoxicillin (Grade C Recommendation).
Alternative initial oral antibiotics include cefdinir 14 mg/kg/day in 1 or 2 doses, cefuroxime 30 mg/kg/day in 2 divided
doses, or cefpodoxime 10 mg/kg/day in 2 divided doses. The optimal duration of therapy is uncertain but studies
generally favor the standard 10‐day therapy for children younger than 2 years and children with severe symptoms. A 7‐
day course is appropriate for older children with mild or moderate AOM.9
New drugs:
None.
New Formulations/Indications:
A new dosage formulation of cefixime 500 mg/5 mL oral suspension (Suprax) was approved by the FDA in February 2013
for the treatment of otitis media, acute exacerbation of chronic bronchitis, uncomplicated urinary tract infections,
uncomplicated gonorrhea and pharyngitis/tonsillitis. Two bioequivalence studies were reviewed by the FDA for
approval; the FDA used previous findings of safety and effectiveness to support the new dosage form. The new oral
suspension formulation is more concentrated than the 100 mg/5 mL and 200 mg/5 mL suspensions already marketed by
the manufacturer.10
New FDA safety alerts:
None.
New Trials:
Sixty‐nine potentially relevant RCTs were evaluated from the literature search. After further review, 66 RCTs did not
meet pre‐specified criteria and were therefore excluded. The remaining 3 RCTs are briefly described in the table below.
Full abstracts are included in the appendix.
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Table 1: Description of Randomized Controlled Trials.
Study
Comparison
Population
Pallin, et al.11 Cephalexin +
Patients with
RCT, DB
trimethoprim/sulf cellulitis, without
amethoxazole
abscess (n=146,
(C+TMP/SMX) vs.
median age 29
cephalexin alone
years, range 3‐74)
(C) for 7‐14 days
Casey, et al.12
RCT, SB

Amoxicillin/clavul
anate (A/C) 80
mg/kg/day x 10
days vs. cefdinir
(C) 14 mg/kg/day
x 5 days
Cefpodoxime 100
mg BID x3 days vs.
ciprofloxacin 250
mg BID x 3 days

Primary Outcome
Clinical cure
(defined as
resolution of
symptoms other
than slight
erythema or edema)

Results
Clinical Cure:
C + TMP/SMX: 62/73 (85%)
C: 60/73 (83%)
Difference 2.7%; 95% CI, ‐9.3% to
15%

Children 6‐24
months with acute
otitis media (n=330,
mean age 13.1
months)

Clinical cure
(defined as afebrile,
improved tympanic
membrane on exam
at 11‐14 days)

Clinical Cure:
A/C: 141/165 (86.5%)
C: 115/165 (71.0%)
(p=0.001)

Adult women with
acute
uncomplicated
cystitis

Clinical Cure
(defined as not
requiring antibiotics
at 30‐day follow‐up)

Clinical Cure:
Cefpodoxime: 123/150 (82%)
Ciprofloxacin: 139/150 (93%)
Difference 11%; 95% CI, 3% to 18%
(CI upper limit >10% demonstrating
cefpodoxime is not non‐inferior to
ciprofloxacin; p=0.57)
Key: CI = confidence interval; DB = double blinded; NI = non‐inferiority trial; RCT = randomized controlled trial; SB =
single blinded

Hooten, et
al.13
RCT, DB, NI
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Appendix:
Abstracts:
Pallin DJ, Binder WD, Allen MB, et al. Clinical trial: comparative effectiveness of cephalexin plus trimethoprim‐
sulfamethoxazole versus cephalexin alone for treatment of uncomplicated cellulitis: a randomized controlled trial.
Clinical Infectious Diseases. 2013; 56:1754‐62.
BACKGROUND: Community‐associated methicillin‐resistant S. aureus (CA‐MRSA) is the most common organism isolated
from purulent skin infections. Antibiotics are usually not beneficial for skin abscess, and national guidelines do not
recommend CA‐MRSA coverage for cellulitis, except purulent cellulitis, which is uncommon. Despite this, antibiotics
targeting CA‐MRSA are prescribed commonly and increasingly for skin infections, perhaps due, in part, to lack of
experimental evidence among cellulitis patients. We test the hypothesis that antibiotics targeting CA‐MRSA are
beneficial in the treatment of cellulitis.
METHODS: We performed a randomized, multicenter, double‐blind, placebo‐controlled trial from 2007 to 2011. We
enrolled patients with cellulitis, no abscesses, symptoms for <1 week, and no diabetes, immunosuppression, peripheral
vascular disease, or hospitalization (clinicaltrials.gov NCT00676130). All participants received cephalexin. Additionally,
each was randomized to trimethoprim‐sulfamethoxazole or placebo. We provided 14 days of antibiotics and instructed
participants to continue therapy for >1 week, then stop 3 days after they felt the infection to be cured. Our main
outcome measure was the risk difference for treatment success, determined in person at 2 weeks, with telephone and
medical record confirmation at 1 month.
RESULTS: We enrolled 153 participants, and 146 had outcome data for intent‐to‐treat analysis. Median age was 29,
range 3‐74. Of intervention participants, 62/73 (85%) were cured versus 60/73 controls (82%), a risk difference of 2.7%
(95% confidence interval, ‐9.3% to 15%; P = .66). No covariates predicted treatment response, including nasal MRSA
colonization and purulence at enrollment.
CONCLUSIONS: Among patients diagnosed with cellulitis without abscess, the addition of trimethoprim‐
sulfamethoxazole to cephalexin did not improve outcomes overall or by subgroup.
Casey JR, Block SL, Hedrick J, et al. Comparison of amoxicillin/clavulanic acid high dose with cefdinir in the treatment of
acute otitis media. Drugs. 2012; 72:1991‐7.
BACKGROUND: 10 days of amoxicillin/clavulanic acid high dose and 5 days of cefdinir have been the preferred first‐ or
second‐line antibiotics for treatment of children with acute otitis media (AOM) since 2004, as recommended by the
American Academy of Pediatrics in the USA, but no head‐to‐head comparison study has been done.
OBJECTIVE: The purpose of the study was to compare the clinical efficacy of amoxicillin/clavulanic acid high‐dose
therapy for 10 days with cefdinir therapy for 5 days for AOM at recommended doses.
METHODS: This was an investigator‐blind trial in young children 6‐24 months old with no history of recurrent AOM who
were randomly assigned to amoxicillin/clavulanic acid (80 mg/kg/day amoxicillin) or cefdinir (14 mg/kg/day), both in two
divided doses. The diagnosis of AOM was based on specific clinical criteria by validated otoscopists at two AOM research
centres. The outcome measure for clinical cure was resolution of all symptoms and signs of AOM except for persistence
of middle‐ear effusion at test‐of‐cure (TOC) 11‐14 days after initiation of antibiotic treatment. Clinical failure was
defined as persistence of symptoms and signs of AOM and the need for additional antibiotic therapy. Subjects lost to
follow up or who had not taken at least 80% of the prescribed medication were classified as having an indeterminate
response. Compliance was monitored using Medical Electronic Monitoring System (MEMS) caps and antibiotic bottle
volume measurement at the TOC visit. A logistic regression model was used to estimate the association of age with cure
rate. Full interactions in terms of age with treatment were included to estimate any age gradient differential.
RESULTS: A total of 330 children (average age 13.1 months) with AOM were studied. At TOC, 256 children had clinical
cure, 69 had clinical failure, and 5 were lost to follow‐up. High‐dose amoxicillin/clavulanic acid‐treated children had a
better cure rate (86.5%) than cefdinir‐treated patients (71.0%; p=0.001). Cefdinir was correlated with less frequent cure
outcomes as children increased in age between 6 and 24 months. The odds ratios for clinical cure per increasing month
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of age estimated from a logistic regression model for amoxicillin/clavulanic acid high dose and cefdinir treatment groups
was 0.992 (95% CI 0.932, 1.056), p>0.05 and 0.932 (95% CI 0.881, 0.986), p=0.01. The differences in the odds ratios are
significant at p<0.002, indicating a stable clinical cure rate across the ages of children studied for amoxicillin/clavulanic
acid and decreasing clinical cure rates as children increased in age for cefdinir.
CONCLUSION: In children with bona fide AOM for whom clinical outcomes are assessed by validated otoscopists, 10 days
of high‐dose amoxicillin/clavulanic acid is significantly more effective than 5 days of cefdinir as therapy for AOM.
Because of the identified age effect (correlated to child weight), higher doses of cefdinir may have led to a different
conclusion; 10 days of cefdinir may also have led to a different conclusion.
Hooton TM, Roberts PL, Stapleton AE, et al. Cefpodoxime vs ciprofloxacin for short‐course treatment of acute
uncomplicated cystitis: a randomized trial. JAMA. 2012; 307:583‐9.
OBJECTIVE: To determine whether cefpodoxime is noninferior to ciprofloxacin for treatment of acute cystitis.
DESIGN, SETTING, AND PATIENTS: Randomized, double‐blind trial of 300 women aged 18 to 55 years with acute
uncomplicated cystitis comparing ciprofloxacin (n = 150) with cefpodoxime (n = 150); patients were from a student
health center in Seattle, Washington, and a referral center in Miami, Florida. The study was conducted from 2005 to
2009 and outcomes were assessed at 5 to 9 days and 28 to 30 days after completion of therapy. Intent‐to‐treat and per‐
protocol analyses were performed; 15 women in the ciprofloxacin group and 17 women in the cefpodoxime group were
lost to follow‐up.
INTERVENTIONS: Patients were given 250 mg of ciprofloxacin orally twice daily for 3 days or 100 mg of cefpodoxime
proxetil orally twice daily for 3 days.
MAIN OUTCOME MEASURES: Overall clinical cure (defined as not requiring antimicrobial treatment during follow‐up) at
the 30‐day follow‐up visit. Secondary outcomes were clinical and microbiological cure at the first follow‐up visit and
vaginal Escherichia coli colonization at each follow‐up visit. The hypothesis that cefpodoxime would be noninferior to
ciprofloxacin by a 10% margin (i.e., for the difference in the primary outcome for ciprofloxacin minus cefpodoxime, the
upper limit of the confidence interval would be <10%) was formulated prior to data collection.
RESULTS: The overall clinical cure rate at the 30‐day visit with the intent‐to‐treat approach in which patients lost to
follow‐up were considered as having clinical cure was 93% (139/150) for ciprofloxacin compared with 82% (123/150) for
cefpodoxime (difference of 11%; 95% CI, 3%‐18%); and for the intent‐to‐treat approach in which patients lost to follow‐
up were considered as having not responded to treatment, the clinical cure rate was 83% (124/150) for ciprofloxacin
compared with 71% (106/150) for cefpodoxime (difference of 12%; 95% CI, 3%‐21%). The microbiological cure rate was
96% (123/128) for ciprofloxacin compared with 81% (104/129) for cefpodoxime (difference of 15%; 95% CI, 8%‐23%). At
first follow‐up, 16% of women in the ciprofloxacin group compared with 40% of women in the cefpodoxime group had
vaginal E coli colonization.
CONCLUSIONS: Among women with uncomplicated cystitis, a 3‐day regimen of cefpodoxime compared with
ciprofloxacin did not meet criteria for noninferiority for achieving clinical cure. These findings, along with concerns about
possible adverse ecological effects associated with other broad‐spectrum beta‐lactams, do not support the use of
cefpodoxime as a first‐line fluoroquinolone‐sparing antimicrobial for acute uncomplicated cystitis.
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Month/Year of Review: January 2015
PDL Classes: Topical Psoriasis

Date of Last Review: January 2010
Source Document: Provider Synergies

Current Status of PDL Class:
 Preferred Agents: CALCIPOTRIENE CREAM AND SOLUTION, CALCIPOTRIENE/BETAMETHASONE (TACLONEX)
OINTMENT, TAZAROTENE CREAM AND GEL (TAZORAC®)
 Non‐preferred Agents: ANTHRALIN CREAM AND SHAMPOO, CALCITRIOL OINTMENT,
CALCIPOTRIENE/BETAMETHASONE SUSPENSION (TACLONEX), CALCIPOTRIENE FOAM (SORILUX®)
PA criteria: Topical antipsoriatics are only covered for OHP diagnoses. Moderate and severe psoriasis treatments are
covered. Treatments for mild psoriasis, seborrheic dermatitis, keroderma, and other hypertrophic and atrophic
conditions of the skin are not covered. PA criteria are included in appendix 1.
Previous Conclusions and Recommendation:
 Evidence does not support a difference in efficacy/effectiveness
 Evidence does not support a difference in harms/adverse events
 Tazarotene carries a pregnancy category X rating. Consider PA for tazarotene in women of childbearing age.
 Consider including a representative of the steroid, retinol and vitamin d analogue classes and anthralin.
Conclusions and Recommendations:
 First line therapy for psoriasis remains traditional topical therapies, including corticosteroids, vitamin D and vitamin
D analogues, dithranol (anthralin), and tar preparations.
 There is no evidence of a significant difference in efficacy/effectiveness or harms between the different vitamin D
analogues.
 Combination therapy with a vitamin D analogue and corticosteroid has proved to be more effective than either
component alone.
 Calcipotriene is recommended first line in childhood psoriasis.
 There is lower strength of evidence for the efficacy of anthralin and it should be used as alternative therapy after
vitamin D analogues and/or corticosteroids.
 No further review or research needed. Evaluate comparative costs in executive session.
Methods:
A Medline OVID search was conducted with the following search terms: calcipotriene cream,
calcipotriene/betamethasone, tazarotene, tazorac, anthralin, calcitriol ointment and psoriasis. The search was limited to
English language articles of controlled trials conducted on humans published from 2010 to December 2014. The
Cochrane Collection, Dynamed and Medline OVID were searched for high quality systematic reviews. The FDA website
was searched for new drugs, indications, and safety alerts. Finally, a search for new or updated guidelines was
conducted at the AHRQ National Guideline Clearinghouse (NGC).
New Systematic Reviews:
1. A 2013 Cochrane Collaboration systematic review evaluated topical treatments for chronic plaque psoriasis1,2 The
review included 177 randomized, controlled trials (RCTs) (n=34,808). Results demonstrated that most treatments
were more effective than placebo, including vitamin‐D analogues. The average effect was similar for calcipotriene,
calcitriol and tacalcitol. Overall, there was no statistically significant difference between vitamin D analogues and
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potent corticosteroids. A single trial of tazarotene improved psoriasis by 1 point more than placebo on a 6‐point
scale, which was a similar effect observed with vitamin‐D analogues and potent corticosteroids. Combination
therapy with a vitamin D analogue plus corticosteroid was more effective than either individual product used as
monotherapy. Overall, vitamin D products generally performed better than coal tar, but studies found conflicting
results when comparing vitamin D with dithranol (anthralin). 1,2
The authors concluded that corticosteroids perform at least as well as vitamin D analogues and they are associated
with a lower incidence of local adverse events. Data demonstrated that calcipotriene monotherapy was associated
with a significantly higher rate of local adverse events than potent steroids. 1,2
2. A systematic review by Hendriks, et al. also reviewed the efficacy and safety of first‐line topical treatments for
chronic plaque psoriasis.3 A total of 45 studies were included in the analysis. Overall, the combination of steroids
and vitamin D analogues is more effective than monotherapies. There was no significant difference between the
combination of clobetasol with either calcipotriene ointment or calcitriol. Another systematic review confirmed
that the combination of vitamin D analogues plus topical steroids is more effective than vitamin D analogues alone. 4
3. A systematic review evaluated the effectiveness of the two‐compound formulation calcipotriene and
betamethasone in the treatment of moderately severe scalp psoriasis.5 The combination gel was found to be
significantly superior in the Investigator Global Assessment (IGA) compared to placebo (RR 2.99; 95% CI 1.25 to
7.16), calcipotriene (RR 1.84; 95%CI 1.84 to 3.27) and betamethasone monotherapy (RR 1.16; 95% CI 1.06 to 1.27).
Compared to other topical treatments, the gel was associated with a similar or lower risk of overall adverse events,
skin adverse events, and withdrawals due to adverse events.
4. A review on the efficacy and safety of treatment in childhood psoriasis was performed by de Jager, et al.6 The levels
of evidence were determined and an algorithm for the treatment of childhood psoriasis was proposed. The majority
of the data in children are for calcipotriene. The authors concluded that calcipotriene is an effective, reasonably
well‐tolerated treatment option for childhood plaque psoriasis. As calcitriol was only studied in 18 patients, it was
concluded that it seems to be an effective treatment of child psoriasis with mild side effects. A lower strength of
evidence was given for dithranol (anthralin) and it was concluded to be an effective treatment in childhood psoriasis
with a good margin of safety for short‐term use. Based on a review of the evidence, the authors recommend that
calcipotriene with or without topical corticosteroids is first line therapy, followed by dithranol (anthralin).6
Guidelines:
1. German guidelines for the treatment of psoriasis vulgaris were released in 2012.8 The following recommendations
are provided:
 Dithranol (Anthralin) monotherapy may be recommended for induction therapy in hospitalized patients with
mild to moderate plaque psoriasis (Level 2 evidence).
 Monotherapy with dithranol may be considered for outpatient induction therapy in patients with mild or
moderate plaque psoriasis (Level 2 evidence).
 Topical use of tazarotene may be considered in the treatment of mild to moderate psoriasis (Level 2 evidence).
 Vitamin D analogues are recommended for use in induction therapy for mild to moderate psoriasis (Level 1
evidence).
 Combination therapy with vitamin D analogues and steroids is recommended in the first four weeks as induction
therapy for mild to moderate psoriasis (Level 1 evidence).
2. Guidelines from the Scottish Intercollegiate Guidelines Network (SIGN) released updated guidelines on the diagnosis
and management of psoriasis and psoriatic arthritis in adults in October 2010.7 The following key recommendations
on topical treatments are included:
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A vitamin D analogue is recommended for long term topical treatment of plaque psoriasis (Grade A
Recommendation)
If a vitamin D analogue is ineffective or not tolerated, then short contact dithranol (high‐strength dithranol
preparation for a shorter amount of time each day), coal tar solution, cream or lotion or tazarotene gel should be
considered in appropriate patients (Grade B Recommendation)
Short term intermittent use of a potent topical corticosteroid or a combined potent corticosteroid plus calcipotriene
ointment is recommended to attain rapid improvement in plaque psoriasis (Grade A Recommendation)

Table 1 summarizes the efficacy and tolerability of commonly used topical treatments of psoriasis. 7

3. The National Institute for Health and Clinical Excellence (NICE) also released clinical guidelines for the assessment
and management of psoriasis in October 2012.9,10 These recommendations are based on a systematic review of the
best available evidence and consideration of cost effectiveness. The following recommendations are included:
 Offer topical therapy as first line treatment to patients with psoriasis.
 Offer phototherapy or systemic therapy as second‐or third‐line treatment options at the same time when topical
therapy alone is unlikely to adequately control psoriasis.
 When offering topical agents, take into account patient preference, cosmetic acceptability, and various
formulations available.
 Corticosteroids and/or vitamin D analogues are recommended first line, followed by tar preparations and
dithranol.
 For children or young people, calcipotriene or a corticosteroid is recommended.
New Formulations/Indications:
In October 2010, calcipotriene was approved in a new formulation, a 0.005% topical foam, for the treatment of mild to
moderate plaque‐type psoriasis. Approval was based on two 8‐week, identically designed, randomized, double‐blind,
and vehicle‐controlled phase 3 trials. These studies are summarized in Table 2.
In September 2012, the FDA expanded the indication for calipotriene (Sorilux®) foam to include the topical treatment of
plaque psoriasis of the scalp in patients aged 18 years and older. Approval was based on a randomized, double‐blind,
vehicle controlled phase 3 study of patients with moderate scalp and body psoriasis.11 A summary of this trial can be
found in table 2. 12
In August 2014, calcipotriene and betamethasone (Taclonex®) received FDA approval for plaque psoriasis of the scalp in
patients aged 12 to 17 years.13 It was previously only approved for adults 18 years of age and older. Approval was
based on two unpublished, uncontrolled prospective clinical trials in 109 subjects with plaque psoriasis of the scalp. In
one trial, 78 subjects with at least moderate scalp psoriasis were evaluated for safety. At the end of treatment, 66 (85%)
had controlled disease according to the IGA disease severity and 6.4 % of patients had an adverse drug reaction. The
second study included 31 subjects. Results were not available in clinicaltrials.gov for this clinical trial.
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New FDA safety alerts:
None
New Trials:
Table 2: Summary of Relevant Randomized Controlled Trials
Study
Comparison
Population

Primary Outcome

Results

Feldman, et al.11
RCT, DB, PG, Phase
3b

Calcipotriene foam vs. vehicle
foam (placebo)

12 years and older
with plaque‐type scalp
psoriasis (n=363)

Proportion of subjects
with an IGSA score of 0
(Clear) or 1 (almost clear)
at week 8

Feldman, et al.12
2 RCT, PG, DB

Calcipotriene 0.005% foam
vs. vehicle foam (placebo)

12 years and older
with plaque‐type
psoriasis

Menter, et al.14
RCT, DB

Calcipotriene/betamethasone
vs. individual components vs.
vehicle control

18 years and older
with mild to moderate
psoriasis vulgaris
(n=1152)

Treatment success (IGSA
score of 0 or 1 and a
minimum improvement
in ISGA score of at least 2
grades from baseline)
Achieving controlled
disease (clear or almost
clear on IGA scale and
minimum 2‐poing change
in scale)

IGSA Score of 0 or 1:
Calc: 40.9%
Pla: 24.2%
P<0.001
NNT 6
Tx Success
Tx Success
(Study 1)
(Study 1)
Calc: 14%
Calc: 27%
Pla: 7%
Pla: 16%
P=0.058
P=0.016
Controlled Disease at week 8:
Cal/Bet: 29%
Bet: 21.5%
Cal: 14.6%
Pla: 6.3%
P<0.008 for Cal/Bet vs. Pla and
individual components

RCT = randomized controlled trial, DB = double blind, PG = parallel group, IGSA = Investigator’s Static Global Assessment , IGA = Investigators’ Global Assessment
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Appendix 1: Current PA criteria

Antipsoriatics
Goal(s):
 Cover topical antipsoriatics only for covered OHP diagnoses. Moderate/Severe psoriasis
treatments are covered on the OHP. Treatments for mild psoriasis (696.1-696.2, 696.8),
seborrheic dermatitis (690.XX), keroderma (701.1-701.3) and other hypertrophic and atrophic
conditions of skin (701.8, 701.9) are not covered.
Length of Authorization:
Up to 12 months
Requires PA:
 Non-preferred drugs
 TC = 92 and HIC = L1A, L5F, L9D, T0A

Covered Alternatives:
Preferred alternatives listed at www.orpdl.org

Approval Criteria
1. What diagnosis is being treated?

Record ICD9 code.

2. Is the diagnosis for seborrheic
dermatitis (690.XX), keroderma
(701.1-701.3) or other hypertrophic
and atrophic conditions of skin (701.8,
701.9)?

Yes: PASS TO RPH - Deny (Not
Covered by the OHP)

No: Go to #3

3. Is the diagnosis Psoriasis?
( ICD-9: 696.1-696.2, 696.8)

Yes: Go to #4

No: Go to #6

4. Is the Psoriasis Moderate/Severe?
Defined as:
At least 10% body surface area
involved or with functional
impairment?

Yes: Go to #5

No: PASS TO
RPH Deny (Not
Covered by the
OHP)

5. Is the product requested a nonpreferred biologic agent approved for
plaque psoriasis?

Yes: Go to #6

No: Go to #7

234

Approval Criteria
6. Has the patient tried and not had an
adequate response to standard
systemic therapies, including
cyclosporine or methotrexate or
acitretin, or the person is intolerant of
or has a contraindication to these
treatments?

Yes: Approve for length of treatment;
maximum 1 year.

No: PASS TO
RPH Deny
(medical
appropriateness)

7. Is the product requested preferred?

Yes: Approve for length of treatment
; maximum 1 year.

No: Go to #8

8. Will the prescriber consider a change
to a preferred product?

Yes: Inform provider of covered
alternatives in class.

No: Approve for
length of
treatment;
maximum 1 year.

Message:
Preferred products are evidencebased reviewed for comparative
effectiveness & safety by the
Pharmacy and Therapeutics (P&T)
Committee. Reports are available at:

http://www.oregon.gov/DHS/healthplan/tools
_prov/pdl.shtml . Approve for length of

treatment or 1year.

http://pharmacy.oregonstate.edu/drug_policy/i
ndex.php

9. RPH only:
All other indications need to be
evaluated as to whether they are
above the line or below the line
diagnosis.
P&T / DUR Action:
Revision(s):
Initiated:

If above the line or clinic provides
supporting literature: approve for
length of treatment.

09/16/2010 (DO),9/24/09 (klk), 3/19/09(klk), 2/26/06, 5/24/07
09/16/2010 (DO),1/1/10, 7/1/09, 6/1/07, 6/28/12 (MH), 9/1/13
9-1-06
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If below the line:
Deny, (Not Covered
by the OHP).
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Drug Effectiveness Review Project

OBJECTIVE
The purpose of this preliminary updated literature scan process is to provide the Participating
Organizations with a preview of the volume and nature of new research that has emerged
subsequent to the previous full review process. Provision of the new research presented in this
report is meant only to assist with Participating Organizations’ consideration of allocating
resources toward a full update of this topic, a summary review, an addendum or a new drug
horizon scan. Comprehensive review, quality assessment, and synthesis of evidence from the full
publications of the new research presented in this report would follow only under the condition
that the Participating Organizations ruled in favor of a full update. The literature search for this
report focuses only on new randomized controlled trials, and actions taken by the U.S. Food and
Drug Administration (FDA) since the last report. Other important studies could exist.
Date of Last Update Report
Update #4, December, 2011 (searches through July 2011)
Date of Last Preliminary Update Scan Report
December 2013
Scope and Key Questions
The scope of the review and key questions were originally developed and refined by the Pacific
Northwest Evidence-based Practice Center with input from a statewide panel of experts
(pharmacists, primary care clinicians, pain care specialists, and representatives of the public).
Subsequently, the key questions were reviewed and revised by representatives of organizations
participating in the Drug Effectiveness Review Project (DERP). The Participating Organizations
of DERP are responsible for ensuring that the scope of the review reflects the populations, drugs,
and outcome measures of interest to both clinicians and patients. The Participating Organizations
approved the following key questions to guide this review:
1. Evidence on Effectiveness and Efficacy
a. What is the comparative or noncomparative evidence that pharmacologic
treatments for attention deficit disorders improve effectiveness outcomes?
i. Comparisons include individual drugs, as well as between stimulants and
nonstimulants, and immediate-release compared with intermediate-release
compared with long-acting formulations.
ii. Noncomparative evidence will be considered for drugs with no
comparative evidence.
b. What is the comparative efficacy between any included pharmacologic treatment,
between stimulants and nonstimulants, and between immediate-release compared
with intermediate-release compared with long-acting formulations, for attention
deficit disorders?

ADHD Drugs Scan #3
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2. Tolerability, Serious Adverse Events, Misuse, and Diversion
a. What is the evidence of comparative tolerability of different pharmacologic
treatments, between stimulants and nonstimulants, and between immediaterelease compared with intermediate-release compared with long-acting
formulations, for attention deficit disorders?
b. What is the evidence of serious adverse events or long-term adverse events
associated with use of pharmacologic treatments for attention deficit disorders?
c. What is the comparative or noncomparative evidence that pharmacologic
treatments for attention deficit disorders impact the risk of misuse or illicit
diversion in patients with no history of misuse or diversion?
i. Comparisons include individual drugs, as well as between stimulants and
nonstimulants, and immediate-release compared with intermediate-release
compared with long-acting formulations.
ii. Noncomparative evidence will be considered for drugs with no
comparative evidence.
3. Evidence in Subgroups of Patients
a. What is the evidence of benefits and harms of pharmacologic treatments, between
stimulants and nonstimulants, and between immediate-release compared with
intermediate-release compared with long-acting formulations, for attention deficit
disorders in subgroups of patients based on demographics (age, racial groups,
gender), socioeconomic status, other medications or therapy, or comorbidities
(e.g. tics, anxiety, substance use disorders, disruptive behavior disorders)?
b. What is the comparative or noncomparative evidence of misuse or illicit diversion
of pharmacologic treatments for attention deficit disorders in patients with current
or past substance use disorder comorbidities?
i. Comparisons include individual drugs, as well as between stimulants and
nonstimulants, and immediate-release compared with intermediate-release
compared with long-acting formulations.
ii. Noncomparative evidence will be considered for drugs with no
comparative evidence.
Inclusion Criteria
Populations
Pediatric (age <3, <6, and 6-17 years), and adult (age ≥18 years) outpatients with attention deficit
disorders
 Attention deficit disorder
 Attention deficit hyperactivity disorder

ADHD Drugs Scan #3
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Interventions
Table 1. Attention deficit hyperactivity disorder drugs
Generic Name
Mixed amphetamine salts*
Atomoxetine hydrochloride
Clonidine hydrochloride
Dexmethylphenidate
hydrochloride
Dextroamphetamine
sulfate
Guanfacine hydrochloride
Lisdexamfetamine
dimesylate
Methamphetamine
hydrochloride
Methylphenidate

Trade name
Adderall XR

Referred to in this report as

®

Mixed amphetamine salts XR

®

Strattera
®
Catapres

Atomoxetine
Immediate-release clonidine

Kapvay™

Extended-release clonidine

Focalin

Immediate-release
dexmethylphenidate
Extended-release
dexmethylphenidate
Immediate-release
dextroamphetamine
Sustained-release
dextroamphetamine

®

Focalin XR
Dexedrine

®

®

Dexedrine
®
Spansule

Oral capsule

®

Methamphetamine

Oral tablet

®

Methylphenidate transdermal

Desoxyn

Daytrana

Multilayer-release
methylphenidate
Methylphenidate osmoticrelease oral system

®

®
®

Methylphenidate CD

®

Methylphenidate ER

Metadate CD
Metadate ER

Methylphenidate chewable
Methylphenidate solution

®

Methylin

Methylin ER

®

Quillivant™ XR

®

Ritalin LA

Ritalin-SR
®

Methylin ER
Quillivant XR
Immediate-release
methylphenidate

®b

Alertec
®
Provigil

d

Lisdexamfetamine

Concerta

Modafinil

Oral tablet

Immediate-release guanfacine

Extended-release guanfacine

™

Vyvanse

Ritalin

Extended-release oral
capsule

®

®

Biphentin

Methylphenidate
hydrochloride

Oral tablet

Sustained-release oral
capsule
Extended-release oral
tablet
Oral tablet

Intuniv
Tenex

Forms
Extended-release oral
capsule
Oral capsule
Oral tablet
Extended-release oral
tablet

®

Methylphenidate long acting
Methylphenidate sustainedrelease
Modafinil

Extended-release
transdermal film
Extended-release oral
capsule
Extended-release oral
tablet
Extended-release oral
capsule
Extended-release oral
tablet
Oral chewable tablet
and Oral solution
Extended-release oral
tablet
Extended-release oral
suspension
Oral tablet
Extended-release oral
capsule
Extended-release oral
tablet
Oral tablet
Oral tablet

Abbreviations: ER or XR, extended release; LA, long acting; SR, sustained release
*Active ingredients = Amphetamine mixture (amphetamine aspartate; amphetamine sulfate; dextroamphetamine saccharate;
dextroamphetamine sulfate)
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Effectiveness outcomes
 Functional capacity (social, academic, and occupational productivity)
 Caregiver satisfaction (parent, teacher, other)
 Quality of life (patient, family members, caregivers, teachers)
 Time to onset of effectiveness
 Duration of effectiveness (length of therapy)
Efficacy outcomes
 Symptom response (inattention, hyperactivity-impulsivity, aggression, global ratings,
etc.)
Harms

Tolerability




Overall adverse effect reports
Withdrawals due to adverse effects and overall withdrawal
Specific adverse events (insomnia, anorexia, abuse potential, tics, anxiety, and sexual
dysfunction)

Serious adverse effects




Hepatotoxicity
Cardiovascular events
Growth effects

Misuse/diversion




Trading, selling
Compliance, overdose
Development of substance abuse disorders

Study designs
 Effectiveness: Controlled clinical trials, good-quality systematic reviews, and
comparative observational studies (cohort studies including database studies and casecontrol studies).
 Efficacy and general adverse events: Controlled clinical trials and good-quality
systematic reviews.
 Serious adverse events: Controlled clinical trials, good-quality systematic reviews, and
comparative observational studies (cohort studies including database studies and casecontrol studies).
 Misuse/diversion: Controlled clinical trials, good-quality systematic reviews,
comparative observational studies (cohort studies including database studies and casecontrol studies), and noncomparative observational studies (before-after, time-series).
 Subgroups: Controlled clinical trials, good-quality systematic reviews, and comparative
observational studies (cohort studies including database studies and case-control studies)
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METHODS
Literature Search
To identify relevant citations, we searched Ovid MEDLINE and Ovid MEDLINE In-Process &
Other Non-Indexed Citations from December 2013 to August 13, 2014 using terms for included
drugs. We also searched the FDA website (http://www.fda.gov/medwatch/safety.htm and
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/) for identification of new drugs,
indications, and safety alerts. To identify comparative effectiveness reviews we searched the
websites of the Agency for Healthcare Research and Quality (http://www.ahrq.gov/)
(http://www.effectivehealthcare.ahrq.gov/), the Canadian Agency for Drugs and Technology in
Health (http://www.cadth.ca/), the VA Evidence-based Synthesis Program
(http://www.hsrd.research.va.gov/publications/esp/reports.cfm), and University of York Centre
for Reviews and Dissemination (http://www.york.ac.uk/inst/crd/crdreports.htm - “Our
Publications” and “Our Databases”). All citations were imported into an electronic database
(EndNote X4) and duplicate citations were removed.
Study Selection
One reviewer assessed abstracts of citations identified from literature searches for inclusion,
using the criteria described above.

RESULTS
New Drugs
New drugs identified in this Preliminary Update Scan
No new drugs were identified in the present scan.
New drugs identified in previous Preliminary Update Scan(s)
Methylphenidate hydrochloride (Quillivant™ XR) approved in Sept 2012 for the treatment of
ADHD in pediatric patients aged 6-17 years and available as 5mg/mL oral suspension.
New Indications
New indications identified in this Preliminary Update Scan
No new indications were identified in the present scan.
Identified in previous Preliminary Update Scan(s)
Lisdexamfetamine dimesylate (Vyvanse®) capsules, approved in April 2013 for maintenance
treatment in children with ADHD, ages 6-17 years.
Lisdexamfetamine dimesylate (Vyvanse®) capsules, approved in January 2012 for maintenance
treatment in Adults with ADHD.
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New Safety Alerts
Identified in this Preliminary Update Scan
No new boxed warnings were identified in the present scan.
Identified in previous Preliminary Update Scan(s)
December 2013: Methylphenidate products may in rare instances cause prolonged and
sometimes painful erections known as priapism. New labeling under the Warnings sections of all
methylphenidate products is:
Priapism

Prolonged and painful erections, sometimes requiring surgical intervention, have been reported with
methylphenidate products in both pediatric and adult patients. Priapism was not reported with drug
initiation but developed after some time on the drug, often subsequent to an increase in dose.
Priapism has also appeared during a period of drug withdrawal (drug holidays or during
discontinuation). Patients who develop abnormally sustained or frequent and painful erections should
seek immediate medical attention

Focalin® (dexmethylphenidate hydrochloride) and Focalin XR® (dexmethylphenidate
hydrochloride) Extended-Release Capsules: as of May 2012, the following labeling revision:
Serious side effects include:
 Serious allergic reactions (symptoms can be difficulty breathing, swelling of the face,
neck and throat, rashes and hives, fever)
 slowing of growth (height and weight) in children
 seizures, mainly in patients with a history of seizures
 eyesight changes or blurred vision
Strattera® (atomoxetine hydrochloride) capsule: as of August 2012, the following labeling
revision:
Severe Liver Injury
Postmarketing reports indicate that Strattera can cause severe liver injury. Although no evidence
of liver injury was detected in clinical trials of about 6000 patients, there have been rare cases of
clinically significant liver injury that were considered probably or possibly related to Strattera
use in postmarketing experience…
Strattera® (atomoxetine hydrochloride) capsule: as of June, 2012, the following labeling
revision
Severe Cardiovascular Disorder
Strattera® should not be used in patients with severe cardiovascular disorders whose condition
would be expected to deteriorate if they experience increases in blood pressure or heart rate that
could be clinically important (for example, 15 to 20 mm Hg in blood pressure or 20 beats per
minute in heart rate).
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Comparative Effectiveness Reviews
Reviews identified in this Preliminary Update Scan
No new relevant comparative effectiveness reviews were identified in the present scan.
Reviews identified in previous Preliminary Update Scan(s)
None.
Randomized Controlled Trials
Trials identified in this Preliminary Update Scan
Medline searches for the present scan resulted in 118 citations. Of these, 17 were potentially
relevant new trials consisting of 5 new head-to-head trials and 12 new placebo-control trials. Of
the new head-to-head trial publications identified in this scan, one was a post-hoc analysis. New
head-to-head trials identified in the present scan are shaded in Table 2. New placebo-controlled
trials identified in the present scan are shaded and listed by drug of study below.
Trials identified since the most recent Full Report
Since the last complete report update, we identified 53 new publications of trial results. Of these,
9 are head-to-head comparisons (2 in adults) and 44 are placebo-controlled trials (23 in adults).
Of the head-to-head trial publications, one is a post-hoc analysis of a published trial involving
the comparison of lisdexamfetamine dimesylate and OROS methylphenidate in children and
adolescents. Of the placebo-controlled trial publications, 17 trials (12 in adults) are post-hoc or
secondary analyses of published trials.
While many trials report efficacy and harms, some focus on subgroups with comorbid
disorders, concomitant treatments, quality of life measures, or other subgroup analyses.
Characteristics of the new head-to-head trials are shown in Table 2 below and the corresponding
abstracts are available in Appendix A. Placebo-controlled trials are listed below by drug of study.
Abstracts for placebo-controlled trials are available upon request.
Table 2. Cumulative list of new trials since last report update
Author, Year
Drug
Head-to-head comparisons
Weisler, 2012
Atomoxetine versus OROS MPH
(versus bivisant, H-3 antagonist)
Stein, 2011
Dexmethylphenidate extendedrelease versus mixed
amphetamine salts XR
Silva, 2008
Dexmethylphenidate extendedrelease versus MPH-IR
Banaschewski,
Lisdexamfetamine dimesylate
2013
versus placebo versus OROS
MPH as reference treatment
Coghill, 2013
Lisdexamfetamine dimesylate
versus placebo versus OROS
MPH as reference arm
Coghill, 2014
Lisdexamfetamine dimesylate
versus placebo versus OROS
MPH as reference arm
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Population

Focus

Adults
Children and
adolescents

6 weeks, efficacy (ADHD-RSIV), harms
8-weeks, efficacy (ADHD-RSIV) – dose effects

Children

Academic efficacy

Children and
adolescents

Health-related quality of life,
functional impairment

Children and
adolescents

7 weeks, efficacy (ADHD-RSIV), safety

Children and
adolescents

Efficacy (Conners‘ Parent
Rating Scale-Revised)
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Methylphenidate versus
dextroamphetamine versus
placebo
MPH-IR versus OROS MPH

Children

6 weeks, ADHD symptoms

Adults

Adult ADHD Investigator
System Symptom Report
Scale (AISRS)

Post-hoc or secondary analyses of head-to-head trials
Soutullo, 2013
Lisdexamfetamine dimesylate
Children and
versus OROS methylphenidate
adolescents
versus placebo

Efficacy (ADHD-RS-IV, safety

Shading indicates trials found in present scan

Placebo-controlled trials



Atomoxetine





Young, 2011†
Southerland, 2012†‡
Wilens, 2011†‡

Methylphenidate extended-release






Clonidine extended-release



Kollins, 2011a

Guanfacine extended-release




Cox, 2012†
Retz, 2012†
Pearson, 2013
Wigal, 2013

Methylphenidate transdermal

Kollins, 2011b
Wilens, 2012



Reimherr, 2013†‡

Modafinil

Immediate-release methylphenidate




McGough, 2012‡
Wigal, 2011†‡



Gadow, 2011
Simonoff, 2013

Arnold, 2014†

OROS methylphenidate
Lisdexamfetamine dimesylate






























†

Adler, 2013a
Adler, 2013b†
Biederman, 2012‡
Brams, 2011†‡
Brams, 2012†‡
Childress, 2014‡
Faraone, 2012†
Findling, 2011
Findling, 2013
Giblin, 2011
Ginsberg, 2011†‡
Jain, 2013
Kollins, 2014†
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Biederman, 2010†
Biederman, 2012†‡
Buitelaar, 2011†‡
Casas, 2013†
Ginsberg, 2012†‡
Gray, 2011‡
Heffner, 2013†‡
Murray, 2011
Nunes, 2013†
Riggs, 2011*
Tamm, 2013‡
Warden, 2012*
Westover, 2013†‡
Wigal, 2011
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Williamson, 2014

*Duplicate data in two publications
†
Indicates placebo-controlled trials in adult populations
‡
Indicates post-hoc or secondary analyses
Shading indicates trials found in present scan

Summary and Recommendations
The present preliminary update scan identified no new drugs, indications, or boxed warnings
pertaining to drugs to treat ADHD. Previous scans identified only one new drug, Quillivant XR,
an extended release oral liquid formulation of methylphenidate. Previous scans identified few
new indications or boxed warnings, and none that would alter the review conclusions. There
have been no comprehensive comparative effectiveness reviews of drugs to treat ADHD in
children and adults published that would update or replace the DERP report.
Since the last full report update, we have identified 9 new head to head trials (5 this scan) and
44 new placebo-controlled trials (12 this scan). New head to head evidence in adults is limited to
2 trials of methylphenidate immediate release or atomoxetine compared with MPH OROS. New
head to head trials in children include 3 of lisdexamfetamine vs MPH OROS (+1 post hoc
analysis) reporting on quality of life and efficacy throughout the day, and 2 of
dexmethylphenidate ER vs mixed amphetamine salts or MPH IR. Placebo-controlled trial
evidence is largely in children and involves mainly lisdexamfetamine dimesylate and MPH
OROS, with a few new studies of extended release guanfacine or clonidine.

ADHD Drugs Scan #3

245

Page 10 of 17

Preliminary Update Scan Report #1

Drug Effectiveness Review Project

Appendix A. Abstracts of Potentially Relevant Trials
Shading indicates trials found in present scan

Head-to-head Trials (N = 8)
Banaschewski, T., C. Soutullo, et al. (2013). "Health-related quality of life and functional
outcomes from a randomized, controlled study of lisdexamfetamine dimesylate in children and
adolescents with attention deficit hyperactivity disorder." CNS Drugs 27(10): 829-840.
BACKGROUND: Optimal management of attention deficit hyperactivity disorder
(ADHD) aims not only to ameliorate patients' symptoms, but also to improve healthrelated quality of life (HRQL) and functioning. A pivotal, 7-week, randomized, doubleblind, placebo-controlled, phase III study in children and adolescents in ten European
countries demonstrated that the stimulant prodrug lisdexamfetamine dimesylate (LDX) is
an effective and generally well-tolerated treatment for symptoms of ADHD.
OBJECTIVE: The aim of this study was to assess HRQL and functional impairment outcomes in
this clinical trial, using the Child Health and Illness Profile-Child Edition: Parent Report
Form (CHIP-CE:PRF) and the Weiss Functional Impairment Rating Scale-Parent Report
(WFIRS-P), respectively.
METHODS: Patients (aged 6-17 years) with diagnosed ADHD and a baseline ADHD Rating
Scale IV total score >28 were randomized (1:1:1) to 7 weeks of double-blind treatment
with once-daily LDX, placebo or the reference treatment, osmotic-release oral system
methylphenidate (OROS-MPH). Participants' parents (or legally authorized
representatives) completed the CHIP-CE:PRF and WFIRS-P questionnaires at baseline,
at weeks 4 and 7, and/or at early termination. Endpoint was defined as the last ontreatment visit with valid data (<30 % missing items). The CHIP-CE:PRF Achievement
domain was pre-specified as the primary HRQL outcome.
RESULTS: The full analysis set comprised 317 patients (LDX, n = 104; placebo, n = 106;
OROS-MPH, n = 107), the majority of whom completed the study (LDX, n = 77;
placebo, n = 42; OROS-MPH, n = 72). Baseline CHIP-CE:PRF T-scores in four of the
five domains were >1 standard deviation below norms (US community samples).
Compared with placebo, LDX was associated with statistically significantly improved Tscores from baseline to endpoint in these four domains, with effect sizes of 1.280 (p <
0.001) in Achievement, 1.079 (p < 0.001) in Risk Avoidance, 0.421 (p < 0.01) in
Resilience and 0.365 (p < 0.05) in Satisfaction. In LDX-treated patients, placebo-adjusted
improvements from baseline to endpoint in WFIRS-P scores were statistically significant
(p < 0.001) for total score and four of the six domains, with effect sizes of 0.924 (total
score), 1.249 (Learning and School), 0.730 (Family), 0.643 (Social Activities) and 0.640
(Risky Activities). OROS-MPH treatment showed similar patterns of improvement from
baseline to endpoint in both CHIP-CE:PRF and WFIRS-P scores.
CONCLUSIONS: Baseline HRQL and functional impairment scores reflect the burden of
untreated ADHD. The benefits of short-term stimulant treatment in children and
adolescents with ADHD extend beyond symptomatic relief and impact positively on
HRQL and daily functioning.
Coghill, D., T. Banaschewski, et al. (2013). "European, randomized, phase 3 study of
lisdexamfetamine dimesylate in children and adolescents with attention-deficit/hyperactivity
disorder." European Neuropsychopharmacology 23(10): 1208-1218.

ADHD Drugs Scan #3

246

Page 11 of 17

Preliminary Update Scan Report #1

Drug Effectiveness Review Project

This study evaluated the efficacy and safety of lisdexamfetamine dimesylate (LDX)
compared with placebo in children and adolescents with attention-deficit/hyperactivity
disorder (ADHD) in Europe. Osmotic-release oral system methylphenidate (OROSMPH) was included as a reference arm. Patients (6-17 years old) with a baseline ADHD
Rating Scale version IV (ADHD-RS-IV) total score > 28 were randomized (1:1:1) to
dose-optimized LDX (30, 50, or 70 mg/day), OROS-MPH (18, 36, or 54 mg/day) or
placebo for 7 weeks. Primary and key secondary efficacy measures were the investigatorrated ADHD-RS-IV and the Clinical Global Impressions-Improvement (CGI-I) rating,
respectively. Safety assessments included treatment-emergent adverse events (TEAEs),
electrocardiograms, and vital signs. Of 336 patients randomized, 196 completed the
study. The difference between LDX and placebo in least squares mean change in ADHDRS-IV total score from baseline to endpoint was -18.6 (95% confidence interval [CI]: 21.5 to -15.7) (p<0.001; effect size, 1.80). The difference between OROS-MPH and
placebo in least squares mean change in ADHD-RS-IV total score from baseline to
endpoint was -13.0 (95% CI: -15.9 to -10.2) (p<0.001; effect size, 1.26). The proportions
(95% CI) of patients showing improvement (CGI-I of 1 or 2) at endpoint were 78% (7086), 14% (8-21), and 61% (51-70) for LDX, placebo, and OROS-MPH. The most
common TEAEs for LDX were decreased appetite, headache, and insomnia. Mean
changes in vital signs were modest and consistent with the known profile of LDX. LDX
was effective and generally well tolerated in children and adolescents with ADHD.
Copyright 2012 Elsevier B.V. and ECNP. All rights reserved.
Coghill, D. R., T. Banaschewski, et al. (2014). "Efficacy of lisdexamfetamine dimesylate
throughout the day in children and adolescents with attention-deficit/hyperactivity disorder:
results from a randomized, controlled trial." European Child & Adolescent Psychiatry 23(2): 6168.
Lisdexamfetamine dimesylate (LDX) is a long-acting, prodrug stimulant therapy for
patients with attention-deficit/hyperactivity disorder (ADHD). This randomized placebocontrolled trial of an optimized daily dose of LDX (30, 50 or 70 mg) was conducted in
children and adolescents (aged 6-17 years) with ADHD. To evaluate the efficacy of LDX
throughout the day, symptoms and behaviors of ADHD were evaluated using an
abbreviated version of the Conners' Parent Rating Scale-Revised (CPRS-R) at 1000, 1400
and 1800 hours following early morning dosing (0700 hours). Osmotic-release oral
system methylphenidate (OROS-MPH) was included as a reference treatment, but the
study was not designed to support a statistical comparison between LDX and OROSMPH. The full analysis set comprised 317 patients (LDX, n = 104; placebo, n = 106;
OROS-MPH, n = 107). At baseline, CPRS-R total scores were similar across treatment
groups. At endpoint, differences (active treatment - placebo) in least squares (LS) mean
change from baseline CPRS-R total scores were statistically significant (P < 0.001)
throughout the day for LDX (effect sizes: 1000 hours, 1.42; 1400 hours, 1.41; 1800
hours, 1.30) and OROS-MPH (effect sizes: 1000 hours, 1.04; 1400 hours, 0.98; 1800
hours, 0.92). Differences in LS mean change from baseline to endpoint were statistically
significant (P < 0.001) for both active treatments in all four subscales of the CPRS-R
(ADHD index, oppositional, hyperactivity and cognitive). In conclusion, improvements
relative to placebo in ADHD-related symptoms and behaviors in children and adolescents
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receiving a single morning dose of LDX or OROS-MPH were maintained throughout the
day and were ongoing at the last measurement in the evening (1800 hours).
Ramtvedt, B. E., E. Roinas, et al. (2013). "Clinical gains from including both
dextroamphetamine and methylphenidate in stimulant trials." Journal of Child & Adolescent
Psychopharmacology 23(9): 597-604.
OBJECTIVE: The purpose of this study was to investigate clinical gains from including
both dextroamphetamine and methylphenidate in stimulant trials.
METHOD: Thirty-six medication-naive children ages 9-14 years diagnosed with attentiondeficit/hyperactivity disorder (ADHD) were enrolled for 6 weeks in a crossover trial,
with 2 weeks of methylphenidate, dextroamphetamine, and placebo, in a randomly
assigned, counterbalanced sequence. Outcome measures constituted a computer-based
continuous performance test combined with a motion tracking system (Qb Test) and an
ADHD questionnaire rated by parents and teachers.
RESULTS: Group analyses found significant treatment effects of similar size for the two
stimulants on both outcome measures. Single-subject analyses revealed that each
stimulant produced a favourable response in 26 children; however, an individual child
frequently responded qualitatively or quantitatively differently to the two stimulants. By
including both stimulants in the trial, the number of favorable responders increased from
26 (72%) to 33 (92%). In children with favorable responses of unequal strength to the
two stimulants, a shift from inferior drug to best drug was associated with a 64% mean
increase in the overall response strength score, as measured by the ADHD questionnaire.
CONCLUSIONS: The likelihood of a favorable response and optimal response strength is
increased by including both stimulants in the stimulant trial. The study was first
registered in clinical trials 28 September 2010. Clinical Trials.gov Identifier:
NCT01220440.
Silva, R., R. Muniz, et al. (2008). "Treatment of children with attention-deficit/hyperactivity
disorder: results of a randomized, multicenter, double-blind, crossover study of extended-release
dexmethylphenidate and D,L-methylphenidate and placebo in a laboratory classroom setting."
Psychopharmacology Bulletin 41(1): 19-33.
The purpose of this study was to compare the efficacy and safety of extended-release
dexmethylphenidate (d-MPH-ER) to that of d,l-MPH-ER and placebo in children with attentiondeficit/hyperactivity disorder (ADHD) in a laboratory classroom setting. This multicenter,
double-blind, crossover study randomized 82 children, 6 to 12 years of age, stabilized on a total
daily dose to the nearest equivalent of 40 to 60 mg of d,l-MPH or 20 or 30 mg/day of d-MPH.
Patients participated in a screening day and practice day, and were randomized to 1 of 10
sequences of all five treatments in five separate periods. Treatments included d-MPH-ER (20
mg/day), d-MPH-ER (30 mg/day), d,l-MPH-ER (36 mg/day), d,l-MPH-ER (54 mg/day), and
placebo. Primary efficacy was measured by the change from predose on the Swanson, Kotkin,
Agler, M-Flynn, and Pelham (SKAMP) Rating Scale-Combined scores at 2-h postdose during
the 12-h laboratory assessment (d-MPH-ER 20 mg/day vs. d,l-MPH-ER 36 mg/day). Adverse
events were monitored throughout the study period. d-MPH-ER (20 mg/day) was significantly
more effective than d,l-MPH-ER (36 mg/day) in the primary efficacy variable, change from
predose to 2-h postdose in SKAMP-combined score. In general, d-MPH-ER had an earlier onset
of action than d,l-MPH-ER, while d,l-MPH-ER had a stronger effect at 12-h postdose. No
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serious adverse events were reported. Treatment with either agent was associated with significant
improvements in ADHD symptoms. d-MPH-ER and d,l-MPH-ER can be differentiated on what
part of the day each is more effective.
Spencer, T. J., E. Mick, et al. (2011). "A randomized, single-blind, substitution study of OROS
methylphenidate (Concerta) in ADHD adults receiving immediate release methylphenidate."
Journal of Attention Disorders 15(4): 286-294.
OBJECTIVE: The main aim of this study was to examine the efficacy, tolerability, and
compliance of an extended-release formulation of methylphenidate (OROS-MPH) in adults with
ADHD receiving immediate-release methylphenidate (IR-MPH).
METHOD: Participants were outpatient adults with ADHD who were stable on IR-MPHadministered TID. Participants were randomized (4:1) to equipotent doses of OROS-MPH or to
continue IR-MPH and were assessed weekly for 6 weeks with the Adult ADHD Investigator
System Symptom Report Scale (AISRS).
RESULTS: Randomization of 53 IR-MPH responders to IR- or OROS-MPH had no effect on
AISRS score at endpoint (11.2 +/- 6.9 vs. 10.7 +/- 5.1, p = .8). Participants stabilized on IR-MPH
and switched to OROS-MPH remained satisfied over 71% of the time. However, the IR-MPH
group missed more doses (7.3 +/- 6.8 vs. 3.3 +/- 4.2, p = .02) than the OROS-MPH group.
CONCLUSION: Findings showed that adults with ADHD can be successfully switched from an
effective regimen of IR-MPH TID to once-daily OROS-MPH. Results also demonstrated better
compliance with OROS-MPH than with IR-MPH treatment.
Stein, M. A., I. D. Waldman, et al. (2011). "Dose effects and comparative effectiveness of
extended release dexmethylphenidate and mixed amphetamine salts." Journal of Child &
Adolescent Psychopharmacology 21(6): 581-588.
OBJECTIVE: To compare the dose effects of long-acting extended-release
dexmethylphenidate (ER d-MPH) and ER mixed amphetamine salts (ER MAS) on attentiondeficit/hyperactivity disorder (ADHD) symptom dimensions, global and specific impairments,
and common adverse events associated with stimulants. METHODS: Fifty-six children and
adolescents with ADHD participated in an 8-week, double-blind, crossover study comparing ER
d-MPH (10, 20, 25-30 mg) and ER MAS (10, 20, 25-30) with a week of randomized placebo
within each drug period. Efficacy was assessed with the ADHD Rating Scale-IV (ADHD-RSIV), whereas global and specific domains of impairment were assessed with the Clinical Global
Impressions Severity and Improvement Scales and the parent-completed Weiss Functional
Impairment Scale, respectively. Insomnia and decreased appetite, common stimulant-related
adverse events, were measured with the parent-completed Stimulant Side Effects Rating Scale.
RESULTS: Both ER d-MPH and ER MAS were associated with significant reductions in ADHD
symptoms. Improvement in Total ADHD and Hyperactivity/Impulsivity symptoms were strongly
associated with increasing dose, whereas improvements in Inattentive symptoms were only
moderately associated with dose. About 80% demonstrated reliable change on ADHD-RS-IV at
the highest dose level of ER MAS compared with 79% when receiving ER d-MPH. Decreased
appetite and insomnia were more common at higher dose levels for both stimulants.
Approximately 43% of the responders were preferential responders to only one of the stimulant
formulations. CONCLUSIONS: Dose level, rather than stimulant class, was strongly related to
medication response.
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Weisler, R. H., G. J. Pandina, et al. (2012). "Randomized clinical study of a histamine H3
receptor antagonist for the treatment of adults with attention-deficit hyperactivity disorder." CNS
Drugs 26(5): 421-434.
BACKGROUND: Psychostimulants, including methylphenidate and amphetamine
preparations, are commonly prescribed for the treatment of attention-deficit hyperactivity
disorder (ADHD) in children and adults. Histamine H3 receptors reside on non-histamine
neurons and regulate other neurotransmitters (e.g. acetylcholine, noradrenaline [norepinephrine])
suggesting that H3 antagonists have the potential to improve attention and impulsivity. Research
indicates that H3 receptor antagonists due to their novel mechanism of action may have a unique
treatment effect offering an important alternative for the treatment of ADHD. Bavisant (JNJ31001074) is a highly selective, orally active antagonist of the human H3 receptor with a novel
mechanism of action, involving wakefulness and cognition, with potential as a treatment for
ADHD. OBJECTIVE: The objective of this study was to evaluate the efficacy, safety and
tolerability of three dosages of bavisant compared with placebo in adults with ADHD. STUDY
DESIGN: This randomized, double-blind, placebo- and active-controlled, parallel-group,
multicentre study evaluated three dosages of bavisant (1mg/day, 3mg/day or 10mg/day) and two
active controls in adults with ADHD. The study consisted of a screening phase of up to 14 days,
a 42-day double-blind treatment phase and a 7-day post-treatment follow-up phase. Efficacy and
safety assessments were performed. SETTING: The study was conducted at 37 study centres in
the US from April 2009 through January 2010. PARTICIPANTS: Men and women aged 18-55
years with an established diagnosis of ADHD as confirmed by clinician and self-report
diagnostic measures were enrolled. INTERVENTION: Participants were randomly assigned
equally to one of six treatment groups: placebo, bavisant 1mg/day, 3mg/day or 10mg/day,
atomoxetine hydrochloride 80mg/day or osmotic-release oral system (OROS) methylphenidate
hydrochloride 54mg/day. MAIN OUTCOME MEASURE: The primary efficacy endpoint was
the change in the Attention Deficit Hyperactivity Disorder Rating Scale, Version IV (ADHDRS-IV) total score from baseline (day 1) to the end of the treatment phase (day 42), and included
all randomized participants who received one or more doses of study drug and had baseline and
one or more post-baseline assessments (intent-to-treat [ITT] population). Safety assessments
included treatment-emergent adverse events (TEAEs), laboratory tests and ECG readings.
RESULTS: 430 participants were randomized, 424 received one or more doses of study
medication and 335 (78%) of those randomized completed the study. Study participants had a
mean age of 33.9 years and were predominantly White men. Mean treatment duration ranged
from 31.4 to 38.8 days across groups. Mean change from baseline in the total ADHD-RS-IV
score at day 42 (primary efficacy endpoint) was -8.8 in the placebo group versus -9.3, -11.2 and 12.2 in the bavisant 1mg/day, 3 mg/day and 10mg/day groups, respectively; the change in the 10
mg/day group was not statistically superior to placebo (p=0.161), and hence statistical
comparisons of the 1]mg/day and 3mg/day groups with placebo based on a step-down closed
testing procedure were not performed. Mean change from baseline in the total ADHD-RS-IV
score at day 42 was superior to placebo in the atomoxetine (-15.3) and OROS methylphenidate (15.7) groups (p<0.005). Secondary efficacy assessments demonstrated a similar pattern with a
non-significant trend towards improvement in the bavisant groups. The two lower dosages
showed a good tolerability profile, but the higher dosage of bavisant was less well tolerated, as
evidenced by the incidence of total TEAEs (61.8%, 82.4%, 89.0%), and discontinuations due to
TEAEs (4.4%, 7.4%, 19.2%) in the bavisant 1mg/day, 3 mg/day and 10mg/day groups,
respectively, compared with 58.9% and 2.7%, respectively on placebo. In the atomoxetine and
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OROS methylphenidate groups, the incidence of total TEAEs was 83.8% and 82.4% and
discontinuations due to TEAEs was 10.8% and 8.8%, respectively. CONCLUSION: Bavisant, a
highly selective, wakefulness-promoting H3 antagonist, did not display significant clinical
effectiveness in the treatment of adults with ADHD. Clinical Trial Registration Number:
NCT00880217.
Post-hoc Analyses of Head-to-Head Trials (N = 1)
Soutullo, C., T. Banaschewski, et al. (2013). "A post hoc comparison of the effects of
lisdexamfetamine dimesylate and osmotic-release oral system methylphenidate on symptoms of
attention-deficit hyperactivity disorder in children and adolescents." CNS Drugs 27(9): 743-751.
INTRODUCTION: There are limited head-to-head data comparing the efficacy of longacting amfetamine- and methylphenidate-based psychostimulants as treatments for
individuals with attention-deficit hyperactivity disorder (ADHD). This post hoc analysis
provides the first parallel-group comparison of the effect of lisdexamfetamine dimesylate
(lisdexamfetamine) and osmotic-release oral system methylphenidate (OROS-MPH) on
symptoms of ADHD in children and adolescents.
STUDY DESIGN: This was a post hoc analysis of a randomized, double-blind, parallel-group,
dose-optimized, placebo-controlled, phase III study.
SETTING: The phase III study was carried out in 48 centres across ten European countries.
PATIENTS: The phase III study enrolled children and adolescents (aged 6-17 years) who met
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision
criteria for a primary diagnosis of ADHD and who had a baseline ADHD Rating Scale IV
(ADHD-RS-IV) total score of 28 or higher.
INTERVENTION: Eligible patients were randomized (1:1:1) to receive a once-daily, optimized
dose of lisdexamfetamine (30, 50 or 70 mg/day), placebo or OROS-MPH (18, 36 or 54
mg/day) for 7 weeks.
MAIN OUTCOME MEASURES: In this post hoc analysis, efficacy was assessed using the
ADHD-RS-IV and Clinical Global Impressions-Improvement (CGI-I) scale. Responders
were defined as those achieving at least a 30% reduction from baseline in ADHD-RS-IV
total score and a CGI-I score of 1 (very much improved) or 2 (much improved). The
proportion of patients achieving an ADHD-RS-IV total score less than or equal to the
mean for their age (based on normative data) was also determined. Endpoint was the last
on-treatment visit with a valid assessment. Safety assessments included treatmentemergent adverse events (TEAEs) and vital signs.
RESULTS: Of the 336 patients randomized, 332 were included in the safety population, 317
were included in the full analysis set and 196 completed the study. The mean (standard
deviation) ADHD-RS-IV total score at baseline was 40.7 (7.31) for lisdexamfetamine,
41.0 (7.14) for placebo and 40.5 (6.72) for OROS-MPH. The least-squares (LS) mean
change (standard error) in ADHD-RS-IV total score from baseline to endpoint was -24.3
(1.16) for lisdexamfetamine, -5.7 (1.13) for placebo and -18.7 (1.14) for OROS-MPH.
The difference between lisdexamfetamine and OROS-MPH in LS mean change (95%
confidence interval [CI]) in ADHD-RS-IV total score from baseline to endpoint was
statistically significant in favour of lisdexamfetamine (-5.6 [-8.4 to -2.7]; p < 0.001). The
difference between lisdexamfetamine and OROS-MPH in the percentage of patients
(95% CI) with a CGI-I score of 1 or 2 at endpoint was 17.4 (5.0-29.8; p < 0.05; number
needed to treat [NNT] 6), and the difference in the percentage of patients (95% CI)
achieving at least a 30% reduction in ADHD-RS-IV total score and a CGI-I score of 1 or
ADHD Drugs Scan #3
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2 was 18.3 (5.4-31.3; p < 0.05; NNT 6). The difference between lisdexamfetamine and
OROS-MPH in the percentage of patients (95% CI) with an ADHD-RS-IV total score
less than or equal to the mean for their age at endpoint was 14.0 (0.6-27.4; p = 0.050).
The overall frequency of TEAEs and the frequencies of decreased appetite, insomnia,
decreased weight, nausea and anorexia TEAEs were greater in patients treated with
lisdexamfetamine than in those treated with OROS-MPH, whereas headache and
nasopharyngitis were more frequently reported in patients receiving OROS-MPH.
CONCLUSIONS: This post hoc analysis showed that, at the doses tested, patients treated with
lisdexamfetamine showed statistically significantly greater improvement in symptoms of
ADHD than those receiving OROS-MPH, as assessed using the ADHD-RS-IV and CGII. The safety profiles of lisdexamfetamine and OROS-MPH were consistent with the
known effects of stimulant medications.
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Drug Effectiveness Review Project – Literature Scan Summary
Month/Year of Review: January 2013
PDL Class: Attention deficit disorder/Attention
Hyperactivity Disorder (ADD/ADHD)

Date of Last Review: July 2013
Source Document: OSU College of Pharmacy,
Drug Effectiveness Review Project

Preferred Drugs*
Amphetamine salts** tab (Adderall)
Dexmethylphenidate ER cap (Focalin XR)
Dexmethylphenidate tab (Focalin)
Lisdexamfetamine cap (Vyvanse)
Methylphenidate ER cap (Metadate CD)
Methylphenidate ER TD patch (Daytrana)
Methylphenidate tab (Ritalin)

Non‐Preferred Drugs
Amphetamine salts** ER cap (Adderall XL)
Dexmethylphenidate tab
Dextroamphetamine tab (Dexedrine)
Dextroamphetamine oral sol (Procentra)
Dextroamphetamine SR cap (Dexedrine Spansule)
Methamphetamine tab (Desoxyn)
Methylphenidate ER cap (Biphentin, Concerta, Ritalin LA)
Methylphenidate ER tab (Metadate ER, Methylin ER,
Ritalin SR)
Methylphenidate chew tab (Methylin)
Methylphenidate oral sol (Methylin)
Methylphenidate ER oral susp (Quillivant XR)

Voluntary Mental Health Preferred Drugs
Atomoxetine cap (Straterra)

Voluntary Mental Health Non‐Preferred Drugs
Armodafinil tab (Nuvigil)
Clonidine tab ER tab (Kapvay)
Guanfacine ER tab (Intuniv)
Modafinil tab (Provigil)

Abbreviations: cap = capsule; chew = chewable; DSC = discontinued product; ER = extended release; LA = long‐acting; sol = solution;
SR = sustained release; susp = suspension; TD = transdermal
*Certain strengths may require prior authorization
**Active ingredients = amphetamine aspartate; amphetamine sulfate; dextroamphetamine saccharate; dextroamphetamine sulfate
BOLDED: Branded product only preferred

Previous Conclusions and Recommendations:
 There is insufficient evidence methylphenidate oral suspension (Quillivant XR®) has improved efficacy or safety
relative to other formulations.
 There is no new clinical evidence to make changes to current PDL status.
Research Questions:
1. Evidence on Effectiveness and Efficacy
a. What is the comparative or non‐comparative evidence that pharmacologic treatments for attention deficit
disorders improve effectiveness outcomes?
b. What is the comparative efficacy between any included pharmacologic treatment, between stimulants and
non‐stimulants, and between immediate‐release compared with intermediate‐release compared with long‐
acting formulations, for attention deficit disorders?
2. Tolerability, Serious Adverse Events, Misuse, and Diversion
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a. What is the evidence of comparative tolerability of different pharmacologic treatments, between stimulants
and non‐stimulants, and between immediate‐release compared with intermediate‐release compared with
long‐acting formulations, for attention deficit disorders?
b. What is the evidence of serious adverse events or long‐term adverse events associated with use of
pharmacologic treatments for attention deficit disorders?
c. What is the comparative or non‐comparative evidence that pharmacologic treatments for attention deficit
disorders impact the risk of misuse or illicit diversion in patients with no history of misuse or diversion?
3. Evidence in Subgroups of Patients
a. What is the evidence of benefits and harms of pharmacologic treatments, between stimulants and non‐
stimulants, and between immediate‐release compared with intermediate‐release compared with long‐
acting formulations, for attention deficit disorders in subgroups of patients based on demographics (age,
racial groups, gender), socioeconomic status, other medications or therapy, or comorbidities (e.g. tics,
anxiety, substance use disorders, disruptive behavior disorders)?
b. What is the comparative or non‐comparative evidence of misuse or illicit diversion of pharmacologic
treatments for attention deficit disorders in patients with current or past substance use disorder
comorbidities?
Conclusions and Recommendations:
 There is no new clinical evidence to make changes to current PDL status. No further review or research needed at
this time.
 Evaluate comparative costs in executive session.
Methods:
The DERP scan was used to identify any new comparative research drug formulations used to treat ADHD in children and
adults since the last P&T review in July 2013.1
Summary:
The DERP scan identified no new drugs, indications, or black boxed warnings pertaining to drugs to treat ADHD, nor have
there have been any comprehensive comparative effectiveness reviews of drugs to treat ADHD in children and adults
published that would necessitate updating the PDL. Five new head‐to‐head trials and 12 new placebo‐controlled trials
were identified since the last P&T review. New head‐to‐head evidence in adults is limited to 2 trials of methylphenidate
immediate release (IR) or atomoxetine compared with osmotic‐release oral system (OROS) methylphenidate (MPH).
New head‐to‐head trials in children include 3 of lisdexamfetamine versus MPH OROS (plus 1 post hoc analysis) reporting
on quality‐of‐life and efficacy throughout the day, and 2 of dexmethylphenidate extended‐release versus mixed
amphetamine salts or MPH IR.
References:
1. Holzhammer B, McDonagh M. Drug Class Review on Pharmacologic Treatments for ADHD, Preliminary Update Scan
Report 3, September 2014. Drug Effectiveness Review Project. Pacific Northwest Evidence‐based Practice Center,
Oregon Health & Science University.
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Drug Class Review
Angiotensin Converting Enzyme Inhibitors,
Angiotensin II Receptor Antagonists, and Direct
Renin Inhibitors
Preliminary Update Scan 3

August 2014

The purpose of Drug Effectiveness Review Project reports is to make available information
regarding the comparative clinical effectiveness and harms of different drugs. Reports are not
usage guidelines, nor should they be read as an endorsement of or recommendation for any
particular drug, use, or approach. Oregon Health & Science University does not recommend or
endorse any guideline or recommendation developed by users of these reports.

Scan conducted by:
Rebecca S. Holmes, MD, MS
Drug Effectiveness Review Project
Marian McDonagh, PharmD, Principal Investigator
Pacific Northwest Evidence-based Practice Center
Roger Chou, MD, Director
Marian McDonagh, PharmD, Associate Director
Oregon Health & Science University
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OBJECTIVE
The purpose of this preliminary updated literature scan process is to provide the Participating
Organizations with a preview of the volume and nature of new research that has emerged since
the previous full review process. Provision of the new research presented in this report is meant
only to assist with Participating Organizations’ consideration of allocating resources toward a
full update of this topic. Comprehensive review, quality assessment, and synthesis of evidence
from the full publications of the new research presented in this report would follow only under
the condition that the Participating Organizations voted in favor of a full update. The literature
search for this report focuses only on new randomized controlled trials, comparative
effectiveness reviews of relevant trials, and actions taken by the US Food and Drug
Administration since the last report. Other important studies could exist.
Date of Last Report
January 2010 (searches through June 2009)
Date of Last Preliminary Update Scan Report
February 2014
Scope and Key Questions
The scope of the review and key questions were originally developed and refined by the Oregon
Evidence-based Practice Center with input from a statewide panel of experts (pharmacists,
primary care clinicians, pain care specialists, and representatives of the public). Subsequently,
the key questions were reviewed and revised by representatives of organizations participating in
the Drug Effectiveness Review Project. The Participating Organizations of the Drug
Effectiveness Review Project are responsible for ensuring that the scope of the review reflects
the populations, drugs, and outcome measures of interest to both clinicians and patients. The
Participating Organizations approved the following key questions to guide this review:
1. For adults with diagnosed coronary heart disease, hypertension, left ventricular
dysfunction, heart failure, nondiabetic chronic kidney disease, or diabetic nephropathy,
what is the effectiveness and efficacy and what are the harms of aliskiren compared with
placebo?
1a. When used as monotherapy?
1b. When used in combination with angiotensin converting enzyme inhibitor
(ACE-I) and angiotensin II receptor blocker (AIIRA) drugs?
2. For adults with diagnosed coronary heart disease, hypertension, left ventricular
dysfunction, heart failure, nondiabetic chronic kidney disease, or diabetic nephropathy,
what are the inter-class differences in effectiveness and efficacy between direct renin
inhibitor (DRI), ACE-I and AIIRA drugs?
2a. When used as monotherapy?
2b. When used in combination with one another?

DRI_ACE_AIIRA

256

Page 1 of 39

Preliminary Scan Report #2

Drug Effectiveness Review Project

3. For adults with diagnosed coronary heart disease, hypertension, left ventricular
dysfunction, heart failure, nondiabetic chronic kidney disease, or diabetic nephropathy,
what are the inter-class differences in harms between DRI, ACE-I and AIIRA drugs?
4. Are there subgroups based on demographics (age, racial groups, gender), other
medications, or co-morbidities for which there are inter-class differences between DRI,
ACE-I and AIIRA drugs?
Inclusion Criteria
Populations
Adults with any of the following indications:
• Diagnosed coronary heart disease (including post-myocardial infarction)
• Hypertension
• Left ventricular dysfunction
• Heart failure
• Nondiabetic chronic kidney disease, with or without proteinuria
• Diabetic nephropathy, defined as documented diabetes, with either microalbuminuria
or macroalbuminuria, and any level of renal function. Trials of diabetics with normo
albuminuria will be excluded.
Excluded:
• Renal transplantation
Interventions
Table 1. Included interventions
Drug type

Angiotensin-converting enzyme inhibitor (ACE-I)

Angiotensin II receptor antagonist (AIIRA)

DRI_ACE_AIIRA
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Active ingredient

Trade name

Benazepril

Lotensin

Captopril

Capoten

Enalapril

Vasotec

Fosinopril

Monopril

Lisinopril

Prinivil, Zestril

Moexipril

Univasc

Perindopril

Aceon

Quinapril

Accupril

Ramipril

Altace

Trandolapril

Mavik

Azilsartan

Edarbi

Candesartan

Atacand

Eprosartan

Teveten

Irbesartan

Avapro

Losartan

Cozaar

Olmesartan

Benicar
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Drug type

a
b

Active ingredient

Trade name

Telmisartan

Micardis

Valsartan

Diovan

Direct renin inhibitor (DRI)

Aliskiren

Tekturna

DRI + AIIRA

Aliskiren
Valsartan

Valturna

b

Also called angiotensin receptor blockers (ARBs)
Manufacturer decided to stop marketing Valturna in the U.S. in July 2012, citing ALTITUDE trial.

Comparators:



Individual DRIs, ACE-Is, AIIRAs
Placebo compared with aliskiren

Effectiveness outcomes
 All-cause mortality, cardiovascular mortality, sudden death
 Cardiovascular events (stroke, myocardial infarction, or death or hospitalization due to
heart failure)
 Chronic kidney disease, end-stage renal disease, dialysis, transplantation
 Changes in renal function, including serum creatinine, estimated glomerular filtration
rate, proteinuria and albuminuria (total amount over a 24-hour period, but not solely
short-term excretion rates per minute or per hour), creatinine clearance
 Quality of life
 Symptomatic improvement in heart failure symptoms (heart failure class, functional
status, visual analogue scores, exercise tolerance tests with symptom outcomes)
 Cardiovascular hospitalizations
 Overall withdrawals
Harms outcomes
 Numbers of adults who experienced the following:
o One or more adverse event
o One or more serious adverse event (life threatening or requiring medical
intervention, including hospitalization)
 Total withdrawals due to any adverse event
 Specific harms (including, but not limited to hypotension, hyperkalemia, acute kidney
injury, cough, angioedema, gastrointestinal effects) or withdrawals due to specific harms
 Harms considered to be major are defined as those that required unanticipated and/or
urgent medical treatment (including, but not limited to hypotension, hyperkalemia, acute
kidney injury, angioedema)
Study designs
 Randomized controlled trials (RCTs):
o Head-to-head and placebo-controlled trials for aliskiren
o Inter-class head-to-head trials only for ACE-I and AIIRA
 Good quality systematic reviews
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METHODS
Literature Search
To identify relevant trials, we searched Ovid MEDLINE and Ovid MEDLINE In-Process &
Other Non-Indexed Citations from 2009 through July 30, 2014 using terms for included drugs
and populations. In addition, we searched the US Food and Drug Administration website
(http://www.fda.gov/ and http://www.accessdata.fda.gov/scripts/cder/drugsatfda/) to identify new
drugs and indications and changes in safety labeling (boxed warnings). To identify new drugs we
also searched CenterWatch (http://centerwatch.com), a privately-owned database of clinical trials
information. We excluded new fixed-dose combination products of drugs already approved. To
identify relevant systematic reviews, we searched the websites for the Agency for Healthcare
Research and Quality (AHRQ) (http://www.ahrq.gov/ and
http://www.effectivehealthcare.ahrq.gov), the Canadian Agency for Drugs & Technologies in
Health (CADTH) (http://www.cadth.ca/), the VA’s Evidence-based Synthesis Program
(http://www.hsrd.research.va.gov/publications/esp), and the Health Technology Assessment
(HTA) database from the University of York’s Centre for Reviews and Dissemination (CRD).
All citations were imported into an electronic database (EndNote X4) and duplicate citations
were removed.
Study Selection
One reviewer assessed abstracts of citations identified from literature searches for inclusion,
using the criteria described above.

RESULTS
New Drugs
New drugs identified in this Preliminary Update Scan
No new drugs Identified.
New drugs identified in previous Preliminary Update Scan(s)
New angiotensin II receptor antagonist:
Azilsartan was approved on 2/25/2011.
No new ACE-Inhibitors or Direct Renin Antagonists
New Formulations
New formulations identified in this Preliminary Update Scan
Epaned™ Kit (enalapril maleate) (8/13/13): oral solution (1 mg/ml) for the treatment of
hypertension.
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New Indications
New indications identified in this Preliminary Update Scan
None
New indications identified in previous Preliminary Update Scan(s)
Telmisartan (Micardis®) (10/16/2009): Reduction of the risk of myocardial infarction, stroke, or
death from cardiovascular causes in patients 55 years of age or older at high risk of developing
major cardiovascular events who are unable to take ACE inhibitors.
Comparative Effectiveness Reviews
Reviews identified in this Preliminary Update Scan
None
Reviews identified in previous Preliminary Update Scan(s)
We identified 13 potentially relevant comparative effectiveness reviews that address the key
questions in this report (see Appendix A for abstracts). These include two AHRQ CERs: one
compared ACE-I to AIIRA drugs in patients with chronic kidney disease (Fink 2012), and the
other ACE-I, AIIRA, and DRI drugs in patient with hypertension (Sanders 2011).
Randomized Controlled Trials
Trials identified since the most recent Full Report
Medline searches resulted in 453 citations, 39 of these new for this scan. Of the 453 citations, we
identified 18 potentially relevant, head-to-head trials published since the 2010 report, one new
for this scan (see Appendix B for abstracts). Characteristics of these trials are shown in Table 2
below. Most trials compared ACE-I to AIIRA drugs in patients with renal disease, but there were
also 6 trials (one new this scan) comparing aliskiren (DRI) to ACE-I or to AIIRA drugs in
patients with cardiovascular disease, renal disease, or both. About half of the head-to-head trials
compared dual therapy with drugs from two included classes to monotherapy. One trial of
azilsartan (an AIIRA approved since the last review) met inclusion criteria (Bonner 2013).
We also identified 9 placebo-controlled trials of aliskiren (also in Appendix B; one new this
scan), primarily in populations with cardiovascular disease but also including some in patients
with renal disease. These included the ALTITUDE trial (Parving 2012), which randomized
subjects with diabetes and chronic kidney disease, cardiovascular disease, or both to aliskiren or
placebo. Eligibility criteria also included treatment with an ACE-I or AIIRA, but not both,
according to local guidelines. The trial was stopped early because of higher rates of adverse
events (hyperkalemia and hypotension) with aliskiren, as well as a trend toward increased risk of
the composite primary endpoint, which included cardiovascular or renal mortality, myocardial
infarction, and stroke.
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Table 2. Characteristics of new head-to-head trials
Author, Year
Trial Name

N

Bakris, 2013

1,143

Bonner, 2013

884

Fernandez-Juarez, 2013

133

Fogari, 2013

138

Fried, 2013

1,448

Lizakowski, 2012

14

Mann, 2013
ONTARGET

9,628

Meier, 2011

20

Nakamura, 2010

30

Nakamura, 2012

36

Reyes-Marin, 2012

60

Slagman, 2011

52

Suzuki, 2013

40

Titan, 2011

55

Tylicki, 2012

18

Woo, 2009

207

Xie, 2011
ROAD

339

Yu, 2011
ONTARGET

1,159

Drugs
Valsartan vs.
Aliskiren/ valsartan
Azilsartan vs.
Ramipril
Irbesartan vs.
Lisinopril vs.
Irbesartan + Lisinopril
Aliskiren vs.
Ramipril
Losartan vs.
Lisinopril + Losartan
Aliskiren vs.
Perindopril
Ramipril vs.
Telmisartan vs.
Ramipril + Telmisartan
Losartan vs.
Losartan + Lisinopril
Telmisartan vs.
Enalapril
Aliskiren vs.
Olmesartan vs.
Aliskiren+olmesartan
Enalapril vs.
Losartan
Lisinopril vs.
Lisinopril +
Valsartan
Aliskiren vs.
Valsartan
Enalapril vs.
Enalapril +
Losartan
Telmisartan vs.
Aliskiren + Telmisartan
Losartan vs.
Enalapril
Benazepril vs.
Losartan
Telmisartan vs.
Ramipril vs.
Telmisartan + ramipril

Population
Hypertensive with T2DM and stage
1 or stage 2 CKD
Hypertension: SBP 150-180mmHg
Type 2 diabetic nephropathy
Hypertensive with T2DM and
microalbuminuria
Type 2 diabetic nephropathy
Non-diabetic CKD
Diabetes ± nephropathy
Hypertensive patients with
proteinuric nephropathy
CKD - mild to moderate
Stage 1 and 2 CKD
Patients on automated peritoneal
dialysis
Non-diabetic nephropathy
Hypertensive nephrosclerosis
Diabetic nephropathy with
macroalbuminuria
Non-diabetic proteinuric CKD
IgA nephritis
Chinese nondiabetic CKD patients
Chinese patients at high risk of
cardiovascular events

Abbreviations: CKD, chronic kidney disease, SBP systolic blood pressure, T2DM, type 2 diabetes mellitus

New Safety Alerts
See Appendix C for details.
Identified in this Preliminary Update Scan
None
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Identified in previous Preliminary Update Scan (s)
Warning About Fetal Toxicity – January 2012
All drugs in this report now carry a warning about potential fetal toxicity if used during
pregnancy. The warning states that these drugs are contraindicated in pregnancy and should be
discontinued as soon as the pregnancy is known.
Warning Against Dual Blockade of the Renin-Angiotensin System – September 2012
All drugs in this report now carry a warning about dual blockade of the renin-angiotensin system
by combining a DRI with an ACE-I or and ARB, citing increased risks of hypotension,
hyperkalemia, and changes in renal function (including acute renal failure) compared to
monotherapy.
Warning against co-administration of Non-steroidal anti-inflammatory drugs (NSAIDs) –
August 2011
ACE-Inhibitors and ARBs now have a warning or precaution statement about co-administration
of NSAIDs, particularly in the elderly, volume depleted or those with compromised renal
function and deterioration of renal function.

Summary
This scan identified 18 new head-to-head trials with comparisons across all three drug classes,
including one of the new AIIRA azilsartan. Since the 2012 scan, more evidence has emerged on
the direct renin inhibitor aliskiren, with a total now of 6 new head-to-head trials comparing this
drug to ACE-I or AIIRA drugs, and 9 new placebo-controlled trials. The 2010 report included
two trials of aliskiren, one in combination with losartan and one a placebo-controlled trial of
aliskiren alone. We also identified 13 systematic reviews with comparisons across the three drug
classes.
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Appendix A. Abstracts of potentially relevant new comparative
effectiveness reviews of angiotensin converting enzyme inhibitors,
angiotensin II receptor antagonists, and direct renin inhibitors
Bangalore S, Kumar S, Messerli FH. When conventional heart failure therapy is not enough:
angiotensin receptor blocker, direct renin inhibitor, or aldosterone antagonist? Congestive Heart
Failure 2013;19:107-15.
In patients on conventional heart failure therapy including angiotensin-converting
enzyme (ACE) inhibitors, the addition of angiotensin receptor blockers (ARBs), direct
renin inhibitors (DRIs), or aldosterone antagonists are therapeutic options to further
reduce the risk of cardiovascular events. However, whether one is preferable over the
other is not known. PubMed, EMBASE, and Cochrane Central Register of Controlled
Trials databases were searched for randomized clinical trials (RCTs), until March 2011,
of trials testing either an ARB, DRI, or an aldosterone antagonist in patients with heart
failure who were on conventional heart failure therapy with follow-up of at least 3
months. Efficacy (death, cardiovascular death, nonfatal myocardial infarction, heart
failure hospitalization and composite of cardiovascular death or heart failure
hospitalization) and safety (hyperkalemia, hypotension, renal failure) outcomes were
compared. The authors identified 16 RCTs involving 31,429 participants that satisfied the
inclusion criteria. When compared with placebo (reference rate ratio [RR] of 1),
aldosterone antagonists reduced the rate of death (RR, 0.79; 95% credibility interval
[CrI], 0.66-0.98), cardiovascular death (RR, 0.78; 95% CrI, 0.65-0.93), heart failure
hospitalization (RR, 0.74; 95% CrI, 0.55-0.94), and the composite of cardiovascular
death or heart failure hospitalization (RR, 0.73; 95% CrI, 0.55-0.90) with no difference
for other efficacy outcomes. However, ARBs and DRIs did not result in any significant
reduction in the rate of any of the efficacy outcomes when compared with placebo. When
compared with placebo (RR=1), ARBs increased the rate of hyperkalemia (138%
increase), renal failure (126% increase), and hypotension (63% increase). Similarly,
aldosterone antagonists resulted in a 110% increase in hyperkalemia and DRIs with a
98% increase in hypotension. In patients with heart failure and reduced systolic function
on conventional heart failure medications, the risk benefit ratio favors the addition of
aldosterone antagonists over ARBs or DRIs. 2012 Wiley Periodicals, Inc.
Caldeira D, David C, Sampaio C. Tolerability of angiotensin-receptor blockers in patients with
intolerance to angiotensin-converting enzyme inhibitors: a systematic review and meta-analysis.
American Journal of Cardiovascular Drugs 2012;12:263-77.
Background: Between 5% and 20% of patients treated with angiotensin-converting
enzyme inhibitors (ACE inhibitors) develop intolerance. Angiotensin II type 1 receptor
antagonists (angiotensin receptor blockers [ARBs]) can be used as an alternative
treatment. Objective: In this study we aimed to evaluate the tolerability of ARBs in
patients with intolerance to ACE inhibitors. Data Sources: The electronic databases
PubMed, MEDLINE/EMBASE via Dialog, CENTRAL, and ISI Web of Knowledge were
searched. Study Selection: Randomized controlled trials (RCTs) evaluating ARBs in
patients with intolerance to ACE inhibitors were selected. Data Synthesis: Risk ratio
(RR) and 95% confidence intervals (CIs) were estimated assuming the random effects
method. We found 11 RCTs comparing ARBs with ACE inhibitors, diuretics, or placebo,
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and one RCT comparing high-dose versus low-dose ARB. Results: ARBs had fewer
cough events versus ACE inhibitors (RR 0.37; 95% CI 0.28, 0.48). ARBs had drug
discontinuation (RR 0.99; 95% CI 0.84, 1.17) and cough risk (RR 1.01; 95% CI 0.74,
1.39) rates similar to placebo. Angioedema risk with ARBs was also similar to placebo
(RR 1.62; 95% CI 0.17, 15.79). Compared with placebo, hypotension (RR 2.63; 95% CI
1.77, 3.92), renal dysfunction (RR 2.07; 95% CI 1.45, 2.95) and hyperkalemia (RR 3.37;
95% CI 1.60, 7.11) were more frequent with ARBs. Conclusions: ACE inhibitor
rechallenge should be discouraged in patients with previous intolerance to ACE inhibitors
due to a higher risk of cough. ARBs had cough and angioedema incidences similar to
placebo. Despite a significantly higher incidence of hypotension, renal dysfunction and
hyperkalemia, discontinuation of ARBs was similar to placebo.
Chen Y, Meng L, Shao H, Yu F. Aliskiren vs. other antihypertensive drugs in the treatment of
hypertension: a meta-analysis. Hypertension Research - Clinical & Experimental 2013;36:25261.
To investigate the antihypertensive effects and tolerability of aliskiren in comparison
with other antihypertensive drugs and placebo in patients with hypertension, a metaanalysis was performed of studies published between 1950 and 2012. A systematic
literature search of MEDLINE and the Cochrane Library was conducted for randomized
controlled trials. Weighted mean differences and relative risk with 95% confidence
intervals were calculated for continuous and dichotomous data, respectively. In all, 14
studies with 6741 participants were included in the present meta-analysis. Nine studies
included trial arms with placebo, four included angiotensin (Ang) AT1 receptor blockers
(ARBs), three included Ang-converting enzyme inhibitors (ACEIs), two included
calcium channel blockers (CCBs), one included a beta-blocker, and one included
hydrochlorothiazide (HCTZ). We found that aliskiren, which lowered blood pressure
(BP) effectively in patients with mild-to-moderate hypertension, was similar to HCTZ but
inferior to CCBs in BP reduction, response rates and control rates. Furthermore, aliskiren
was superior to ACEIs in lowering diastolic BP (DBP), while it had similar effects to
ACEIs on systolic BP (SBP) reduction, response rates and control rates. Additionally, the
present meta-analysis showed the superiority of atenolol over aliskiren in DBP reduction
and BP response but showed that atenolol was inferior in SBP reduction and BP control.
No difference was found in the rates of therapeutic response between aliskiren and ARBs,
while more patients achieved BP control with aliskiren. Further studies will be needed to
determine the antihypertensive effects and tolerability of aliskiren in comparison with
other antihypertensive drugs.
Cheng J, Zhang X, Tian J, Li Q, Chen J. Combination therapy an ACE inhibitor and an
angiotensin receptor blocker for IgA nephropathy: a meta-analysis. International Journal of
Clinical Practice 2012;66:917-23.
OBJECTIVE: The pathogenesis of IgA nephropathy (IgAN) is still unknown.
Combination therapy with angiotensin-converting enzyme inhibitors (ACEIs) plus
angiotensin receptor blockers (ARBs) might provide more benefits to IgAN patients. We
conducted a systematic review to assess the efficacy of combination therapy for IgAN.
METHODS: The MEDLINE, EMBASE, the Cochrane Library and article reference lists
were searched for randomised clinical trials (RCTs) which involved combination therapy
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ACEI plus ARB in only one arm. A meta-analysis was performed on the outcomes of
proteinuria and renal function in IgAN patients.
RESULTS: Six RCTs involving 109 patients were included in the review. Combined
treatment with ACEI plus ARB was more effective than with ACEI/ARB alone for
reducing daily proteinuria. This did not translate into an improvement in GFR. Patients
receiving ACEI plus ARB therapy did not have an increased risk of hyperkalemia.
CONCLUSIONS: The current cumulative evidence suggests that combination therapy
ACEI plus ARB may provide more benefits to IgAN patients for reducing daily
proteinuria. Long-term effects of these agents on renal outcomes, and safety need to be
established. 2012 Blackwell Publishing Ltd.
Fink HA, Ishani A, Taylor BC, et al. Chronic Kidney Disease Stages 1–3: Screening,
Monitoring, and Treatment. Comparative Effectiveness Review No. 37. (Prepared by the
Minnesota Evidence-based Practice Center under Contract No. HHSA 290-2007-10064-I.)
AHRQ Publication No. 11(12)-EHC075-EF. Rockville, MD: Agency for Healthcare Research
and Quality. January 2012.
Objective. The objective was to systematically review and synthesize evidence regarding
benefits and harms of screening for and monitoring and treatment of chronic kidney
disease (CKD) stages 1–3.
Data Sources. The data sources were MEDLINE® and Cochrane Database of Systematic
Reviews electronic databases, hand searches of references from relevant systematic
reviews and eligible trials, and references from expert consultants.
Review Methods. We screened abstracts and full text articles of identified references for
eligibility and reviewed randomized controlled trials (RCTs) for evidence on benefits and
harms of CKD treatments. We reviewed RCTs and observational studies for evidence
regarding possible benefits and harms of CKD screening or monitoring. For all included
RCTs, data were extracted, quality was rated, and strength of evidence was graded.
Evidence on the benefits and harms of CKD treatments was quantitatively synthesized
when possible. Additional evidence on CKD screening and monitoring was qualitatively
described.
Results. We found no RCTs of CKD screening or monitoring. In treatment RCTs, several
interventions significantly reduced clinical events. In patients with proteinuria, nearly all
with diabetes and hypertension, angiotensin converting enzyme inhibitors (ACEIs)
(relative risk [RR], 0.60, 95 percent confidence interval [CI], 0.43 to 0.83) and
angiotensin receptor blockers (ARBs) (RR 0.77, 95 percent CI, 0.66 to 0.90) significantly
reduced risk of end-stage renal disease (ESRD) versus placebo. In patients with
microalbuminuria who had cardiovascular disease or diabetes with other cardiovascular
risk factors, ACEI treatment reduced mortality risk (RR 0.79, 95 percent CI, 0.66 to 0.96)
versus placebo. In individuals with hyperlipidemia and impaired estimated glomerular
filtration rate (eGFR) or creatinine clearance, HMG CoA-reductase inhibitors (statins)
reduced risk of mortality (RR 0.80, 95 percent CI, 0.68 to 0.95), myocardial infarction
(MI), and stroke compared with placebo. However, limited data addressed whether these
effects differed between patients with and without CKD or as a function of CKD severity.
In RCTs that directly compared different treatments, including high dose versus low
dose, combination versus monotherapy, and strict versus standard control, it was unclear
whether intensification of treatment improves clinical outcomes. Reporting of study
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withdrawals and adverse events was limited. Based on treatment RCT findings and
additional indirect data, including high CKD prevalence, low CKD recognition and
limited CKD monitoring in usual care, uncertain sensitivity of screening and monitoring
measures for CKD, and insufficient evidence on CKD screening and monitoring harms,
the overall benefits of CKD screening and monitoring are unclear. The likelihood of
benefit, if present, appears to be greater in specific subgroups. For example, individuals
not being treated with ACEIs or ARBs who have cardiovascular disease or diabetes
combined with other cardiovascular risk factors may benefit from screening for
albuminuria. Individuals not being treated with a statin who have hyperlipidemia and no
cardiovascular disease may benefit from screening for impaired eGFR. Younger patients,
and those without diabetes, hypertension, cardiovascular disease, or obesity, are the least
likely to benefit from CKD screening. Individuals with impaired eGFR and at high
risk for cardiovascular complications who are not being treated with ACEIs or ARBs
may benefit from monitoring for incident albuminuria.
Conclusions. No trials directly show a benefit for CKD screening or monitoring. The
likelihood of benefit, if present, appears to be greater in specific subgroups. Screening
and monitoring harms are poorly described. In selected CKD patients, ACEI or ARB
treatment reduces ESRD risk, ACEI treatment reduces mortality risk, and statin treatment
reduces risk of mortality, MI, and stroke. Many of these patients may already warrant
treatment with these therapies regardless of CKD status. Many knowledge gaps remain,
and additional research should increase understanding regarding optimal approaches to
CKD screening, monitoring, and treatment.
Gao D, Ning N, Niu X, Wei J, Sun P, Hao G. Aliskiren vs. angiotensin receptor blockers in
hypertension: meta-analysis of randomized controlled trials. American Journal of Hypertension
2011;24:613-21.
BACKGROUND: Aliskiren, a newly discovered renin inhibitor, blocks the reninangiotensin system (RAS) from the top of the enzyme cascade and therefore, might
provide comparable or even superior clinical efficacy of blood pressure (BP) control than
angiotensin receptor blockers (ARBs). With this meta-analysis, we aimed to compare the
efficacy and tolerability of aliskiren and ARBs in the treatment of hypertension in the
short-term treatment period.
METHODS: Reports of randomized controlled trials (RCTs) comparing aliskiren and
ARBs in patients with hypertension were selected by a search of the Cochrane Central
Register of Controlled Trials, MEDLINE, and EMBASE. The main outcome measures
were reduction in diastolic BP (DBP) and systolic BP (SBP) and rates of therapeutic
response and BP control. We also compared the tolerability of aliskiren and ARBs.
Revman v5.0 was used to obtain the pooled estimates.
RESULTS: We analyzed data from 10 reports of trials involving 3,732 participants. DBP
and SBP reduction did not differ between aliskiren and ARBs (weighted mean difference
(WMD), -0.18; 95% confidence interval (CI), -1.07 to 0.71, and WMD, 0.15; 95% CI, 1.38 to 1.69, respectively). Aliskiren and ARB treatment did not differ in rates of BP
control or therapeutic response. Moreover, aliskiren and ARB treatment led to a similar
number of adverse events, severe adverse events, and withdrawal due to adverse events.
CONCLUSION: Aliskiren is as effective as ARBs (losartan, valsartan, and irbesartan) in
controlling BP and does not differ from ARBs in risk of adverse events.
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Harel Z, Gilbert C, Wald R, et al. The effect of combination treatment with aliskiren and
blockers of the renin-angiotensin system on hyperkalaemia and acute kidney injury: systematic
review and meta-analysis. Bmj 2012;344:e42.
OBJECTIVE: To examine the safety of using aliskiren combined with agents used to
block the renin-angiotensin system.
DESIGN: Systematic review and meta-analysis of randomised controlled trials.
DATA SOURCES: Medline, Embase, the Cochrane Library, and two trial registries,
published up to 7 May 2011.
STUDY SELECTION: Published and unpublished randomised controlled trials that
compared combined treatment using aliskiren and angiotensin converting enzyme
inhibitors or angiotensin receptor blockers with monotherapy using these agents for at
least four weeks and that provided numerical data on the adverse event outcomes of
hyperkalaemia and acute kidney injury. A random effects model was used to calculate
pooled risk ratios and 95% confidence intervals for these outcomes.
RESULTS: 10 randomised controlled studies (4814 participants) were included in the
analysis. Combination therapy with aliskiren and angiotensin converting enzyme
inhibitors or angiotensin receptor blockers significantly increased the risk of
hyperkalaemia compared with monotherapy using angiotensin converting enzymes or
angiotensin receptor blockers (relative risk 1.58, 95% confidence interval 1.24 to 2.02) or
aliskiren alone (1.67, 1.01 to 2.79). The risk of acute kidney injury did not differ
significantly between the combined therapy and monotherapy groups (1.14, 0.68 to 1.89).
CONCLUSION: Use of aliskerin in combination with angiotensin converting enzyme
inhibitors or angiotensin receptor blockers is associated with an increased risk for
hyperkalaemia. The combined use of these agents warrants careful monitoring of serum
potassium levels.
He Y, Feng L, Huo D, Yang Z, Liao Y. Enalapril versus losartan for adults with chronic kidney
disease: A systematic review and meta-analysis. Nephrology 2013;18 605–14.
Aim: Both enalapril and losartan are effective and widely used in patients with chronic
kidney disease (CKD). This review aimed to evaluate the benefits of enalapril and
losartan in adults with CKD.
Methods: PubMed, EMBASE, the Cochrane Library and ClinicalTrials.gov were
searched, without language limitations, for randomized controlled trials (RCT), in which
enalapril and losartan were compared in adults with CKD. Standard methods, consistent
with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines, were used. Reviewer Manager software, ver. 5.2, was used for
meta-analysis.
Results: Of 318 citations retrieved, 17 RCT (14 parallel-group and three cross-over) met
our inclusion criteria. The pooled analysis for parallel RCT showed that the effects of
enalapril and losartan on blood pressure, renal
function and serum uric acid (UA) were similar. Meta-analysis indicated that patients
taking enalapril had a higher risk of dry cough (risk ratio, 2.88; 95% CI, 1.11–7.48; P =
0.03). Sensitivity analysis showed good robustness of these findings.
Conclusion: Enalapril has similar effects to losartan on systemic blood pressure, renal
function and serum UA in patients with CKD, but carries a higher risk of dry cough.
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Larger trials are required to evaluate the effects of these medications on clinical
outcomes.
Makani H, Bangalore S, Desouza KA, Shah A, Messerli FH. Efficacy and safety of dual
blockade of the renin-angiotensin system: meta-analysis of randomised trials. Bmj
2013;346:f360.
OBJECTIVE: To compare the long term efficacy and adverse events of dual blockade of
the renin-angiotensin system with monotherapy.
DESIGN: Systematic review and meta-analysis.
DATA SOURCES: PubMed, Embase, and the Cochrane central register of controlled
trials, January 1990 to August 2012.
STUDY SELECTION: Randomised controlled trials comparing dual blockers of the
renin-angiotensin system with monotherapy, reporting data on either long term efficacy
(> 1 year) or safety events (> 4 weeks), and with a sample size of at least 50. Analysis
was stratified by trials with patients with heart failure versus patients without heart
failure.
RESULTS: 33 randomised controlled trials with 68,405 patients (mean age 61 years,
71% men) and mean duration of 52 weeks were included. Dual blockade of the reninangiotensin system was not associated with any significant benefit for all cause mortality
(relative risk 0.97, 95% confidence interval 0.89 to 1.06) and cardiovascular mortality
(0.96, 0.88 to 1.05) compared with monotherapy. Compared with monotherapy, dual
therapy was associated with an 18% reduction in admissions to hospital for heart failure
(0.82, 0.74 to 0.92). However, compared with monotherapy, dual therapy was associated
with a 55% increase in the risk of hyperkalaemia (P<0.001), a 66% increase in the risk of
hypotension (P<0.001), a 41% increase in the risk of renal failure (P=0.01), and a 27%
increase in the risk of withdrawal owing to adverse events (P<0.001). Efficacy and safety
results were consistent in cohorts with and without heart failure when dual therapy was
compared with monotherapy except for all cause mortality, which was higher in the
cohort without heart failure (P=0.04 v P=0.15), and renal failure was significantly higher
in the cohort with heart failure (P<0.001 v P=0.79).
CONCLUSION: Although dual blockade of the renin-angiotensin system may have
seemingly beneficial effects on certain surrogate endpoints, it failed to reduce mortality
and was associated with an excessive risk of adverse events such as hyperkalaemia,
hypotension, and renal failure compared with monotherapy. The risk to benefit ratio
argues against the use of dual therapy.
Makani H, Messerli FH, Romero J, et al. Meta-analysis of randomized trials of angioedema as an
adverse event of renin-angiotensin system inhibitors. Am J Cardiol 2012;110:383-91.
Angioedema is a rare, potentially life-threatening adverse event of renin-angiotensin
system inhibitors. The objective of the present study was to determine the risk of
angioedema from randomized clinical trials. A PubMed/CENTRAL/EMBASE search
was made for randomized clinical trials from 1980 to October 2011 in patients on
angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs),
or direct renin inhibitor (DRI). Trials with a total number of patients >/=100 and a
duration of >/=8 weeks were included for analysis. Incidence of angioedema was pooled
by weighing the incident rate of each trial by the inverse of the variance. Twenty-six
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trials with 74,857 patients in the ACE inhibitor arm with 232,523 person-years of followup, 19 trials with 35,479 patients on ARB with 122,293 person-years of follow-up, and 2
trials with 5,141 patients on DRI with 1,735 person-years of follow-up met the inclusion
criteria and were included in the analysis. In head-to-head comparison in 7 trials, risk of
angioedema with ACE inhibitors was 2.2 times higher than with ARBs (95% confidence
interval [CI] 1.5 to 3.3). With ACE inhibitors and ARBs, incidence of angioedema was
higher in heart failure trials compared to hypertension or coronary artery disease trials
without heart failure (p <0.0001). Weighted incidence of angioedema with ACE
inhibitors was 0.30% (95% CI 0.28 to 0.32) compared to 0.11% (95% CI 0.09 to 0.13)
with ARBs, 0.13% (95% CI 0.08 to 0.19) with DRIs, and 0.07% with placebo (95% CI
0.05 to 0.09). In conclusion, incidence of angioedema with ARBs and DRI was <1/2 than
that with ACE inhibitors and not significantly different from placebo. Incidence of
angioedema was higher in patients with heart failure compared to those without heart
failure with ACE inhibitors and ARBs.
Morgado MP, Rolo SA, Castelo-Branco M. Efficacy of Aliskiren/Hydrochlorothiazide
Combination for the Treatment of Hypertension: A Meta-Analytical Approach. Open
Cardiovasc Med J. 2011; 5: 6–14
Background: Single-pill combinations of aliskiren/hydrochlorothiazide have recently
been approved by the European Medicines Agency for the treatment of hypertension.
Objective: This study aimed to assess the antihypertensive efficacy of
aliskiren/hydrochlorothiazide combination in reducing systolic and diastolic blood
pressure in hypertensive patients.
Methods: A search in International Pharmaceutical Abstracts, MEDLINE, The Cochrane
Library and ISI Web of Knowledge was performed from 2000 to November 2009, to
identify randomized, double-blind, clinical trials using aliskiren/hydrochlorothiazide for
the treatment of hypertension. Studies were included if they evaluated the
antihypertensive efficacy of aliskiren/hydrochlorothiazide in patients with mild or
moderate essential hypertension and age ≥ 18 years. The meta-analytical approach
calculated the weighted average reductions of systolic and diastolic blood pressure for
each daily dosage combination.
Results: We included 5 clinical trials testing several combinations of
aliskiren/hydrochlorothiazide and containing data on 5448 patients. In all studies blood
pressure was assessed at inclusion (baseline) and after 8 weeks of therapy. Blood pressure
reductions and control rates were significantly (p < 0.05) higher with the
aliskiren/hydrochlorothiazide combinations than with placebo and the same doses of
aliskiren or hydrochlorothiazide alone. The weighted mean reductions (mm Hg) from
baseline of systolic and diastolic blood pressure for each aliskiren/hydrochlorothiazide
combination were: -15.8/-10.3 (150/25 mg); -15.9/-11.8 (300/12.5 mg); -16.9/-11.6
(300/25 mg). Blood pressure control rates (%) for the above combinations were, at least,
respectively: 43.8, 50.1 and 51.9.
Conclusions: Aliskiren/hydrochlorothiazide provided clinically significant additional
blood pressure reductions and improved blood pressure control rates over aliskiren or
hydrochlorothiazide monotherapy.
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Sanders GD, Coeytaux R, Dolor RJ, et al. Angiotensin-Converting Enzyme Inhibitors
(ACEIs), Angiotensin II Receptor Antagonists (ARBs), and Direct Renin Inhibitors for Treating
Essential Hypertension: An Update. Comparative Effectiveness Review No. 34. (Prepared by the
Duke Evidence-based Practice Center under Contract No. 290-02-0025.) AHRQ Publication No.
11-EHC063-EF. Rockville, MD: Agency for Healthcare Research and Quality. June 2011.
Objectives. A 2007 comparative effectiveness review (CER) evaluated the long-term
benefits and harms of angiotensin-converting enzyme inhibitors (ACEIs) versus
angiotensin II receptor blockers/antagonists (ARBs) for treating essential hypertension in
adults. Since then, significant additional research has been published comparing these
agents, and direct renin inhibitors (DRIs) have been introduced to the market. We sought
to update 2007 CER on ACEIs versus ARBs and expand this to include comparisons with
DRIs.
Data Sources. We searched MEDLINE, Embase, the Cochrane Central Register of
Controlled Trials, a list of systematic reviews underway in the Cochrane Hypertension
Review Group, and selected gray literature sources.
Review Methods. We included studies that directly compared ACEIs, ARBs, and/or DRIs
in at least 20 total adults with essential hypertension; had at least 12 weeks of followup;
and reported at least one outcome of interest. Two investigators reviewed each article,
and a standard protocol was used to extract data on study design, interventions,
population characteristics, and outcomes; evaluate study quality; and summarize the
evidence. When appropriate, quantitative metaanalysis was performed.
Results. We included 97 studies (36 new since 2007) directly comparing ACEIs versus
ARBs and 3 studies directly comparing DRIs to ACEIs or ARBs. The strength of
evidence remains high for equivalence between ACEIs and ARBs for blood pressure
lowering and use of a single antihypertensive agent, and for superiority of ARBs over
ACEIs for short-term adverse events (primarily due to cough). The new evidence did not
strengthen our conclusions regarding longterm cardiovascular outcomes, quality of life,
progression of renal disease, medication adherence or persistence, rates of angioedema,
or differences in key patient subgroups: the strength of evidence for these outcomes
remained low to moderate. For DRIs, we were not able to reach definitive conclusions for
any of the outcomes of interest. Few studies involved a representative sample treated in a
typical clinical setting over a long duration; treatment protocols had marked
heterogeneity; and significant amounts of data about important outcomes and patient
subgroups were missing.
Conclusions. Evidence does not support a meaningful difference between ACEIs and
ARBs for any outcome except short-term adverse events. Few, if any, of the questions
that were not answered in the 2007 CER have been addressed by the 39 new studies.
Future research in this area should consider areas of uncertainty and be prioritized
accordingly.
Zhenfeng Z, Huilan S, Junya J, Dong L, Shan L. A systematic review and meta-analysis of
aliskiren and angiotension receptor blockers in the management of essential hypertension.
Journal of the Renin-Angiotensin-Aldosterone System 2011;12:102-12.
Aliskiren is a novel antihypertensive agent and the first direct renin inhibitor (DRI) in
clinical use. Several clinical trials have compared DRI with angiotensin receptor blockers
(ARBs) in the management of essential hypertension. However, systematic comparison
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of efficacy and safety between DRIs and ARBs is still lacking. We reviewed randomized
controlled trials (RCTs) comparing aliskiren with ARBs for net reduction of blood
pressure from baseline, achieved rate of control, and incidences of common and serious
adverse events. Weighted mean differences (WMD) and relative risk (RR) with 95%
confidence intervals (CI) were calculated for continuous and dichotomous data,
respectively. Seven RCTs with 5488 patients were included in this meta-analysis. We
compared the efficacy of aliskiren and ARBs in reducing systolic blood pressure (SBP)
and diastolic blood pressure (DBP). No differences were found between the two groups.
Aliskiren combined with ARBs was superior to aliskiren monotherapy at the maximum
recommended dose on SBP and DBP reduction. (WMD -4.80, 95% CI -6.22-- -3.39, p <
0.0001; WMD -2.96, 95% CI -4.63-- -1.28, p = 0.0001; respectively). Similar results
were found with aliskiren combined with ARBs versus ARB monotherapy (WMD -4.43,
95% CI -5.91-- -2.96, p < 0.0001; WMD -2.40; 95% CI -3.41-- -1.39, p < 0.0001;
respectively). No differences were found in adverse events between the aliskiren and
ARB groups. Similar results were found with aliskiren and ARB combination therapy
and its respective monotherapy. We conclude that aliskiren's BP-lowering capabilities
were comparable to those of ARBs. Aliskiren and ARB combination therapy provided
more effective BP reduction than each respective monotherapy without increasing
adverse events.

DRI_ACE_AIIRA

271

Page 16 of 39

Preliminary Scan Report #2

Drug Effectiveness Review Project

Appendix B. Abstracts of potentially relevant new trials of angiotensin
converting enzyme inhibitors, angiotensin II receptor antagonists, and
direct renin inhibitors
Head-to-head trials
Bakris GL, Oparil S, Purkayastha D, Yadao AM, Alessi T, Sowers JR. Randomized study of
antihypertensive efficacy and safety of combination aliskiren/valsartan vs valsartan monotherapy in
hypertensive participants with type 2 diabetes mellitus. Journal of Clinical Hypertension 2013;15:92100.
In this double-blind study, 1143 hypertensive participants with type 2 diabetes and stage 1 or
2 chronic kidney disease (CKD) were randomized to receive combination aliskiren/valsartan
150/160 mg or valsartan 160 mg monotherapy for 2 weeks, with force-titration to 300/320
mg and 320 mg, respectively, for another 6 weeks. Ambulatory blood pressure (ABP), the
primary outcome, was available for 665 participants. Reductions from baseline to week 8 in
24-hour ABP were -14.1/-8.7 mm Hg with aliskiren/valsartan vs -10.2/-6.3 mm Hg with
valsartan (P<.001). Adverse events were reported in 202 participants (35.2%) taking
aliskiren/valsartan and 182 participants (32.2%) taking valsartan. No participant had blood
urea nitrogen values>40 mg/dL or serum creatinine values>2.0 mg/dL. There were no
confirmed cases of serum potassium values>6.0 mEq/L. Combination aliskiren/valsartan has
additive effects on blood pressure reduction and tolerability similar to valsartan in
hypertensive/diabetic participants with early-stage (stages 1 and 2) CKD. 2012 Wiley
Periodicals, Inc.

Bonner G, Bakris GL, Sica D, et al. Antihypertensive efficacy of the angiotensin receptor
blocker azilsartan medoxomil compared with the angiotensin-converting enzyme inhibitor
ramipril. Journal of Human Hypertension 2013;27:479-86.
Drug therapy often fails to control hypertension. Azilsartan medoxomil (AZL-M) is a
newly developed angiotensin II receptor blocker with high efficacy and good tolerability.
This double-blind, controlled, randomised trial compared its antihypertensive efficacy
and safety vs the angiotensin-converting enzyme inhibitor ramipril (RAM) in patients
with clinic systolic blood pressure (SBP) 150-180mmHg. Patients were randomised
(n=884) to 20mg AZL-M or 2.5mg RAM once daily for 2 weeks, then force-titrated to 40
or 80mg AZL-M or 10mg RAM for 22 weeks. The primary endpoint was change in
trough, seated, clinic SBP. Mean patient age was 57+11 years, 52.4% were male, 99.5%
were Caucasian. Mean baseline BP was 161.1+7.9/94.9+9.0mmHg. Clinic SBP decreased
by 20.6+0.95 and 21.2+0.95mmHg with AZL-M 40 and 80mg vs12.2+0.95mmHg with
RAM (P<0.001 for both AZL-M doses). Adverse events leading to discontinuation were
less frequent with AZL-M 40 and 80mg (2.4% and 3.1%, respectively) than with RAM
(4.8%). These data demonstrated that treatment of stage 1-2 hypertension with AZL-M
was more effective than RAM and better tolerated.
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Fernandez Juarez G, Luno J, Barrio V, et al. Effect of dual blockade of the renin-angiotensin
system on the progression of type 2 diabetic nephropathy: a randomized trial. American Journal
of Kidney Diseases 2013;61:211-8.
BACKGROUND: Blockade of the renin-angiotensin system with angiotensin-converting
enzyme inhibitors or angiotensin II receptor blockers has been shown to lessen the rate of
decrease in glomerular filtration rate in patients with diabetic nephropathy.
STUDY DESIGN: A multicenter open-label randomized controlled trial to compare the
efficacy of combining the angiotensin-converting enzyme inhibitor lisinopril and the
angiotensin II receptor blocker irbesartan with that of each drug in monotherapy (at both
high and equipotent doses) in slowing the progression of type 2 diabetic nephropathy.
SETTING & POPULATION: 133 patients with type 2 diabetic nephropathy (age, 66 + 8
years; 76% men) from 17 centers in Spain.
INTERVENTION: Patients were randomly assigned (1:1:2) to lisinopril (n = 35),
irbesartan (n = 28), or the combination of both (n = 70).
OUTCOMES: The primary composite outcome was a >50% increase in baseline serum
creatinine level, end-stage renal disease, or death.
RESULTS: Baseline values for mean estimated glomerular filtration rate and blood
pressure were 49 + 21 mL/min/1.73 m(2) and 153 + 19/81 + 11 mm Hg. Mean geometric
baseline proteinuria was protein excretion of 1.32 (95% CI, 1.10-1.62) g/g creatinine.
After a median follow-up of 32 months, 21 (30%) patients in the combination group, 10
(29%) in the lisinopril group, and 8 (29%) in the irbesartan group reached the primary
outcome. HRs were 0.96 (95% CI, 0.44-2.05; P = 0.9) and 0.90 (95% CI, 0.39-2.02; P =
0.8) for the combination versus the lisinopril and irbesartan groups, respectively. There
were no significant differences in proteinuria reduction or blood pressure control between
groups. The number of adverse events, including hyperkalemia, was similar in all 3
groups.
LIMITATIONS: The study was not double blind. The sample size studied was small.
CONCLUSIONS: We were unable to show a benefit of the combination of lisinopril and
irbesartan compared to either agent alone at optimal high doses on the risk of progression
of type 2 diabetic nephropathy. Copyright 2013 National Kidney Foundation, Inc.
Published by Elsevier Inc. All rights reserved.
Fogari R, Mugellini A, Zoppi A, et al. Time course of antiproteinuric effect of aliskiren in
arterial hypertension associated with type 2 diabetes and microalbuminuria. Expert Opin
Pharmacother 2013;14:371-84.
OBJECTIVE: The aim was to compare the antiproteinuric effect of aliskiren and ramipril
in hypertensive patients with type 2 diabetes and microalbuminuria.
RESEARCH DESIGN AND METHODS: A total of 138 patients were treated with
aliskiren 300 mg/day or ramipril 10 mg/day for 12 weeks and checked after 1, 2, 4, 8 and
12 weeks and 2 and 4 weeks after treatment withdrawal.
MAIN OUTCOME MEASURES: Clinic and ambulatory BP, urinary albumin excretion
rate (UAER) and plasma aldosterone were measured.
RESULTS: Both aliskiren and ramipril induced a similar lowering in clinic and
ambulatory BP (p < 0.001 vs baseline). However, such a lowering persisted longer after
stopping aliskiren than after stopping ramipril regimen. Both treatments reduced UAER,
but the decrease in UAER associated with aliskiren was more pronounced, the difference
vs ramipril being maximal at week 12 (-42 vs -15%, p < 0.01). Two weeks after stopping
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therapy, UAER remained below baseline values with aliskiren, but not in the ramipril
group. Plasma aldosterone decreased in the aliskiren group, whereas in the ramipril group
it decreased until week 8 and thereafter increased toward baseline values.
CONCLUSIONS: Aliskiren has a greater and more prolonged antiproteinuric effect than
R; it might partly be related to a higher degree of intrarenal renin-angiotensin-aldosterone
system blockade. Publication Type: Journal Article. Randomized Controlled Trial.
Fried LF, Emanuele N, Zhang JH, et al. Combined angiotensin inhibition for the treatment of
diabetic nephropathy. New England Journal of Medicine 2013;369:1892-903.
BACKGROUND: Combination therapy with angiotensin-converting-enzyme (ACE)
inhibitors and angiotensin-receptor blockers (ARBs) decreases proteinuria; however, its
safety and effect on the progression of kidney disease are uncertain. Methods We
provided losartan (at a dose of 100 mg per day) to patients with type 2 diabetes, a urinary
albumin-to-creatinine ratio (with albumin measured in milligrams and creatinine
measured in grams) of at least 300, and an estimated glomerular filtration rate (GFR) of
30.0 to 89.9 ml per minute per 1.73 m(2) of body-surface area and then randomly
assigned them to receive lisinopril (at a dose of 10 to 40 mg per day) or placebo. The
primary end point was the first occurrence of a change in the estimated GFR (a decline of
> 30 ml per minute per 1.73 m(2) if the initial estimated GFR was > 60 ml per minute per
1.73 m(2) or a decline of > 50% if the initial estimated GFR was <60 ml per minute per
1.73 m(2)), end-stage renal disease (ESRD), or death. The secondary renal end point was
the first occurrence of a decline in the estimated GFR or ESRD. Safety outcomes
included mortality, hyperkalemia, and acute kidney injury. Results The study was
stopped early owing to safety concerns. Among 1448 randomly assigned patients with a
median follow-up of 2.2 years, there were 152 primary end-point events in the
monotherapy group and 132 in the combination-therapy group (hazard ratio with
combination therapy, 0.88; 95% confidence interval [CI], 0.70 to 1.12; P=0.30). A trend
toward a benefit from combination therapy with respect to the secondary end point
(hazard ratio, 0.78; 95% CI, 0.58 to 1.05; P=0.10) decreased with time (P=0.02 for
nonproportionality). There was no benefit with respect to mortality (hazard ratio for
death, 1.04; 95% CI, 0.73 to 1.49; P=0.75) or cardiovascular events. Combination therapy
increased the risk of hyperkalemia (6.3 events per 100 person-years, vs. 2.6 events per
100 person-years with monotherapy; P<0.001) and acute kidney injury (12.2 vs. 6.7
events per 100 person-years, P<0.001). Conclusions Combination therapy with an ACE
inhibitor and an ARB was associated with an increased risk of adverse events among
patients with diabetic nephropathy. (Funded by the Cooperative Studies Program of the
Department of Veterans Affairs Office of Research and Development; VA NEPHRON-D
ClinicalTrials.gov number, NCT00555217.).
Lizakowski S, Tylicki L, Renke M, et al. Effect of aliskiren on proteinuria in non-diabetic
chronic kidney disease: a double-blind, crossover, randomised, controlled trial. International
Urology & Nephrology 2012;44:1763-70.
AIM: To evaluate the proteinuria-lowering effect of a renin inhibitor (aliskiren),
compared to placebo and to an angiotensin-converting enzyme inhibitor (perindopril), in
patients with non-diabetic chronic kidney disease.
METHODS: A randomised, double-blind, crossover trial was performed in 14 patients
with nondiabetic chronic kidney disease with 24-h mean proteinuria of 2.01 g (95% CI,
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1.36-2.66) and estimated creatinine clearance of 93+6.8 ml/min. The study consisted of
five treatment periods. The patients were randomly assigned to receive aliskiren (150
mg), aliskiren (300 mg), perindopril (5 mg), perindopril (10 mg) or placebo.
RESULTS: Aliskiren and perindopril reduced proteinuria. These effects were dosedependent. Furthermore, 24-h proteinuria was reduced by 23% (mean 95% CI; 2-44) by
treatment with aliskiren (150 mg), by 36% (95% CI, 17-55; P<0.001) with aliskiren (300
mg), by 7.1% (95% CI, 11-26) with perindopril (5 mg) and by 25% (95% CI, 11-39;
P<0.05) with perindopril (10 mg), compared to placebo. No significant difference was
found between the effects of aliskiren and perindopril.
CONCLUSIONS: Aliskiren significantly reduced proteinuria. The antiproteinuric effect
is probably similar to that of perindopril, for equivalent hypotensive dosages. The renin
inhibitor provides a promising alternative approach for the treatment of patients with
chronic proteinuric non-diabetic kidney disease.
Mann JFE, Anderson C, Gao P, et al. Dual inhibition of the renin-angiotensin system in high-risk
diabetes and risk for stroke and other outcomes: results of the ONTARGET trial. Journal of
Hypertension 2013;31:414-21.
BACKGROUND: A recent study suggested that addition of a direct renin inhibitor to
either an angiotension-converting enzyme (ACE) inhibitor (ACEi) or an angiotensin
receptor blocker (ARB) may increase stroke risk in people with diabetes and renal
disease.
METHODS: We examined the effects of addition of an ACE inhibitor (ramipril) to an
ARB (telmisartan) for a mean follow-up of 56 months in people with diabetes [n = 9628,
mean age 66 years, baseline blood pressure 144/82 mmHg, BMI 29 kg/m2, estimated
glomerular filtration rate (eGFR) 73 ml/min, and urine albumin 11 mg/mmol] who
participated in the ONTARGET trial, divided by those with (n = 3163) and without (n =
6465) nephropathy. We compared participants on monotherapy with either ramipril or
telmisartan with those on dual therapy.
RESULTS: SBP decreased more with dual over monotherapy (-7.1 vs. -5.3 mmHg, P <
0.0001) and the same number of strokes occurred (1.19 vs. 1.22 per 100 patient-years;
hazard ratio 0.99, 95% confidence interval 0.82-1.20). Stroke rate was higher in
participants with than those without diabetic nephropathy (1.5 vs. 1.0 per 100 patientyears), but effects of dual-therapy vs. monotherapy were not different in either subgroup
(1.59 vs. 1.55 and 1.01 vs. 1.08 per 100 patient-years; P value for interaction = 0.60).
Other cardiovascular and kidney outcomes (dialysis or doubling of serum creatinine) did
not differ between dual-therapy and monotherapy in subgroups, but adverse events,
namely acute dialysis, hyperkalemia and hypotension, tended to be more frequent with
dual therapy
CONCLUSION: A combination of ACEi and ARB does not increase strokes or alter
other major cardiovascular or renal events in patients with diabetes, irrespective of the
presence of nephropathy.
Meier, P., M. P. Maillard, et al. (2011). "Combining blockers of the renin-angiotensin system or
increasing the dose of an angiotensin II receptor antagonist in proteinuric patients: a randomized
triple-crossover study." Journal of Hypertension 29(6): 1228-1235.
OBJECTIVE: The goal of this study was to investigate whether increasing the dose of an
angiotensin II receptor blocker (ARB) provides as much benefits as combining the ARB with
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an angiotensin-converting enzyme inhibitor (ACEI) in terms of blood pressure (BP) control
and urinary albumin excretion (UAE) in hypertensive patients with a proteinuria.
METHODS: We enrolled 20 hypertensive patients with proteinuric nephropathies and a
reduced renal function in a randomized, 12-month, triple-crossover, prospective, open-label
study to compare the effects of a regular dose of losartan (Los 100 mg q.d., LOS100) vs. a
high dose of losartan (Los 100 mg b.i.d., LOS200) vs. losartan 100 mg q.d. associated with
lisinopril 20 mg q.d. (LOS100 + LIS20). Each treatment was given for 8 weeks with a 4week initial run-in period and 2 weeks of washout between each treatment phases. 24 h UAE
and ambulatory BP were measured during the running phase and at the end of each treatment
period. RESULTS: Compared to pretreatment, 24 h SBP and DBP were reduced by 10/5 +/7/4 mmHg with LOS100 (P = 0.023 vs. baseline) and, respectively, 13/6 +/- 12/5 mmHg with
LOS200 (P = 0.011) and 19/9 +/- 15/8 mmHg with LOS100 + LIS20 (P < 0.01). UAE
decreased significantly with LOS100 and to an even greater degree with LOS200 and
LOS100 + LIS20 (P < 0.01 vs. baseline for both and P = 0.032, LOS100 + LIS20 vs.
LOS200). The combination had a greater impact in patients with a high baseline proteinuria
as suggested by a nonparallel leftward shift of the relationship between the changes in UAE
induced by the combination and those induced by LOS200. The high dose of losartan was
better tolerated than the combination. CONCLUSION: Increasing the dose of losartan from
100 mg once daily to 100 mg twice a day enables to obtain a greater decrease in BP and
proteinuria and is better tolerated than combining the ARB with lisinopril, though the high
dose appears to be slightly less effective than the combination in patients with a marked
proteinuria.
Nakamura, T., N. Fujiwara, et al. (2010). "Effects of telmisartan and enalapril on renoprotection in
patients with mild to moderate chronic kidney disease." European Journal of Clinical Investigation
40(9): 790-796.
BACKGROUND: Blocking the renin-angiotensin system (RAS) with angiotensin receptor
blockers or angiotensin-converting enzyme inhibitors protects against renal injury in patients
with chronic kidney disease (CKD). The aim of this study was to compare the chronic effects
of telmisartan and enalapril on proteinuria, urinary liver-type fatty acid-binding protein (LFABP) and endothelin (ET)-1 levels in patients with mild CKD. MATERIALS AND
METHODS: Thirty CKD patients with mild to moderate renal insufficiency (20 men and 10
women; mean age, 37 years; estimated glomerular filtration rate (eGFR) > 60 mL min(-1)
and blood pressure > 130/85 mmHg) were included in the study. Patients were randomly
assigned to receive telmisartan at 80 mg day(-1) (n = 15) or enalapril at 10 mg day(-1) (n =
15). We measured blood pressure, serum creatinine, eGFR, urinary protein, L-FABP and ET1 before the start of treatment and 6 and 12 months after the start of treatment. RESULTS:
The blood pressure reduction rate was similar between the two groups. Urinary protein, LFABP and ET-1 levels were significantly reduced in both groups 6 and 12 months (P <
0.001) after treatment, but the reduction rates were more pronounced in patients receiving
telmisartan than in those receiving enalapril (P < 0.001). Estimated glomerular filtration rate
was increased similarly in both groups at 12 months. CONCLUSIONS: The study results
suggest that telmisartan results in a greater reduction of urinary markers than does enalapril
and that this effect occurs by a mechanism independent of blood pressure reduction. It would
be needed to investigate whether the differences may be distinct or not the same when other
dosages are used.
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Nakamura, T., E. Sato, et al. (2012). "Addition of aliskiren to olmesartan ameliorates tubular injury
in chronic kidney disease patients partly by reducing proteinuria." Journal of the Renin-AngiotensinAldosterone System 13(1): 122-127.
INTRODUCTION: Tubular injury is more important than glomerulopathy for renal
prognosis in chronic kidney disease (CKD) patients. Numerous studies have demonstrated
the active participation of the renin-angiotensin system (RAS) in CKD. However, whether
addition of aliskiren, a direct renin inhibitor, to olmesartan improves renal tubular injury in
CKD patients is unknown. METHODS: This study compared the effects of aliskiren (300 mg
daily), olmesartan (40 mg daily), and its combination therapy on urinary L-fatty acid binding
protein (L-FABP), a marker of tubular injury in stage I or II CKD patients. It also examined
which clinical variables were independently correlated with tubular damage. RESULTS:
Olmesartan or aliskiren monotherapy for 6 months comparably decreased blood pressure
(BP) and proteinuria. BP and proteinuria levels were reduced more by combination therapy
than by either monotherapy. Olmesartan or aliskiren decreased urinary L-FABP level, and
combination therapy produced more incremental reduction in L-FABP level relative to each
monotherapy. Multiple stepwise regression analysis revealed that BMI, low-density
lipoprotein (LDL)-cholesterol and proteinuria were independently related to urinary L-FABP
level. CONCLUSIONS: The present study demonstrated that addition of aliskiren to
olmesartan decreased urinary L-FABP level partly via reduction of proteinuria in stage I or II
CKD patients.

Reyes-Marin FA, Calzada C, Ballesteros A, Amato D. Comparative study of enalapril vs.
losartan on residual renal function preservation in automated peritoneal dialysis. A randomized
controlled study. Revista de Investigacion Clinica 2012;64:315-21.
BACKGROUND: Residual renal function (RRF) is an important determinant of mortality
and morbidity in patients receiving peritoneal dialysis (PD). Recent studies have shown a
positive effect of angiotensin converting enzyme inhibitors (ACEi) and angiotensin II
receptor blockers (ARBs) on RRF in PD patients.
OBJECTIVE: To compare enalapril and losartan for RRF preservation in automated
peritoneal dialysis (APD) patients.
MATERIAL AND METHODS: An open label randomized controlled trial (RCT) with a
12 month follow-up period was conducted to compare the effect of enalapril vs. losartan
on RRF preservation in 60 APD patients. Measurements were done at the start of the
study (baseline), 3, 6, 9, and 12 months. A historical control group (HCG) without
treatment was included to assess the natural history of RRF loss.
RESULTS: RRF in the enalapril group dropped from 3.65 +/- 1.6 (baseline) to 2.36 +/0.38 mL/min/1.73 m2 (12 months). In the losartan group RRF was reduced from 4.1+/2.01 (baseline) to 2.54 +/- 0.47 mL/min/ 1.73 m2 (12 months). There were not significant
differences between the two groups regarding RRF at 12 months. In the HCG, RRF
declined from 3.68 +/- 0.48 to 1.4 +/- 0.29 mL/min/ 1.73 m2 (12 months). RRF in the
HCG was significantly lower than RRF in the two treated groups at 12 months (P < 0.05).
CONCLUSIONS: There was not significant difference on RRF preservation between
enalapril and losartan groups. Comparing these results to those of the HCG suggests that
the treatment with any of the drugs is useful in preserving RRF.
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Slagman, M. C. J., F. Waanders, et al. (2011). "Moderate dietary sodium restriction added to
angiotensin converting enzyme inhibition compared with dual blockade in lowering proteinuria and
blood pressure: randomised controlled trial." BMJ 343: d4366.
OBJECTIVE: To compare the effects on proteinuria and blood pressure of addition of dietary
sodium restriction or angiotensin receptor blockade at maximum dose, or their combination,
in patients with non-diabetic nephropathy receiving background treatment with angiotensin
converting enzyme (ACE) inhibition at maximum dose. DESIGN: Multicentre crossover
randomised controlled trial. SETTING: Outpatient clinics in the Netherlands.
PARTICIPANTS: 52 patients with non-diabetic nephropathy. INTERVENTIONS: All
patients were treated during four 6 week periods, in random order, with angiotensin receptor
blockade (valsartan 320 mg/day) or placebo, each combined with, consecutively, a low
sodium diet (target 50 mmol Na(+)/day) and a regular sodium diet (target 200 mmol
Na(+)/day), with a background of ACE inhibition (lisinopril 40 mg/day) during the entire
study. The drug interventions were double blind; the dietary interventions were open label.
MAIN OUTCOME MEASURES: The primary outcome measure was proteinuria; the
secondary outcome measure was blood pressure. RESULTS: Mean urinary sodium excretion,
a measure of dietary sodium intake, was 106 (SE 5) mmol Na(+)/day during a low sodium
diet and 184 (6) mmol Na(+)/day during a regular sodium diet (P<0.001). Geometric mean
residual proteinuria was 1.68 (95% confidence interval 1.31 to 2.14) g/day during ACE
inhibition plus a regular sodium diet. Addition of angiotensin receptor blockade to ACE
inhibition reduced proteinuria to 1.44 (1.07 to 1.93) g/day (P=0.003), addition of a low
sodium diet reduced it to 0.85 (0.66 to 1.10) g/day (P<0.001), and addition of angiotensin
receptor blockade plus a low sodium diet reduced it to 0.67 (0.50 to 0.91) g/day (P<0.001).
The reduction of proteinuria by the addition of a low sodium diet to ACE inhibition (51%,
95% confidence interval 43% to 58%) was significantly larger (P<0.001) than the reduction
of proteinuria by the addition of angiotensin receptor blockade to ACE inhibition (21%, (8%
to 32%) and was comparable (P=0.009, not significant after Bonferroni correction) to the
reduction of proteinuria by the addition of both angiotensin receptor blockade and a low
sodium diet to ACE inhibition (62%, 53% to 70%). Mean systolic blood pressure was 134 (3)
mm Hg during ACE inhibition plus a regular sodium diet. Mean systolic blood pressure was
not significantly altered by the addition of angiotensin receptor blockade (131 (3) mm Hg;
P=0.12) but was reduced by the addition of a low sodium diet (123 (2) mm Hg; P<0.001) and
angiotensin receptor blockade plus a low sodium diet (121 (3) mm Hg; P<0.001) to ACE
inhibition. The reduction of systolic blood pressure by the addition of a low sodium diet (7%
(SE 1%)) was significantly larger (P=0.003) than the reduction of systolic blood pressure by
the addition of angiotensin receptor blockade (2% (1)) and was similar (P=0.14) to the
reduction of systolic blood pressure by the addition of both angiotensin receptor blockade
and low sodium diet (9% (1)), to ACE inhibition. CONCLUSIONS: Dietary sodium
restriction to a level recommended in guidelines was more effective than dual blockade for
reduction of proteinuria and blood pressure in non-diabetic nephropathy. The findings
support the combined endeavours of patients and health professionals to reduce sodium
intake. Trial registration Netherlands Trial Register NTR675.
Suzuki, H., K. Okada, et al. (2013). "Aliskiren reduces home blood pressure and albuminuria in
patients with hypertensive nephrosclerosis." Clinical & Experimental Nephrology 17(3): 386-395.
BACKGROUND: The aim of this study was to investigate the antialbuminuric and
antihypertensive effects of aliskiren by monitoring home blood pressure (BP) in comparison
with the effects of the angiotensin receptor blocker (ARB) valsartan in patients with
hypertensive nephrosclerosis and albuminuria.
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METHODS: We conducted an open-label, randomized trial to compare the effects of
aliskiren with those of valsartan. Patients with BP <150/90 mmHg, an estimated glomerular
filtration rate of 90-30 mL/min/1.73 m(2), and albuminuria >30 mg/g, despite treatment with
a 160 mg daily dose of valsartan, were randomly assigned to the following two groups: the
aliskiren group, who switched from 160 mg/day valsartan to 150 mg/day aliskiren, which
was later increased to 300 mg/day (n = 20); and the valsartan group, who continued with 160
mg/day valsartan (n = 20).
RESULTS: After 12 weeks of treatment, although there was no significant difference in
clinic BP between groups, a significant reduction in morning and evening systolic BP was
observed in the aliskiren group. The decrease in albuminuria in the aliskiren group was
significantly better than that in the valsartan group, and a significant correlation was noted
between the change in morning systolic BP and the change in albuminuria in the aliskiren
group (r = 0.564, P = 0.0084).
CONCLUSION: We showed that aliskiren treatment leads to a greater reduction in
albuminuria and home systolic BP values than valsartan in patients with nephrosclerosis. We
propose that aliskiren therapy should be considered as a therapeutic modality to complement
ARBs in hypertensive patients with nephrosclerosis.
Titan, S. M., R. Zatz, et al. (2011). "FGF-23 as a predictor of renal outcome in diabetic nephropathy."
Clinical Journal of The American Society of Nephrology: CJASN 6(2): 241-247.
BACKGROUND AND OBJECTIVES: Fibroblast growth factor 23 (FGF-23) has emerged as
a new factor in mineral metabolism in chronic kidney disease (CKD). An important regulator
of phosphorus homeostasis, FGF-23 has been shown to independently predict CKD
progression in nondiabetic renal disease. We analyzed the relation between FGF-23 and renal
outcome in diabetic nephropathy (DN). DESIGN, SETTING, PARTICIPANTS, &
MEASUREMENTS: DN patients participating in a clinical trial (enalapril+placebo versus
enalapril+losartan) had baseline data collected and were followed until June 2009 or until the
primary outcome was reached. Four patients were lost to follow-up. The composite primary
outcome was defined as death, doubling of serum creatinine, and/or dialysis need.
RESULTS: At baseline, serum FGF-23 showed a significant association with serum
creatinine, intact parathyroid hormone, proteinuria, urinary fractional excretion of phosphate,
male sex, and race. Interestingly, FGF-23 was not related to calcium, phosphorus, 25OHvitamin D, or 24-hour urinary phosphorus. Mean follow-up time was 30.7+/-10 months. Cox
regression showed that FGF-23 was an independent predictor of the primary outcome, even
after adjustment for creatinine clearance and intact parathyroid hormone (10 pg/ml FGF-23
increase = hazard ratio, 1.09; 95% CI, 1.01 to 1.16, P=0.02). Finally, Kaplan-Meier analysis
showed a significantly higher risk of the primary outcome in patients with FGF-23 values of
>70 pg/ml. CONCLUSIONS: FGF-23 is a significant independent predictor of renal outcome
in patients with macroalbuminuric DN. Further studies should clarify whether this relation is
causal and whether FGF-23 should be a new therapeutic target for CKD prevention.

Tylicki L, Lizakowski S, Rutkowski P, et al. The enhanced renin-angiotensin-aldosteron system
pharmacological blockade--which is the best? Kidney & Blood Pressure Research 2012;36:33543.
BACKGROUND/AIMS: Pharmacological inhibition of renin-angiotensin-aldosteron
system (RAAS) may reduce proteinuria and the rate of chronic kidney disease
progression. The aim was to compare the effects on albuminuria of the therapy with
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either: (i) telmisartan 80 mg and aliskiren 300 mg, (ii) telmisartan 80 mg and eplerenone
50 mg, (iii) telmisartan 160 mg as monotherapy.
DESIGN AND PATIENTS: Randomized, double-center, double-blind, cross-over, three
treatments-three periods of 8 weeks each study. 18 patients with non-diabetic proteinuric
CKD stage 1-3 completed the protocol.
RESULTS: There was significant difference in albuminuria between studied therapies
(ANOVA; p<0.01). The combination therapy with telmisartan plus aliskiren decreased
albuminuria more effectively than the treatment with telmisartan plus eplerenone and
monotherapy with telmisartan 160 mg OD [376 mg/g creatinine (286-686) vs. 707 (5021204) vs. 525 (318-763); post-hoc p<0.01 and p<0.05, respectively].
CONCLUSIONS: The study demonstrated that the combination therapy with angiotensin
receptor blocker (ARB) and renin inhibitor was more effective in albuminuria lowering
than the concomitant usage of ARB and mineralocorticoid receptor antagonist as well as
than ARB in doses two-fold higher than usually used in treatment of hypertension in
patients with non-diabetic CKD and that this higher antiproteinuric efficacy was
independent on changes in blood pressure. Copyright 2012 S. Karger AG, Basel.
Woo, K. T., C. M. Chan, et al. (2009). "Beneficial effects of high-dose losartan in IgA nephritis."
Clinical Nephrology 71(6): 617-624.
AIM: Several short-term studies have reported the efficacy of high-dose ARB in reducing
proteinuria in patients with diabetic nephropathy. The benefits of long-term high-dose ARB
losartan in IgA nephritis have not been explored. METHOD: This was a 6-year randomized
trial in 207 patients with IgA nephritis comparing high-dose ARB (losartan 200 mg/day) with
normal dose ARB (losartan 100 mg/day), normal dose ACEI (20 mg/day) and low-dose
ACEI (10 mg/day). Multivariate ANOVA was used to test the effect of drug treatment on
both eGFR and total urinary protein (TUP). RESULTS: Comparing patients on high-dose
ARB (n = 63) with those on normal dose ARB (n = 43), normal dose ACEI (n = 61) and lowdose ACEI (n = 40), patients on high Dose ARB had significantly higher eGFR (p < 0.0005)
and lower proteinuria (p < 0.005) at the end of the study. The loss in eGFR was 0.7
ml/min/year for high-dose ARB compared to 3.2 - 3.5 ml/ min/year for the other 3 groups (p
= 0.0005). There were more patients on high-dose ARB with improvement in eGFR
compared to other 3 groups (p < 0.001). CONCLUSION: Data from this study suggest that
high-dose ARB therapy is more efficacious in reducing proteinuria and preserving renal
function when compared with normal dose ARB and ACEI. In Year 5, patients on high-dose
ARB had a gain in eGFR suggesting that there is possibility of recovery of renal function in
these patients on long-term high-dose therapy.
Xie, D., F. F. Hou, et al. (2011). "High level of proteinuria during treatment with renin-angiotensin
inhibitors is a strong predictor of renal outcome in nondiabetic kidney disease." Journal of Clinical
Pharmacology 51(7): 1025-1034.
This study investigated whether proteinuria not only could serve as a marker of renal
outcome but also could monitor the renoprotection of renin-angiotensin system (RAS)
inhibitor treatment in patients with nondiabetic chronic kidney disease (CKD). Data from the
Renoprotection of Optimal Antiproteinuric Doses (ROAD) trial were used to examine the
contribution of the antiproteinuric effect of benazepril and losartan on renal outcome (the
primary composite end point of doubling of serum creatinine and end-stage renal disease or
death) in 339 Chinese nondiabetic CKD patients with overt proteinuria and renal
insufficiency. The degree of proteinuria at month 6 of treatment (residual proteinuria) and
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during follow-up (time-average proteinuria) showed a close relationship with renal end
points. Lowering of proteinuria reduced the risk of renal progression in patients with high, as
well as low, proteinuria at baseline. After adjustment for baseline risk markers, therapyinduced change in these variables at month 6 and during follow-up--high residual proteinuria
and time-average proteinuria (>= 1.0 g/d)--remained the independent predictors for renal end
points. Therefore, minimization of proteinuria at least to less than 1.0 g/d should be a
therapeutic goal in the management of nondiabetic patients with heavy proteinuria and renal
insufficiency.
Yu, L.-T., J. Zhu, et al. (2011). "Telmisartan, ramipril, or both in high-risk Chinese patients: analysis
of ONTARGET China data." Chinese Medical Journal 124(12): 1763-1768.
BACKGROUND: The results from the ONgoing Telmisartan Alone and in combination with
Ramipril Global Endpoint Trial (ONTARGET) indicated that the angiotensin-receptor
blocker telmisartan was not inferior to the angiotensin-converting-enzyme inhibitor ramipril
in reducing the composite endpoint of cardiovascular death, myocardial infarction, stroke or
hospitalization for congestive heart failure in high-risk patients, and telmisartan was
associated with slightly superior tolerability. The combination of the two drugs was
associated with more adverse events without an increase in benefit. This study aimed to
analyze the data from ONTARGET obtained from a subgroup of patients enrolled in China
and to evaluate the demographic and baseline characteristics, the compliance, efficacy, and
safety of the different treatment strategies in randomized patients in China. METHODS: A
total of 1159 high-risk patients were randomized into three treatment groups: with 390
assigned to receive 80 mg of telmisartan, 385 assigned to receive 10 mg of ramipril and 384
assigned to receive both study medications. The median follow-up period was 4.3 years.
RESULTS: The mean age of Chinese patients was 65.6 years, 73.6% of patients were male.
The proportion of patients with stroke/transient ischemic attacks at baseline in China was two
times more than the entire study population (47.7% vs. 20.9%). In Chinese patients the
proportion of permanent discontinuation of study medication due to cough was 0.5% in the
telmisartan group, which was much less than that in the combination or the ramipril group.
There were no significant differences in the incidence of primary outcome among three
treatment groups of Chinese patients. More strokes occurred in Chinese patients than in the
entire study population (8.5% vs. 4.5%). Greater systolic blood pressure reduction (-9.8
mmHg), and more renal function failure were noted in the combination treatment group than
in the ramipril or telmisartan group (2.6% vs. 1.6% and 1.0%). CONCLUSIONS: There was
no evidence that the results of ONTARGET differed between Chinese patients and the entire
study population with respect to the incidence of primary outcome, particularly safety.
Compliance with study medications was good. The evidence from ONTARGET indicated
that the treatment strategies in ONTARGET were applicable to patients in China.

Placebo-controlled trials
Gheorghiade M, Bohm M, Greene SJ, et al. Effect of aliskiren on postdischarge mortality and
heart failure readmissions among patients hospitalized for heart failure: the ASTRONAUT
randomized trial.[Erratum appears in JAMA. 2013 Apr 10;309(14):1461]. Jama 2013;309:112535.
IMPORTANCE: Hospitalizations for heart failure (HHF) represent a major health
burden, with high rates of early postdischarge rehospitalization and mortality.
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OBJECTIVE: To investigate whether aliskiren, a direct renin inhibitor, when added to
standard therapy, would reduce the rate of cardiovascular (CV) death or HF
rehospitalization among HHF patients.
DESIGN, SETTING, AND PARTICIPANTS: International, double-blind, placebocontrolled study that randomized hemodynamically stable HHF patients a median 5 days
after admission. Eligible patients were 18 years or older with left ventricular ejection
fraction (LVEF) 40% or less, elevated natriuretic peptides (brain natriuretic peptide
[BNP] > 400 pg/mL or N -terminal pro-BNP [NT-proBNP] > 1600 pg/mL), and signs
and symptoms of fluid overload. Patients were recruited from 316 sites across North and
South America, Europe, and Asia between May 2009 and December 2011. The follow-up
period ended in July 2012.
INTERVENTION: All patients received 150 mg (increased to 300 mg as tolerated) of
aliskiren or placebo daily, in addition to standard therapy. The study drug was continued
after discharge for a median 11.3 months. MAIN OUTCOME MEASURES
Cardiovascular death or HF rehospitalization at 6 months and 12 months.
RESULTS: In total, 1639 patients were randomized, with 1615 patients included in the
final efficacy analysis cohort (808 aliskiren, 807 placebo). Mean age was 65 years; mean
LVEF, 28%; 41% of patients had diabetes mellitus, mean estimated glomerular filtration
rate, 67 mL/min/1.73 m2. At admission and randomization, median NT-proBNP levels
were 4239 pg/mL and 2718 pg/mL, respectively. At randomization, patients were
receiving diuretics (95.9%), beta-blockers (82.5%), angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers (84.2%), and mineralocorticoid receptor
antagonists (57.0%). In total, 24.9% of patients receiving aliskiren (77 CV deaths, 153
HF rehospitalizations) and 26.5% of patients receiving placebo (85 CV deaths, 166 HF
rehospitalizations) experienced the primary end point at 6 months (hazard ratio [HR],
0.92; 95% CI, 0.76-1.12; P = .41). At 12 months, the event rates were 35.0% for the
aliskiren group (126 CV deaths, 212 HF rehospitalizations) and 37.3% for the placebo
group (137 CV deaths, 224 HF rehospitalizations; HR, 0.93; 95% CI, 0.79-1.09; P = .36).
The rates of hyperkalemia, hypotension, and renal impairment/renal failure were higher
in the aliskiren group compared with placebo.
CONCLUSION AND RELEVANCE: Among patients hospitalized for HF with reduced
LVEF, initiation of aliskiren in addition to standard therapy did not reduce CV death or
HF rehospitalization at 6 months or 12 months after discharge.
Maggioni, A. P., S. J. Greene, et al. (2013). "Effect of aliskiren on post-discharge outcomes
among diabetic and non-diabetic patients hospitalized for heart failure: insights from the
ASTRONAUT trial." European Heart Journal 34(40): 3117-3127.
AIMS: The objective of the Aliskiren Trial on Acute Heart Failure Outcomes
(ASTRONAUT) was to determine whether aliskiren, a direct renin inhibitor, would
improve post-discharge outcomes in patients with hospitalization for heart failure (HHF)
with reduced ejection fraction. Pre-specified subgroup analyses suggested potential
heterogeneity in post-discharge outcomes with aliskiren in patients with and without
baseline diabetes mellitus (DM).
METHODS AND RESULTS: ASTRONAUT included 953 patients without DM
(aliskiren 489; placebo 464) and 662 patients with DM (aliskiren 319; placebo 343) (as
reported by study investigators). Study endpoints included the first occurrence of
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cardiovascular death or HHF within 6 and 12 months, all-cause death within 6 and 12
months, and change from baseline in N-terminal pro-B-type natriuretic peptide (NTproBNP) at 1, 6, and 12 months. Data regarding risk of hyperkalaemia, renal impairment,
and hypotension, and changes in additional serum biomarkers were collected. The effect
of aliskiren on cardiovascular death or HHF within 6 months (primary endpoint) did not
significantly differ by baseline DM status (P = 0.08 for interaction), but reached
statistical significance at 12 months (non-DM: HR: 0.80, 95% CI: 0.64-0.99; DM: HR:
1.16, 95% CI: 0.91-1.47; P = 0.03 for interaction). Risk of 12-month all-cause death with
aliskiren significantly differed by the presence of baseline DM (non-DM: HR: 0.69, 95%
CI: 0.50-0.94; DM: HR: 1.64, 95% CI: 1.15-2.33; P < 0.01 for interaction). Among nondiabetics, aliskiren significantly reduced NT-proBNP through 6 months and plasma
troponin I and aldosterone through 12 months, as compared to placebo. Among diabetic
patients, aliskiren reduced plasma troponin I and aldosterone relative to placebo through
1 month only. There was a trend towards differing risk of post-baseline potassium >6
mmol/L with aliskiren by underlying DM status (non-DM: HR: 1.17, 95% CI: 0.71-1.93;
DM: HR: 2.39, 95% CI: 1.30-4.42; P = 0.07 for interaction).
CONCLUSION: This pre-specified subgroup analysis from the ASTRONAUT trial
generates the hypothesis that the addition of aliskiren to standard HHF therapy in nondiabetic patients is generally well-tolerated and improves post-discharge outcomes and
biomarker profiles. In contrast, diabetic patients receiving aliskiren appear to have worse
post-discharge outcomes. Future prospective investigations are needed to confirm
potential benefits of renin inhibition in a large cohort of HHF patients without DM.
Nicholls SJ, Bakris GL, Kastelein JJP, et al. Effect of aliskiren on progression of coronary
disease in patients with prehypertension: the AQUARIUS randomized clinical trial. Jama
2013;310:1135-44.
IMPORTANCE: Blood pressure reduction and renin-angiotensin-aldosterone system
inhibition are targets for treatment of atherosclerosis. The effect of renin inhibition on
coronary disease progression has not been investigated.
OBJECTIVE: To determine the effects of renin inhibition with aliskiren on progression
of coronary atherosclerosis.
DESIGN, SETTING, AND PARTICIPANTS: A double-blind, randomized, multicenter
trial (Aliskiren Quantitative Atherosclerosis Regression Intravascular Ultrasound Study)
comparing aliskiren with placebo in 613 participants with coronary artery disease,
systolic blood pressure between 125 and 139 mm Hg (prehypertension range), and 2
additional cardiovascular risk factors conducted at 103 academic and community
hospitals in Europe, Australia, and North and South America (enrollment from March
2009 to February 2011; end of follow-up: January 31, 2013).
INTERVENTIONS: Participants underwent coronary intravascular ultrasound (IVUS)
imaging and were randomized to receive 300 mg of aliskiren (n=305) or placebo (n=308)
taken orally daily for 104 weeks. Disease progression was measured by repeat IVUS
examination after at least 72 weeks of treatment.
MAIN OUTCOMES AND MEASURES: The primary efficacy parameter was the change
in percent atheroma volume (PAV) from baseline to study completion. Secondary
efficacy parameters included the change in normalized total atheroma volume (TAV) and
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the percentage of participants with atheroma regression. Safety and tolerability were also
assessed.
RESULTS: Evaluable imaging data were available at baseline and follow-up for 458
participants (74.7%). The primary IVUS efficacy parameter, PAV, did not differ between
participants treated with aliskiren (-0.33%; 95% CI, -0.68% to 0.02%) and placebo
(0.11%; 95% CI, -0.24% to 0.45%) (between-group difference, -0.43% [95% CI, -0.92%
to 0.05%]; P=.08). The secondary IVUS efficacy parameter, TAV, did not differ between
participants treated with aliskiren (-4.1 mm3; 95% CI, -6.27 to -1.94 mm3) and placebo (2.1 mm3; 95% CI, -4.21 to 0.07 mm3) (between-group difference, -2.04 mm3 [95% CI, 5.03 to 0.95 mm3]; P=.18). There were no significant differences in the proportion of
participants who demonstrated regression of PAV (56.9% vs 48.9%; P=.08) and TAV
(64.4% vs 57.5%; P=.13) in the aliskiren and placebo groups, respectively.
CONCLUSIONS AND RELEVANCE: Among participants with prehypertension and
coronary artery disease, the use of aliskiren compared with placebo did not result in
improvement or slowing of progression of coronary atherosclerosis. These findings do
not support the use of aliskiren for regression or prevention of progression of coronary
atherosclerosis.
TRIAL REGISTRATION: clinicaltrials.gov Identifier: NCT00853827.
Parving H-H, Brenner BM, McMurray JJV, et al. Cardiorenal end points in a trial of aliskiren for
type 2 diabetes. New England Journal of Medicine 2012;367:2204-13.
BACKGROUND: This study was undertaken to determine whether use of the direct renin
inhibitor aliskiren would reduce cardiovascular and renal events in patients with type 2
diabetes and chronic kidney disease, cardiovascular disease, or both.
METHODS: In a double-blind fashion, we randomly assigned 8561 patients to aliskiren (300
mg daily) or placebo as an adjunct to an angiotensin-converting-enzyme inhibitor or an
angiotensin-receptor blocker. The primary end point was a composite of the time to
cardiovascular death or a first occurrence of cardiac arrest with resuscitation; nonfatal
myocardial infarction; nonfatal stroke; unplanned hospitalization for heart failure; end-stage
renal disease, death attributable to kidney failure, or the need for renal-replacement therapy
with no dialysis or transplantation available or initiated; or doubling of the baseline serum
creatinine level.
RESULTS: The trial was stopped prematurely after the second interim efficacy analysis.
After a median follow-up of 32.9 months, the primary end point had occurred in 783 patients
(18.3%) assigned to aliskiren as compared with 732 (17.1%) assigned to placebo (hazard
ratio, 1.08; 95% confidence interval [CI], 0.98 to 1.20; P=0.12). Effects on secondary renal
end points were similar. Systolic and diastolic blood pressures were lower with aliskiren
(between-group differences, 1.3 and 0.6 mm Hg, respectively) and the mean reduction in the
urinary albumin-to-creatinine ratio was greater (between-group difference, 14 percentage
points; 95% CI, 11 to 17). The proportion of patients with hyperkalemia (serum potassium
level, >6 mmol per liter) was significantly higher in the aliskiren group than in the placebo
group (11.2% vs. 7.2%), as was the proportion with reported hypotension (12.1% vs. 8.3%)
(P<0.001 for both comparisons).
CONCLUSIONS: The addition of aliskiren to standard therapy with renin-angiotensin
system blockade in patients with type 2 diabetes who are at high risk for cardiovascular and
renal events is not supported by these data and may even be harmful. (Funded by Novartis;
ALTITUDE ClinicalTrials.gov number, NCT00549757.).
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Persson, F., J. B. Lewis, et al. (2010). "Impact of baseline renal function on the efficacy and safety of
aliskiren added to losartan in patients with type 2 diabetes and nephropathy." Diabetes Care 33(11):
2304-2309.
OBJECTIVE: Proteinuric diabetic patients with reduced glomerular filtration rate (GFR) are
at high risk of renal and cardiovascular disease progression and treatment-related adverse
events. This post hoc analysis assessed the efficacy and safety of aliskiren added to the
maximal recommended dose of losartan according to baseline estimated GFR (eGFR) (stage
1-3 chronic kidney disease [CKD]). RESEARCH DESIGN AND METHODS: In the
Aliskiren in the Evaluation of Proteinuria in Diabetes (AVOID) study, 599 hypertensive
patients with type 2 diabetes and nephropathy received 6 months of aliskiren (150 mg daily
titrated to 300 mg daily after 3 months) or placebo added to 100 mg losartan and optimal
antihypertensive therapy. Exclusion criteria included eGFR<30 ml/min per 1.73 m2 and
serum potassium>5.1 mmol/l. RESULTS: Baseline characteristics were similar between
treatment groups in all CKD stages. The antiproteinuric effects of aliskiren were consistent
across CKD stages (19, 22, and 18% reduction). In the stage 3 CKD group, baseline serum
creatinine levels were equal, but renal dysfunction, prespecified as a postrandomization
serum creatinine elevation>176.8 mumol/l (2.0 mg/dl) occurred more frequently in the
placebo group (29.2 vs. 13.6%, P=0.032). Serum potassium elevations>5.5 mmol/l (based on
a single measurement) were more frequent with aliskiren (22.5 vs. 13.6%) in stage 3 CKD.
Adverse event rates were similar between treatments, irrespective of CKD stage.
CONCLUSIONS: Aliskiren added to losartan reduced albuminuria and renal dysfunction and
was well tolerated, except for hyperkalemia (stage 3), independent of baseline CKD stage in
patients with type 2 diabetes, hypertension, and nephropathy.
Pitt, B., R. Latini, et al. (2011). "Neurohumoral effects of aliskiren in patients with symptomatic
heart failure receiving a mineralocorticoid receptor antagonist: the Aliskiren Observation of Heart
Failure Treatment study." European Journal of Heart Failure 13(7): 755-764.
AIMS: We evaluated the influence of concomitant mineralocorticoid receptor antagonists
(MRAs) on the safety and neurohumoral effects of a direct renin inhibitor in the ALiskiren
Observation of Heart Failure Treatment (ALOFT) study. METHODS AND RESULTS:
Patients with stable New York Heart Association class II-IV heart failure (HF), plasma Btype natriuretic peptide (BNP) concentration >100 pg/mL, and treated with an angiotensinconverting enzyme inhibitor (or angiotensin receptor blocker) and beta-blocker were
randomized to once-daily, double-blind treatment with aliskiren 150 mg or placebo, added to
optimal HF therapy, for 12 weeks. Safety, tolerability, and effects of aliskiren on
neurohumoral biomarkers were assessed in patients who received (MRA+) and did not
receive (MRA-) MRA treatment at baseline. Of the 302 randomized patients, 101 were
receiving MRA treatment (aliskiren, n = 52; placebo, n = 49). Mineralocorticoid receptor
antagonist status did not affect the ability of aliskiren 150 mg, added to standard HF therapy,
to lower BNP, N-terminal proBNP, plasma renin activity, and urinary aldosterone. For
example, the end-of-study to baseline ratio of geometric mean for BNP was: MRA+ group:
aliskiren 0.68 [95% confidence interval (CI) 0.47, 0.98], placebo 0.85 (0.58, 1.24); MRAgroup: aliskiren 0.62 (0.45, 0.84), placebo 0.85 (0.63, 1.15), interaction P= 0.720. The
incidence of pre-specified adverse events (renal dysfunction, symptomatic hypotension, and
hyperkalaemia) was low, and there were no significant differences between aliskiren and
placebo in either MRA subgroup. CONCLUSION: Aliskiren 150 mg added to standard HF
therapy was well tolerated over 12 weeks and provided beneficial changes in neurohumoral
biomarkers regardless of concomitant MRA treatment.
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Solomon, S. D., S. H. Shin, et al. (2011). "Effect of the direct renin inhibitor aliskiren on left
ventricular remodelling following myocardial infarction with systolic dysfunction." European Heart
Journal 32(10): 1227-1234.
AIMS: Direct renin inhibitors provide an alternative approach to inhibiting the reninangiotensin-aldosterone system (RAAS) at the most proximal, specific, and rate-limiting
step. We tested the hypothesis that direct renin inhibition would attenuate left ventricular
remodelling in patients following acute myocardial infarction receiving stable, individually
optimized therapy, including another inhibitor of the RAAS. METHODS AND RESULTS:
We randomly assigned 820 patients between ~2 and 8 weeks following acute myocardial
infarction, with the left ventricular ejection fraction (LVEF) <=45%, and regional wall
motion abnormalities (>=20% akinetic area), to receive aliskiren (n = 423), titrated to 300
mg, or matched placebo (n = 397), added to the standard therapy. All patients were required
to be on a stable dose of an ACE-inhibitor or ARB, and beta-blocker unless contraindicated
or not tolerated. Echocardiograms were obtained at baseline, and following 26-36 weeks of
treatment. The primary endpoint was change in left ventricular end-systolic volume from
baseline to 36 weeks, and was evaluable in 329 patients in the placebo group and 343 patients
in the aliskiren group. We observed no difference in the primary endpoint of end-systolic
volume change between patients randomized to aliskiren (-4.4 +/- 16.8 mL) or placebo (-3.5
+/- 16.3 mL), or in secondary measures of end-diastolic volume, or LVEF. We also observed
no differences in a composite endpoint of cardiovascular death, hospitalization for heart
failure, or reduction in LVEF >6 points. There were more investigator reported adverse
events in the aliskiren group, including hypotension, increases in creatinine and
hyperkalaemia. CONCLUSION: Adding the direct renin inhibitor aliskiren to the standard
therapy, including an inhibitor of the RAAS, in high-risk post-MI patients did not result in
further attenuation of left ventricular remodelling, and was associated with more adverse
effects. These findings do not suggest that dual RAAS blockade with aliskiren would provide
additional benefit in these high-risk post-MI patients.
Testani, J. M., S. E. Kimmel, et al. (2011). "Prognostic importance of early worsening renal function
after initiation of angiotensin-converting enzyme inhibitor therapy in patients with cardiac
dysfunction." Circulation: Heart Failure 4(6): 685-691.
BACKGROUND: Worsening renal function (WRF) in the setting of heart failure has been
associated with increased mortality. However, it is unclear if this decreased survival is a
direct result of the reduction in glomerular filtration rate (GFR) or if the mechanism
underlying the deterioration in GFR is driving prognosis. Given that WRF in the setting of
angiotensin-converting enzyme inhibitor (ACE-I) initiation is likely mechanistically distinct
from spontaneously occurring WRF, we investigated the relative early WRF-associated
mortality rates in subjects randomized to ACE-I or placebo. METHODS AND RESULTS:
Subjects in the Studies Of Left Ventricular Dysfunction (SOLVD) limited data set (n=6337)
were studied. The interaction between early WRF (decrease in estimated GFR >=20% at 14
days), randomization to enalapril, and mortality was the primary end point. In the overall
population, early WRF was associated with increased mortality (adjusted hazard ratio [HR],
1.2; 95% CI, 1.0-1.4; P=0.037). When analysis was restricted to the placebo group, this
association strengthened (adjusted HR, 1.4; 95% CI, 1.1-1.8; P=0.004). However, in the
enalapril group, early WRF had no adverse prognostic significance (adjusted HR, 1.0; 95%
CI, 0.8-1.3; P=1.0; P=0.09 for the interaction). In patients who continued to receive study
drug despite early WRF, a survival advantage remained with enalapril therapy (adjusted HR,
0.66; 95% CI, 0.5-0.9; P=0.018). CONCLUSIONS: These data support the notion that the
mechanism underlying WRF is important in determining its prognostic significance.
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Specifically, early WRF in the setting of ACE-I initiation appears to represent a benign event
that is not associated with a loss of benefit from continued ACE-I therapy.

Villa G, Le Breton S, Ibram G, Keefe DL. Efficacy, safety, and tolerability of aliskiren
monotherapy administered with a light meal in elderly hypertensive patients: a randomized,
double-blind, placebo-controlled, dose-response evaluation study. Journal of clinical
pharmacology 2012;52:1901-11.
This randomized, double-blind, placebo-controlled study assessed the efficacy, safety,
and tolerability of aliskiren 75, 150, and 300 mg to clarify the dose-response relationship
and characterize the optimum aliskiren dose when given with a light meal to elderly
hypertensive patients. After washout, 754 patients aged >65 years with hypertension
(mean sitting systolic blood pressure [msSBP] >150 and <180 mm Hg; mean sitting
diastolic blood pressure [msDBP] <110 mm Hg) were randomized to aliskiren 75, 150, or
300 mg or placebo for 8 weeks; medication was taken each morning with a light meal.
The primary efficacy variable was change in msSBP from baseline to week 8 end point.
Change from baseline in msDBP and dose-response curves for aliskiren 75, 150, and 300
mg were also assessed. At week 8 end point, all 3 aliskiren doses provided significantly
greater least squares mean reductions in msSBP/msDBP (75 mg, 13/5 mm Hg; 150 mg,
15/6 mm Hg; 300 mg, 14/7 mm Hg) compared with placebo (8/4 mm Hg; P < .05).
Aliskiren was generally well tolerated at all doses. There was a significant dose-response
relationship for aliskiren, with an estimated minimum effective dose of 81.9 mg. In
conclusion, aliskiren 150 and 300 mg provided effective blood pressure control in elderly
Webb NJA, Shahinfar S, Wells TG, et al. Losartan and enalapril are comparable in
reducing proteinuria in children. Kidney International 2012;82:819-26.
Angiotensin-converting enzyme inhibitors and angiotensin II type I receptor blockers
delay progression of chronic kidney disease and have antiproteinuric effects beyond their
effects on blood pressure. They are routinely used in adults; however, their efficacy and
safety in children, in whom the causes of chronic kidney disease are significantly
different relative to adults, is uncertain. Here we assessed an open-label extension of a
previous 3-month blinded trial, in which the efficacy and tolerability of losartan was
compared to placebo or amlodipine in 306 normotensive and hypertensive children with
proteinuria. In this study, 268 children were re-randomized to losartan or enalapril and
followed until 100 patients completed 3 years of follow-up for proteinuria and renal
function. The least squares percent mean reduction from baseline in the urinary
protein/creatinine ratio was 30.01% for losartan and 40.45% for enalapril. The least
squares mean change from baseline in eGFR was 3.3ml/min per 1.73m2 for losartan and
7.0ml/min per 1.73m2 for enalapril. The incidence of specific adverse events such as
hyperkalemia and renal dysfunction was low and similar in both groups. Both were
generally well tolerated and, overall, fewer drug-related adverse events occurred with
losartan than with enalapril. Thus, in children with proteinuria, losartan and enalapril
significantly reduced proteinuria without any appreciable changes in eGFR, effects that
were maintained throughout the study. Both losartan and enalapril were generally well
tolerated.patients when given with a light meal.
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Appendix C. Safety Warnings
Warning about Fetal Toxicity
Safety Labeling Changes Approved By US Food and Drug Administration Center for Drug
Evaluation and Research – January 2012
























Accupril (quinapril hydrochloride) 5 mg, 10 mg 20 mg, 40 mg Tablets
Accuretic (quinapril HCl/ hydrochlorothiazide) 10/12.5 mg, 20/12.5 mg, 20/25 mg
Tablets
Altace (ramipril) 1.25, 2.5, 5, and 10 mg Tablets
Avalide (irbesartan/hydrochlorothiazide) Tablets, 150/12.5 mg and 300/12.5 mg
Avapro (irbesartan) 75 mg, 150 mg, and 300 mg Tablets
Azor (amlodipine/olmesartan) 5/20 mg, 10/20 mg, 5/40 mg, and 10/40 mg Tablets
Benicar HCT (olmesartan medoxomil/hydrochlorothiazide) 20/12.5 mg, 40/12.5 mg, and
40/25 mg Tablets
Diovan (valsartan) 40 mg, 80 mg, 160 mg, and 320 mg Tablets
Diovan HCT (valsartan/hydrochlorothiazide) 80/12.5 mg, 160/12.5 mg,160/25 mg,
320/12.5 mg, and 320/25 mg Tablets
Exforge (amlodipine/valsartan) 5/160 mg, 10/160 mg, 5/320 mg, and 10/320 mg Tablets
Exforge HCT (amlodipine/valsartan/hydrochlorothiazide) 5/160/12.5 mg, 10/160/12.5
mg, 5/160/25 mg, 10/160/25 mg, and 10/320/25 mg Tablets
Lotensin (benazepril) 5 mg, 10 mg, 20 mg, and 40 mg Tablets
Lotensin HCT (benazepril/hydrochlorothiazide) 5/6.25 mg, 10/12.5 mg, 20/12.5 mg, and
25/25/mg Tablets
Lotrel (amlodipine besylate and benazepril hydrochloride) 2.5/10 mg, 5/10 mg, 5/20 mg,
10/20 mg, 5/40 mg, and 10/40 mg Tablets
Mavik (trandolapril) 1 mg, 2 mg and 4 mg Tablets
Micardis (telmisartan) 20 mg, 40 mg, and 80 mg Tablets
Micardis HCT (telmisartan/hydrochlorothiazide) 40/12.5 mg, 80/12.5 mg, and 80/25 mg
Tablets
Tarka (trandolapril/verapamil hydrochloride) 2/180 mg, 1/240 mg 2/240 mg and 4/240
mg Tablets
Teveten (eprosartan mesylate) 400 mg and 600 mg Tablets
Teveten HCT (eprosartan mesylate/hydrochlorothiazide) 600/12.5 mg and 600/25 mg
Tablets
Tribenzor (olmesartan medoxomil/amlodipine/hydrochlorothiazide) 20/5/12.5 mg,
40/5/12.5 mg, 40/5/25 mg, 40/10/12.5 and 40/10/25 mg Tablets
Univasc (moexipril hydrochloride) 7.5 mg and 15 mg Tablets
Uniretic (moexipril hydrochloride/hydrochlorothiazide) 7.5/12.5 mg, 15/12.5 mg and
15/25 mg Tablets

Added to the above list, before or after January 2012, are individual safety labeling changes
below (Note that the exact wording of the precaution may be slightly different than what is
provided below from the January 2012 safety labeling change)
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Aceon (perindopril erbumine) tablets (Apr 2012)
Atacand (candesartan cilexetil) Tablets (Apr 2012)
Atacand HCT (candesartan cilextetil/hydrochlorothiazide) Tablets (Mar 2012)
Capoten (captopril) Tablets (Dec 2011)
Cozaar (losartan potassium) Tablets (Jan 2014)
Edarbi (azilsartan medoxomil) Tablets (Dec 2011)
Prinivil (lisinopril) and Prinzide (lisinopril/hydrochlorothiazide) Tablets (Jun 2012)
Tekturna (aliskiren) and Tekturna HCCT (aliskiren/hydrochlorothiazide) Tablets (Feb
2012)
Valturna (aliskiren/valsartan) Tablets (Feb 2012)
Vasotec (enalapril maleate) and Vaseretic (enalapril maleate/hydrochlorothiazide)
Tablets (Feb 2012)

BOXED WARNING
WARNING: FETAL TOXICITY
See full prescribing information for complete boxed warning



When pregnancy is detected, discontinue [xxx] as soon as possible
Drugs that act directly on the renin-angiotensin system can cause injury and death to the
developing fetus

WARNINGS AND PRECAUTIONS

Fetal Toxicity
Pregnancy Category D


Use of drugs that act on the renin-angiotensin system during the second and trimesters of
pregnancy reduces.....

USE IN SPECIAL POPULATIONS

Pregnancy
Pregnancy Category D


Use of drugs that act on the renin-angiotensin system during the second and third
trimesters of pregnancy reduces fetal renal function and increases fetal and neonatal
morbidity and death.....

Pediatric Use [new section]
Neonates with a history of in utero exposure to [xxx]:

DRI_ACE_AIIRA

289

Page 34 of 39

Preliminary Scan Report #2



Drug Effectiveness Review Project

If oliguria or hypotension occurs, direct attention toward support of blood pressure and
renal perfusion. Exchange transfusions or dialysis may be required as a means of
reversing hypotension and/or substituting for disordered renal function.

Warning against Dual Blockade of the Renin-Angiotensin System
Safety Labeling Changes Approved By US Food and Drug Administration Center for Drug
Evaluation and Research – September 2012
All drugs in this report now carry a warning about dual blockade of the renin-angiotensin system
by combining a DRI with an ACE-I or and ARB, such as the following:
Dual blockade of the RAS with angiotensin receptor blockers, ACE inhibitors, or aliskiren is
associated with increased risks of hypotension, hyperkalemia, and changes in renal function
(including acute renal failure) compared to monotherapy. Closely monitor blood pressure,
renal function and electrolytes in patients on xxxx and other agents that affect the RAS. Do
not co-administer aliskiren with xxxx in patients with diabetes. Avoid use of aliskiren with
xxxx in patients with renal impairment (GFR <60ml/min).




















Accupril (quinapril hydrochloride) 5 mg, 10 mg, 20 mg and 40 mg Tablets
Accuretic (quinapril HCL/hydrochlorothiazide) 10/12.5 mg, 20/12.5 mg and 20/25 mg
Tablets
Avapro (irbesartan) 75 mg, 150 mg, and 300 mg tablets
Azor (amlodipine/olmesartan medoxomil) 5/20 mg, 5/40 mg, 10/20 mg and 10/40 mg
Tablets
Benicar (olmesartan medoxomil) 5 mg 20 mg and 40 mg Tablets
Benicar HCT (olmesartan medoxomil/hydrochlorothiazide) 20/12.5 mg, 40/12.5 mg and
40/25 mg Tablets
Cozaar (losartan potassium) 25 mg, 50 mg and 100 mg Tablets
Hyzaar (losartan potassium/HCTZ) 50/12.5 mg, 100/25 mg, and 100/12.5 mg Tablets
Lotensin (benazepril HCl) 5 mg, 10 mg 20 mg and 40 mg Tablets
Lotensin HCT (benazepril HCl and hydrochlorothiazide) 5/6.25 mg, 10/12.5 mg 20/12.5
mg and 20/25 mg Tablets
Mavik (trandolapril) 1 mg, 2 mg and 4 mg Tablets
Tarka (trandolapril/verapamil hydrochloride) 2/180 mg, 1/240 mg, and 4/240 mg Tablets
Teveten (eprosartan mesylate) 400 mg and 600 mg Tablets
Teveten HCT (eprosartan mesylate hydrochlorothiazide) 600/12.5 mg and 600/25 mg
Tablets
Tribenzor (olmesartan medoxomil amlodipine/hydrochlorothiazide) 20/5/12.5 mg,
40/5/12.5 mg, 40/5/25 mg 40/10/12.5 and 40/10/25 mg Tablets
Uniretic (moexipril hydrochloride/hydrochlorothiazide) 7.5/12.5 mg, 15/12.5 mg and
15/25 mg Tablets
Vaseretic (enalapril maleate/hydrochlorothiazide) 10/25 mg Tablets
Vasotec (enalapril maleate) 2.5 mg, 5 mg, 10 mg, and 20 mg Tablets
Univasc (moexipril hydrochloride) 7.5 mg and 15 mg Tablets
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Added to the above list, before or after September 2012, are individual safety labeling changes
below (Note that the exact wording of the precaution may be slightly different than what is
provided below from the September 2012 safety labeling change)






Diovan (valsartan) Tablets and Diovan HCT (valsartan/hydrochlorothiazide (Oct 2012)
Capoten (captopril) Tablets (Aug 2012)
Edarbi (azilsartan medoxomil) and Dearbyclor (azilsartan medoxomil/chlorthalidone)
Tablets (Oct 2012)
Avalide (irbesartan/hydrochlorothiazide) tablets (Oct 2012)
Prinivil (lisinopril) and Prinizide (lisinopril/hydrochlorothiazide) Tablets (Nov 2011)

CONTRAINDICATIONS


Do not co-administer aliskiren with xxxx in patients with diabetes (see PRECAUTIONS,
Drug Interactions).

PRECAUTIONS

Drug Interactions
Dual Blockade of the Renin-Angiotensin System (RAS)


Dual blockade of the RAS with angiotensin receptor blockers, ACE inhibitors, or
aliskiren is associated with increased risks of hypotension, hyperkalemia, and changes in
renal function (including acute renal failure) compared to monotherapy. Closely monitor
blood pressure, renal function and electrolytes in patients on xxxx and other agents that
affect the RAS. Do not co-administer aliskiren with xxxx in patients with diabetes. Avoid
use of aliskiren with xxxx in patients with renal impairment (GFR <60ml/min).

Dual Blockade of the Renin-Angiotensin-Aldosterone System




Telmisartan: The ONTARGET trial enrolled 25,620 patients >55 years old with
atherosclerotic disease or diabetes with end-organ damage, randomized them to
telmisartan only, ramipril only, or the combination, and followed them for a median of 56
months. Patients receiving the combination of telmisartan and ramipril did not obtain any
benefit in the composite endpoint of cardiovascular death, MI, stroke and heart failure
hospitalization compared to monotherapy, but experienced an increased incidence of
clinically important renal dysfunction (death, doubling of serum creatinine, or dialysis)
compared with groups receiving telmisartan alone or ramipril alone. Concomitant use of
telmisartan and ramipril is not recommended. (Nov 2009)
Ramipril and Ramiprilat: Co-administration of telmisartan 80 mg qd and ramipril 10 mg
qd to healthy subjects increases steady-state Cmax and AUC of ramipril 2.3 and 2.1 fold,
respectively, and Cmax and AUC of ramiprilat 2.4 and 1.5 fold, respectively. In contrast,
Cmax and AUC of telmisartan decrease by 31% and 16%, respectively. When
coadministering telmisartan and ramipril, the response may be greater because of the
possibly additive pharmacodynamic effects of the combined drugs, and also because of
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the increased exposure to ramipril and ramiprilat in the presence of telmisartan. (Aug
2009)
Warning against Coadministration of NSAIDS
Safety Labeling Changes Approved By US Food and Drug Administration Center for Drug
Evaluation and Research – August 2011
ACE-Is and ARBs now have a warning or precaution statement about con-administration of
NSAIDs.





Altace (ramipril) Tablets
Avapro (irbesartan) Tablets
Zestoretic (lisinopril and hydrochlorothiazide) Tablets
Zestril (lisinopril) Tablets

Added to the above list, before or after August 2011, are individual safety labeling changes
below (Note that the exact wording of the precaution may be slightly different than what is
provided below from the August 2011 safety labeling change)

















Mavik (trandolapril) Tablets (Sep 2011)
Diovan HCT (valsartan/hydrochlorothiazide) Tablets (Feb 2012)
Aceon (perindopril erbumine) Tablets (Aug 2011)
Valturna (aliskiren/valsartan) Tablets (May 2011)
Tekturna (aliskiren) and Tekturna HCT (aliskiren/hydrochlorothiazide) Tablets (Feb
2012)
Teveten (eprosartan mesylate) Tablets (May 2011)
Benicar HCT (olmesartan medoxomil/hydrochlorothiazide) Tablets (May 2011)
Micardis HCT (telmisartan/hydrochlorothiazide) Tablets (May 2011)
Benicar (olmesartan medoxomil) Tablets (Jun 2011)
Capoten (captopril) Tablets (May 2011)
Diovan (valsartan) Tablets (Jun 2011)
Atacand (candesartan cilexetil) and Atacand HCT (candesartan
cilexetil/hydrochlorothiazide Tablets (Jun 2011)
Avalide (irbesartan/hydrochlorothiazide) Tablets (Jun 2011)
Lotensin HCT (benazepril HCl and hydrochlorothiazide) Tablets (Jun 2011)
Uniretic (moexipril hydrochloride/hydrochlorothiazide) Tablets (Aug 2011)
Vasotec (enalapril maleate) and Vaseretic (enalapril maleate/hydrochlorothiazide)
Tablets (Feb 2012)

PRECAUTIONS

Drug Interactions
Non-Steroidal Anti-Inflammatory Agents including Selective Cyclooxygenase – 2 Inhibitors
(COX-2 Inhibitors)
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In patients who are elderly, volume-depleted (including those on diuretic therapy), or
with compromised renal function, coadministration of NSAIDs, including selective
COX-2 inhibitors, with angiotensin II receptor antagonists, including irbesartan, may
result in deterioration of renal function, including possible acute renal failure. These
effects are usually reversible. Monitor renal function periodically in patients receiving
irbesartan and NSAID therapy.
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Drug Effectiveness Review Project – Literature Scan Summary
Month/Year of Review: January 2015
PDL Classes: Renin Angiotensin System Drugs and Combinations

Date of Last Review: January 2014
Source Document: OSU College of Pharmacy,
Drug Effectiveness Review Project

Current Status of PDL Class:
Current Preferred Drugs

Current Non‐Preferred Drugs
Angiotensin Converting Enzyme Inhibitors
Benazepril (Lotensin)
Captopril (generic)
Enalapril (Vasotec)
Enalapril oral susp (Epaned)
Lisinopril (Prinivil; Zestril)
Fosinopril (generic)
Ramipril (Altace)
Moexipril (Univasc)
Quinapril (Accupril)
Trandolapril (Mavik)
Perindopril (Aceon)
Angiotensin II Receptor Antagonists
Olmesartan (Benicar)
Azilsartan (Edarbi)
Losartan (Cozaar)
Candesartan (Atacand)
Telmisartan (Micardis)
Eprosartan (Teveten)
Irbesartan (Avapro)
Valsartan (Diovan)
Direct Renin Inhibitors
Aliskiren (Tekturna)
Fixed Combination HCTZ Products
Benazepril/HCTZ (Lotensin HCT)
Captopril/HCTZ (generic)
Enalapril/HCTZ (Vaseretic)
Fosinopril/HCTZ (generic)
Lisinopril/HCTZ (Prinzide; Zestoretic)
MoexiprilHCTZ (Uniretic)
Losartan/HCTZ (Hyzaar)
Quinapril/HCTZ (Accuretic)

Olmesartan/HCTZ (Benicar HCT)
Telmisartan/HCTZ (Micardis HCT)

Candesartan/HCTZ (Atacand HCT)
Eprosartan/HCTZ (Teveten HCT)
Irbesartan/HCTZ (Avalide)
Valsartan/HCTZ (Diovan HCT)
Aliskiren/HCTZ (Tekturna HCT)

Abbreviations: HCTZ = hydrochlorothiazide; susp = suspension

Previous Conclusions and Recommendations:
 There is moderate quality evidence that dual blockade of the renin‐angiotensin system (RAS) does not provide any
benefit in all‐cause mortality and cardiovascular (CV) mortality compared with monotherapy. There is also an
increased risk of hyperkalemia, hypotension, renal failure and withdrawal due to adverse events with dual therapy
compared to monotherapy.
 There is moderate quality evidence of no difference between ACE‐inhibitors (ACEI) and angiotensin II receptor
antagonists (AIIRA) in mortality, CV mortality, hospitalizations, and stroke.
1
Author: A Gibler, Pharm.D.
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The JNC8 guideline recommends ACEIs, AIIRAs, thiazide diuretics or calcium channel blockers as options for initial
treatment of hypertension (HTN) in the general non‐black population based on comparable efficacy on overall
mortality, CV, and cerebrovascular outcomes.
There is insufficient evidence evaluating azilsartan/chlorthalidone combination therapy on long term clinical
outcomes; maintain as non‐preferred.
There is no new comparative efficacy or safety evidence for preference of one agent over another within each class;
no further review or research is needed.

Research Questions:
 For adults diagnosed with coronary heart disease, hypertension, left ventricular dysfunction, heart failure, non‐
diabetic chronic kidney disease, or diabetic nephropathy, what are the inter‐class differences in effectiveness and
harms between ACEIs, AIIRAs and DRIs?
 Are there subgroups based on demographics (age, racial groups, gender), other medications, or co‐morbidities for
which there are inter‐class differences between ACEIs, AIIRAs and DRIs?
 Do fixed combination drug formulations containing an ACEI, ARB or DRI offer benefit in clinically relevant outcomes
compared to the respective free drug combination?
Conclusions and Recommendations:
 There is moderate quality evidence of no difference between ACEIs and AIIRAs in regards to reduction in mortality,
CV mortality, hospitalizations or stroke, or progression to chronic kidney disease. There is insufficient evidence at
this time to suggest DRIs offer any benefit in these clinically relevant outcomes.
 There is moderate quality evidence that risk of dry cough and angioedema associated with ACEIs is higher than with
AIIRAs or DRIs. Incidence of angioedema is also more common in heart failure patients than other populations.
However, angioedema remains a very rare adverse effect of ACEIs.
 There is moderate quality evidence that dual blockade of the RAS does not provide additional benefit in clinically
relevant outcomes compared with monotherapy and increases risk of harm, specifically the risk of hyperkalemia,
hypotension, renal failure and withdrawal due to adverse events.
 There is insufficient evidence that fixed combination drug formulations containing an ACEI, AIIRA or DRI offer
additional benefit in clinically relevant outcomes compared to the respective free drug combination.
 No further research is needed at this time. Evaluate comparative costs in the executive session.
Methods:
The DERP scan was used to identify any new comparative research on ACEIs, AIIRAs and DRIs since the last P&T review in
January 2014.1 An OVID MEDLINE search was also conducted to identify direct comparative studies of fixed combination
drug formulations containing an ACEI, AIIRA or DRI with the respective free drug combination on clinically relevant
outcomes such as mortality or morbidity.
Summary:
The DERP scan identified 18 direct comparative studies and 13 systematic reviews across all three drug classes since the
previous DERP scan was performed in 2012. No studies evaluating clinically relevant outcomes were identified with the
OVID MEDLINE search directly comparing fixed combination drug formulations containing an ACEI, AIIRA or DRI with the
free drug combination.
Reference:
1. Holmes R. Drug Class Review on Angiotensin Converting Enzyme Inhibitors, Angiotensin II Receptor Antagonists and
Direct Renin Inhibitors, Preliminary Update Scan 3, August 2014. Drug Effectiveness Review Project. Pacific
Northwest Evidence‐based Practice Center, Oregon Health & Science University.

Author: A Gibler, Pharm.D.
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Drug Class Review
HMG-CoA Reductase Inhibitors (Statins) and
Fixed-dose Combination Products Containing a
Statin
Preliminary Scan Report
August 2014
Last Report: Update #5 (November 2009)

The purpose of Drug Effectiveness Review Project reports is to make available information
regarding the comparative clinical effectiveness and harms of different drugs. Reports are not
usage guidelines, nor should they be read as an endorsement of or recommendation for any
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endorse any guideline or recommendation developed by users of these reports.
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OBJECTIVE
The purpose of this preliminary updated literature scan process is to provide the Participating
Organizations with a preview of the volume and nature of new research that has emerged
subsequent to the previous full review process. Provision of the new research presented in this
report is meant to assist with Participating Organizations’ consideration of allocating resources.
Comprehensive review, quality assessment, and synthesis of evidence from the full publications
of the new research presented in this report would follow only under the condition that the
Participating Organizations rule in favor of a full update. The literature search for this report
focuses only on new randomized controlled trials and comparative effectiveness reviews, and
actions taken by the U.S. Food and Drug Administration (FDA) since the last report. Other
important studies, including observational studies, could exist.
Date of Last Update Report
Update #5, November 2009 (searches through June 2009)
Date of Last Preliminary Update Scan Report
August 2013
Scope and Key Questions
The scope of the review and key questions were originally developed and refined by the Pacific
Northwest Evidence-based Practice Center with input from a statewide panel of experts
(pharmacists, primary care clinicians, pain care specialists, and representatives of the public).
Subsequently, the key questions were reviewed and revised by representatives of organizations
participating in the Drug Effectiveness Review Project (DERP). The Participating Organizations
of DERP are responsible for ensuring that the scope of the review reflects the populations, drugs,
and outcome measures of interest to both clinicians and patients. The Participating Organizations
approved the following key questions to guide the review:
1. How do statins and fixed-dose combination products containing a statin and another lipid
lowering drug compare in their ability to reduce LDL-c?
a. Are there doses for each statin or fixed-dose combination product containing a
statin and another lipid lowering drug that produce similar percent reduction in
LDL-c between statins?
b. Is there a difference in the ability of a statin or fixed-dose combination product
containing a statin and another lipid lowering drug to achieve National
Cholesterol Education Panel goals?
2. How do statins and fixed-dose combination products containing a statin and another lipid
lowering drug compare in their ability to raise HDL-c?
a. Are there doses for each statin or fixed-dose combination product containing a
statin and another lipid lowering drug that produce similar percent increase in
HDL-c between statins?

Statins

Page 2 of 59

297

Preliminary Scan Report #3

Drug Effectiveness Review Project

b. Is there a difference in the ability of a statin or fixed-dose combination product
containing a statin and another lipid lowering drug to achieve National
Cholesterol Education Panel goals?
4. How do statins and fixed-dose combination products containing a statin and another lipid
lowering drug compare in their ability to reduce the risk of nonfatal myocardial
infarction, coronary heart disease (angina), coronary heart disease mortality, all-cause
mortality, stroke, hospitalization for unstable angina, or need for revascularization
(coronary artery bypass graft, angioplasty, or stenting)?
5. Are there differences in effectiveness of statins and fixed-dose combination products
containing a statin and another lipid lowering drug in different demographic groups or in
patients with comorbid conditions (e.g., diabetes, obesity)?
6. Are there differences in the harms of statins or fixed-dose combination products
containing a statin and another lipid lowering drug when used in the general population
of children or adults?
7. Are there differences in the harms of statins or fixed-dose combination products
containing a statin and another lipid lowering drug when used in special populations or
with other medications (drug-drug interactions)? In addressing this question, we will
focus on the following populations:
a. Patients with HIV
b. Organ transplant recipients
c. Patients at high risk for myotoxicity (e.g., patients with a history of statinassociated muscle-related harms due to drug-drug/drug-food interactions, patients
co-administered fibrates, patients taking potent 3A4 inhibitors, elderly patients,
especially elderly females)
d. Patients at high risk for hepatotoxicity
e. Patients using fibrates (gemfibrozil, fenofibrate, fenofibric acid) or niacin
f. Children with nephrotic syndrome

INCLUSION CRITERIA
Populations





Outpatients targeted for primary or secondary prevention of coronary heart disease or
non-coronary forms of atherosclerotic disease with or without hypercholesterolemia.
Inpatients with acute coronary syndrome or undergoing revascularization (if the statin
was continued after hospital discharge and if health outcomes were reported).
Both children and adults will be included.

Children with familial hypercholesterolemia (homozygous or heterozygous) will
be included.
Exclusions: Adults with rare, severe forms of hypercholesterolemia (LDL-c >250mg/dl).

Statins
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Interventions
Table 1. Individual statins
Active ingredient
Atorvastatin
Fluvastatin
Fluvastatin extended release
Lovastatin
Lovastatin extended release
Pitavastatin
Pravastatin
Rosuvastatin
Simvastatin

Brand name
Lipitor
Lescol
Lescol XL
Generic
Altoprev*
Livalo
Pravachol
Crestor
Zocor

Table 2. Fixed-dose combination products containing a statin
Active ingredients
Brand name
Atorvastatin; ezetimibe
Liptruzet
Lovastatin; niacin extended release
Advicor
Simvastatin; ezetimibe
Vytorin*
Simvastatin; niacin extended release
Simcor*
*Not available in Canada
Shading indicates new drugs identified since the last update report

Exclusions: Caduet (atorvastatin; amlodipine)
Study designs
 For assessment of effectiveness, controlled clinical trials and systematic reviews.
 For assessment of harms, controlled clinical trials, observational studies, and systematic
reviews.
Comparators: Effectiveness and harms of individual statins
 For Key Questions 1 and 2, head-to-head trials comparing one statin to another.
 For other key questions, trials comparing a statin to placebo or another active comparator.
Comparators: Effectiveness and harms of fixed-dose combination products
containing a statin
 Head-to-head trials comparing one fixed-dose combination product to another.
 Trials comparing a fixed-dose combination product to an individual statin, placebo, or
another active comparator.
Exclusions: Trials comparing a fixed-dose combination product to the product’s individual
components given separately (co-administration).
Effectiveness outcomes
 Reduction in nonfatal MI, CHD, mortality (CHD and all-cause), stroke, and need for
revascularization (including coronary artery bypass grafting, angioplasty and coronary
stents)
 LDL-c lowering ability
 HDL-c raising ability
Statins
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Harms outcomes
 Overall adverse events
 Withdrawals due to adverse events
 Serious adverse events
 Specific adverse events (including, but not limited to, hepatotoxicity, myopathy,
rhabdomyolysis, renal toxicity, myalgia)

METHODS
Literature Search
To identify relevant citations, we searched Ovid MEDLINE and Ovid MEDLINE In-Process &
Other Non-Indexed Citations from August 2013 to July 25, 2014 using terms for included drugs.
We also searched the FDA website (http://www.fda.gov/medwatch/safety.htm) for identification
of new drugs, indications, and safety alerts. To identify comparative effectiveness reviews we
searched the websites of the Agency for Healthcare Research and Quality (http://www.ahrq.gov/)
(http://www.effectivehealthcare.ahrq.gov/), the Canadian Agency for Drugs and Technology in
Health (http://www.cadth.ca/), the VA Evidence-based Synthesis Program
(http://www.hsrd.research.va.gov/publications/esp/reports.cfm), and University of York Centre
for Reviews and Dissemination (http://www.york.ac.uk/inst/crd/crdreports.htm - “Our
Publications” and “Our Databases”).
Study Selection
One reviewer assessed abstracts of citations identified from literature searches for inclusion,
using the criteria described above.

RESULTS
New Drugs
Identified in this Preliminary Update Scan
None
Identified in previous Preliminary Update Scans
Liptruzet®: FDA approved a new fixed dose combination product comprised of atorvastatin and
ezetimibe on 5/3/2013 for the treatment of hyperlipidemia.
Juvisync™: FDA approved a new fixed dose combination product comprised of sitagliptin and
simvastatin on 10/7/2011 that is indicated in patients for whom treatment with both sitagliptin
and simvastatin is appropriate. Note: Juvisync has since been discontinued.
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Pitavastatin (brand name Livalo®) was FDA approved in August 2009 as an adjunctive therapy
to diet to reduce elevated total cholesterol, low-density lipoprotein cholesterol, apolipoprotein B,
triglycerides, and to increase high-density lipoprotein cholesterol.
New Indications
Identified in this Preliminary Update Scan
None
Identified in previous Preliminary Update Scans
February 2010: New indication for rosuvastatin (Crestor®) for the primary prevention of
cardiovascular disease (risk reduction of MI, stroke, and arterial revascularization procedures
in patients without clinically evident CHD, but with multiple risk factors), based on the
results of Justification for the Use of statins in Primary prevention: an Intervention Trial
Evaluating Rosuvastatin (JUPITER).
New Safety Alerts
Identified in this Preliminary Update Scan
None
Identified in previous Preliminary Update Scans
UPDATED 12/15/2011: FDA notified the public that it has revised the dose limitation for
simvastatin from 10 mg to 20 mg when it is co-administered with the cardiac drug amiodarone.
The simvastatin drug labels (Zocor and generics, Vytorin) have been updated to reflect this
correction.
Posted 06/08/2011: FDA notified healthcare professionals that it is recommending limiting the
use of the highest approved dose of the cholesterol-lowering medication simvastatin (80 mg)
because of increased risk of muscle damage. Patients taking simvastatin 80 mg daily have an
increased risk of myopathy compared to patients taking lower doses of this drug or other drugs in
the same class. This risk appears to be higher during the first year of treatment, is often the result
of interactions with certain medicines, and is frequently associated with a genetic predisposition
toward simvastatin-related myopathy. The most serious form of myopathy, called
rhabdomyolysis, can damage the kidneys and lead to kidney failure which can be fatal. FDA is
requiring changes to the simvastatin label to add new contraindications (should not be used with
certain medications) and dose limitations for using simvastatin with certain medicines.
Posted 03/19/2010: FDA notified healthcare professionals and patients that, based on review of
data from a large clinical trial and other sources, there is an increased risk of muscle injury in
patients taking the highest approved dose of the cholesterol-lowering medication, Zocor
(simvastatin) 80 mg, compared to patients taking lower doses of simvastatin and possibly other
drugs in the "statin" class. FDA is also reviewing data from other clinical trials, observational
studies, adverse event reports, and data on prescription use of simvastatin to better understand
the relationship between high-dose simvastatin use and muscle injury.
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Comparative Effectiveness Reviews
Reviews identified in this Preliminary Update Scan
In the present scan, we identified one new comparative effectiveness review. This review is an
update of the 2009 AHRQ Comparative Effectiveness Review on lipid-modifying agents and
was completed in February 2014. The citation for this updated review is listed below and the
structured abstract is provided in Appendix A.
1. Monroe AK, Gudzune KA, Sharma R, Chelladurai Y, Ranasinghe PD, Ansari MT,
Robinson KA. Combination Therapy Versus Intensification of Statin Monotherapy: An
Update. Comparative Effectiveness Review No. 132. (Prepared by the Johns Hopkins
University Evidence-based Practice Center under Contract No. 290-2012-00007-I.)
AHRQ Publication No. 14-EHC013-EF. Rockville, MD: Agency for Healthcare Research
and Quality; February 2014. www.effectivehealthcare.ahrq.gov/reports/final.cfm.
Reviews identified in previous Preliminary Update Scans
Two comparative effectiveness reviews were identified in previous preliminary update scans
published since the last update report. The citations for these reviews are listed below and the
research questions and research messages are provided in Appendix A.
2. Lipid Lowering Agents for Stroke Prevention: A Review of the Clinical Evidence, Safety
and Guidelines. Canadian Agency for Drugs and Technologies in Health. March 2012.
http://www.cadth.ca/media/pdf/htis/mar2012/RC0331%20Lipid%20Lowering%20Agents%20Final.pdf.
3. Statin Therapy in Adults with Diabetes: Clinical Efficacy. Canadian Agency for Drugs
and Technologies in Health. September 2011. http://www.cadth.ca/media/pdf/htis/sept2011/RB0419_Statins_final.pdf.
Controlled Clinical Trials
Trials identified in this Preliminary Update Scan
Medline searches for this scan resulted in 195 citations. Of those, there are 28 potentially
relevant new trials, including 13 head-to-head trials and 15 placebo-controlled trials.
Trials identified since the most recent Full Report
Since the most recent full report, we have identified a total of 72 new head-to-head trials and 43
new placebo-controlled trials. A list of head-to-head trials and a summary of their characteristics
is included in Table 3 and corresponding abstracts are available in Appendix B.
Six head-to-head trial publications reported health outcomes such as cardiovascular
mortality, hospitalization for cardiovascular morbidity, recurrent cardiovascular events,
myocardial infarction, unstable angina, revascularization, and stroke; five of which are secondary
publications of previously included trials (see Table 3). The one new unique trial with health
outcomes was evaluating the use of statins given immediately prior to percutaneous coronary
interventions. Sixty-six head-to-head trials reported intermediate outcomes such as changes to
LDL-C and/or HDL-C levels, 12 that are secondary publications of other trials. It is not clear if
all of these have been included in the last DERP report based on the abstracts.
Statins
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Table 3. Potentially relevant head-to-head trials reporting health and/or lipid outcomes
Secondary
analysis of a
previously
included
Author Year
Comparison
Population
Outcome
trial?
Long-term outcomes
Brouwers
Pravastatin 40 mg vs
Microalbuminuria
Cardiovascular
PREVEND IT
2011
fosinopril 20 mg
mortality and
hospitalization for
cardiovascular
morbidity
Gibson 2009
Atorvastatin 80 mg vs
Acute coronary
Major adverse
PROVE-IT
pravastatin 40 mg
syndrome, undergoing cardiovascular
PCI
events
Murphy 2009
Atorvastatin 80 mg vs
Acute coronary
Recurrent
PROVE-IT
pravastatin 40 mg
syndrome
cardiovascular
events
Truong 2011
Atorvastatin 80 mg vs
Women
Death, MI,
PROVE ITsimvastatin 20 to 40 mg
unstable angina,
TIMI 22
revascularization
(occurring after 30
days), or stroke
Pedersen
Atorvastatin 80 mg vs
Post-MI
Cardiovascular
IDEAL
2010
simvastatin 20 to 40 mg
events after 5
years
Sardella 2013
(1) Pre-PCI reloading
Patients with stable
Occurrence of
-dose of rosuvastatin 40
angina undergoing
major cardiac and
mg vs.
elective PCI
cerebrovascular
(2) Pre-PCI reloading
events
dose of atorvastatin 80
mg vs.
(3) Chronic statin
therapy without
reloading
Intermediate outcomes (lipids)
Araujo 2010
Simvastatin 80 mg vs.
Hypercholesterolemia
LDL-C
-simvastatin 10 mg +
ezetimibe 10 mg
Arimura 2012
Atorvastatin 10 mg vs.
Patients with stable
LDL-C
-atorvastatin/ezetimibe
angina undergoing
10/10 mg
coronary stent
implantation
Aslangul 2010 Rosuvastatin 10 mg vs.
HIV-1 infected patients LDL-C
-pravastatin 40 mg
treated with a boosted
protease inhibitor;
dyslipidemia
Averna 2011
Switching to
High-risk
LDL-C
Post hoc
ezetimibe/simvastatin
hypercholesterolemic
analysis
10/20 mg vs.
patients with and
rosuvastatin 10 mg
without metabolic
syndrome
Azar 2011
Atorvastatin 40 mg +
Patients with stable
LDL-C
-ezetimibe 10 mg vs.
coronary artery
atorvastatin 40 mg
disease or coronary
Statins
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Backes 2012

Rosuvastatin 80 mg vs.
atorvastatin 10 mg

Bahadir 2009

Rosuvastatin 10 mg vs.
atorvastatin 20 mg vs.
simvastatin 40 mg vs.
pravastatin 40 mg
Ezetimibe 10 mg +
simvastatin 20 mg vs.
simvastatin 40 mg
Study Period I:
(1) Atorvastatin 10 mg +
ezetimibe 10 mg vs.
(2) Atorvastatin to 20 mg
vs.
(3) Rosuvastatin 10 mg
Study Period II:
(1) Atorvastatin 10 mg +
ezetimibe 10 mg vs.
(2) Atorvastatin 20 mg +
ezetimibe 10 mg or
uptitration of atorvastatin
to 40 mg vs.
(3) Switching to
atorvastatin 20 mg +
ezetimibe 10 mg or
uptitration of
rosuvastatin to 20 mg
Rosuvastatin 20 mg vs.
simvastatin 20 mg

Bardini 2010
Bays 2013

Bellia 2010

Boh 2011
Eriksson
2011a

Generic (10-20 mg) or
reference atorvastatin
(20-40 mg)
Pitavastatin 4 mg vs.
simvastatin 40 mg

Eriksson
2011b

Pitavastatin 4 mg vs.
simvastatin 80 mg

Florentin 2011

Simvastatin 40 mg vs.
simvastatin/ezetimibe
10/10 mg
Ezetimibe/simvastatin
10/20 mg vs.
atorvastatin 10 or 20 mg

Foody 2010

Drug Effectiveness Review Project
artery disease
equivalent (diabetes,
stroke, or peripheral
vascular disease)
Dyslipidemia with LDLC > 100 mg/dl and
triglycerides < 200
mg/dl
Hypercholesterolemic
patients with metabolic
syndrome

LDL-C

--

LDL-C

--

Adult patients with
type 2 diabetes
mellitus and CHD
Primary
hypercholesterolemia
patients with high
atherosclerotic
cardiovascular
disease risk and LDLC > 100 and < 160
mg/dl

LDL-C

--

LDL-C reduction
and attainment of
LDL-C targets <
100 or < 70 mg/dl

--

Middle-aged patients
with type 2 diabetes
and mild untreated
dyslipidemia
LDL-C > 3 mmol/L and
increased coronary
risk
Primary
hypercholesterolemia
or combined
dyslipidemia and at
least two CHD risk
factors
Dyslipidemic patients
at high risk of CHD

LDL-C

--

Attainment of
target LDL-C of
2.99 mmol/L
Change in LDL-C
from baseline

--

Primary
hypercholesterolemia

LDL-C

Hypercholesterolemic
patients ≥ 65 years
with or without

LDL-C

Statins

Attainment of NCE
target LDL-C

--

Extension of
Ericksson
2011a
---
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Gumprecht
2011
Hall 2009
Han 2012

Her 2010

Hing Ling
2012
Hongo 2011
Jimenez 2013

Kim 2013

vs.
ezetimibe/simvastatin
10/40 mg vs.
atorvastatin 40 mg
Pitavastatin 4 mg vs.
atorvastatin 20-40 mg
Rosuvastatin 10 mg vs.
simvastatin 40 mg
Pitavastatin 2-4 mg vs.
atorvastatin 10-20 mg
Atorvastatin 20 mg vs.
rosuvastatin 10 mg vs.
atorvastatin/ezetimibe
5/5 mg
Ezetimibe/simvastatin
10/40 mg vs.
atorvastatin 40 mg
Rosuvastatin 2.5-5 mg
vs. fluvastatin 20-40 mg
(1) Switching to
ezetimibe/simvastatin
10/20 mg vs.
(2) Doubling baseline
statin dose (to
simvastatin 40 mg or
atorvastatin 20 mg) vs.
(3) Switching to
rosuvastatin 10 mg
Two formulations of
atorvastatin 20 mg

Koksal 2011

Atorvastatin 20 mg vs.
rosuvastatin 10 mg

Kurogi 2013

Pitavastatin 2-4 mg vs.
atorvastatin 10-20 mg

Lablanche
2010
Lee 2011

Rosuvastatin 20 mg vs.
atorvastatin 80 mg
Atorvastatin 20 mg vs.
atorvastatin/ezetimibe
5/5 mg
Atorvastatin 20 mg vs.
rosuvastatin 10 mg

Lee 2012a

Lee 2012b

Atorvastatin 20 mg vs.

Drug Effectiveness Review Project
cardiovascular
disease
Type 2 diabetes
mellitus and combined
(mixed) dyslipidemia
Hyperlipidemia

LDL-C

--

LDL-C

--

Hypercholesterolemic
patients with elevated
serum alanine
transaminase
Hypercholesterolemia

LDL-C

--

LDL-C

--

High cardiovascular
risk patients with
primary
hypercholesterolemia
Japanese patients
with dyslipidemia
Diabetics with and
without metabolic
syndrome

Percent change in
LDL-C

--

LDL/HDL ratio

--

Primary
hypercholesterolemia
with LDL-C > 100
mg/dl
Type 2 diabetes
mellitus with LDL-C >
100 mg/dl
Stable coronary artery
disease,
hypercholesterolemia,
and hypo-HDLcholesterolemia (HDLC < 50mg/dl)
Acute coronary
syndrome
Hypercholesterolemia

Percent change in
LDL-C

--

LDL-C

--

Percent changes
in HDL-C

--

LDL-C

--

LDL-C

--

Statin naïve patients
with mild coronary
atherosclerotic
plaques
Combined

Lipid levels

Statins

LDL-C

Post hoc
analysis

ARTMAP

LDL-C, HDL-C
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Lee 2013

Liu 2011
Moreira 2014
Moutzouri
2013
Murrow 2012
Nicholls 2011
Nohara 2012

atorvastatin/ezetimibe
5/5 mg
Ezetimibe/simvastatin
10/20 mg vs.
atorvastatin 20 mg
Rosuvastatin 10 mg vs.
atorvastatin 20 mg
Rosuvastatin 40 mg vs.
ezetimibe/simvastatin
10/40 mg
Simvastatin/ezetimibe
10/10 mg vs. simvastatin
40 mg vs. rosuvastatin
10 mg
Pravastatin 80 mg vs.
atorvastatin 10 mg
Atorvastatin 80 mg vs.
rosuvastatin 40 mg
Rosuvastatin 5-10 mg
vs. pravastatin 10-20 mg

Olsson 2011

Simvastatin 20 or 40 mg
vs. atorvastatin 80 mg

Ose 2009

Pitavastatin 2 mg vs.
pitavastatin 4 mg vs.
simvastatin 20 mg vs.
simvastatin 40 mg
Ezetimibe 10 mg +
atorvastatin 10 mg vs.
atorvastatin 10 mg
monotherapy
Rosuvastatin 10 mg vs.
atorvastatin 10 mg

Padhy 2013

Park 2010
Pesaro 2012
Pitt 2012
Polis 2009

Puccetti 2011
Puri 2013

Ezetimibe/simvastatin
10/20 mg vs. simvastatin
80 mg
Rosuvastatin 20 mg vs.
rosuvastatin 40 mg vs.
atorvastatin 80 mg
Ezetimibe/simvastatin
(10/10, 10/20, 10/40,
10/80 mg) vs.
atorvastatin (10, 20, 40,
80 mg) or rosuvastatin
(10, 20, 40 mg)
Atorvastatin 20 mg vs.
rosuvastatin 10 mg
Rosuvastatin 40 mg vs.
atorvastatin 80 mg

Drug Effectiveness Review Project
hyperlipidemia
Korean patients with
type 2 diabetes
mellitus and LDL-C >
100 mg/dl
Stable atherosclerosis

LDL-C, HDL-C

--

LDL-C

--

Hyperlipidemic
subjects

Electronegative
LDL

--

Dyslipidemia

Lipid levels

--

Hyperlipidemia and
metabolic syndrome
and/or diabetes
Coronary disease

LDL-C

--

LDL-C

--

Adults with
hypercholesterolemia
and max carotid
intima-media
thickness ≥ 1.1 mm
CVD

LDL-C/HDL-C
ratio

--

Primary
hypercholesteremia or
combined dyslipidemia

Attainment of LDLC goals of 2.5 or
2.0 mmol/L
LDL-C

IDEAL
--

Indian patients with
dyslipidemia

LDL-C; attainment
of NCE target for
LDL-C

--

Korean patients with
nondiabetic metabolic
syndrome
Coronary artery
disease

LDL-C

--

LDL-C

--

Adults with coronary
artery disease

LDL-C

LUNAR

Diabetes mellitus,
metabolic syndrome,
or neither condition

LDL-C

Post hoc
analysis

Hypercholesterolemia

LDL-C

Patients with coronary
atherosclerosis with

LDL-C, HDL-C

Statins
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Ramos 2011

Robinson
2011
Robinson
2013
Rosen 2013

Rotella 2010
Rudofsky
2012
Ruggenenti
2010
Saku 2011

Rosuvastatin 40 mg +
fiber 25 mg vs.
rosuvastatin 40 vs.
simvastatin 40 mg +
ezetimibe 10 mg + fiber
25 mg vs. simvastatin 40
mg + ezetimibe 10 mg
Ezetimibe/simvastatin
(10/20 and 10/40 mg)
vs. atorvastatin (10, 20,
40 mg)
Ezetimibe/simvastatin
(10/20 and 10/40 mg)
vs. atorvastatin (10, 20,
40 mg)
(1) Switching to
ezetimibe/simvastatin
10/20 mg vs.
(2) Doubling run-in statin
dose to simvastatin 40
mg or atorvastatin 20 mg
vs.
(3) Switching to
rosuvastatin 10 mg
Ezetimibe/simvastatin
10/20 mg vs. simvastatin
40 mg
Simvastatin 80 mg vs.
simvastatin/ezetimibe
10/10 mg vs. placebo
Simvastatin/ezetimibe
40/10 mg vs. simvastatin
40 mg
Atorvastatin 10 mg vs.
rosuvastatin 2.5 mg vs.
pitavastatin 2 mg

Sansanayudh
2010
Sasaki 2013

Pitavastatin 1 mg vs.
atorvastatin 10 mg
Pravastatin 10 mg vs.
atorvastatin 10 mg

Scheffer 2013

Atorvastatin 10 mg vs.
simvastatin 40 mg

Shimabukuro
2011

Pitavastatin 2 mg vs.
atorvastatin 10 mg

Drug Effectiveness Review Project
and without diabetes
Primary
hypercholesterolemia

LDL-C, HDL-C

Metabolic syndrome

LDL-C

VYMET

Metabolic syndrome
patients with and
without diabetes

LDL-C, HDL-C

VYMET

Subjects with
cardiovascular
disease and diabetes

Percentage
change in LDL-C,
percentage of
patients achieving
LDL-C < 70 mg/dl

--

CHD and/or type 2
diabetes mellitus

LDL-C

--

Type 2 diabetes

LDL-C

--

Type 2 diabetes

LDL-C

--

Patients with risk
factors for coronary
artery disease and
elevated LDL-C
Hypercholesterolemia

LDL-C

--

LDL-C

--

Men aged > 20 years;
postmenopausal
women with LDL-C >
140 mg/dl, HDL-C <
80 mg/dl, and
triglycerides < 500
mg/dl and who had
glucose intolerance
Statin-naïve patients
with diabetes mellitus
and/or obesity and/or
hypertension
Type 2 diabetes with
hypercholesterolemia
and/or triglyceridemia

LDL-C, HDL-C

--

LDL-C

--

LDL-C, HDL-C

--

Statins

--
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Stender 2013a

Pitavastatin (1, 2, 4 mg)
vs. pravastatin (10, 20,
40 mg)

Stender 2013b

Pitavastatin (2, 4, 8 mg)

Toyama 2011

Rosuvastatin 2.5-20 mg
vs. atorvastatin 10-40
mg
Atorvastatin/ezetimibe
10/10 mg vs.
atorvastatin 20 mg

Uemura 2012

Undas 2011

West 2011

Yanagi 2011

Simvastatin 40 mg +
ezetimibe 10 mg vs.
simvastatin 40 mg +
placebo
Statin naïve:
Simvastatin 40 mg vs.
simvastatin 40 mg +
ezetimibe 10 mg
Statin experienced:
Addition of ezetimibe 10
mg
Rosuvastatin 2.5 mg vs.
pitavastatin 2 mg

Yokoi 2014

Rosuvastatin 5-10 mg
vs. pravastatin 10-20 mg

Yoshida 2013

Pitavastatin 2 mg vs.
atorvastatin 10 mg

Drug Effectiveness Review Project
Elderly patients with
primary
hypercholesterolemia
or combined (mixed)
dyslipidemia
Elderly patients with
primary
hypercholesterolemia
or combined (mixed)
dyslipidemia
Coronary artery
disease

LDL-C

HDL-C

--

Japanese patients
with abnormal glucose
tolerance and
coronary artery
disease
Acute coronary
syndrome

LDL-C

--

LDL-C

--

Patients with
peripheral arterial
disease

LDL-C

--

Japanese type 2
diabetes patients with
hyperlipidemia
Patients with LDL-C >
140 mg/dl and max
carotid intima-media
thickness > 1.1 mm

LDL-C, HDL-C

--

Hypercholesterolemia

--

LDL-C

Companion
to Stender
2013a

LDL-C of 80
mg/dl for primary
prevention or 70
mg/dl for
secondary
prevention with
rosuvastatin; LDLC complying with
JASGL2007
guideline for
pravastatin
Lipoprotein
oxidative
biomarkers

JART

PCI = percutaneous coronary intervention, JASGL2007 = Japan Atherosclerosis Society guideline 2007
Shading indicates trials identified in the present scan

Statins
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Placebo-controlled, usual care-controlled or no statin-controlled trials reporting
health or lipid outcomes by statin or fixed-dose combination
Placebo-controlled trials are listed below by statin or fixed-dose combination drug of study.
Twenty-three placebo-controlled trials reported subgroup or secondary analyses from trials
previously included in the DERP statins report. One placebo-controlled trial (Koh 2013)
compared rosuvastatin 10 mg and pravastatin 40 mg to placebo and to each other and is,
therefore, listed under both the rosuvastatin and pravastatin drug headings below. Abstracts for
placebo-controlled trials are available upon request.
Atorvastatin
 Amarenco 2010 (companion to












Pitavastatin


SPARCL)
Athyros 2010 (companion to GREACE)
Athyros 2013 (companion to GREACE)
Chapman 2011
Colhoun 2009 (companion to CARDS)
Collier 2011 (companion to ASCOT)
Dohi 2010
Dohi 2011 (companion to ESTABLISH)
Goldstein 2009 (companion to
SPARCL)
Hong 2013
Mulders 2012
Sever 2011 (companion to ASCOTLLA)

Pravastatin









Cueto-Manzano 2013
Kim 2013a
Koh 2013
Lloyd 2013 (companion to PROSPER)
Margolis 2013 (companion to
ALLHAT-LLT)
Rahman 2013 (companion to ALLHAT)
Ryu 2011

Rosuvastatin
 Albert 2011 (companion to JUPITER)
 Avis 2010
 Eckard 2014
 Everett 2010 (companion to JUPITER)
 Glynn 2010 (companion to JUPITER)
 Holdaas 2011 (companion to

Fluvastatin
 Ostadal 2010
Lovastatin
 Kendrick 2010 (companion to




AFCAPS)










Takano 2013

AURORA)
Hsia 2011 (companion to JUPITER)
Kennedy 2011

Simvastatin

Koenig 2011 (companion to JUPITER)
Koh 2013
Leoncini 2014
Luo 2013
Mora 2010 (companion to JUPITER)
Ridker 2009 (companion to JUPITER)
Ridker 2012 (companion to JUPITER)
Talavera 2013







Cash 2013
Garcia-de-la-Puente 2009
Heart Protective Study Collaborative
2011 (companion to HPS)
Kim 2013b

Simvastatin + ezetimibe
 Baigent 2011 (companion to SHARP)

Shading indicates trials identified in the present scan
Statins
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Summary
Since the last full report, there has been one new statin approved (pitavastatin) and two new
fixed-dose combination products approved. Rosuvastatin received approval for use in primary
prevention of coronary artery disease, and warnings about dose limitations for simvastatin were
issued. However, there were no new drugs, indications, or boxed warnings identified since the
last scan. Since the last full report, there are three comparative effectiveness reviews published
by other organizations that may be relevant to this DERP topic; one published in 2014.
Since the last scan, there are a total of 72 new head-to-head trial publications; 13 in the
present scan. However, only six of these report health outcomes, with the rest reporting
intermediate lipid outcomes. Additionally, only one of the publications with health outcomes is a
new, unique trial; the others are secondary publications of data from trials already included in the
report. Twelve of 66 trials reporting lipid outcomes were secondary analyses.

Statins
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APPENDIX A. NEW COMPARATIVE EFFECTIVENESS REVIEWS (N = 3)
Shading indicates comparative effectiveness reviews identified in the present scan

1. Monroe AK, Gudzune KA, Sharma R, Chelladurai Y, Ranasinghe PD, Ansari MT, Robinson
KA. Combination Therapy Versus Intensification of Statin Monotherapy: An Update.
Comparative Effectiveness Review No. 132. (Prepared by the Johns Hopkins University
Evidence-based Practice Center under Contract No. 290-2012-00007-I.) AHRQ Publication
No. 14-EHC013-EF. Rockville, MD: Agency for Healthcare Research and Quality; February
2014. www.effectivehealthcare.ahrq.gov/reports/final.cfm.
Structured Abstract
Objective. To assess the benefits and harms of combination of statin and other lipid-modifying
medication compared to intensification of statin monotherapy. This is an update to a 2009
review.
Data sources. The search for the prior review included MEDLINE® from 1966 to May 2009,
Embase® from 1980 to May 2009, and the Cochrane Library to the third quarter of 2008.
Additional searches of MEDLINE, Embase, and the Cochrane Central Register of Controlled
Trials (CENTRAL) from May 2008 to July 2013 were conducted for the update.
Review methods. Paired investigators independently screened search results to assess eligibility.
Investigators abstracted data sequentially and assessed risk of bias independently. Investigators
graded the strength of evidence (SOE) as a group.
Results. All evidence for clinical outcomes (mortality, acute coronary events, and
revascularization procedures) were graded as insufficient when comparing lower potency
combination therapy with higher potency statin monotherapy. Results of effects on surrogates—
low-density lipoprotein (LDL-c) and high-density lipoprotein (HDL-c)— and on serious adverse
events are summarized below:
Bile acid sequestrants (BAS): There was moderate SOE from four trials that a low-potency
statin combined with a BAS lowered LDL-c up to 14 percent more than mid-potency statin
monotherapy.
Ezetimibe: Moderate SOE from 11 trials favors mid-potency statin with ezetimibe for lowering
LDL-c, with reduction up to 18 percent more compared to high-potency statin monotherapy
among general populations. Low SOE from 11 trials favors mid-potency statin with ezetimibe
for raising HDL-c, with increase up to 6 percent more compared to high-potency statin
monotherapy.
Fibrates: There is insufficient evidence to compare combination therapy with fibrate and statin
to intensification of statin monotherapy regardless of statin potency.
Niacin: There is insufficient evidence to compare combination therapy with niacin and statin to
intensification of statin monotherapy on lowering LDL-c, regardless of statin potency. Moderate
SOE from three trials found that low-potency statin with niacin raises HDL-c up to 27 percent
more than mid-potency statin monotherapy.
Omega-3 fatty acids: No relevant trials were found.

Statins

Page 17 of 59

311

Preliminary Scan Report #3

Drug Effectiveness Review Project

Conclusions. Although many studies looked at intermediate outcomes, few studies addressed the
question of which approach produces better clinical outcomes. Combination of statin with
ezetimibe or bile acid sequestrant lowered LDL-c better than intensification of statin
monotherapy, but evidence for clinical outcomes (mortality, acute coronary events, and
revascularization procedures) was insufficient across all potency comparisons for all
combination therapy regimens. Additional studies evaluating long-term clinical benefits and vii
harms are needed to better inform clinical decisionmaking, patient choice, and clinical practice
guidelines.
2. Lipid Lowering Agents for Stroke Prevention: A Review of the Clinical Evidence, Safety and
Guidelines. Canadian Agency for Drugs and Technologies in Health. March 2012.
http://www.cadth.ca/media/pdf/htis/mar2012/RC0331%20Lipid%20Lowering%20Agents%20Final.pdf.
RESEARCH QUESTIONS
1. What are the evidence-based guidelines and recommendations regarding the use of lipid
lowering agents for stroke prevention in frail elderly patients?
2. What is the clinical effectiveness of lipid lowing agents for stroke prevention in frail
elderly patients?
3. What is the clinical evidence on the safety and harms of using lipid lowering agents for
stroke prevention in frail elderly patients?
4. What is the clinical evidence on the safety and harms of discontinuing lipid lowering
agents in frail elderly patients?
KEY MESSAGE
There is evidence to suggest that statins are safe and effective in reducing the risk of stroke in
elderly patients. Discontinuation of statin therapy was an independent predictor of one-year allcause mortality.
3. Statin Therapy in Adults with Diabetes: Clinical Efficacy. Canadian Agency for Drugs and
Technologies in Health. September 2011. http://www.cadth.ca/media/pdf/htis/sept2011/RB0419_Statins_final.pdf.
RESEARCH QUESTION(S)
1. What is the clinical efficacy of statin therapy versus placebo or standard care in adults with
diabetes and without a history of cardiovascular diseases?
2. What is the clinical efficacy of statin therapy versus placebo or standard care in adults with
diabetes and with a history of cardiovascular diseases?
KEY MESSAGE
Evidence suggests that statin therapy is an efficient therapy when compared with placebo or
standard of care in adults with diabetes with or without a history of cardiovascular diseases.
Statins
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APPENDIX B. HEAD-TO-HEAD TRIALS OF HEALTH AND LIPID
OUTCOMES (N=72)
Shading indicates trials identified in the present scan

Araujo, D. B., M. C. Bertolami, et al. (2010). "Pleiotropic effects with equivalent low-density
lipoprotein cholesterol reduction: comparative study between simvastatin and
simvastatin/ezetimibe coadministration." Journal of Cardiovascular Pharmacology 55(1): 1-5.
BACKGROUND: Coadministration of any statin with ezetimibe is as effective as using
high doses of the same statin in the reduction of low-density lipoprotein cholesterol
(LDL-c). There may be other effects called pleiotropics. OBJECTIVE: To compare the
effectiveness of 2 different treatments that obtain equivalent LDL-c reductions (80 mg of
simvastatin, once a day and coadministration of 10 mg of simvastatin and 10 mg of
ezetimibe, once a day) over endothelial function and inflammation. METHODS: Twentythree randomized patients with hypercholesterolemia in a 2 x 2 crossover protocol were
studied. Endothelial function was analyzed by ultrasound assessment of endothelial
dependent flow-mediated vasodilation of the brachial artery, and inflammation was
estimated by high-sensitivity C-reactive protein (hs-CRP). RESULTS: LDL-c reduction
was similar between the 2 treatments with simvastatin/ezetimibe and with simvastatin (P
< 0.001); no difference between treatments was found (P = 0.968). Both treatments
improved significantly the endothelial function [3.61% with simvastatin/ezetimibe (P =
0.003) and 5.08% with simvastatin (P < 0.001)]; no difference was found between the 2
treatments (P = 0.291). hs-CRP had a 23% reduction with simvastatin/ezetimibe (P =
0.004) and a 30% reduction with simvastatin alone (P = 0.01), with no significant
difference between the 2 treatments (P = 0.380). CONCLUSION: The 2 forms of
treatment presented similar pleiotropic effects: improvement in endothelial function and
decrease in hs-CRP levels.
Arimura, T., S.-i. Miura, et al. (2012). "Comparison of the efficacy and safety of statin and
statin/ezetimibe therapy after coronary stent implantation in patients with stable angina." Journal
of Cardiology 60(2): 111-118.
Little is known about the efficacy and safety of intensive lowering of low-density
lipoprotein cholesterol (LDL-C) with statin/ezetimibe therapy after coronary stent
implantation in patients with stable angina. Fifty patients with stable angina were
randomly divided into an atorvastatin (10 mg/day) (A) group and an atorvastatin (10
mg/day)/ezetimibe (10 mg/day) (A+E) group after stent implantation. Follow-up
coronary angiography was performed at 6-9 months after stenting. The A and A+E
groups showed significant reductions in LDL-C. The levels of LDL-C in the A+E group
were significantly lower than those in the A group at follow-up, whereas there were no
differences in major adverse cardiac events, in-stent restenosis, or in-stent % diameter
stenosis (DS) between the groups. Only the A+E group showed a significant decrease in
the levels of highly sensitive C-reactive protein. In a sub-analysis, %DS in the non-target
vessel significantly decreased in both groups. Moreover, %DS (=the value at baseline
minus that at follow-up) in the A+E group was more closely associated with LDL-C
levels at follow-up than that in the A group. There were no significant differences in
adverse effects between the A and A+E groups. In conclusion, although statin/ezetimibe
Statins
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therapy was effective and safe for intensive lipid-lowering in patients with stable angina
after successful coronary stent implantation, improvement in clinical outcomes with the
combination therapy remains unclear. Copyright 2012 Japanese College of Cardiology.
Published by Elsevier Ltd. All rights reserved.
Aslangul, E., L. Assoumou, et al. (2010). "Rosuvastatin versus pravastatin in dyslipidemic HIV1-infected patients receiving protease inhibitors: a randomized trial." AIDS 24(1): 77-83.
BACKGROUND: HIV infection and its treatment with protease inhibitors, especially
when boosted with ritonavir, can cause lipid disorders. Statins, with the exception of
fluvastatin, pravastatin and rosuvastatin, interact with protease inhibitor metabolism via
CYP450. Pravastatin is recommended for patients with protease inhibitor-associated
dyslipidemia. Rosuvastatin is the statin most effective on low-density lipoprotein
cholesterol (LDL-c) in non-HIV patients. METHODS: HIV-1-infected patients treated
with boosted protease inhibitor were randomized to receive either rosuvastatin 10 mg/day
or pravastatin 40 mg/day for dyslipidemia (LDL-c >4.1 mmol/l and triglycerides <8.8
mmol/l). The percentage change in LDL-c, triglyceride and high-density lipoproteincholesterol levels, measured in a central laboratory, was determined after 45 days of
statin treatment. RESULTS: Eighty-eight patients were randomized and 83 took the study
drugs, 41 rosuvastatin and 42 pravastatin. The median duration of prior antiretroviral
treatment was 9 years. At baseline, the median LDL-c level was 4.93 mmol/l, the
triglyceride level 2.29 mmol/l, and the high-density lipoprotein-cholesterol level 1.27
mmol/l. The median percentage changes in the rosuvastatin and pravastatin arms were 37 and -19% for LDL-c (P < 0.001), respectively, and -19 and -7% for triglycerides (P =
0.035), respectively. The change in the high-density lipoprotein-cholesterol level was not
significantly different between the two arms. None of the four severe adverse events was
attributed to the statins; in particular, there were no renal, hepatic or muscular events.
CONCLUSION: Rosuvastatin 10 mg/day was more effective than pravastatin 40 mg/day
on LDL-c and triglyceride levels in HIV-1-infected patients receiving a boosted protease
inhibitor.
Averna, M., L. Missault, et al. (2011). "Lipid-altering efficacy of switching to
ezetimibe/simvastatin 10/20 mg versus rosuvastatin 10 mg in high-risk patients with and without
metabolic syndrome." Diabetes & Vascular Disease Research 8(4): 262-270.
Metabolic syndrome (MetS) is a clustering of atherosclerotic coronary heart disease risk
factors. This post-hoc analysis compared the effects of switching to ezetimibe/simvastatin
10/20 mg or rosuvastatin 10 mg in a cohort of 618 high-risk hypercholesterolaemic
patients with (n=368) and without (n=217) MetS who had previously been on statin
monotherapy. Patients were randomised 1:1 to double-blind ezetimibe/simvastatin 10/20
mg or rosuvastatin 10 mg for 6 weeks. Least squares mean percent change from baseline
and 95% confidence intervals in lipid efficacy parameters were calculated for the
population and within subgroups. Treatment with ezetimibe/simvastatin was significantly
more effective than rosuvastatin at lowering low-density lipoprotein cholesterol, total
cholesterol, non- high-density lipoprotein cholesterol, and apolipoprotein B (all p<0.001).
No significant differences in treatment effects were seen between the presence and
absence of MetS. In this post-hoc analysis of high-risk hypercholesterolaemic patients the
lipid-reducing effects of ezetimibe/simvastatin or rosuvastatin were not altered
Statins
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significantly by the presence of MetS.
Azar, M., E. Valentin, et al. (2011). "Comparison of the effects of combination atorvastatin (40
mg) + ezetimibe (10 mg) versus atorvastatin (40 mg) alone on secretory phospholipase A2
activity in patients with stable coronary artery disease or coronary artery disease equivalent."
American Journal of Cardiology 107(11): 1571-1574.
Secretory phospholipase A2 (sPLA2) is an enzyme that plays an important role in the
pathogenesis of atherosclerosis and of adverse cardiovascular events. It is currently the
target of emerging therapeutic agents. Our study was designed to investigate the effect of
aggressive lowering of low-density lipoprotein (LDL) cholesterol with ezetimibe and
atorvastatin on sPLA2 activity. We randomized 100 patients with stable coronary artery
disease (CAD) or CAD equivalent (diabetes, stroke, or peripheral vascular disease) to
receive ezetimibe 10 mg/day in association with atorvastatin 40 mg/day (combination
therapy group) versus atorvastatin 40 mg/day and placebo (monotherapy group). Patients
on statin therapy before inclusion were allowed to enter the study as long as the potency
of the statin was lower than atorvastatin 40 mg/day. Lipid profile, high-sensitivity Creactive protein (hs-CRP), and sPLA activity were measured at baseline and after 8
weeks of therapy. The decrease in LDL cholesterol was more significant in the
combination therapy group, but the decrease in hs-CRP was similar. sPLA2 activity
significantly decreased in the ezetimibe/atorvastatin group from 29 U/ml (interquartile
range 23 to 35) to 26 U/ml (23 to 29, p = 0.001) but remained similar in the
placebo/atorvastatin group (23 U/ml, 19 to 32, vs 22 U/ml, 19 to 28, p = NS). In a
multivariate stepwise linear regression model, change in sPLA2 correlated with change in
hs-CRP (p <0.001), baseline LDL cholesterol level (p = 0.001), body mass index (p =
0.003), diabetes mellitus (p = 0.04) and combination therapy with ezetimibe/atorvastatin
(p = 0.05). In conclusion, this study demonstrates that coadministration of ezetimibe and
atorvastatin decreases sPLA2 activity. Copyright 2011 Elsevier Inc. All rights reserved.
Backes, J. M., C. A. Gibson, et al. (2012). "The high-dose rosuvastatin once weekly study (the
HD-ROWS)." Journal of Clinical Lipidology 6(4): 362-367.
BACKGROUND: Alternative dosing is often used clinically to address common barriers
with statin therapy, such as intolerance and cost. Previous findings have demonstrated
significant and clinically similar reductions in low-density lipoprotein (LDL) cholesterol
to daily dosing, when comparing similar total weekly doses.
OBJECTIVE: To determine whether rosuvastatin 80 mg once weekly produced comparable lipid
and high-sensitivity C-reactive protein (hsCRP) changes to atorvastatin 10 mg daily,
when measured at key points after last dose.
METHODS: This was a randomized, double-blind, parallel group, 8-week pilot study. Eligible
subjects, 18 to 65 years of age, had documented dyslipidemia with LDL cholesterol >100
mg/dL and triglycerides <200 mg/dL. Participants were randomized to receive either
rosuvastatin 80 mg once weekly (n= 10) or atorvastatin 10 mg daily (n= 10), for 8 weeks.
Lipid panels and hsCRP were measured at baseline and 1-4 and 5-8 days after the last
dose.
RESULTS: Participants in each arm experienced significant and comparable reductions from
baseline in total cholesterol, total cholesterol/high-density lipoprotein cholesterol ratio,
non-high-density lipoprotein cholesterol, and overall LDL cholesterol (-29%). Changes in
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high-density lipoprotein cholesterol, triglycerides, and hsCRP were nonsignificant and
similar between groups. Each regimen was well tolerated, with no major adverse events
reported.
CONCLUSION: Rosuvastatin 80 mg once weekly produced comparable lipid changes to
atorvastatin 10 mg daily when measured at specific points after the last dose. Our
findings support previous data demonstrating a significant reduction in LDL-C with once
weekly statin dosing. Copyright 2012 National Lipid Association. Published by Elsevier
Inc. All rights reserved.
Bahadir, M. A., A. Oguz, et al. (2009). "Effects of different statin treatments on small dense lowdensity lipoprotein in patients with metabolic syndrome." Journal of Atherosclerosis &
Thrombosis 16(5): 684-90.
AIM: To compare the effects of different low-density lipoprotein (LDL) cholesterollowering statin treatments on small dense LDL (sd-LDL) in hypercholesterolemic
patients with metabolic syndrome (MetS). METHODS: Forty hypercholesterolemic MetS
patients ?30 years of age were randomized to rosuvas-tatin (n=17) or other statins (n=23)
groups. In the other statins group, those taking atorvastatin (n=12) were also evaluated
separately. Statin doses were 10 mg/day rosuvastatin, 20 mg/day atorvas-tatin, 40 mg/day
simvastatin, and 40 mg/day pravastatin. Treatment duration was planned to be 8 weeks.
Sd-LDL levels were assessed at baseline and at the completion of treatment. RESULTS:
After treatment, sd-LDL levels were significantly reduced in all 3 groups (from 29.6+/24.8 mg/dL to 8.9+/-8.5 mg/dL in the rosuvastatin group, p=0.001; from 26.2+/-15
mg/dL to 14.8+/-9.6 mg/dL in the atorvastatin group, p=0.02; and from 29.1+/-16.5
mg/dL to 14.7+/-11.2 mg/dL in the other statins group, p=0.0001). There was no
significant difference in the mean percent changes among groups. CONCLUSION:
Significant reduction in sd-LDL levels was observed after 8 weeks of statin treatment in
hypercholesterolemic patients with MetS. This effect was similar for all statins and can
be considered a class effect.
Bardini, G., C. B. Giorda, et al. (2010). "Ezetimibe + simvastatin versus doubling the dose of
simvastatin in high cardiovascular risk diabetics: a multicenter, randomized trial (the LEAD
study)." Cardiovascular Diabetology 9: 20.
BACKGROUND: The primary goal of therapy in patients with hypercholesterolemia and
coronary heart disease (CHD) is reducing low-density lipoprotein cholesterol (LDL-C).
This was a multicenter, randomized, double-blind, double-dummy study in patients with
type 2 diabetes mellitus (T2DM). METHODS: Adult patients with T2DM and CHD (N =
93) on a stable dose of simvastatin 20 mg with LDL-C >or= 2.6 mmol/L (100 mg/dL)
and <or= 4.1 mmol/L (160 mg/dL) were randomized to ezetimibe 10 mg plus simvastatin
20 mg (EZ + simva 10/20 mg) or simvastatin 40 mg for 6 weeks. Percent change in LDLC, high-density lipoprotein cholesterol, and triglycerides was assessed. RESULTS: EZ +
simva 10/20 mg produced a significantly greater change from treated baseline compared
with simvastatin 40 mg in LDL-C (-32.2% vs -20.8%; p < 0.01) and total cholesterol (20.6% vs -13.2%; p < 0.01). A greater proportion of patients achieved LDL-C < 2.6
mmol/L with EZ + simva 10/20 mg than with simvastatin 40 mg, but this was not
statistically significant (78.4% vs 60%; odds ratio = 2.81; p = 0.052). Changes in highdensity lipoprotein cholesterol and triglycerides were similar between treatments. Both
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treatments were generally well-tolerated. CONCLUSIONS: These results demonstrate
that EZ + simva 10/20 mg may provide a superior alternative for LDL-C lowering vs
doubling the dose of simvastatin to 40 mg in hyperlipidemic patients with T2DM and
CHD. In addition, the combination therapy may provide an alternative treatment for
patients who require further LDL-C reduction than they can achieve with simvastatin 20
mg alone.
Bays, H. E., M. Averna, et al. (2013). "Efficacy and safety of ezetimibe added to atorvastatin
versus atorvastatin uptitration or switching to rosuvastatin in patients with primary
hypercholesterolemia." American Journal of Cardiology 112(12): 1885-1895.
Hypercholesterolemic patients (n = 1,547) at high atherosclerotic cardiovascular disease
risk with low-density lipoprotein cholesterol (LDL-C) levels >100 and <160 mg/dl while
treated with atorvastatin 10 mg/day entered a multicenter, randomized, double-blind,
active-controlled, clinical trial using two 6-week study periods. Period I compared the
efficacy/safety of (1) adding ezetimibe 10 mg (ezetimibe) to stable atorvastatin 10 mg,
(2) doubling atorvastatin to 20 mg, or (3) switching to rosuvastatin 10 mg. Subjects in the
latter 2 groups who persisted with elevated LDL-C levels (>100 and <160 mg/dl) after
period I, entered period II; subjects on atorvastatin 20 mg had ezetimibe added to their
atorvastatin 20 mg, or uptitrated their atorvastatin to 40 mg; subjects on rosuvastatin 10
mg switched to atorvastatin 20 mg plus ezetimibe or uptitrated their rosuvastatin to 20
mg. Some subjects on atorvastatin 10 mg plus ezetimibe continued the same treatment
into period II. At the end of period I, ezetimibe plus atorvastatin 10 mg reduced LDL-C
significantly more than atorvastatin 20 mg or rosuvastatin 10 mg (22.2% vs 9.5% or
13.0%, respectively, p <0.001). At the end of period II, ezetimibe plus atorvastatin 20 mg
reduced LDL-C significantly more than atorvastatin 40 mg (17.4% vs 6.9%, p <0.001);
switching from rosuvastatin 10 mg to ezetimibe plus atorvastatin 20 mg reduced LDL-C
significantly more than uptitrating to rosuvastatin 20 mg (17.1% vs 7.5%, p <0.001).
Relative to comparative treatments, ezetimibe added to atorvastatin 10 mg (period I) or
atorvastatin 20 mg (period II) produced significantly greater percent attainment of LDLC targets <100 or <70 mg/dl, and significantly greater percent reductions in total
cholesterol, non-high-density lipoprotein cholesterol, most lipid and lipoprotein ratios,
and apolipoprotein B (except ezetimibe plus atorvastatin 20 vs atorvastatin 40 mg).
Reports of adverse experiences were generally similar among groups. In conclusion,
treatment of hypercholesterolemic subjects at high cardiovascular risk with ezetimibe
added to atorvastatin 10 or 20 mg produced significantly greater improvements in key
lipid parameters and significantly greater attainment of LDL-C treatment targets than
doubling atorvastatin or switching to (or doubling) rosuvastatin at the compared doses.
Copyright 2013 Elsevier Inc. All rights reserved.
Bellia, A., S. Rizza, et al. (2010). "Early vascular and metabolic effects of rosuvastatin compared
with simvastatin in patients with type 2 diabetes." Atherosclerosis 210(1): 199-201.
OBJECTIVE: To compare the short-term effects of rosuvastatin and simvastatin on
insulin-resistance and endothelial dysfunction in middle-aged patients with type 2
diabetes and mild untreated dyslipidemia. METHODS AND DESIGN: 29 Subjects
randomly assigned to rosuvastatin 20mg/daily or simvastatin 20mg/daily for 4 weeks.
Following data collected both pre- and post-treatment: fasting glucose, lipids, hs CRP,
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TNF-alpha, insulin sensitivity measured with euglycemic-hyperinsulinemic clamp and
flow-mediated dilation with brachial artery reactivity technique. RESULTS: Both
treatments markedly reduced LDL cholesterol (p<0.001 for both). Insulin sensitivity did
not change from relative baseline values in both groups, as well as fasting glucose and
adiponectin. Simvastatin significantly improved flow-mediated dilation (p<0.01), to a
greater extent than in patients taking rosuvastatin (p=0.09). We found no association
between flow-mediated dilation improvement, LDL reduction and changes in hs CRP
levels. CONCLUSION: In type 2 diabetic individuals rosuvastatin was less effective than
simvastatin at improving endothelium-dependent vasodilation within one month, without
affecting insulin-resistance, adiponectin levels and inflammation. Copyright 2009
Elsevier Ireland Ltd. All rights reserved.
Boh, M., G. Opolski, et al. (2011). "Therapeutic equivalence of the generic and the reference
atorvastatin in patients with increased coronary risk." International Angiology 30(4): 366-374.
AIM: Generic drugs are more and more frequently used instead of originators. However,
uncertainty exists with respect to therapeutic equivalence of generic product with
originator one. Therefore, in this study efficacy and safety of generic atorvastatin was
compared to reference product. In patients with increased low density lipoprotein
cholesterol (LDL-C) levels of cholesterol and changes of total coronary risk were
followed.
METHODS: A randomized, double-blind, multicenter parallel study was carried out in 22
centers. The study included 148 subjects with LDL-C higher than 3 mmol/L and
increased coronary risk (>9.5% in 10 years calculated according to PROCAM algorithm).
After a four-week placebo run-in period, patients were randomly assigned to receive the
generic or the reference atorvastatin for 12 weeks. The initial dose of the drugs was 10
mg or 20 mg depending on the baseline LDL-C value. After six weeks the dose was
increased to 20 mg or 40 mg in patients who had not reached the target LDL-C value of
2.99 mmol/L.
RESULTS: Altogether 117 patients have been analysed in the per-protocol analysis. The GA was
proven to be equally effective to the reference product as shown by the significantly
equal reduction in LDL-C (GA: 37.8%, RA: 38.4%, P=NS) using the non-inferiority
statistical analysis. Also other lipid parameters were significantly lowered by both drugs
with the exception of HDL-C. Both drugs significantly reduced absolute coronary risk by
13% and 13.3% for the generic and the reference atorvastatin, respectively. Systolic
blood pressure was also significantly reduced by approximately 10 mmHg in both study
groups. Both products had similar adverse events profile. No cases of therapy withdrawal
due to safety were recorded.
CONCLUSION: Both the generic and the reference atorvastatin were equally effective in
correcting the lipid profile and reducing calculated absolute coronary risk in patients with
hyperlipidemia and increased coronary risk. Both treatments were equally well tolerated.
Brouwers, F. P., F. W. Asselbergs, et al. (2011). "Long-term effects of fosinopril and pravastatin
on cardiovascular events in subjects with microalbuminuria:Ten years of follow-up of Prevention
of Renal and Vascular End-stage Disease Intervention Trial (PREVEND IT)." American Heart
Journal 161(6): 1171-1178.
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BACKGROUND: The PREVEND IT investigated whether treatment targeted at
lowering urinary albumin excretion (UAE) would reduce adverse cardiovascular events.
We obtained extended follow-up data to approximately 10 years to investigate the longterm effects of fosinopril 20 mg and pravastatin 40 mg on cardiovascular outcomes in
subjects with UAE >15 mg per 24 hours.
METHODS: The original PREVEND IT consisted of 864 participants and 839 survivors after 4
years. For every survivor, the primary end point determined by the combined incidence
of cardiovascular mortality and hospitalization for cardiovascular morbidity was
registered in several national databases and electronic hospital systems.
RESULTS: Mean total follow-up of the extended PREVEND IT was 9.5 years (range 9.4-10.7
years). Four years of treatment with fosinopril was not associated with a reduction in the
primary end point compared with placebo (hazard ratio 0.87, 95% CI 0.61-1.24 [P = .42])
during long-term follow-up. After 9.5 years, subjects with a baseline UAE in the upper
quintile (>50 mg/24 hours) had a total event rate of 29.5% and were at a higher risk for
developing cardiovascular disease compared with less UAE (hazard ratio 2.03, 95% CI
1.38-2.97 [P <= .01]). In addition, 4 years of fosinopril treatment resulted in a risk
reduction of 45% (95% CI 6%-75% [P = .04]) in this group compared with placebo.
Subjects originally assigned to pravastatin had no overall risk reduction in the primary
end point (P = .99).
CONCLUSIONS: Elevated UAE is associated with increased cardiovascular mortality and
morbidity after 9.5 years of follow-up, with a doubling of the risk if the UAE is >50 mg
per 24 hours. In this group, the benefits of 4-year treatment with fosinopril were sustained
during posttrial follow-up for cardiovascular mortality and morbidity. We propose that
UAE be used to estimate risk in the general population and that large clinical trials be
designed to confirm the hypothesis that angiotensin-converting enzyme-inhibitor
treatment may be beneficial in patients with mildly elevated UAE despite the absence of
other comorbidities. Copyright 2011 Mosby, Inc. All rights reserved.
Eriksson, M., D. Budinski, et al. (2011). "Comparative efficacy of pitavastatin and simvastatin in
high-risk patients: a randomized controlled trial." Advances in Therapy 28(9): 811-823.
INTRODUCTION: Despite the proven efficacy of 3-hydroxy-3-methylglutaryl coenzyme
A reductase inhibitors (statins) in lowering total and low-density lipoprotein cholesterol
(LDL-C), many patients do not reach recommended lipid targets. This study compared
pitavastatin, a new and highly effective statin, and simvastatin in patients at high risk of
coronary heart disease (CHD). The primary objective was to demonstrate noninferiority
of pitavastatin to simvastatin.
METHODS: The study was a phase 3, randomized, double-blind, double-dummy, parallel-group,
active-controlled study conducted at 37 centers in five European countries. Following a
dietary run-in period of 6-8 weeks, patients with primary hypercholesterolemia or
combined dyslipidemia and at least two CHD risk factors were randomized 2:1 to receive
pitavastatin 4 mg or simvastatin 40 mg once daily for 12 weeks. The primary efficacy
variable was the change in LDL-C from baseline.
RESULTS: In total, 355 patients were randomized, 236 to pitavastatin and 119 to simvastatin;
330 patients (223 and 107, respectively) completed the study. In the pitavastatin group,
mean (+/- SD) reduction in LDL-C concentrations from baseline was -44.0 +/- 12.8%
compared with -43.8 +/- 14.4% in the simvastatin group. The adjusted mean treatment
Statins

Page 25 of 59

319

Preliminary Scan Report #3

Drug Effectiveness Review Project

difference (simvastatin--pitavastatin) was 0.31% (95% confidence interval -2.47, 3.09; P
= 0.829), which was within the predefined noninferiority range. More than 80% of
patients in each group reached recommended LDL-C targets. Pitavastatin provided a
greater increase in high-density lipoprotein cholesterol (HDL-C; 6.8% vs. 4.5%; P =
0.083) and a significantly greater decrease in triglycerides (-19.8% vs. -14.8%; P = 0.044)
than simvastatin. Both treatments were well tolerated.
CONCLUSION: Pitavastatin 4 mg is as effective as simvastatin 40 mg in lowering LDL-C in
dyslipidemic patients at high risk of CHD, with additional effects on HDL-C and
triglycerides. Therefore, pitavastatin may be appropriate for the management of
dyslipidemic patients at high cardiovascular risk.
Eriksson, M., D. Budinski, et al. (2011). "Long-term efficacy of pitavastatin versus simvastatin."
Advances in Therapy 28(9): 799-810.
INTRODUCTION: Pitavastatin is a novel, potent, 3-hydroxy-3-methylglutaryl coenzyme
A reductase inhibitor. This study compared the long-term efficacy of pitavastatin and
simvastatin in dyslipidemic patients at high risk of coronary heart disease.
METHODS: A 44-week blinded extension study was conducted at 24 centers in five European
countries for patients who had previously completed a 12-week randomized, double-blind
core study in which they received pitavastatin 4 mg or simvastatin 40 mg once daily.
Patients originally randomized to pitavastatin 4 mg continued at the same dose
throughout the extension study (n = 121). In simvastatin-treated patients (n = 57), the
dose was increased to 80 mg in five patients who had not attained the National
Cholesterol Education Program (NCEP) target for low-density lipoprotein cholesterol
(LDL-C) during the core study. Primary endpoints were the proportion of patients
attaining the NCEP and European Atherosclerosis Society (EAS) LDL-C targets, and the
NCEP target for non-high-density lipoprotein cholesterol (non-HDL-C) at weeks 16 and
44.
RESULTS: Of the 178 patients who entered the extension study, 156 patients (109 in the
pitavastatin group, 47 in the simvastatin groups) completed the 44-week treatment period.
At week 44, NCEP and EAS targets were attained by 81.7% and 84.2%, respectively, of
pitavastatin-treated patients, and 75.4% and 73.7%, respectively, of simvastatin-treated
patients. NCEP targets for non-HDL-C were achieved by 79.2% of pitavastatin-treated
patients and 70.2% of simvastatin-treated patients. Both treatments were generally well
tolerated, but pitavastatin 4 mg was associated with a numerically lower incidence of
discontinuations due to treatment-emergent adverse events (5.8% vs. 10.5% of patients)
and a lower rate of myalgia (4.1% vs. 12.3%) compared with simvastatin 40-80 mg.
CONCLUSION: Pitavastatin 4 mg provides long-term efficacy similar to that of simvastatin 4080 mg. Further studies should ascertain whether trends suggesting that pitavastatin may
exhibit a more favorable long-term tolerability profile are statistically significant.
Florentin, M., E. N. Liberopoulos, et al. (2011). "The effect of simvastatin alone versus
simvastatin plus ezetimibe on the concentration of small dense low-density lipoprotein
cholesterol in subjects with primary hypercholesterolemia." Current Medical Research &
Opinion 27(3): 685-692.
OBJECTIVE: To compare the effects of simvastatin alone versus simvastatin plus
ezetimibe on small dense low-density lipoprotein cholesterol (sdLDL-C) concentration in
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subjects with primary hypercholesterolemia.
RESEARCH DESIGN AND METHODS: Patients with LDL-C levels above those
recommended by the National Cholesterol Education Program Adult Treatment Panel III
were randomized to open-label simvastatin 40mg (n=50) or simvastatin/ezetimibe
10/10mg as a fixed combination (n=50) daily. LDL particle size (estimated by
electrophoresis), sdLDL-C levels, and lipid profile were blindly assessed at baseline and
3 months.
CLINICAL TRIAL REGISTRATION: clinicaltrials.gov NCT00932620.
RESULTS: Both simvastatin 40mg and simvastatin/ezetimibe 10/10mg decreased total
cholesterol (-31% and -36%, respectively), LDL-C (-43% and -49%, respectively),
triglycerides (-17% and -19%, respectively), non-high-density lipoprotein cholesterol
(non-HDL-C; -40% and -46%, respectively), large LDL-C (-40 and -44%, respectively)
and sdLDL-C levels (-42% and -46%, respectively, all p<0.000 vs baseline) and
increased LDL particle size (+0.5% and +0.7%, respectively, both p<0.05 vs baseline).
The changes in total cholesterol, LDL-C and non-HDL-C were greater in the
simvastatin/ezetimibe group (all p<0.05). Changes in triglycerides, large LDL-C, sdLDLC levels and LDL particle size were similar in the two groups. In multivariate analysis,
baseline sdLDL-C and triglyceride levels, but not the choice of treatment, were
significantly and independently correlated with the changes in sdLDL-C levels.
CONCLUSION: The combination of simvastatin 10mg plus ezetimibe 10mg is similarly
effective to simvastatin 40mg in improving sdLDL-C concentration and LDL particle
size in subjects with primary hypercholesterolemia.
Foody, J. M., W. V. Brown, et al. (2010). "Safety and efficacy of ezetimibe/simvastatin
combination versus atorvastatin alone in adults >=65 years of age with hypercholesterolemia and
with or at moderately high/high risk for coronary heart disease (the VYTELD study)." American
Journal of Cardiology 106(9): 1255-63.
Higher than 80% of coronary heart disease-related mortality occurs in patients >=65
years of age. Guidelines recommend low-density lipoprotein (LDL) cholesterol targets
for these at-risk patients; however, few clinical studies have evaluated lipid-lowering
strategies specifically in older adults. This multicenter, 12-week, randomized, doubleblind, parallel-group trial evaluated the efficacy and safety of the usual starting dose of
ezetimibe/simvastatin (10/20 mg) versus atorvastatin 10 or 20 mg and the next higher
dose of ezetimibe/simvastatin (10/40 mg) versus atorvastatin 40 mg in 1,289
hypercholesterolemic patients >=65 years of age with or without cardiovascular disease.
Patients randomized to ezetimibe/simvastatin had greater percent decreases in LDL
cholesterol (-54.2% for 10/20 mg vs -39.5% and -46.6% for atorvastatin 10 and 20 mg,
respectively; -59.1% for 10/40 mg vs -50.8% for atorvastatin 40 mg; p <0.001 for all
comparisons) and the number attaining LDL cholesterol <70 mg/dl (51.3% for 10/20 mg,
68.2% for 10/40 mg) and <100 mg/dl (83.6% for 10/20 mg; 90.3% for 10/40 mg) was
significantly larger compared to those receiving atorvastatin for all prespecified dose
comparisons (p <0.05 to <0.001). A significantly larger percentage of high-risk patients
achieved LDL cholesterol <70 mg/dl on ezetimibe/simvastatin 10/20 mg (54.3%) versus
atorvastatin 10 mg (10.9%, p <0.001) or 20 mg (28.9%, p <0.001) and
ezetimibe/simvastatin 10/40 mg (69.2%) versus atorvastatin 40 mg (38.2%, p <0.001),
and a significantly larger percentage of intermediate-risk patients achieved LDL
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cholesterol <100 mg/dl on ezetimibe/simvastatin 10/20 mg (82.1%) versus atorvastatin
10 mg (59.3%, p <0.05). Improvements in non-high-density lipoprotein cholesterol, total
cholesterol, apolipoprotein B, and lipoprotein ratios were significantly greater with
ezetimibe/simvastatin than atorvastatin for all comparisons (p <0.01 to <0.001). Highdensity lipoprotein cholesterol and triglyceride results were variable. All treatments were
generally well tolerated. In conclusion, ezetimibe/simvastatin provided significantly
greater improvements in key lipid parameters and higher attainment of LDL cholesterol
targets than atorvastatin, with comparable tolerability. Copyright Copyright 2010
Elsevier Inc. All rights reserved.
Gibson, C. M., Y. B. Pride, et al. (2009). "Effect of intensive statin therapy on clinical outcomes
among patients undergoing percutaneous coronary intervention for acute coronary syndrome.
PCI-PROVE IT: A PROVE IT-TIMI 22 (Pravastatin or Atorvastatin Evaluation and Infection
Therapy-Thrombolysis In Myocardial Infarction 22) Substudy." Journal of the American College
of Cardiology 54(24): 2290-5.
OBJECTIVES: The goal of this analysis was to determine whether intensive statin
therapy, compared with moderate-dose statin therapy, leads to a reduction in major
adverse cardiovascular events (MACE) among patients undergoing percutaneous
coronary intervention (PCI) for acute coronary syndrome (ACS). BACKGROUND:
When compared with moderate-dose statins, intensive statin therapy reduces MACE
among patients with ACS. The role of intensive statin therapy specifically among patients
who undergo PCI for ACS is unknown. METHODS: Outcomes were compared in 2,868
patients who underwent PCI for ACS just prior to enrollment in the PROVE IT-TIMI 22
(Pravastatin or Atorvastatin Evaluation and Infection Therapy-Thrombolysis In
Myocardial Infarction 22) trial, which randomized patients to either atorvastatin 80 mg or
pravastatin 40 mg daily. The incidence of the primary composite end point of all-cause
mortality, myocardial infarction, unstable angina leading to hospitalization, and
revascularization after 30 days and stroke was evaluated, as was the incidence of target
vessel revascularization (TVR) and non-TVR during follow-up. RESULTS: Treatment
with 80 mg atorvastatin reduced the incidence of the composite end point (21.5% vs.
26.5%, hazard ratio: 0.78, 95% confidence interval: 0.67 to 0.91, p=0.002) and lowered
the incidence of both TVR (11.4% vs. 15.4%, p=0.001) and non-TVR (8.0% vs. 10.5%,
p=0.017) compared with 40 mg pravastatin. After adjusting for on-treatment serum lowdensity lipoprotein cholesterol and C-reactive protein concentrations, the odds of TVR
with high-dose statin therapy remained significant (odds ratio: 0.74, p=0.015) while the
odds of non-TVR did not (odds ratio: 0.92, p=0.55). CONCLUSIONS: Among patients
with ACS who undergo PCI, intensive statin therapy reduces MACE compared with
moderate-dose statin therapy. The reduction in the incidence of TVR was independent of
low-density lipoprotein cholesterol and C-reactive protein lowering and may therefore be
due, at least in part, to a pleiotropic effect of high-dose statin therapy. (PROVE IT-TIMI
22; NCT00382460).
Gumprecht, J., M. Gosho, et al. (2011). "Comparative long-term efficacy and tolerability of
pitavastatin 4 mg and atorvastatin 20-40 mg in patients with type 2 diabetes mellitus and
combined (mixed) dyslipidaemia." Diabetes, Obesity & Metabolism 13(11): 1047-1055.
AIM: To compare the long-term efficacy and safety of pitavastatin with atorvastatin in
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patients with type 2 diabetes and combined (mixed) dyslipidaemia.
METHODS: Randomised, double-blind, active-controlled, multinational non-inferiority study.
Patients were randomised 2 : 1 to pitavastatin 4 mg (n = 279) or atorvastatin 20 mg (n =
139) daily for 12 weeks. Patients completing the core study could continue on
pitavastatin 4 mg (n = 141) or atorvastatin 20 mg (n = 64) [40 mg (n = 7) if lipid targets
not reached by week 8] for a further 44 weeks (extension study). The primary efficacy
variable was the change in low-density lipoprotein cholesterol (LDL-C).
RESULTS: Reductions in LDL-C were not significantly different at week 12 between the
pitavastatin (-41%) and atorvastatin (-43%) groups. Attainment of National Cholesterol
Education Program and European Atherosclerosis Society targets for LDL-C and nonhigh-density lipoprotein cholesterol (non-HDL-C) was similarly high for both treatment
groups. Changes in secondary lipid variables (e.g. HDL-C, apolipoprotein B and
triglycerides) were similar between treatments. Post hoc analysis showed that adjusted
mean treatment differences for pitavastatin vs. atorvastatin were within the noninferiority margin at weeks 16 (+0.11%; 95% confidence interval (CI), -5.23 to 5.44) and
44 (-0.02%; 95% CI, -5.46 to 5.41) of the extension study. Both treatments were well
tolerated; atorvastatin increased fasting blood glucose from baseline (+7.2%; p < 0.05),
whereas pitavastatin had no significant effect (+2.1%).
CONCLUSIONS: Reductions in LDL-C and changes in other lipids were not significantly
different in patients treated with pitavastatin 4 mg or atorvastatin 20 or 40 mg.
Pitavastatin may, however, have a more favourable effect on the glycaemic status. 2011
Blackwell Publishing Ltd.
Hall, A. S., B. M. Jackson, et al. (2009). "A randomized, controlled trial of simvastatin versus
rosuvastatin in patients with acute myocardial infarction: the Secondary Prevention of Acute
Coronary Events--Reduction of Cholesterol to Key European Targets Trial." European Journal of
Cardiovascular Prevention & Rehabilitation 16(6): 712-21.
AIMS: We sought to evaluate reports that rosuvastatin 10 mg is a more efficacious
treatment of hyperlipidaemia than is simvastatin 40 mg, hoping to assess this issue in the
previously unstudied context of acute myocardial infarction. METHODS AND
RESULTS: The Secondary Prevention of Acute Coronary Events - Reduction of
Cholesterol to Key European Targets (SPACE ROCKET) Trial was an investigator-led,
open-label, blinded-endpoint, multicentre, randomized, controlled trial assessing the
proportion of patients, at 3 months, achieving European Society of Cardiology 2003
(ESC-03) lipid targets of total cholesterol (TC) less than 4.5 mmol/l (174 mg/dl) or lowdensity lipoprotein cholesterol (LDLc) less than 2.5 mmol/l (97 mg/dl). Of 1263 patients
randomized, 77.6% simvastatin versus 79.9% rosuvastatin achieved ESC-03 targets [odds
ratio (OR): 1.16; 95% confidence interval (CI): 0.88-1.53; P = 0.29]. There were
statistically significant differences for simvastatin versus rosuvastatin, respectively, for
mean LDLc 2.03 mmol/l (78 mg/dl) versus 1.94 mmol/l (75 mg/dl; P = 0.009) and also
mean TC 3.88 mmol/l (150 mg/dl) versus 3.75 mmol/l (145 mg/dl; P = 0.005). A posthoc analysis showed higher achievement of the new ESC, American Heart Association
and American College of Cardiology optimal lipid target of LDLc less than 1.81 mmol/l
(70 mg/dl) with rosuvastatin (45.0%) compared with simvastatin (37.8%; OR: 1.37; 95%
CI: 1.09-1.72; P = 0.007). The proportion of patients achieving the Fourth Joint Task
Force European Guidelines (2007) of TC less than 4.0 mmol/l (155 mg/dl) and LDLc less
Statins

Page 29 of 59

323

Preliminary Scan Report #3

Drug Effectiveness Review Project

than 2.0 mmol/l (77 mg/dl) was 38.7% for simvastatin 40 mg and 47.7% for rosuvastatin
10 mg (OR: 1.48; 95% CI: 1.18-1.86; P = 0.001). CONCLUSION: We observed no
superiority of either treatment for the ESC-03 lipid targets. Rosuvastatin 10 mg lowered
mean cholesterol more effectively than simvastatin and achieved better results for the
latest, more stringent, ESC target.
Han, K. H., S. W. Rha, et al. (2012). "Evaluation of short-term safety and efficacy of HMG-CoA
reductase inhibitors in hypercholesterolemic patients with elevated serum alanine transaminase
concentrations: PITCH study (PITavastatin versus atorvastatin to evaluate the effect on patients
with hypercholesterolemia and mild to moderate hepatic damage)." Journal of Clinical
Lipidology 6(4): 340-351.
BACKGROUND: We evaluated the safety and efficacy of the 3-hydroxyl-3methylglutaryl coenzyme A reductase inhibitors atorvastatin and pitavastatin in patients
with mild-to-moderate increased levels of hepatic enzymes.
METHODS AND RESULTS: In this 12-week, prospective, randomized, open-label, active drugcontrolled, and dose-titration study, 189 subjects with elevated low-density lipoprotein
cholesterol (>=3.36 mmol/L) and alanine transaminase (ALT; x1.25>= and <=x2.5 ULN;
50-100 IU/L) concentrations, but nonalcoholic and serologically negative for viral
hepatitis markers at screening, were randomized to 12 weeks of treatment with
pitavastatin 2-4 mg/day (PITA, n= 97) or atorvastatin 10-20 mg/day (ATOR, n= 92).
Pitavastatin and atorvastatin equally reduced low-density lipoprotein cholesterol
concentrations (-34.6 +/- 16.0% and -38.1 +/- 16.2%, respectively, P < .0001 each by
analysis of variance). Seven (n= 4 PITA, n= 3 ATOR) and 10 (n= 5 PITA, n= 5 ATOR)
patients experienced episodes of ALT >100 IU/L at weeks 4 and 12, respectively, with
one patient in each group excluded because of severe ALT elevation >3x ULN (>120
IU/L) at week 4. The 135 patients with persistently increased ALT concentrations at
screening and randomization showed significant reductions in ALT after 12 weeks of
treatment with PITA (n= 68, -8.4%) or ATOR (n= 67, -8.9%; P < .05, analysis of
variance). Serial nonenhanced computed tomography in 38 subjects (n= 18 PITA, n= 20
ATOR) showed that both statins reduced the severity of hepatic steatosis, especially in
subjects with clear hepatic steatosis at baseline (n= 9 PITA, n= 10 ATOR). Statin
treatment of another 38 subjects with spontaneous normalization of ALT at
randomization had little effect on ALT levels but did not induce severe ALT elevation
(>100 IU/L).
CONCLUSIONS: Conventional doses of pitavastatin and atorvastatin effectively and safely
reduce elevated hepatic enzyme concentrations. Copyright 2012 National Lipid
Association. Published by Elsevier Inc. All rights reserved.
Her, A. Y., J. Y. Kim, et al. (2010). "Effects of atorvastatin 20 mg, rosuvastatin 10 mg, and
atorvastatin/ezetimibe 5 mg/5 mg on lipoproteins and glucose metabolism." Journal of
Cardiovascular Pharmacology & Therapeutics 15(2): 167-74.
The aim of this study was to compare the effects of 3 different statin regimens that have
equivalent low-density lipoprotein cholesterol (LDL-C) lowering efficacy on the
apolipoprotein B/A1 ratio and glucose metabolism. After a 4-week dietary lead-in, 90
hypercholeserolemic patients were randomly assigned to 1 of 3 treatment groups for 8
weeks: atorvastatin 20 mg, rosuvastatin 10 mg, or atorvastatin/ezetimibe 5 mg/5 mg. At
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drug treatment week 8, we compared the percentage changes in lipid parameters,
apolipoprotein B/A1 ratio, hemoglobin A1c, and homeostasis model assessment-insulin
resistance (HOMA-IR) from baseline. Seventy-six patients completed the study and the
percentage changes in LDL-C were comparable among the groups. However, the
percentage reduction in the apolipoprotein B/A1 ratio was significantly greater in the
rosuvastatin group (-47% +/- 14%, P = .04) and the combination group (-46% +/- 8%, P =
.05) than in the atorvastatin group (-39% +/- 11%). The percentage increase in
hemoglobin A1c was small but significantly greater in the atorvastatin group compared to
the combination group (3.0% +/- 5.2% and -0.4% +/- 4.0%, P = .03). The effect of
rosuvastatin on hemoglobin A1c was not different from those of the other 2 regimens.
The effects of 3 statin regimens were similar on HOMA-IR. In conclusion, 3 statin
regimens have differential effect on apolipoprotein B/A1 and glycemic control after
comparable LDL-C reduction.
Hing Ling, P. K., F. Civeira, et al. (2012). "Ezetimibe/simvastatin 10/40 mg versus atorvastatin
40 mg in high cardiovascular risk patients with primary hypercholesterolemia: a randomized,
double-blind, active-controlled, multicenter study." Lipids in Health & Disease 11: 18.
BACKGROUND: A considerable number of patients with severely elevated LDL-C do
not achieve recommended treatment targets, despite treatment with statins. Adults at high
cardiovascular risk with hypercholesterolemia and LDL-C >= 2.59 and <= 4.14 mmol/L
(N = 250), pretreated with atorvastatin 20 mg were randomized to ezetimibe/simvastatin
10/40 mg or atorvastatin 40 mg for 6 weeks. The percent change in LDL-C and other
lipids was assessed using a constrained longitudinal data analysis method with terms for
treatment, time, time-by-treatment interaction, stratum, and time-by-stratum interaction.
Percentage of subjects achieving LDL-C < 1.81 mmol/L, < 2.00 mmol/L, or < 2.59
mmol/L was assessed using a logistic regression model with terms for treatment and
stratum. Tolerability was assessed.
RESULTS: Switching to ezetimibe/simvastatin resulted in significantly greater changes in LDLC (-26.81% vs.-11.81%), total cholesterol (-15.97% vs.-7.73%), non-HDL-C (-22.50%
vs.-10.88%), Apo B (-17.23% vs.-9.53%), and Apo A-I (2.56%
vs.-2.69%) vs. doubling the atorvastatin dose (all p <= 0.002), but not HDL-C, triglycerides, or
hs-CRP. Significantly more subjects achieved LDL-C < 1.81 mmol/L (29% vs. 5%), <
2.00 mmol/L (38% vs. 9%) or < 2.59 mmol/L (69% vs. 41%) after switching to
ezetimibe/simvastatin vs. doubling the atorvastatin dose (all p < 0.001). The overall
safety profile appeared generally comparable between treatment groups.
CONCLUSIONS: In high cardiovascular risk subjects with hypercholesterolemia already treated
with atorvastatin 20 mg but not at LDL-C < 2.59 mmol/L, switching to combination
ezetimibe/simvastatin 10/40 mg provided significantly greater LDL-C lowering and
greater achievement of LDL-C targets compared with doubling the atorvastatin dose to
40 mg. Both treatments were generally well-tolerated.
TRIAL REGISTRATION: Registered at clinicaltrials.gov: NCT00782184.
Hongo, M., S. Kumazaki, et al. (2011). "Low-dose rosuvastatin improves arterial stiffness in
high-risk Japanese patients with dyslipdemia in a primary prevention group." Circulation Journal
75(11): 2660-2667.
BACKGROUND: The treatment effects of rosuvastatin on arterial stiffness were assessed
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and compared to those of fluvastatin in high-risk Japanese patients with dyslipidemia in a
primary prevention group.
METHODS AND RESULTS: Patients were randomly assigned to either 2.5-5 mg/day of
rosuvastatin (Group A) or 20-40 mg/day of fluvastatin (Group B) and followed up for 12
months. In Group A (n=38), there was a progressive reduction in brachial-ankle pulse
wave velocity (baPWV) along with a decrease in the low-density lipoprotein
cholesterol/high-density lipoprotein cholesterol (L/H) ratio and high-sensitivity Creactive protein (hsCRP), and the change in baPWV correlated significantly with that of
the L/H ratio and that of hsCRP after rosuvastatin treatment. In Group B (n=37), although
fluvastatin achieved a significant improvement in baPWV, L/H ratio, and hsCRP,
baPWV was significantly greater than that in Group A and showed a significant
correlation with that of hsCRP alone after fluvastatin treatment. In a subgroup of patients
(n=26), switching from fluvastatin to rosuvastatin further improved baPWV and the L/H
ratio without altering hsCRP after 12 months.
CONCLUSIONS: Low-dose rosuvastatin would be more effective than fluvastatin in improving
arterial stiffness in high-risk Japanese patients with dyslipidemia. The results suggest that
improvement in arterial stiffness by rosuvastatin mainly depends on its strong lipidlowering effects, whereas that by fluvastatin is strongly dependent on the pleiotropic
effects, especially an anti-inflammatory action.
Jimenez, J. G., J. B. Rosen, et al. (2013). "The efficacy and safety of ezetimibe/simvastatin
combination compared with intensified lipid-lowering treatment strategies in diabetic subjects
with and without metabolic syndrome." Diabetes, Obesity & Metabolism 15(6): 513-522.
AIMS: The objective was to assess the consistency of effect of switching to
ezetimibe/simvastatin 10/20mg versus doubling the baseline statin dose (to simvastatin
40mg or atorvastatin 20mg) or switching to rosuvastatin 10mg across subgroups of
subjects with (n=617) and without (n=191) metabolic syndrome (MetS).
METHODS: This was a post hoc analysis of a randomized, double-blind, 6-week study of adults
18-79years with cardiovascular disease and diabetes mellitus with low-density
lipoprotein cholesterol (LDL-C) >70 and <160mg/dl. The percent change in LDL-C and
other lipids was estimated within each subgroup separately. Safety and tolerability were
assessed.
RESULTS: In subjects with MetS, percent changes in LDL-C and other lipids were greater with
ezetimibe/simvastatin versus doubling baseline statin or numerically greater versus
switching to rosuvastatin, except high-density lipoprotein cholesterol and apolipoprotein
(Apo) AI (mean percent changes in LDL-C were: -22.49% ezetimibe/simvastatin, -9.64%
doubled baseline statin and -19.20% rosuvastatin). In subjects without MetS, percent
changes in LDL-C, total cholesterol and Apo B were greater with ezetimibe/simvastatin
versus doubling baseline statin or numerically greater versus switching to rosuvastatin
(mean percent changes in LDL-C were: -25.14% ezetimibe/simvastatin, -4.75% doubled
baseline statin and -19.75% rosuvastatin). Safety profiles were generally similar.
CONCLUSION: These results showed that switching to ezetimibe/simvastatin 10/20mg was
more effective at reducing LDL-C, total cholesterol and Apo B versus doubling the
baseline statin dose to simvastatin 40mg or atorvastatin 20mg or switching to rosuvastatin
10mg regardless of MetS status. These results were generally similar to those of the full
cohort. 2012 Blackwell Publishing Ltd.
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Kim, S.-H., M.-K. Seo, et al. (2013). "Assessment of the efficacy and tolerability of 2
formulations of atorvastatin in Korean adults with hypercholesterolemia: a multicenter,
prospective, open-label, randomized trial." Clinical Therapeutics 35(1): 77-86.
BACKGROUND: A manufacturer of atorvastatin is seeking marketing approval in Korea
of a generic product for adult patients with primary hypercholesterolemia.
OBJECTIVE: The objective of this study was to compare the efficacy and tolerability of a new
generic formulation of atorvastatin (test) with those of an original formulation of
atorvastatin (reference) to satisfy regulatory requirements for marketing of the generic
product in Korea.
METHODS: Patients enrolled were aged 20 to 79 years with documented primary
hypercholesterolemia who did not respond adequately to therapeutic lifestyle changes and
with a LDL-C level >100 mg/dL from a high-risk group of coronary artery disease
patients. Eligible patients were randomized to receive 1 of the 2 formulations of
atorvastatin 20 mg per day for 8 weeks. The primary end point was the percent change in
LDL-C level from baseline to week 8. Secondary end points included the percent change
in total cholesterol, triglycerides, HDL-C level, apolipoprotein B:apolipoprotein A-I
ratio, LDL:HDL ratio, LDL-C particle size, high-sensitivity C-reactive protein from
baseline to week 8, and achievement rate of the LDL-C goal.
RESULTS: A total of 298 patients (141 men and 157 women; 149 patients in each group; mean
[SD] age, 62.4 [9.2] in the test group vs 60.3 [8.9] years in the reference group) were
included. LDL-C levels were significantly decreased from baseline to week 8 in both
groups, and there was no significant difference in the percent change in LDL-C level
between groups (-44.0% [17.2%] in the test group, -45.4% [16.9%] in the reference
group; P = 0.49). The between-group differences in the percent changes in total
cholesterol and triglyceride levels were not statistically significant. In addition, there was
no significant difference between the 2 groups in percent changes in HDL-C,
apolipoprotein B:apolipoprotein A-I ratio, LDL-C:HDL-C ratio, LDL-C particle size,
high-sensitivity C-reactive protein, and the achievement rate of the LDL-C goal. Two
(1.3%) patients in the reference group (N = 150) experienced treatment-related serious
adverse events (AEs): toxic hepatitis and aggravation of chest pain. Common AEs were
cough (4.1%), myalgia (2.1%), and indigestion (1.4%) in the test formulation group and
cough (5.3%), creatine kinase elevation (2.7%), and edema (0.7%) in the reference
formulation group; however, the differences in overall prevalence of AEs between the 2
treatment groups was not significant (P = 0.88).
Koksal, M., M. A. Eren, et al. (2011). "The effects of atorvastatin and rosuvastatin on oxidative
stress in diabetic patients." European Journal of Internal Medicine 22(3): 249-253.
AIM: Diabetes is associated with abnormalities in lipid profile and increased oxidative
stress. Statins are preferred agents in diabetic patients due to their antioxidant and LDL-C
lowering effects. This study is designed to compare the effects of atorvastatin and
rosuvastatin on low density lipoprotein cholesterol (LDL-C), lipid hydroperoxide
(LOOH), total oxidant status (TOS) and total antioxidant capacity (TAC) in diabetic
patients with hyperlipidemia.
MATERIALS AND METHODS: Sixty two patients who have type 2 diabetes mellitus with
serum LDL levels more than 100mg/dL were randomly assigned to receive atorvastatin
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20mg (n=31) or rosuvastatin 10mg (n=31). Blood tests were performed at the beginning
of the study and after three months.
RESULTS: There were no statistically significant differences in the pre- and after treatment
levels of the LDL-C between groups. TAC values were increased in both groups and
statistically significant in the former group (p=0.007). There was no difference between
the change percentages ((after treatment TAC-pretreatment TAC)/pretreatment level) of
TAC between two treatment groups. The effects of two drugs on the other oxidative
parameters were not significantly different.
CONCLUSION: Both atorvastatin and rosuvastatin may be helpful in reducing increased
oxidative stress in diabetic patients with hyperlipidemia. Copyright 2010 European
Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.
Kurogi, K., S. Sugiyama, et al. (2013). "Comparison of pitavastatin with atorvastatin in
increasing HDL-cholesterol and adiponectin in patients with dyslipidemia and coronary artery
disease: the COMPACT-CAD study." Journal of Cardiology 62(2): 87-94.
BACKGROUND: Many large-scale clinical trials have confirmed that statins are
effective in reducing low-density lipoprotein cholesterol (LDL-C) level, resulting in
reducing cardiovascular events. Recent studies have focused on the effects of statins on
high-density lipoprotein cholesterol (HDL-C). Here we compared the effects of two
statins on lipid profile and other metabolic parameters.
METHODS: The study population included 129 patients with stable coronary artery disease,
hypercholesterolemia, and hypo-HDL-cholesterolemia (HDL-C<50mg/dl). They were
randomly allocated to treatment by pitavastatin 2-4 mg/day or atorvastatin 10-20mg/day
and followed-up for 30 months. The primary endpoint was percent changes in HDL-C
and adiponectin during the study. The secondary endpoints were percent and absolute
changes in markers of glucose metabolism, serum lipids, and apolipoproteins.
RESULTS: The effects of 30-month treatment with pitavastatin on HDL-C were significantly
greater than those of atorvastatin (%change: pitavastatin: 20.1 + 25.7%, atorvastatin: 6.3
+ 19.8%, p=0.01; absolute change: pitavastatin: 7.3 + 9.1mg/dl, atorvastatin: 2.3 +
8.0mg/dl, p=0.02). A similar trend was seen with regard to apolipoprotein-AI (ApoAI)
(%change: pitavastatin: 20.8 + 19.3%, atorvastatin: 11.4 + 17.6%, p=0.03; absolute
change: pitavastatin: 23.1 + 20.2mg/dl, atorvastatin: 12.1 + 19.4 mg/dl, p=0.02).
Treatment with pitavastatin, but not atorvastatin, significantly increased adiponectin
levels. Neither statin had a significant effect on hemoglobin A1c. No severe adverse
events were registered during the study.
CONCLUSION: Long-term treatment with pitavastatin resulted in significantly greater increases
in serum HDL-C and ApoAI levels without adverse effects on glucose metabolism,
compared with atorvastatin. Copyright 2013. Published by Elsevier Ltd.
Lablanche, J. M., A. Leone, et al. (2010). "Comparison of the efficacy of rosuvastatin versus
atorvastatin in reducing apolipoprotein B/apolipoprotein A-1 ratio in patients with acute
coronary syndrome: results of the CENTAURUS study." Archives of cardiovascular diseases
103(3): 160-9.
BACKGROUND: The mechanism underlying statin-induced event reduction in patients
with acute coronary syndrome remains unclear. AIMS: To assess the efficacy of
rosuvastatin 20mg versus atorvastatin 80 mg in reducing the apolipoprotein
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B/apolipoprotein A-1 (apoB/apoA-1) ratio at 3 months. Non-inferiority of rosuvastatin
20mg versus atorvastatin 80 mg in reducing low-density lipoprotein cholesterol at 1 and 3
months was also assessed. METHODS: Patients with non-ST-elevation acute coronary
syndrome were enrolled into this randomized, double blind, parallel-group trial.
RESULTS: In total, 753 patients (369, rosuvastatin 20mg; 384, atorvastatin 80 mg) were
included in the intention-to-treat analysis; 478 patients (226, rosuvastatin 20mg; 252,
atorvastatin 80 mg) were included in the per-protocol analysis. Rosuvastatin 20mg was
more effective than atorvastatin 80 mg in decreasing apoB/apoA-1 ratio at 1 month (44.4% vs -42.9%, p=0.02) but not at 3 months (both -44.4%, p=0.87). Low-density
lipoprotein cholesterol decreased by approximately 50% after 1 and 3 months in both
groups. Non-inferiority of rosuvastatin 20mg versus atorvastatin 80 mg was demonstrated
at 1 month (difference, -0.3% [95% confidence interval, -2.7; +2.1]), but not at 3 months
(+1.0% [-1.6; 3.5]) (intention-to-treat analysis). In the per-protocol analysis, noninferiority of rosuvastatin 20mg was demonstrated at both 1 (-0.7% [-3.5; 2.0]) and 3 (0.5% [-3.5; 2.5]) months. CONCLUSION: In patients with non-ST-elevation acute
coronary syndrome, rosuvastatin 20mg decreased apoB/apoA-1 ratio at 1 month more
than atorvastatin 80 mg. No difference could be shown at 3 months; thus, the primary
endpoint was not met.
Lee, S.-H., S.-M. Kang, et al. (2011). "The effects of statin monotherapy and low-dose
statin/ezetimibe on lipoprotein-associated phospholipase A2." Clinical Cardiology 34(2): 108112.
BACKGROUND: Many of the pleiotropic effects of statins remain to be elucidated.
HYPOTHESIS: Different statin regimens with similar lipid-lowering efficacy may have different
effects on biomarkers of atherothrombosis including lipoprotein-associated
phospholipase A2 (Lp-PLA2 ).
METHODS: After a 4-week dietary lead-in, 82 hypercholesterolemic patients were randomized
to 1 of 2 treatment groups: atorvastatin 20 mg or atorvastatin/ezetimibe 5 mg/5 mg. After
8 weeks of drug treatment, the groups were compared for percent change in lipid
parameters, Lp-PLA2 , interleukin-6 (IL-6), monocyte chemoattractant protein-1, and
fibrinogen.
RESULTS: Low-density lipoprotein cholesterol (LDL-C) lowering was comparable between the
2 groups (-47% +/- 11% and -49% +/- 7% in the atorvastatin and combination groups,
respectively). Although Lp-PLA2 was reduced in both groups, the reduction was greater
in the atorvastatin group (-42% and -9% [median], respectively, P = 0.03). Although IL-6
was decreased only in the atorvastatin group, IL-6 changes were not significantly
different between the 2 groups. The changes in monocyte chemoattractant protein-1 and
fibrinogen were similar in each group.
CONCLUSIONS: Atorvastatin monotherapy was stronger at reducing plasma Lp-PLA2 than the
low-dose atorvastatin/ezetimibe combination after equivalent LDL-C lowering. This
result may provide evidence of potential statin effects beyond the lowering of LDL-C.
2011 Wiley Periodicals, Inc.
Lee, C. W., S.-J. Kang, et al. (2012). "Comparison of effects of atorvastatin (20 mg) versus
rosuvastatin (10 mg) therapy on mild coronary atherosclerotic plaques (from the ARTMAP
trial)." American Journal of Cardiology 109(12): 1700-1704.
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High-dose rosuvastatin induces regression of coronary atherosclerosis, but it remains
uncertain whether usual-dose statin has similar effects. We compared the effects of
atorvastatin 20 mg/day versus rosuvastatin 10 mg/day on mild coronary atherosclerotic
plaques (20% to 50% luminal narrowing and lesion length >10 mm) using intravascular
ultrasound (IVUS). Three hundred fifty statin-naive patients with mild coronary
atherosclerotic plaques were randomized to receive atorvastatin 20 mg/day or
rosuvastatin 10 mg/day. IVUS examinations were performed at baseline and 6-month
follow-up. Primary end point was percent change in total atheroma volume (TAV)
defined as (TAV at 6 months - TAV at baseline)/(TAV at baseline) x 100. Evaluable
IVUS was obtained for 271 patients (atorvastatin in 143, rosuvastatin in 128). Clinical
characteristics, lipid levels, and IVUS measurements at baseline were similar between the
2 groups. At 6-month follow-up, percent change in TAV was significantly less in the
atorvastatin group than in the rosuvastatin group (-3.9 +/- 11.9% vs -7.4 +/- 10.6%,
respectively, p = 0.018). In contrast, change in percent atheroma volume was not
different between the 2 groups (-0.3 +/- 4.2 vs -1.1 +/- 3.5, respectively, p = 0.157).
Compared to baseline, TAV and TAV at the most diseased 10-mm subsegment were
significantly decreased in the 2 groups (p <0.001). Changes in lipid profiles at 6-month
follow-up were similar between the 2 groups. In conclusion, usual doses of atorvastatin
and rosuvastatin induced significant regression of coronary atherosclerosis in statin-naive
patients, with a greater decrease in favor of rosuvastatin. Copyright 2012 Elsevier Inc. All
rights reserved.
Lee, S.-H., S. Park, et al. (2012). "Effect of atorvastatin monotherapy and low-dose
atorvastatin/ezetimibe combination on fasting and postprandial triglycerides in combined
hyperlipedemia." Journal of Cardiovascular Pharmacology & Therapeutics 17(1): 65-71.
Postprandial triglyceride (TG) levels are easy to measure and are associated with future
cardiovascular risk. The aim of this study was to compare the effects of statin
monotherapy and low-dose statin/ezetimibe on lipid parameters including fasting and
postprandial TG. After a 4-week dietary run-in period, 78 patients with combined
hyperlipidemia were randomized into 1 of 2 treatment groups for 8 weeks: atorvastatin 20
mg or atorvastatin/ezetimibe 5 mg/5 mg. An oral fat load test was performed before and
after the drug-treatment period. The low-dose combination had a tendency to decrease
fasting TG more than atorvastatin monotherapy. The combination regimen showed a
greater reduction in postprandial TG (-13% +/- 42% and -34% +/- 30%, in the
atorvastatin and combination groups, respectively, P = .03) and total cholesterol (TC; P =
.03). The changes in low-density lipoprotein-cholesterol (LDL-C) and high-density
lipoprotein-cholesterol (HDL-C) were not different between the 2 groups. The reduction
in apo B/A1 was greater in the combination group (-32% +/- 19% and -42% +/- 13%, in
the atorvastatin and combination groups, respectively, P = .02). In conclusion, these
results demonstrated a potential beneficial effect of low-dose atorvastatin/ezetimibe
combination treatment on postprandial TG control after comparable LDL-C lowering in
patients with combined hyperlipidemia.
Lee, J.-H., H.-J. Kang, et al. (2013). "Effects of ezetimibe/simvastatin 10/20 mg vs. atorvastatin
20 mg on apolipoprotein B/apolipoprotein A1 in Korean patients with type 2 diabetes mellitus:
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results of a randomized controlled trial." American Journal of Cardiovascular Drugs 13(5): 343351.
BACKGROUND: Although the efficacy of ezetimibe/simvastatin and atorvastatin on
traditional lipid parameters has been studied extensively, the apolipoprotein
B/apolipoprotein A1 (ApoB/ApoA1) ratio, which has a better predictive value for
cardiovascular events, has not previously been used as a primary endpoint in these two
treatment groups.
OBJECTIVE: Our objective was to compare the efficacy and safety of ezetimibe/simvastatin
10/20 mg versus atorvastatin 20 mg once daily in Korean patients with type 2 diabetes
mellitus.
STUDY DESIGN: This study was an open-label, randomized, controlled study. Type 2 diabetes
patients with high levels of low-density lipoprotein (LDL) cholesterol (>100 mg/dL)
were randomized to receive ezetimibe/simvastatin or atorvastatin.
MAIN OUTCOME MEASURE: The primary endpoint was the difference in the percent change
of ApoB/ApoA1 at 12 weeks, and secondary endpoints were changes in lipid profiles,
glycosylated hemoglobin (HbA1c), homeostatic model assessment (HOMA) index, and
C-reactive protein.
RESULTS: In total, 132 patients (66 for each group) were enrolled and randomized. After 12
weeks of treatment, the ApoB/ApoA1 ratio was significantly reduced in both groups;
however, the difference of changes between the two groups was not statistically
significant (ezetimibe/simvastatin -38.6 + 18.0 % vs. atorvastatin -34.4 + 15.5 %; p =
0.059). There were no significant differences in changes to total cholesterol, LDL
cholesterol, high-density lipoprotein cholesterol, triglycerides, ApoB, and ApoB48
between the two groups. However, the increments of ApoA1 were significantly greater in
the ezetimibe/simvastatin group than in the atorvastatin group (2.8 + 10.0 vs. -1.8 + 9.8
%; p = 0.002). In the per-protocol analysis, improvement in ApoB/ApoA1 was
significantly greater in the ezetimibe/simvastatin group (-42.8 + 11.8 vs. -36.7 + 13.2 %;
p = 0.019). The changes in HbA1c, HOMA index, and C-reactive protein were
comparable between the two groups. The adverse reaction rate was similar between the
two groups (24.2 vs. 34.9 %; p = 0.180).
CONCLUSION: Ezetimibe/simvastatin 10/20 mg is comparable to atorvastatin 20 mg for the
management of dyslipidemia, and may have more favorable effects on apolipoprotein
profiles than atorvastatin 20 mg in Korean patients with type 2 diabetes mellitus.
Liu, B., H. M. Cao, et al. (2011). "Effects of rosuvastatin versus atorvastatin on rho-associated
coiled-coil containing protein kinase activity and endothelial function in patients with
atherosclerosis." Journal of International Medical Research 39(6): 2314-2322.
This randomized, double-blind, parallel-design study compared the short-term effects of
rosuvastatin and atorvastatin on serum lipids and markers of inflammation and
endothelial function in patients with stable atherosclerosis. Patients received either 10
mg/day rosuvastatin (n = 18) or 20 mg/day atorvastatin (n = 18), orally, for 4 weeks.
Serum lipids, high-sensitivity Creactive protein (hsCRP), Rho-associated coiled-coil
containing protein kinase (ROCK) activity and flow-mediated dilation (FMD) of the
brachial artery were assessed before and after therapy. Both statins produced significant
reductions in total cholesterol, low-density lipoprotein cholesterol (LDL-C), triglyceride
and hsCRP levels, and significant increases in FMD. Both statins significantly reduced
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ROCK activity and inhibition was significantly greater with rosuvastatin. There was no
correlation between ROCK activity and LDL-C level in either group. There was a
significant correlation between ROCK activity and FMD for both statins, but no
correlations between FMD and LDL-C or hsCRP levels. Short-term treatment with either
rosuvastatin or atorvastatin inhibits ROCK activity independent of cholesterol reduction,
and improves endothelium dysfunction in patients with atherosclerosis.
Moreira, F. T., S. C. Ramos, et al. (2014). "Effects of two lipid lowering therapies on immune
responses in hyperlipidemic subjects." Life Sciences 98(2): 83-87.
AIMS: To compare the effects of two of the most effective lipid-lowering therapies with
similar LDL-cholesterol reduction capacity on the innate and adaptive immune responses
through the evaluation of autoantibodies anti-oxidized LDL (anti-oxLDL Abs) and
electronegative LDL [LDL(-)] levels.
MAIN METHODS: We performed a prospective, randomized, open label study, with parallel
arms and blinded endpoints. One hundred and twelve subjects completed the study
protocol and received rosuvastatin 40 mg or ezetimibe/simvastatin 10/40 mg for 12
weeks. Lipids, apolipoproteins, LDL(-), and anti-oxLDL Abs (IgG) were assayed at
baseline and end of study.
KEY FINDINGS: Main clinical and laboratory characteristics were comparable at baseline.
Lipid modifications were similar in both treatment arms, however, a significant raise in
anti-oxLDL Abs levels was observed in subjects treated with rosuvastatin (p=0.026 vs.
baseline), but not in those receiving simvastatin/ezetimibe. (p=0.233 vs. baseline), thus
suggesting modulation of adaptive immunity by a potent statin. Titers of LDL(-) were not
modified by the treatments.
SIGNIFICANCE: Considering atherosclerosis as an immune disease, this study adds new
information, showing that under similar LDL-cholesterol reduction, the choice of lipidlowering therapy can differently modulate adaptive immune responses. Copyright 2014
Elsevier Inc. All rights reserved.
Moutzouri, E., E. N. Liberopoulos, et al. (2013). "Effects of statin monotherapy versus statin
plus ezetimibe combination on serum uric acid levels." Journal of Cardiovascular Pharmacology
& Therapeutics 18(1): 13-18.
BACKGROUND: Uric acid is considered a risk factor for cardiovascular disease (CVD).
The effect of statins and ezetimibe on serum uric acid levels has not been yet clarified.
OBJECTIVE: To compare the effect of simvastatin/ezetimibe 10/10 mg, simvastatin 40 mg, and
rosuvastatin 10 mg daily on serum uric acid levels in patients with dyslipidemia.
METHODS: This was a prospective, randomized, open-label, blinded end point (PROBE) study.
Following a 3-month dietary intervention, patients with hypercholesterolemia received
simvastatin/ezetimibe 10/10 mg or simvastatin 40 mg or rosuvastatin 10 mg. Changes in
serum levels of uric acid and fractional renal excretion of uric acid as well as changes in
electrolyte and renal function parameters were assessed after 12 weeks of treatment.
RESULTS: One hundred fifty-three patients (56 male) were included. At week 12, a significant
reduction in serum uric acid levels was seen in all treatment groups
(simvastatin/ezetimibe 10/10 mg: -3.8%, simvastatin 40 mg: -5.7%, and rosuvastatin 10
mg: -3.8%; P < .05 compared with baseline; P = not significant [NS] for comparison
between groups). Fractional excretion of uric acid nonsignificantly increased in all groups
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(simvastatin/ezetimibe 10/10 mg: +6.8%, simvastatin 40 mg: +6.8%, and rosuvastatin 10
mg: +5.9%). The reduction in serum uric acid levels correlated with the increase in
fractional excretion of uric acid and baseline uric acid levels. Renal function parameters
as well as serum levels and fractional excretions of electrolytes remained unchanged in
all groups. Changes in serum lipids were similar across groups.
CONCLUSION: Simvastatin/ezetimibe 10/10 mg, simvastatin 40 mg, and rosuvastatin 10 mg
exhibit a similar uric acid-lowering effect.
Murphy, S. A., C. P. Cannon, et al. (2009). "Reduction in recurrent cardiovascular events with
intensive lipid-lowering statin therapy compared with moderate lipid-lowering statin therapy
after acute coronary syndromes from the PROVE IT-TIMI 22 (Pravastatin or Atorvastatin
Evaluation and Infection Therapy-Thrombolysis In Myocardial Infarction 22) trial." Journal of
the American College of Cardiology 54(25): 2358-62.
OBJECTIVES: In addition to reducing first events in patients after an acute coronary
syndrome (ACS), we hypothesized that high-dose atorvastatin 80 mg would also reduce
recurrent cardiovascular events, and therefore total events, compared with pravastatin 40
mg during the 2-year follow-up. BACKGROUND: In the PROVE IT-TIMI 22
(Pravastatin or Atorvastatin Evaluation and Infection Therapy-Thrombolysis In
Myocardial Infarction 22) trial, more intensive lipid lowering with high-dose atorvastatin
reduced the first occurrence of the primary end point (death, myocardial infarction,
unstable angina requiring rehospitalization, stroke, or revascularization > or = 30 days)
compared with moderate lipid lowering with pravastatin. METHODS: Poisson regression
analysis was performed to compare the number of occurrences of the primary end point
between high-dose atorvastatin and pravastatin in the PROVE IT-TIMI 22 trial.
RESULTS: As previously reported, first primary end point events were reduced by 16%
with atorvastatin 80 mg versus pravastatin 40 mg (n = 464 vs. n = 537, respectively; p =
0.005). Additional events were also reduced by 19% with atorvastatin 80 mg (n = 275 vs.
n = 340, respectively; p = 0.009). Overall, there were 138 fewer primary efficacy events
with atorvastatin 80 mg versus pravastatin 40 mg (n = 739 vs. n = 877, respectively; rate
ratio: 0.85, 95% confidence interval: 0.77 to 0.94, p = 0.001). CONCLUSIONS:
Although analytic techniques commonly used in clinical outcomes trials censor patients
who experience a component of the primary composite end point, total cardiovascular
events are important to patients, clinicians, and health care payers. Maintaining low
levels of low-density lipoprotein cholesterol is central to preventing additional
atherosclerotic development and subsequent cardiovascular events. Atorvastatin 80 mg, a
more intensive low-density lipoprotein cholesterol lowering agent, reduced both first and
subsequent primary end point events compared with pravastatin 40 mg after ACS.
Murrow, J. R., S. Sher, et al. (2012). "The differential effect of statins on oxidative stress and
endothelial function: atorvastatin versus pravastatin." Journal of Clinical Lipidology 6(1): 42-49.
BACKGROUND: Atherogenic risk in subjects with metabolic syndrome is partly
mediated by increased oxidative stress and subsequent endothelial dysfunction. Clinical
trials have demonstrated differences in outcomes between subjects receiving lipophilic
statins (atorvastatin) compared with hydrophilic statins (pravastatin). However, whether
these findings are attributable to differences in the doses administered or to nonlipidlowering pleiotropic effects of statins on oxidative stress and vascular function remains
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unknown. We hypothesized that equipotent doses of these two statins will have divergent
effects on markers of oxidative stress and endothelial function.
METHODS: Thirty-six subjects with hyperlipidemia and metabolic syndrome and/or diabetes
were randomized in a double-blind manner to either pravastatin 80 mg or atorvastatin 10
mg daily. Oxidative stress (dROMs assay that measures lipid hydroperoxides, plasma
thiobarbituric acid reactive substances [TBARS], and aminothiol levels) and brachial
artery flow-mediated dilation (FMD) were measured at baseline and after 12 weeks of
statin therapy.
RESULTS: Statin therapy reduced serum low-density lipoprotein cholesterol levels equally in
both groups. Atorvastatin therapy was associated with a significant reduction in TBARS
(P= .006) and dROMs levels (P= .02), which was not observed in subjects treated with
pravastatin. Endothelial function improved with statin therapy (P= .02), but there was no
difference between the statin groups.
CONCLUSION: In hyperlipidemic subjects with metabolic syndrome, atorvastatin is associated
with a greater reduction in lipid markers of oxidation compared with pravastatin.
Whether these effects are responsible for the outcome differences in trials comparing
these agents needs further investigation. Copyright 2012 National Lipid Association. All
rights reserved.
Nicholls, S. J., C. M. Ballantyne, et al. (2011). "Effect of two intensive statin regimens on
progression of coronary disease." New England Journal of Medicine 365(22): 2078-2087.
BACKGROUND: Statins reduce adverse cardiovascular outcomes and slow the
progression of coronary atherosclerosis in proportion to their ability to reduce lowdensity lipoprotein (LDL) cholesterol. However, few studies have either assessed the
ability of intensive statin treatments to achieve disease regression or compared alternative
approaches to maximal statin administration.
METHODS: We performed serial intravascular ultrasonography in 1039 patients with coronary
disease, at baseline and after 104 weeks of treatment with either atorvastatin, 80 mg
daily, or rosuvastatin, 40 mg daily, to compare the effect of these two intensive statin
regimens on the progression of coronary atherosclerosis, as well as to assess their safety
and side-effect profiles.
RESULTS: After 104 weeks of therapy, the rosuvastatin group had lower levels of LDL
cholesterol than the atorvastatin group (62.6 vs. 70.2 mg per deciliter [1.62 vs. 1.82 mmol
per liter], P<0.001), and higher levels of high-density lipoprotein (HDL) cholesterol (50.4
vs. 48.6 mg per deciliter [1.30 vs. 1.26 mmol per liter], P=0.01). The primary efficacy
end point, percent atheroma volume (PAV), decreased by 0.99% (95% confidence
interval [CI], -1.19 to -0.63) with atorvastatin and by 1.22% (95% CI, -1.52 to -0.90) with
rosuvastatin (P=0.17). The effect on the secondary efficacy end point, normalized total
atheroma volume (TAV), was more favorable with rosuvastatin than with atorvastatin: 6.39 mm(3) (95% CI, -7.52 to -5.12), as compared with -4.42 mm(3) (95% CI, -5.98 to 3.26) (P=0.01). Both agents induced regression in the majority of patients: 63.2% with
atorvastatin and 68.5% with rosuvastatin for PAV (P=0.07) and 64.7% and 71.3%,
respectively, for TAV (P=0.02). Both agents had acceptable side-effect profiles, with a
low incidence of laboratory abnormalities and cardiovascular events.
CONCLUSIONS: Maximal doses of rosuvastatin and atorvastatin resulted in significant
regression of coronary atherosclerosis. Despite the lower level of LDL cholesterol and
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the higher level of HDL cholesterol achieved with rosuvastatin, a similar degree of
regression of PAV was observed in the two treatment groups. (Funded by AstraZeneca
Pharmaceuticals; ClinicalTrials.gov number, NCT000620542.).
Nohara, R., H. Daida, et al. (2012). "Effect of intensive lipid-lowering therapy with rosuvastatin
on progression of carotid intima-media thickness in Japanese patients: Justification for
Atherosclerosis Regression Treatment (JART) study.[Erratum appears in Circ J. 2012;76(2):522
Note: Fujii, Katsuhito [corrected to Fujiu, Katsuhito]; Hiroi, Yukio [added]; Konishi, Hakuoh
[added]; Matsuki, Michihiro [added]; Matsuoka, Takaaki [added]; Okauchi, Seizo [added];
Ozaki, Akihiko [added];Satoi, Satoshi [added]; Sawaki, Daigo [added]; Takahashi, Maiko
[corrected to Takahashi, Makio]]." Circulation Journal 76(1): 221-229.
BACKGROUND: A recent trial in Western countries has shown that rosuvastatin slows
progression of carotid intima-media thickness (IMT) in patients with modest carotid IMT
thickening and elevated levels of low-density lipoprotein cholesterol (LDL-C). We
conducted a prospective, randomized, open-label, blinded-endpoint trial to determine
whether rosuvastatin is more effective than pravastatin in slowing progression of carotid
IMT in Japanese patients.
METHODS AND RESULTS: Adult patients with hypercholesterolemia who had a maximum
IMT >=1.1mm were randomly assigned to receive rosuvastatin or pravastatin. The
primary endpoint was the percent change in the mean-IMT, which was measured by a
single observer who was blinded to the treatment assignments. The trial was stopped on
April 2011 according to the recommendation by the data and safety monitoring
committee. A total of 348 patients (173 rosuvastatin; 175 pravastatin) were enrolled and
314 (159 rosuvastatin; 155 pravastatin) were included in the primary analysis. Mean (SD)
percentage changes in the mean-IMT at 12 months were 1.91% (10.9) in the rosuvastatin
group and 5.8% (12.0) in the pravastatin group, with a difference of 3.89% (11.5)
between the groups (P=0.004). At 12 months, 85 patients (59.4%) in the rosuvastatin
group achieved a LDL-C/high-density lipoprotein cholesterol ratio <=1.5 compared with
24 patients (16.4%) in the pravastatin group (P<0.0001).
CONCLUSIONS: Rosuvastatin significantly slowed progression of carotid IMT at 12 months
compared with pravastatin.
Olsson, A. G., C. Lindahl, et al. (2011). "LDL cholesterol goals and cardiovascular risk during
statin treatment: the IDEAL study." European Journal of Cardiovascular Prevention &
Rehabilitation 18(2): 262-269.
AIMS: We assessed the proportion of patients treated with either simvastatin 20 or 40 mg
or atorvastatin 80 mg who achieved low-density lipoprotein cholesterol (LDL-C) goals of
2.5 or 2.0 mmol/l in the Incremental Decrease in End Points Through Aggressive Lipid
Lowering (IDEAL) study. We explored how lipoprotein components related to
cardiovascular disease (CVD) outcomes in these groups.
METHODS AND RESULTS: For subjects who reached on-treatment LDL-C goals, Cox
regression models were used to assess the ability of lipoprotein components to predict
CVD events. Treatment with simvastatin or atorvastatin resulted in 40 per cent and 80 per
cent of patients, respectively, reaching the 2.5 mmol/l goal and 12 per cent and 52 per
cent, respectively, reaching the 2.0 mmol/l goal, after 1 year (all p<0.001 between
groups). Adjusting for baseline LDL-C levels, hazard ratio (HR) for those reaching 2.0Statins
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2.5 mmol/l LDL-C versus those reaching <2.0 mmol/l was 1.16 (95% confidence interval
[CI], 1.02-1.33, p=0.023). An increase of the apolipoprotein B/A1 (apoB/A1) ratio by 1
standard deviation in participants who reached 2.0 mmol/l showed a HR for CVD of 1.14
(95% CI, 1.04-1.25, p=0.004).
CONCLUSION: More CVD patients treated with atorvastatin than simvastatin achieved either
LDL-C goal and those reaching the 2.0 mmol/l goal exhibited significantly less CVD
than those only reaching 2.5 mmol/l. In those reaching the 2.0 mmol/l goal, the apoB/A1
ratio still bears a relation to CVD outcome. The use of apoB/A1 ratio may provide
additional predictive value to that of LDL-C.
Ose, L., D. Budinski, et al. (2009). "Comparison of pitavastatin with simvastatin in primary
hypercholesterolaemia or combined dyslipidaemia.[Erratum appears in Curr Med Res Opin.
2010 May;26(5):1046 Note: Dosage error in article text]." Current Medical Research and
Opinion 25(11): 2755-64.
OBJECTIVES: The primary objective of this study was to demonstrate equivalence of
pitavastatin compared with simvastatin in the reduction of low-density lipoprotein
cholesterol (LDL-C) levels in patients with primary hypercholesterolaemia or combined
dyslipidaemia. Secondary objectives included achievement of National Cholesterol
Education Program Adult Treatment Panel (NECP) and European Atherosclerosis
Society (EAS) LDL-C goals, comparison of other lipid parameters, and assessment of
safety and tolerability of the two statins. RESEARCH DESIGN AND METHODS: A
prospective, randomised, active-controlled double-blind, double-dummy, 12-week
therapy trial was conducted in 857 patients with either primary hypercholesterolaemia or
combined dyslipidaemia. The trial was designed to demonstrate the equivalence (noninferiority of presumed equipotent doses) of pitavastatin compared with simvastatin.
Patients were randomised to one of four groups: pitavastatin 2 mg/day, pitavastatin 4
mg/day, simvastatin 20 mg/day or simvastatin 40 mg/day. The main study limitation was
restriction of the study population to those eligible for administration of simvastatin. Trial
registration: This clinical trial has been registered at www.clinicaltrials.gov NCT#
NCT00309777. RESULTS: Pitavastatin 2 mg showed significantly better reductions of
LDL-C (p = 0.014), non-high-density lipoprotein cholesterol (non-HDL-C) (p = 0.021)
and total cholesterol (TC) (p = 0.041) compared with simvastatin 20 mg and led to more
patients achieving the EAS LDL-C treatment target. Reduction of LDL-C in the
pitavastatin 2 mg group was 39% compared with 35% in the simvastatin 20 mg group.
Pitavastatin 4 mg showed similar effects on all lipid parameters to simvastatin 40 mg.
The reductions in LDL-C were 44% and 43%, respectively. The safety profiles of
pitavastatin and simvastatin were similar at the two dose levels. Pitavastatin was
considered superior to simvastatin in terms of percent reduction of LDL-C in the lower
dose group comparison and proved to be equivalent to simvastatin in percent reduction of
LDL-C in the higher-dose group. CONCLUSION: As compared with simvastatin, an
established first-line lipid-lowering agent, pitavastatin is an efficacious treatment choice
in patients with primary hypercholesterolaemia or combined dyslipidaemia.
Padhy, B. M., R. Yadav, et al. (2013). "Hypolipidaemic and anti-inflammatory effects of fixed
dose combination of atorvastatin plus ezetimibe in Indian patients with dyslipidaemia."
Singapore Medical Journal 54(2): 90-95.
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INTRODUCTION: We aimed to assess the efficacy of fixed dose combination of
atorvastatin plus ezetimibe in Indian patients with dyslipidaemia.
METHODS: A double-blind study was conducted to assess the effect of fixed dose combination
of ezetimibe 10 mg plus atorvastatin 10 mg on lipid profile, oxidised low-density
lipoprotein (ox-LDL), high-sensitivity C-reactive protein (hsCRP) and soluble
intercellular cell adhesion molecule (sICAM) in dyslipidaemic patients with or at high
risk of coronary artery disease, and compare it with atorvastatin 10 mg monotherapy. 30
patients were randomised to receive ezetimibe plus atorvastatin or atorvastatin once daily
for four weeks.
RESULTS: Of the 30 patients, 10 men and 5 women (mean age 54.3 + 1.6 years) received
ezetimibe plus atorvastatin, while 13 men and 2 women (mean age 53.7 + 2.8 years)
received only atorvastatin. The combination treatment significantly reduced total
cholesterol (percentage treatment difference -14.4 + 6.5, 95% confidence interval [CI] 1.0 to -27.7; p = 0.041) and LDL cholesterol (LDL-C; percentage treatment difference 19.9 + 6.1, 95% CI -7.4 to -32.4; p = 0.003) compared to atorvastatin monotherapy. 13
patients on combination treament achieved the National Cholesterol Education Program
target for LDL-C as compared to 9 patients on atorvastatin monotherapy (p = 0.032).
Significant reductions in very low-density lipoprotein cholesterol, triglyceride, ox-LDL
and sICAM were observed with combination treatment compared to atorvastatin
monotherapy. However, no significant change was seen in high-density lipoprotein
cholesterol or hsCRP levels between the two groups.
CONCLUSION: Combination treatment with atorvastatin and ezetimibe had relatively better
lipid-lowering and anti-inflammatory efficacy than atorvastatin monotherapy.
Park, J. S., Y. J. Kim, et al. (2010). "Comparative study of low doses of rosuvastatin and
atorvastatin on lipid and glycemic control in patients with metabolic syndrome and
hypercholesterolemia." Korean Journal of Internal Medicine 25(1): 27-35.
BACKGROUND/AIMS: This multicenter, open-labeled, randomized trial was performed
to compare the effects of rosuvastatin 10 mg and atorvastatin 10 mg on lipid and
glycemic control in Korean patients with nondiabetic metabolic syndrome. METHODS:
In total, 351 patients who met the modified National Cholesterol Education Program
Adult Treatment Panel III (NCEP ATP III) criteria for metabolic syndrome with lowdensity lipoprotein cholesterol (LDL-C) levels > or = 130 mg/dL were randomized to
receive either rosuvastatin 10 mg (n = 173) or atorvastatin 10 mg (n = 178) for over 6
weeks. RESULTS: After 6 weeks of treatment, greater reductions in total cholesterol (35.94 +/- 11.38 vs. - 30.07 +/- 10.46%, p < 0.001), LDL-C (48.04 +/- 14.45 vs. 39.52 +/14.42%, p < 0.001), non-high-density lipoprotein cholesterol (- 42.93 +/- 13.15 vs. 35.52 +/- 11.76%, p < 0.001), and apolipoprotein-B (- 38.7 +/- 18.85 vs. - 32.57 +/17.56%, p = 0.002) levels were observed in the rosuvastatin group as compared to the
atorvastatin group. Overall, the percentage of patients attaining the NCEP ATP III goal
was higher with rosuvastatin as compared to atorvastatin (87.64 vs. 69.88%, p < 0.001).
Changes in glucose and insulin levels, and homeostasis model assessment of insulin
resistance index were not significantly different between the two groups. The safety and
tolerability of the two agents were similar. CONCLUSIONS: Rosuvastatin 10 mg was
more effective than atorvastatin 10 mg in achieving NCEP ATP III LDL-C goals in
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patients with nondiabetic metabolic syndrome, especially in those with lower NCEP ATP
III target level goals.
Pedersen, T. R., N. B. Cater, et al. (2010). "Comparison of atorvastatin 80 mg/day versus
simvastatin 20 to 40 mg/day on frequency of cardiovascular events late (five years) after acute
myocardial infarction (from the Incremental Decrease in End Points through Aggressive Lipid
Lowering [IDEAL] trial)." American Journal of Cardiology 106(3): 354-9.
Previous studies have demonstrated that benefits of intensive statin therapy compared to
standard statin therapy begin shortly after an acute event and are continued up to 2 years
of follow-up. However, whether efficacy and safety of intensive statin therapy in patients
with a recent cardiac event are maintained in longer-term follow-up has not been
evaluated. We conducted a post hoc analysis of a subgroup of 999 patients who had a
first acute myocardial infarction (MI) <2 months before randomization in a prospective,
open-label, blinded end-point evaluation trial of 8,888 patients with a history of MI that
compared intensive statin therapy (atorvastatin 80 mg) to standard statin therapy
(simvastatin 20 to 40 mg) over approximately 5 years of follow-up. We analyzed the
same composite end point used in the Pravastatin or Atorvastatin Evaluation and
Infection Therapy (PROVE IT) trial (death, MI, hospitalization for unstable angina,
revascularization, and stroke). Rates of the composite end point were 44.7% (n = 226) in
the simvastatin group and 37.9% (n = 187) in the atorvastatin group (hazard ratio 0.82,
95% confidence interval 0.67 to 0.99, p = 0.04). Although statistical power was smaller
than that of the PROVE IT trial, the relative risk decrease observed at 5 years is
consistent with that in the 2-year follow-up in PROVE IT. The 2 treatment regimens were
well tolerated. In conclusion, our analysis provides support for the strategy of placing
patients with recent MI on intensive statin therapy and maintaining the high dose over the
long term, beyond 2 years. Copyright (c) 2010 Elsevier Inc. All rights reserved.
Pesaro, A. E. P., C. V. Serrano, Jr., et al. (2012). "Pleiotropic effects of ezetimibe/simvastatin vs.
high dose simvastatin." International Journal of Cardiology 158(3): 400-404.
BACKGROUND: In the setting of stable coronary artery disease (CAD), it is not known
if the pleiotropic effects of cholesterol reduction differ between combined
ezetimibe/simvastatin and high-dose simvastatin alone.
OBJECTIVE: We sought to compare the anti-inflammatory and antiplatelet effects of ezetimibe
10mg/simvastatin 20mg (E10/S20) with simvastatin 80 mg (S80).
METHODS AND RESULTS: CAD patients (n=83, 63 +/- 9 years, 57% men) receiving S20,
were randomly allocated to receive E10/S20 or S80, for 6 weeks. Lipids, inflammatory
markers (C-reactive protein, interleukin-6, monocyte chemoattractant protein-1, soluble
CD40 ligand and oxidized LDL), and platelet aggregation (platelet function analyzer
[PFA]-100) changes were determined. Baseline lipids, inflammatory markers and PFA100 were similar between groups. After treatment, E10/S20 and S80 patients presented,
respectively: (1) similar reduction in LDL-C (29 +/- 13% vs. 28 +/- 30%, p=0.46), apo-B
(18 +/- 17% vs. 22 +/- 15%, p=0.22) and oxidized LDL (15 +/- 33% vs. 18 +/- 47%,
p=0.30); (2) no changes in inflammatory markers; and, (3) a higher increase of the PFA100 with E10/S20 than with S80 (27 +/- 43% vs. 8 +/- 33%, p=0.02).
CONCLUSIONS: These data suggest that among stable CAD patients treated with S20, (1) both
E10/S20 and S80 were equally effective in further reducing LDL-C; (2) neither treatment
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had any further significant anti-inflammatory effects; and (3) E10/S20 was more effective
than S80 in inhibiting platelet aggregation. Thus, despite similar lipid lowering and doses
4x less of simvastatin, E10/S20 induced a greater platelet inhibitory effect than S80.
Copyright 2011 Elsevier Ireland Ltd. All rights reserved.
Pitt, B., J. Loscalzo, et al. (2012). "Comparison of lipid-modifying efficacy of rosuvastatin
versus atorvastatin in patients with acute coronary syndrome (from the LUNAR study)."
American Journal of Cardiology 109(9): 1239-1246.
Patients with acute coronary syndrome are recommended for early aggressive lowdensity lipoprotein (LDL) cholesterol-lowering therapy. The LUNAR study compared the
efficacy of rosuvastatin with that of atorvastatin in decreasing LDL cholesterol in patients
with acute coronary syndrome. Adult patients with coronary artery disease who were
hospitalized for an acute coronary syndrome within 48 hours of first symptoms were
randomized (n = 825) to an open-label, once-daily treatment with rosuvastatin 20 mg
(RSV20), rosuvastatin 40 mg (RSV40), or atorvastatin 80 mg (ATV80) for 12 weeks.
Patients were evaluated at weeks 2, 6, and 12. The primary end point was treatment
efficacy in lowering LDL cholesterol averaged over 6 to 12 weeks. Changes in other
lipoproteins, including high-density lipoprotein (HDL) cholesterol, and safety were
evaluated. Analysis of covariance was used to compare least squares mean differences
between each rosuvastatin treatment arm and the atorvastatin arm. The efficacy of
RSV40 in lowering LDL cholesterol was significantly greater than that of ATV80 (46.8%
vs 42.7% decrease, p = 0.02). LDL cholesterol lowering by RSV20 was similar to that by
ATV80. Increases in HDL cholesterol were significantly greater with RSV40 (11.9%, p
<0.001) and RSV20 (9.7%, p <0.01) than with ATV80 (5.6%). RSV40 was also
significantly more effective than ATV80 in improving most other secondary efficacy
variables, whereas the effects of RSV20 on these parameters were generally similar to
those of ATV80. All 3 treatments were generally well tolerated over 12 weeks. In
conclusion, results from the LUNAR study show that RSV40 more effectively decreased
LDL cholesterol, increased HDL cholesterol, and improved other blood lipid parameters
than ATV80 in patients with acute coronary syndrome. Copyright 2012 Elsevier Inc. All
rights reserved.
Polis, A. B., N. Abate, et al. (2009). "Low-density lipoprotein cholesterol reduction and goal
achievement with ezetimibe/simvastatin versus atorvastatin or rosuvastatin in patients with
diabetes, metabolic syndrome, or neither disease, stratified by National Cholesterol Education
Program risk category." Metabolic Syndrome & Related Disorders 7(6): 601-10.
BACKGROUND: Patients with diabetes mellitus (DM) and metabolic syndrome are at
increased risk of coronary heart disease (CHD). Studies have shown differential statin
efficacy on low-density lipid cholesterol (LDL-C) by CHD risk strata. OBJECTIVE: The
aim of this study was to evaluate the consistency of effect with ezetimibe/simvastatin
(E/S) combination therapy, atorvastatin, or rosuvastatin in patients with DM, metabolic
syndrome, or neither condition (No DM/metabolic syndrome), stratified by the National
Cholesterol Education Panel Adult Treatment Panel III (NCEP ATP III) CHD risk group.
METHODS: Post hoc analyses of 2 multicenter, double-blind, randomized, 6-week
studies comparing E/S 10/10, 10/20, 10/40, or 10/80 mg with either atorvastatin 10, 20,
40, or 80 mg, or rosuvastatin 10, 20, or 40 mg. Treatments were compared by pooling
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across all doses for LDL-C reduction and NCEP LDL-C goal attainment in patients with
DM, metabolic syndrome without DM, or No DM/metabolic syndrome across NCEP
CHD risk strata. RESULTS: NCEP LDL-C goal attainment was lowest in the high-risk
group with atherosclerotic vascular disease (12-64%) and greatest in the moderate and
low-risk groups (84-100%). In contrast, LDL-C reduction was generally similar
irrespective of disease or risk subgroup. All treatments were generally well tolerated,
with overall similar safety regardless of disease and risk level. CONCLUSIONS: In these
studies, CHD risk strata were inversely related to the likelihood of attaining NCEP LDLC goals, but did not appear to affect the percentage LDL-C change from baseline. This
demonstrates the need for especially aggressive cholesterol lowering necessary to reach
the lower LDL-C goal for high-risk patients.
Puccetti, L., F. Santilli, et al. (2011). "Effects of atorvastatin and rosuvastatin on thromboxanedependent platelet activation and oxidative stress in hypercholesterolemia." Atherosclerosis
214(1): 122-128.
OBJECTIVES: We examined the time-dependent effects of atorvastatin and rosuvastatin
on in vivo oxidative stress and platelet activation, to assess whether these phenomena are
related to any pleiotropic effect of any statin or to their LDL-lowering effect. We also
asked whether the presence of specific allele frequencies in carriers of the 3'UTR/lectinlike oxidized LDL receptor-1 (LOX-1) polymorphism may influence the effect of either
statin.
METHODS: We included 60 hypercholesterolemic subjects, previously screened for LOX-1
3'UTR polymorphism, randomized, according to genetic profile (15 T and 15 C carriers
for each arm), to atorvastatin 20mg/day or rosuvastatin 10mg/day.
RESULTS: After 8 weeks, atorvastatin and rosuvastatin were associated with comparable,
significant reductions in LDL cholesterol (40.8% and 43.6%, respectively), plasma hsCRP (9.5% vs. 13.8%), urinary 11-dehydro-thromboxane (TX) B(2) (38.9% vs. 27.1%)
and 8-iso-prostaglandin (PG) F(2) (39.4% vs. 19.4%). The impact of rosuvastatin or
atorvastatin on CRP, 8-iso-PGF(2), and 11-dehydro-TXB(2) did not differ according to
the LOX-1 haplotype. On multiple regression analyses, only CRP and LDL were
independent predictors of 11-dehydro-TXB(2), and only LDL was a significant predictor
of 8-iso-PGF(2).
CONCLUSIONS: Both atorvastatin and rosuvastatin cause comparable reductions of
thromboxane-dependent platelet activation, lipid peroxidation and inflammation. The
presence of 3'UTR/LOX-1 polymorphism does not affect the changes induced by either
statin. Copyright A 2010 Elsevier Ireland Ltd. All rights reserved.
Puri, R., S. E. Nissen, et al. (2013). "Factors underlying regression of coronary atheroma with
potent statin therapy." European Heart Journal 34(24): 1818-1825.
AIMS: Statins can inhibit the progression of coronary atherosclerosis. We aimed to
characterize clinical factors that associate with differing measures of coronary atheroma
volume following potent statin therapy.
METHODS AND RESULTS: SATURN employed serial intravascular ultrasound (IVUS) to
monitor changes in measures of coronary atheroma burden [total atheroma volume
(TAV) and per cent atheroma volume (PAV)] in 1039 patients with coronary artery
disease, treated with rosuvastatin (40 mg) or atorvastatin (80 mg) daily for 24 months.
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Rosuvastatin-treated patients demonstrated greater reductions in low-density lipoprotein
cholesterol (LDL-C, 47 vs. 40%, P < 0.001) and greater increases in high-density
lipoprotein cholesterol (HDL-C, 13 vs. 10%, P = 0.02). These alterations in the lipid
profile associated with greater TAV (-6.4 vs. -4.4 mm(3), P = 0.01), but not PAV (-1.22
vs. -0.99%, P = 0.17) regression. Greater TAV reductions with rosuvastatin vs.
atorvastatin occurred in patients with diabetes (P = 0.01, treatment by diabetic status
interaction P-value 0.05). Greater PAV reductions with rosuvastatin were evident in
females (P = 0.01, treatment by sex interaction P-value 0.03) and in those with greater
than or equal to median baseline LDL-C (P = 0.02, treatment by LDL-C group interaction
P-value 0.03) or HDL-C levels (P = 0.02, treatment by HDL-C group interaction P-value
0.04). On multivariable analysis assessing change in TAV and PAV, both higher baseline
TAV and PAV independently associated with TAV and PAV regression, respectively
(standardized estimates: TAV -0.25, P < 0.001; PAV -0.23, P < 0.001).
CONCLUSION: Higher-risk patients, particularly those with greater baseline coronary atheroma
volume, are more likely to experience less disease progression with potent statin therapy.
Ramos, S. C., F. A. Fonseca, et al. (2011). "The role of soluble fiber intake in patients under
highly effective lipid-lowering therapy." Nutrition Journal 10: 80.
BACKGROUND: It has been demonstrated that statins can increase intestinal sterol
absorption. Augments in phytosterolemia seems related to cardiovascular disease.
OBJECTIVE: We examined the role of soluble fiber intake in endogenous cholesterol synthesis
and in sterol absorption among subjects under highly effective lipid-lowering therapy.
DESIGN: In an open label, randomized, parallel-design study with blinded endpoints, subjects
with primary hypercholesterolemia (n = 116) were assigned to receive during 12 weeks, a
daily dose of 25 g of fiber (corresponding to 6 g of soluble fibers) plus rosuvastatin 40
mg (n = 28), rosuvastatin 40 mg alone (n = 30), sinvastatin 40 mg plus ezetimibe 10 mg
plus 25 g of fiber (n = 28), or sinvastatin 40 mg plus ezetimibe 10 mg (n = 30) alone.
RESULTS: The four assigned therapies produced similar changes in total cholesterol, LDLcholesterol, and triglycerides (p < 0.001 vs. baseline) and did not change HDLcholesterol. Fiber intake decreased plasma campesterol (p < 0.001 vs. baseline),
particularly among those patients receiving ezetimibe (p < 0.05 vs. other groups), and sitosterol (p = 0.03 vs. baseline), with a trend for lower levels in the group receiving fiber
plus ezetimibe (p = 0.07). Treatment with rosuvastatin alone or combined with soluble
fiber was associated with decreased levels of desmosterol (p = 0.003 vs. other groups).
Compared to non-fiber supplemented individuals, those treated with fibers had weight
loss (p = 0.04), reduced body mass index (p = 0.002) and blood glucose (p = 0.047).
CONCLUSION: Among subjects treated with highly effective lipid-lowering therapy, the intake
of 25 g of fibers added favorable effects, mainly by reducing phytosterolemia. Additional
benefits include improvement in blood glucose and anthropometric parameters.
Robinson, J. G., C. M. Ballantyne, et al. (2011). "Achievement of specified low-density
lipoprotein cholesterol, non-high-density lipoprotein cholesterol apolipoprotein B, and highsensitivity C-reactive protein levels with ezetimibe/simvastatin or atorvastatin in metabolic
syndrome patients with and without atherosclerotic vascular disease (from the VYMET study)."
Journal of Clinical Lipidology 5(6): 474-482.
BACKGROUND: Metabolic syndrome (MetS) and atherosclerotic vascular disease
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(AVD) are associated with increased coronary heart disease risk.
OBJECTIVE: To assess percent change from baseline in lipids and high-sensitivity C-reactive
protein (hs-CRP) levels and the proportion of subjects reaching specified low-density
lipoprotein cholesterol (LDL-C), non-high-density lipoprotein cholesterol (HDL-C) and
apolipoprotein B (Apo B) single, dual, and triple targets and hs-CRP <2 mg/L among
subjects with and without AVD treated with ezetimibe/simvastatin or atorvastatin for 6
weeks.
METHODS: Adults (N= 1143) with MetS and hypercholesterolemia were randomized to starting
and next higher doses of ezetimibe/simvastatin (10/20 or 10/40 mg) or atorvastatin (10,
20, or 40 mg).
RESULTS: Ezetimibe/simvastatin produced significantly greater reductions in evaluated lipids
than atorvastatin for most prespecified dose comparisons. More subjects without AVD
achieved LDL-C levels <100 mg/dL, non-HDL-C levels <130 mg/dL, and dual LDLC/non-HDL targets (83%-92% vs 62%-76%) andApoB <90 mg/dL or triple targets (65%75% vs 41%-49%) with 40 mg of atorvastatin or 10/20-40 mg of ezetimibe/simvastatin
compared with 10 or 20 mg of atorvastatin, respectively. More subjects with AVD
achieved LDL-C<70 mg/dL and non-HDL-C<100 mg/dL single and dual targets (65%80%) and Apo B <80 mg/dL (53%-63%) with 10/20-40 mg of ezetimibe/simvastatin than
with 40 mg of atorvastatin (40%-49%). More subjects achieved triple lipid targets with
10/20-40mg of ezetimibe/simvastatin versus 10-40 mg of atorvastatin (50%-63% vs 24%40%). Achievement of hs-CRP <2 mg/L was similar across all doses regardless of AVD
status.
CONCLUSIONS: More intensive therapy was required for >80% of subjects to achieve LDL-C
<100 mg/dL and non-HDL-C <130 mg/dL and for the majority of subjects to achieve
lower levels of LDL-C <70 mg/dL, non-HDL-C <100 mg/dL, and/or Apo B <90 mg/dL.
The effect of ezetimibe on cardiovascular risk reduction has yet to be established.
(Clintrials.gov no: NCT00409773). Copyright 2011 National Lipid Association.
Published by Elsevier Inc. All rights reserved
Robinson, J. G., C. M. Ballantyne, et al. (2013). "Age, abdominal obesity, and baseline highsensitivity C-reactive protein are associated with low-density lipoprotein cholesterol, non-highdensity lipoprotein cholesterol, and apolipoprotein B responses to ezetimibe/simvastatin and
atorvastatin in patients with metabolic syndrome." Journal of Clinical Lipidology 7(4): 292-303.
BACKGROUND: Treatment response to lipid-lowering therapy can vary in patients with
the metabolic syndrome (MetS) due to various patient demographic and baseline
characteristics.
OBJECTIVE: This study assessed the relationships between baseline characteristics and changes
in lipid variables, high-sensitivity C-reactive protein (hs-CRP) and attainment of
prespecified low-density lipoprotein cholesterol (LDL-C) and non-high-density
lipoprotein cholesterol (non-HDL-C) levels in MetS patients treated with
ezetimibe/simvastatin and atorvastatin.
METHODS: This is a post-hoc analysis of a multicenter, double-blind, randomized, 6-week
parallel study in >1000 hypercholesterolemic subjects (median age of 59 years) with
MetS and moderately high/high coronary heart disease risk who were treated with
ezetimibe/simvastatin (10/20 and 10/40 mg) or atorvastatin (10, 20, 40 mg). Factors that
could affect these treatments were assessed by multivariate analysis.
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RESULTS: Increasing age, abdominal obesity (waist circumference > 40/35 inches for
men/women), and lower baseline hs-CRP were significant predictors of greater
reductions in LDL-C, non-HDL-C, apolipoprotein B, total cholesterol, triglycerides, and
very-low-density lipoprotein cholesterol but not for changes in HDL-C or apolipoprotein
AI; effects of race and baseline triglycerides, non-HDL-C, LDL-C, or HDL-C levels were
more limited. Age > 65 years (versus <65 years) was also associated with significantly
greater attainment of all LDL-C and non-HDL-C targets, whereas abdominal obesity,
gender (female > male) and lower baseline LDL-C, non-HDL-C, triglycerides, and hsCRP were associated with improved attainment for some of these targets. Blood pressure,
fasting glucose, Homeostasis Model Assessment of Insulin Resistance tertiles, and
diabetes did not predict response for any efficacy variable. Ezetimibe/simvastatin
treatment (versus atorvastatin) was a significant predictor for change in most efficacy
variables.
CONCLUSIONS: Treatment responses to ezetimibe/simvastatin and atorvastatin in at-risk
patients with the MetS were related to age (> 65 years), abdominal obesity, and lower
baseline hs-CRP. Ezetimibe/simvastatin treatment was found to be consistently more
effective than atorvastatin at the specified dose comparisons across these subgroups. The
clinical value of predictive factors requires further study in outcome trials. Copyright
2013 National Lipid Association. Published by Elsevier Inc. All rights reserved.
Rosen, J. B., J. G. Jimenez, et al. (2013). "A comparison of efficacy and safety of an
ezetimibe/simvastatin combination compared with other intensified lipid-lowering treatment
strategies in diabetic patients with symptomatic cardiovascular disease." Diabetes & Vascular
Disease Research 10(3): 277-286.
The low-density lipoprotein cholesterol (LDL-C) lowering efficacy of switching to
ezetimibe/simvastatin (EZ/S) 10/20 mg versus doubling the run-in statin dose (to
simvastatin 40 mg or atorvastatin 20 mg) or switching to rosuvastatin 10 mg in subjects
with cardiovascular disease (CVD) and diabetes was assessed. Endpoints included
percentage change in LDL-C and percentage of patients achieving LDL-C <70 mg/dL.
Significantly greater reductions in LDL-C occurred when switching to EZ/S versus statin
doubling in the overall population and in subjects treated with simvastatin 20 mg or
atorvastatin 10 mg (all p < 0.001). The LDL-C reduction was numerically greater when
switching to EZ/S versus switching to rosuvastatin (p = 0.060). Significantly more
subjects reached LDL-C <70 mg/dL with EZ/S (54.5%) versus statin doubling (27.0%) or
rosuvastatin (42.5%) in the overall population (all p < 0.001) and within each stratum (all
p < 0.001). Switching to EZ/S provided significantly greater reductions in LDL-C versus
statin doubling and significantly greater achievement of LDL-C targets versus statin
doubling or switching to rosuvastatin.
Rotella, C. M., A. Zaninelli, et al. (2010). "Ezetimibe/simvastatin vs simvastatin in coronary
heart disease patients with or without diabetes." Lipids in Health & Disease 9: 80.
BACKGROUND: Treatment guidelines recommend LDL-C as the primary target of
therapy in patients with hypercholesterolemia. Moreover, combination therapies with
lipid-lowering drugs that have different mechanisms of action are recommended when it
is not possible to attain LDL-C targets with statin monotherapy. Understanding which
treatment or patient-related factors are associated with attaining a target may be clinically
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relevant. METHODS: Data were pooled from two multicenter, randomized, double-blind
studies. After stabilization on simvastatin 20 mg, patients with coronary heart disease
(CHD) alone and/or type 2 diabetes mellitus (T2DM) were randomized to ezetimibe 10
mg/simvastatin 20 mg (EZ/Simva) or simvastatin 40 mg. The change from baseline in
low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), TC/HDL-C ratio, triglycerides, and the proportion of
patients achieving LDL-C < 2.6 mmol/L (100 mg/dL) after 6 weeks of treatment were
assessed, and factors significantly correlated with the probability of achieving LDL-C <
2.6 mmol/L in a population of high cardiovascular risk Italian patients were identified. A
stepwise logistic regression model was conducted with LDL-C < 2.6 mmol/L at endpoint
as the dependent variable and study, treatment, gender, age (> or = 65 years or < 65
years), as independent variables and baseline LDL-C (both as continuous and discrete
variable). RESULTS: EZ/Simva treatment (N = 93) resulted in significantly greater
reductions in LDL-C, TC, and TC/HDL-C ratio and higher attainment of LDL-C < 2.6
mmol/L vs doubling the simvastatin dose to 40 mg (N = 106). Study [including diabetic
patients (OR = 2.9, p = 0.003)], EZ/Simva treatment (OR = 6.1, p < 0.001), and lower
baseline LDL-C (OR = 0.9, p = 0.001) were significant positive predictors of LDL-C
target achievement. When baseline LDL-C was expressed as a discrete variable, the odds
of achieving LDL-C < 2.6 mmol/L was 4.8 in favor of EZ/Simva compared with Simva
40 mg (p < 0.001), regardless of baseline LDL-C level. CONCLUSION: EZ/Simva is an
effective therapeutic option for patients who have not achieved recommended LDL-C
treatment targets with simvastatin 20 mg monotherapy. TRIAL REGISTRATION:
Clinical trial registration numbers: NCT00423488 and NCT00423579.
Rudofsky, G., P. Reismann, et al. (2012). "Identical LDL-cholesterol lowering but non-identical
effects on NF-kB activity: High dose simvastatin vs combination therapy with ezetimibe."
Atherosclerosis 223(1): 190-196.
OBJECTIVE: Lowering LDL-cholesterol by statins has been proven to be associated
with reduction of proinflammatory regulators e.g. activation of the transcription factor
NF-kB. To our knowledge, anti-inflammatory potential of newer cholesterol lowering
agents such as ezetimibe is less intensively studied. Therefore we analyzed the effects of
equipotent LDL-lowering therapy with simvastatin alone compared to a combination with
ezetimibe on NF-kB activation in peripheral blood mononuclear cells (PBMCs) of
patients with type 2 diabetes.
METHODS: Thirty-one patients with type 2 diabetes were included in a double-blind,
randomized trial receiving either 80 mg simvastatin (sim80; n = 10) or a combination of
10 mg simvastatin and 10 mg ezetimibe (sim10eze10; n = 11) or placebo (n = 9) for eight
weeks. NF-kB binding activity and inflammatory markers (IL-6, hsCRP) were analyzed
at baseline and after eight weeks of treatment. NF-kB binding activity was analyzed by
electrophoretic mobility shift assay. IL-6 and hsCRP were measured by ELISA.
RESULTS: After eight weeks of treatment LDL-cholesterol was lowered to the same extent in
both treatment groups (p = 0.40) but not in placebo. However, patients taking sim80
showed a significant reduction of mononuclear NF-kB binding activity compared to
baseline (p = 0.009) while no effect was observed in the sim10eze10 group (p = 0.79).
Similar differences in anti-inflammatory effects were also observed when analyzing
hsCRP (sim80: p = 0.03; sim10eze10: p = 0.40) and IL-6 levels (sim80: p = 0.15;
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sim10eze10: p = 0.95).
CONCLUSION: High dose simvastatin therapy reduces proinflammatory transcription factor
NF-kB binding activity and hsCRP levels, while combination of low dose simvastatin
with ezetimibe resulting in a similar LDL-reduction does not affect these inflammatory
markers. Copyright 2012 Elsevier Ireland Ltd. All rights reserved.
Ruggenenti, P., D. Cattaneo, et al. (2010). "Effects of combined ezetimibe and simvastatin
therapy as compared with simvastatin alone in patients with type 2 diabetes: a prospective
randomized double-blind clinical trial." Diabetes Care 33(9): 1954-6.
OBJECTIVE: To assess the effects of inhibited gastrointestinal cholesterol absorption in
statin-treated dyslipidemic patients. RESEARCH DESIGN AND METHODS: In a
multicenter prospective randomized double-blind placebo-controlled trial, we primarily
compared by ANCOVA the effect of 2-month ezetimibe (10 mg/day) or placebo therapy
on LDL cholesterol serum levels in 108 type 2 diabetic patients with albuminuria <200
microg/min and total cholesterol concentrations >135 mg/dl despite simvastatin treatment
(40 mg/day). RESULTS: Unlike placebo, ezetimibe decreased LDL cholesterol from 99
+/- 31 to 66 +/- 22 mg/dl, total cholesterol from 162 +/- 36 to 124 +/- 30 mg/dl, and
apolipoprotein B from 83 +/- 22 to 64 +/- 18 mg/dl (P < 0.0001 for all changes versus
placebo). A total of 72 and 17% of patients on ezetimibe or placebo achieved LDL levels
<70 mg/dl, respectively (P < 0.0001). Treatment was well tolerated. CONCLUSIONS:
Adding ezetimibe to simvastatin therapy helps to improve the pro-atherogenic lipoprotein
profile in type 2 diabetic patients who fail to reach recommended lipid targets with statin
therapy alone.
Saku, K., B. Zhang, et al. (2011). "Randomized head-to-head comparison of pitavastatin,
atorvastatin, and rosuvastatin for safety and efficacy (quantity and quality of LDL): the PATROL
trial." Circulation Journal 75(6): 1493-1505.
BACKGROUND: Atorvastatin, rosuvastatin and pitavastatin are available for intensive,
aggressive low-density lipoprotein cholesterol (LDL-C)-lowering therapy in clinical
practice. The objective of the Randomized Head-to-Head Comparison of Pitavastatin,
Atorvastatin, and Rosuvastatin for Safety and Efficacy (Quantity and Quality of LDL)
(PATROL) Trial was to compare the safety and efficacy of atorvastatin, rosuvastatin and
pitavastatin head to head in patients with hypercholesterolemia. This is the first
prospective randomized multi-center trial to compare these strong statins (UMIN
Registration No: 000000586).
METHODS AND RESULTS: Patients with risk factors for coronary artery disease and elevated
LDL-C levels were randomized to receive atorvastatin (10mg/day), rosuvastatin
(2.5mg/day), or pitavastatin (2mg/day) for 16 weeks. Safety was assessed in terms of
adverse event rates, including abnormal clinical laboratory variables related to liver and
kidney function and skeletal muscle. Efficacy was assessed by the changes in the levels
and patterns of lipoproteins. Three hundred and two patients (from 51 centers) were
enrolled, and these 3 strong statins equally reduced LDL-C and LDL particles, as well as
fast-migrating LDL (modified LDL) by 40-45%. Newly developed pitavastatin was noninferior to the other 2 statins in lowering LDL-C. There were no differences in the rate of
adverse drug reactions among the 3 groups, but HbA(1c) was increased while uric acid
was decreased in the atorvastatin and rosuvastatin groups.
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CONCLUSIONS: The safety and efficacy of these 3 strong statins are equal. It is suggested that
the use of these 3 statins be completely dependent on physician discretion based on
patient background.
Sansanayudh, N., S. Wongwiwatthananukit, et al. (2010). "Comparative efficacy and safety of
low-dose pitavastatin versus atorvastatin in patients with hypercholesterolemia." Annals of
Pharmacotherapy 44(3): 415-23.
BACKGROUND: Previous studies have shown conflicting results on low-density
lipoprotein cholesterol (LDL-C) reduction for comparable doses of pitavastatin and
atorvastatin. OBJECTIVE: To compare the efficacy of pitavastatin 1 mg once daily with
that of atorvastatin 10 mg once daily on lipoprotein change, safety, and cost per percent
LDL-C reduction. METHODS: An 8-week, randomized, open-label, parallel trial was
conducted in patients with hypercholesterolemia. One hundred patients were equally
randomized to receive pitavastatin 1 mg once daily or atorvastatin 10 mg once daily; 98
completed the study. Outcomes were assessed at baseline and at the end of the study.
RESULTS: Pitavastatin lowered LDL-C levels from baseline by 37% compared with
46% in the atorvastatin group (p < 0.001). The reduction of total cholesterol (TC) levels
from baseline was significantly different between the pitavastatin (28%) and atorvastatin
(32%) groups (p = 0.005). There was no significant difference in the percentage of
changes in triglyceride and high-density lipoprotein cholesterol levels between groups.
The percentage of patients who achieved LDL-C goals according to National Cholesterol
Education Program-Adult Treatment Panel III guidelines was not significantly different
between the pitavastatin (74%) and atorvastatin (84%) groups (p = 0.220). In addition,
both regimens were well tolerated, with no patient developing an elevation of more than
3 times the upper normal limit of alanine aminotransferase or 10 times that of creatine
kinase. The monthly cost per percent LDL-C reduction in the pitavastatin group ($0.77)
was about 50% lower than the cost in the atorvastatin ($1.56) group. CONCLUSIONS:
Although pitavastatin 1 mg daily was not as effective at lowering LDL-C and TC levels
as atorvastatin 10 mg daily, the number of patients achieving their LDL-C goals with
pitavastatin was comparable with the number using atorvastatin. Pitavastatin 1 mg once
daily may be an alternative regimen with cost-saving benefits but without a significant
decrease in therapeutic benefit or increase in adverse events in patients with
hypercholesterolemia.
Sardella, G., L. Lucisano, et al. (2013). "Comparison of high reloading ROsuvastatin and
Atorvastatin pretreatment in patients undergoing elective PCI to reduce the incidence of
MyocArdial periprocedural necrosis. The ROMA II trial." International Journal of Cardiology
168(4): 3715-3720.
OBJECTIVES: The objective of this study is to compare a reloading dose of
Rosuvastatin and Atorvastatin administered within 24 h before coronary angioplasty
(PCI) in reducing the rate of periprocedural myonecrosis and major cardiac and
cerebrovascular events (MACCE) in patients on chronic statin treatment undergoing
elective PCI.
BACKGROUND: Elective PCI may be complicated with elevation of cardiac biomarkers.
Several studies suggested that pretreatment with statins may be associated with a
reduction in periprocedural myocardial necrosis.
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METHODS: Three hundred and fifty patients with stable angina who underwent elective PCI
were randomly assigned to receive a pre-procedural reloading dose of Rosuvastatin (40
mg) (Rosuvastatin Group-RG n=175) or Atorvastatin (80 mg) (Atorvastatin Group-AG
n=175) and a control group on chronic statin therapy without reloading (Control-GroupCG). The primary end-point was periprocedural myocardial necrosis and the occurrence
of MACCE at 30-day,6-12 month follow-up. Also we evaluate the rise of periprocedural
Troponin T serum levels >3x the upper limit of normal.
RESULTS: Twelve and 24-hour post-PCI Creatine Kinase Muscle and Brain (CK-MB) elevation
>3x occurred more frequently in the CG than in the RG and in the AG (at 24-h: 25.0 vs
7.1; p=0.003 and 25.0 vs 6.1; p=0.001). At 30-day, 6-and 12-month follow-up the
incidence of cumulative MACCE was higher in CG than in the RG or AG (at 12-month:
41.0% vs 11.4% vs 12.0%; p=0.001). There was no difference between the RG and AG in
terms of myocardial post-procedural necrosis and MACCE occurrence at follow-up.
CONCLUSIONS: High-dose statin reloading improves procedural and long term clinical
outcomes in stable patients on chronic statin therapy. Both Rosuvastatin and Atorvastatin
showed similar beneficial effects on procedural and long-term outcomes. 2013.
Sasaki, J., T. Otonari, et al. (2013). "Effects of pravastatin and atorvastatin on HDL cholesterol
and glucose metabolism in patients with dyslipidemia and glucose intolerance: the PRAT study."
Journal of Atherosclerosis & Thrombosis 20(4): 368-379.
AIMS: While statins have the property of increasing high-density lipoprotein cholesterol
(HDL-C) in addition to lowering low-density lipoprotein cholesterol (LDL-C), a potential
adverse effect on glucose metabolism has raised a concern over statin therapy. In a
comparative trial, we investigated the effects of low-dose pravastatin and atorvastatin on
HDL-C and glucose metabolism in patients with elevated LDL-C levels and glucose
intolerance.
METHODS: Eligible patients were men aged >20 years or postmenopausal women who had
LDL-C >140 mg/dL, HDL-C <80 mg/dL, and triglycerides <500 mg/dL and who had
glucose intolerance. The patients were randomly allocated to either pravastatin (10
mg/day) or atorvastatin (10 mg/day) treatment for 12 months in an unblinded fashion.
The percent changes from the baseline were compared between the treatments.
RESULTS: Of 202 patients who were randomized to either of the two treatments, 195 patients
started the study medication, and 187 patients underwent the follow-up measurements at
6 or 12 months (pravastatin, n= 93; atorvastatin, n= 94). HDL-C increased by 4.3% (p=
0.03) in the pravastatin group and by 5.8% (p=0.0005) in the atorvastatin group and
showed no between-group difference (p= 0.38). LDL-C decreased substantially in both
groups (pravastatin, 21.5%; atorvastatin, 35.5%), and the decrease was much greater in
the atorvastain group (p<0.0001). HbA1c slightly increased in both groups, but showed
no measurable difference in the increase between the two treatments (p=0.30).
CONCLUSION: Pravastatin and atorvastatin of 10 mg per day each increased HDL-C by almost
the same extent. These two statins did not show a differential effect on glucose
metabolism.
Scheffer, P. G., R. K. Schindhelm, et al. (2013). "No effect of atorvastatin and simvastatin on
oxidative stress in patients at high risk for cardiovascular disease." Netherlands Journal of
Medicine 71(7): 359-365.
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BACKGROUND: Statins are thought to have anti-atherogenic effects beyond cholesterol
lowering. One such mechanism may involve reduction of oxidative stress. The aim of our
study was to investigate and to compare the oxidative stress lowering capacity of
atorvastatin with that of simvastatin in patients at high risk for cardiovascular disease
using conventional markers and sensitive markers measured by highly specific techniques
such as liquid chromatography tandem mass spectrometry.
METHODS: We included 30 statin-naive patients with diabetes mellitus, and/or obesity, and/or
hypertension (12 male, 18 female, mean age 44.8+11.1 years), and randomised them to
receive either atorvastatin 10 mg or simvastatin 40 mg daily to obtain an equimolar
cholesterol reduction. Blood and urine samples were obtained at baseline and at 1, 6 and
12 weeks.
RESULTS: Low-density lipoprotein (LDL) cholesterol and coenzyme Q10 decreased
significantly in both groups. Simvastatin caused a faster initial LDL cholesterol lowering
than atorvastatin (p=0.01), but the overall effect after 12 weeks of atorvastatin and
simvastatin was similar. Plasma myeloperoxidase and malondialdehyde did not change
during the study period in the two groups. Urinary F2-isoprostanes decreased gradually
and significantly in the atorvastatin group but not in the simvastatin group, but the
between-group difference was not significant. Urinary 8-hydroxy-2-deoxyguanosine did
not change in the two groups.
Shimabukuro, M., M. Higa, et al. (2011). "Distinct effects of pitavastatin and atorvastatin on
lipoprotein subclasses in patients with Type 2 diabetes mellitus." Diabetic Medicine 28(7): 856864.
AIMS: Effects of pitavastatin and atorvastatin on the lipid profile and lipoprotein
subclasses were compared in patients with Type 2 diabetes with dyslipidaemia.
METHODS: Patients with Type 2 diabetes with hypercholesterolaemia and/or
hypertriglyceridaemia were randomized to receive pitavastatin 2 mg (n = 16) or
atorvastatin 10 mg (n = 15) for 6 months, and blood lipid and lipoprotein profiles and
cholesterol and triglyceride contents of 20 lipoprotein subclasses, determined by highperformance liquid chromatography, were compared.
RESULTS: At baseline, cholesterol in VLDL and LDL subclasses were increased equally in two
groups of patients with diabetes as compared with normolipidaemic control subjects. As
compared with baseline, serum levels of total cholesterol, LDL cholesterol, non-HDL
cholesterol, LDL cholesterol:HDL cholesterol ratio and apolipoprotein B were decreased
after 1, 3 and 6 months of treatment with atorvastatin and pitavastatin. Serum triglyceride
levels were decreased after 1, 3 and 6 months of atorvastatin, but only at 3 months of
pitavastatin. Serum HDL cholesterol was increased after 1, 3 and 6 months of
pitavastatin, whereas HDL cholesterol was even decreased after 6 months of atorvastatin.
Cholesterol levels of most VLDL and LDL subclasses were decreased equally in both
groups. However, only pitavastatin increased cholesterol of medium HDL subclass.
Serum triglyceride and triglyceride contents in VLDL and LDL subclasses were
decreased only by atorvastatin.
CONCLUSIONS: The impact on lipoprotein subclass profiles was different between pitavastatin
and atorvastatin. It may be beneficial to determine lipoprotein subclass profile and select
the appropriate statin for each profile in patients with diabetes with an additional
cardiovascular risk such as low HDL cholesterol or hypertriglyceridaemia. 2011 The
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Authors. Diabetic Medicine 2011 Diabetes UK.
Stender, S., D. Budinski, et al. (2013). "Pitavastatin shows greater lipid-lowering efficacy over
12 weeks than pravastatin in elderly patients with primary hypercholesterolaemia or combined
(mixed) dyslipidaemia." European Journal of Preventive Cardiology 20(1): 40-53.
AIM: To compare the safety and efficacy of once-daily pitavastatin (1, 2, and 4 mg) and
pravastatin (10, 20, and 40 mg) in elderly patients (>= 65 years of age) with primary
hypercholesterolaemia or combined (mixed) dyslipidaemia.
DESIGN: After a 6-8-week washout/dietary period, patients were randomized to six treatment
groups (1, 2, or 4 mg pitavastatin vs. 10, 20, or 40 mg pravastatin) in a 12-week
multicentre double-blind study. Patients (n = 942; men, 44.3%; Caucasian, 99.3%; mean
age, 70 years; age range, 65-89 years) in all groups were well matched for duration of
disease and diagnosis.
RESULTS: Mean decreases in low-density lipoprotein cholesterol over 12 weeks were 31.444.3% with pitavastatin 1-4 mg and 22.4-34.0% with pravastatin 10-40 mg (p < 0.001 for
all dose comparisons). Compared with pravastatin, pitavastatin provided greater
decreases in total cholesterol and apolipoprotein B in all dose groups (p < 0.001) and
triglycerides in the low-dose (p = 0.001) and higher-dose (p = 0.016) groups, and greater
increases in high-density lipoprotein cholesterol in the intermediate-dose (p = 0.013) and
higher-dose (p = 0.023) groups. The proportions of patients achieving the European
Atherosclerosis Society target with pitavastatin and pravastatin, respectively, were: low
doses, 59.9 and 37.9%; intermediate doses, 79.5 and 51.0%; higher doses, 88.1 and
65.7% (p < 0.001 for all comparisons). Both statins were well tolerated, with no reports
of myopathy or rhabdomyolysis.
CONCLUSION: Pitavastatin provides superior efficacy and comparable tolerability to
pravastatin in elderly patients.
Stender, S., D. Budinski, et al. (2013). "Pitavastatin demonstrates long-term efficacy, safety and
tolerability in elderly patients with primary hypercholesterolaemia or combined (mixed)
dyslipidaemia." European Journal of Preventive Cardiology 20(1): 29-39.
AIMS: To assess the long-term efficacy, safety and tolerability of pitavastatin (2 and 4
mg) in elderly patients (>= 65 years of age) with primary hypercholesterolaemia or
combined (mixed) dyslipidaemia.
DESIGN: Patients (n = 545) who had completed a 12-week double-blind comparative study
(core study) of pitavastatin and pravastatin entered a 60-week, open-label, multicentre
extension study of pitavastatin. The initial daily dose was 2 mg, increasing to 4 mg after 8
weeks if necessary to achieve treatment targets. The proportion of patients attaining
European Atherosclerosis Society (EAS) and National Cholesterol Education Program
Adult Treatment Plan III (NCEP ATP III) targets for low-density lipoprotein cholesterol
(LDL-C) was determined.
RESULTS: Of the patients enrolled, 539 received at least one dose of pitavastatin (safety
population: men, 45.5%; Caucasian, 99.1%; mean age, 70.3 years; range, 65-89 years).
Only 17% of patients required up-titration to pitavastatin 4 mg. After 60 weeks, NCEP
ATP III and EAS targets were attained by 93.8% and 89.0% of patients, respectively.
Plasma LDL-C declined by 43.4% and high-density lipoprotein cholesterol increased by
9.6% versus core-study baseline values. Pitavastatin was well tolerated: the most
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common treatment-emergent adverse events were nasopharyngitis, mild/moderate
myalgia and hypertension. There were no cases of severe myalgia, myopathy, myositis or
rhabdomyolysis, and no significant findings on urinalysis, vital signs or 12-lead ECG.
CONCLUSION: Long-term pitavastatin treatment (2 and 4 mg) is effective in lowering LDL-C
levels and has a good safety and tolerability profile in elderly patients.
Toyama, K., S. Sugiyama, et al. (2011). "Rosuvastatin combined with regular exercise preserves
coenzyme Q10 levels associated with a significant increase in high-density lipoprotein
cholesterol in patients with coronary artery disease." Atherosclerosis 217(1): 158-164.
BACKGROUND: Coenzyme Q10 levels are low in patients with coronary artery disease
(CAD), and increasing or preserving coenzyme Q10 could be a beneficial strategy.
Exercise and statins improve high-density lipoprotein cholesterol (HDL-C) levels.
However, statins inhibit coenzyme Q10 biosynthesis, and the combination of statins with
coenzyme Q10 supplementation increases HDL-C compared to statins alone. We
compared the effects of two statins (rosuvastatin and atorvastatin) combined with
exercise on coenzyme Q10 and HDL-C levels in CAD patients.
METHODS: After randomizing 28 CAD patients to rosuvastatin (n=14) and atorvastatin (n=14)
groups, patients performed weekly in-hospital aerobic exercise and daily home exercise
for 20 weeks. We measured serum lipids, ubiquinol, and exercise capacity.
RESULTS: Both statins equally improved exercise capacity and lowered low-density lipoprotein
cholesterol and triglyceride levels. Rosuvastatin significantly increased HDL-C
(rosuvastatin, +12 +/- 9 mg/dL [+30%], atorvastatin, +5 +/- 5 mg/dL [+13%], p=0.014)
and apolipoprotein A1 (ApoA1) (rosuvastatin, +28.3 +/- 20.7 mg/dL, atorvastatin, +13.4
+/- 12.0 mg/dL, p=0.030) compared to atorvastatin. Atorvastatin significantly decreased
serum ubiquinol (731 +/- 238 to 547 +/- 219 nmol/L, p=0.001), but rosuvastatin (680+/233 to 668 +/- 299 nmol/L, p=0.834) did not. There was a significant positive correlation
between changes in ubiquinol and ApoA1 (r=0.518, p=0.005). Multivariate regression
analysis showed that changes in ubiquinol correlated significantly with changes in
ApoA1 after adjusting for age, sex, body mass index, and smoking (=0.502, p=0.008).
CONCLUSIONS: Compared to atorvastatin, rosuvastatin combined with exercise significantly
preserved ubiquinol levels associated with an increase in HDL-C. Rosuvastatin with
regular exercise could be beneficial for CAD patients. Copyright 2011 Elsevier Ireland
Ltd. All rights reserved.
Truong, Q. A., S. A. Murphy, et al. (2011). "Benefit of intensive statin therapy in women: results
from PROVE IT-TIMI 22." Circulation Cardiovascular Quality & Outcomes 4(3): 328-336.
BACKGROUND: Despite the known benefit of intensive statin therapy for reducing
future cardiovascular events, its effectiveness in women has been questioned by some.
METHODS AND RESULTS: In the Pravastatin or Atorvastatin Evaluation and Infection
Therapy-Thrombolysis in Myocardial Infarction 22 (PROVE IT-TIMI 22) trial, 911
(21.9%) women and 3251 (78.1%) men were randomized to intensive statin (atorvastatin
80 mg) versus standard therapy (pravastatin 40 mg) therapy for a median duration of 2.1
years. The primary end point was death, myocardial infarction, unstable angina;
revascularization (occurring after 30 days); or stroke. Safety end points included
elevations in liver function tests, creatine kinase, and myalgias/myositis. Women had a
reduction in low-density lipoprotein (LDL) of 42.8% from baseline at 30 days (to a
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median of 60 mg/dL) in the intensive therapy arm, with 88.8% reaching the LDL goal of
<100 mg/dL and 65.0% of <70 mg/dL, compared with a 16.8% reduction in LDL (to a
median of 88 mg/dL) in the standard therapy arm. Women receiving intensive statin
therapy had a significant 25% relative reduction over standard dose (hazard ratio, 0.75;
95% CI, 0.57 to 0.99; P=0.04) for the primary composite end point compared with a 14%
reduction for men (hazard ratio, 0.86; 95% CI, 0.75 to 0.99; P=0.04; P-interaction, 0.38).
No differences were observed between sexes for safety (all P-interaction >=0.11).
CONCLUSIONS: This trial provides evidence that both women and men derived benefit from
intensive statin therapy after acute coronary syndrome, and thus, sex should not be a
factor in determining who should be treated with intensive statin therapy.
Uemura, Y., M. Watarai, et al. (2012). "Atorvastatin 10 mg plus ezetimibe 10mg compared with
atorvastatin 20 mg: impact on the lipid profile in Japanese patients with abnormal glucose
tolerance and coronary artery disease." Journal of Cardiology 59(1): 50-56.
BACKGROUND: Oxidized low-density lipoprotein (LDL) cholesterol is a sensitive lipid
marker for predicting atherosclerosis. Ezetimibe and statins are reported to decrease both
LDL cholesterol and oxidized LDL cholesterol. This prospective randomized open-label
crossover study compared combination therapy with atorvastatin plus ezetimibe versus
high-dose atorvastatin monotherapy. Changes in serum lipids, including
malondialdehyde-modified LDL (MDA-LDL) as a representative form of oxidized LDL
cholesterol, and glucose metabolism were assessed.
METHODS AND RESULTS: The subjects were 39 Japanese patients with coronary artery
disease and type 2 diabetes or impaired glucose tolerance who were taking 10 mg/day of
atorvastatin (30 men and 9 women with a mean age of 67.8 years). They were
randomized to a group that first received add-on ezetimibe (10 mg/day) or a group that
first received atorvastatin monotherapy at a higher dose of 20 mg/day. Both treatments
were given for 12 weeks each in a crossover fashion. Add-on ezetimibe significantly
decreased MDA-LDL (109.0 +/- 31.9 mg/dl to 87.7 +/- 29.4 mg/dl, p=0.0009), while uptitration of atorvastatin did not. The decrease with add-on ezetimibe was significantly
greater than with up-titration of atorvastatin (p=0.0006). Total cholesterol and LDL
cholesterol were significantly decreased by both treatments, but the percent reduction
with add-on ezetimibe was significantly greater (p<0.05). High-density lipoprotein
cholesterol was significantly increased by both treatments and there was no significant
difference between them. The apolipoprotein B/apolipoprotein A-I ratio and remnant-like
particle cholesterol were only significantly decreased by add-on ezetimibe. Both
treatments caused similar elevation of hemoglobin A(1c).
CONCLUSION: In Japanese patients with type 2 diabetes or impaired glucose tolerance and
coronary artery disease, adding ezetimibe (10 mg/day) to atorvastatin (10 mg/day)
significantly improved the lipid profile compared with atorvastatin monotherapy at 20
mg/day. Copyright 2011 Japanese College of Cardiology. Published by Elsevier Ltd. All
rights reserved.
Undas, A., A. Machnik, et al. (2011). "Ezetimibe combined with simvastatin compared with
simvastatin alone results in a greater suppression of oxidative stress and enhanced fibrinolysis in
patients after acute coronary events." Journal of Cardiovascular Pharmacology 58(2): 167-172.
We compared the effect of simvastatin versus simvastatin combined with ezetimibe on
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hemostasis and inflammation after acute coronary events [acute coronary syndromes
(ACS)]. In an investigator-initiated, double-blind, placebo-controlled, randomized study,
patients with ACS were assigned to 40 mg/d of simvastatin + 10 mg/d of ezetimibe (n =
26) or 40 mg/d of simvastatin + placebo (n = 28) administered for 2 months. Markers of
coagulation (prothrombin fragments 1.2, thrombin-antithrombin complexes, free tissue
factor pathway inhibitor), fibrinolysis [plasminogen activator inhibitor-1, clot lysis time
(CLT)], platelet activation (soluble CD40 ligand, -thromboglobulin, thromboxane B2),
oxidative stress [8-iso-prostaglandin F2 (8-iso-PGF2)], and inflammation (interleukin-6,
interleukin-18, and interleukin-1) were measured within the first 12 hours of ACS and at
1 and 2 months of therapy. A final analysis comprised 20 patients in the simvastatin +
ezetimibe group and 26 patients in the simvastatin + placebo group. Both groups were
similar with regard to demographics, risk factors, medications, and routine laboratory
results. Inflammatory, coagulation, and platelet markers did not differ between both
treatment groups at all time points. Reductions in low-density lipoprotein cholesterol,
CLT, plasminogen activator inhibitor-1, and 8-iso-PGF2 were significantly greater (by
10%, 8.7%, 17.5%, and 22.4%) in the simvastatin + ezetimibe group after 1 month, with
further decreases in CLT and 8-iso-PGF2 at 2 months (all P < 0.05). These changes were
not associated with lipid and inflammatory parameters. In conclusion, compared with
simvastatin alone, simvastatin + ezetimibe results in a greater suppression of oxidative
stress and enhanced fibrinolysis in patients with ACS, indicating that ezetimibe might
exert cholesterol-independent actions in humans (NCT00725829).
West, A. M., J. D. Anderson, et al. (2011). "The effect of ezetimibe on peripheral arterial
atherosclerosis depends upon statin use at baseline." Atherosclerosis 218(1): 156-162.
BACKGROUND: Both statins and ezetimibe lower LDL-C, but ezetimibe's effect on
atherosclerosis is controversial. We hypothesized that lowering LDL-C cholesterol by
adding ezetimibe to statin therapy would regress atherosclerosis measured by magnetic
resonance imaging (MRI) in the superficial femoral artery (SFA) in peripheral arterial
disease (PAD).
METHODS: Atherosclerotic plaque volume was measured in the proximal 15-20 cm of the SFA
in 67 PAD patients (age 63 +/- 10, ABI 0.69 +/- 0.14) at baseline and annually x 2.
Statin-naive patients (n=34) were randomized to simvastatin 40 mg (S, n=16) or
simvastatin 40 mg+ezetimibe 10mg (S+E, n=18). Patients already on statins but with
LDL-C >80 mg/dl had open-label ezetimibe 10mg added (E, n=33). Repeated measures
models estimated changes in plaque parameters over time and between-group differences.
RESULTS: LDL-C was lower at year 1 in S+E (67 +/- 7 mg/dl) than S (91 +/- 8 mg/dl, p<0.05),
but similar at year 2 (68 +/- 10 mg/dl vs. 83 +/- 11 mg/dl, respectively). Plaque volume
did not change from baseline to year 2 in either S+E (11.5 +/- 1.4-10.5 +/- 1.3 cm(3),
p=NS) or S (11.0 +/- 1.5-10.5 +/- 1.4 cm(3), p=NS). In E, plaque progressed from
baseline to year 2 (10.0 +/- 0.8-10.8 +/- 0.9, p<0.01) despite a 22% decrease in LDL-C.
CONCLUSIONS: Statin initiation with or without ezetimibe in statin-naive patients halts
progression of peripheral atherosclerosis. When ezetimibe is added to patients previously
on statins, peripheral atherosclerosis progressed. Thus, ezetimibe's effect on peripheral
atherosclerosis may depend upon relative timing of statin therapy. Copyright 2011
Elsevier Ireland Ltd. All rights reserved.
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Yanagi, K., T. Monden, et al. (2011). "A crossover study of rosuvastatin and pitavastatin in
patients with type 2 diabetes." Advances in Therapy 28(2): 160-171.
INTRODUCTION: The effects of a low dose of rosuvastatin (ROS) and pitavastatin
(PIT) on lipid profiles and inflammation markers were assessed in subjects with type 2
diabetes mellitus.
METHODS: A total of 90 Japanese type 2 diabetes patients with hyperlipidemia (low-density
lipoprotein cholesterol [LDL-C] >=140 mg/dL) were enrolled in this study. They were
randomly assigned to four groups with open-label treatment with ROS (2.5 mg daily) or
PIT (2 mg daily); two groups were sequentially treated with both drugs, with crossover of
medication after 12 weeks, and the other two groups underwent treatment with either
ROS or PIT for 24 weeks. The primary endpoints were the percentage changes in LDL-C,
high-density lipoprotein cholesterol (HDL-C) and triglyceride, and the LDL-C/HDL-C
ratio.
RESULTS: Both ROS and PIT lowered LDL-C and triglyceride, and increased HDL-C. In
particular, significantly greater reduction in LDL-C was seen with ROS (-44.1%) than
with PIT (-36.9%, P<0.01) in the crossover group from ROS to PIT, and the same result
was detected in the crossover group from PIT (-34.8%) to ROS (-44.7%). The ratio of
LDL-C/HDL-C was significantly reduced with ROS treatment (from 3.45 to 1.85)
compared with that with PIT (from 3.45 to 2.22, P<0.01). Both ROS and PIT lowered
plasma levels of high-sensitivity C-reactive protein (hsCRP), tumor necrosis factor
(TNF)-alpha, and plasminogen activator inhibitor-1 (PAI-1). In addition, the hsCRP level
with the administration of ROS was significantly improved compared with the
administration of PIT. There was no significant correlation between changes in LDL-C
and hsCRP, TNF-alpha, and PAI-1 levels. ROS and PIT did not have an adverse effect on
glycemic control in type 2 diabetes patients.
CONCLUSION: Therapy with both statins improved lipid profiles and reduced proinflammatory
responses; however, 2.5 mg of ROS have a potent LDL-C-lowering and hsCRP-lowering
effect compared with 2 mg of PIT in patients with diabetes.
Yokoi, H., R. Nohara, et al. (2014). "Change in carotid intima-media thickness in a high-risk
group of patients by intensive lipid-lowering therapy with rosuvastatin: subanalysis of the JART
study." International Heart Journal 55(2): 146-152.
Carotid intima-media thickness (IMT), a measure of atherosclerosis, is modulated by
multiple risk factors. Accordingly, comprehensive control of risk factors is indispensable
for management of atherosclerosis. In this study, as a posthoc analysis of the JART Study
we planned two analyses. In the main analysis, we evaluated the effect of intensive lipidlowering therapy with rosuvastatin on carotid IMT in high-risk patients. We also
evaluated efficacy in the presence or absence of each risk factor using the full analysis
population in the JART Study. Patients with low-density lipoprotein cholesterol (LDL-C)
> 140 mg/dL and max-IMT > 1.1 mm were randomized to rosuvastatin or pravastatin
therapy for 12 months. Dosages were allowed to increase to 10 mg/day and 20 mg/day to
achieve LDL-goals (aggressive goals for rosuvastatin group and guideline goals for
pravastatin group). For the main analysis, we assessed 200 high-risk patients (105 in the
rosuvastatin group), as category III or secondary prevention according to the Japan
Atherosclerosis Society guideline 2007, whereas we assessed 289 patients in the other
analysis. Rosuvastatin significantly slowed the percentage change in mean-IMT at 12
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months compared with pravastatin (1.40 + 10.03% versus 6.43 + 13.77%, P = 0.005).
LDL-C was reduced by 48.1% in the rosuvastatin group and 27.9% in the pravastatin
group. The rate of achieving the LDL-C goal was significantly greater in the rosuvastatin
group compared with the pravastatin group (P < 0.001). Rosuvastatin slowed the change
in mean-IMT in the presence of every risk factor. Thus, intensive lipid-lowering therapy
reduced progression of carotid IMT in high-risk patients.
Yoshida, H., T. Shoda, et al. (2013). "Effects of pitavastatin and atorvastatin on lipoprotein
oxidation biomarkers in patients with dyslipidemia." Atherosclerosis 226(1): 161-164.
OBJECTIVE: The effects of potent statins on oxidized lipoprotein biomarkers are not
well defined.
METHODS AND RESULTS: The VISION (Value of oxIdant lipid lowering effect by Statin
InterventiON in hypercholesterolemia) Trial randomized patients with
hypercholesterolemia to 12-week administration of pitavastatin 2mg/day (n=21) or
atorvastatin 10mg/day (n=21) and a variety of lipoprotein oxidative biomarkers were
measured. Between-group analysis did not reveal any differences except in the ratio of
malondialdehyde (MDA)-LDL over apolipoprotein B-100 (MDA-LDL/apoB) in
pitavastatin vs. atorvastatin group (-13% vs.-0.7%, p=0.04). Within-group changes from
baseline to 12-week revealed significant increases in OxPL/apoB and reductions in smalldense LDL, MDA-LDL, and lipoprotein-associated phospholipase A(2) measured on
circulating apoB particles (Lp-PLA(2)/apoB) in both groups and significant reductions in
OxPL/apoAI in the atorvastatin group.
CONCLUSIONS: The VISION study describes the first comparison on lipoprotein oxidation
biomarkers between pitavastatin and atorvastatin and suggests diverse effects on
lipoprotein oxidation markers in patients with hypercholesterolemia. Copyright 2012
Elsevier Ireland Ltd. All rights reserved.
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Drug Effectiveness Review Project – Literature Scan Summary
Month/Year of Review: January 2015
PDL Class: HMG‐CoA Reductase Inhibitors (Statins)

Current Preferred Drugs
Atorvastatin (generic)
Simvastatin (Zocor)

Lovastatin (Mevacor)
Pravastatin (Pravachol)

Date of Last Review: November 2013
Source Document: OSU College of Pharmacy,
Drug Effectiveness Review Project

Current Non‐Preferred Drugs
High‐potency Statins and Combinations
Atorvastatin (Lipitor)
Atorvastatin/ezetimibe (Liptruzet)
Rosuvastatin (Crestor)
Pitavastatin (Livalo)
Simvastatin/ezetimibe (Vytorin)
Simvastatin/niacin ER (Simcor)
Low‐ and Medium‐potency Statins and Combinations
Fluvastatin (Lescol)
Fluvastatin ER (Lescol XL)
Lovastatin ER (Altoprev)
Lovastatin/niacin ER (Advicor)

Abbreviations: ER = extended release

Previous Conclusions and Recommendations:
 No evidence‐based guidelines were found regarding lipid lowering agents for stroke prevention in frail elderly
patients, but evidence suggests statins reduce the risk of stroke by 25‐47%, major coronary events by 32‐37%, and
all‐cause mortality by 22% in patients over 65 years of age.
 Evidence supports the use of statins for the primary prevention of cardiovascular disease (CVD) with a demonstrated
reduction in all‐cause mortality (RR 0.86, 95% CI 0.79‐0.94, NNT 96), fatal CVD events (RR 0.83, 95% CI 0.72‐0.96),
and fatal coronary heart disease (RR 0.82, 95% CI 0.70‐0.96).
 There is moderate quality evidence of an increased risk of developing diabetes mellitus (RR 1.18, 95% CI 1.01‐1.39)
with statin therapy compared to placebo, with different types and doses of statins having different potentials to
increase the incidence of diabetes mellitus.
 There is evidence that statin therapy is not associated with an increased risk of cancer (RR 1.16, 95% CI 0.87‐1.54).
 There is insufficient comparative evidence on long term clinical outcomes or evidence that one statin agent is
safer than another.
Research Questions:
1. How do statins and fixed‐dose combination products containing a statin and another lipid lowering drug
compare in their ability to reduce the risk of nonfatal myocardial infarction, coronary heart disease (angina),
coronary heart disease mortality, all‐cause mortality, stroke, hospitalization for unstable angina, or need for
revascularization (coronary artery bypass graft, angioplasty or stenting)?
2. How do statins and fixed‐dose combination products containing a statin and another lipid lowering drug
compare in their ability to reduce LDL‐c and raise HDL‐c and achieve National Cholesterol Education Panel goals?
3. Are there differences in effectiveness of statins and fixed‐dose combination products containing a statin and
another lipid‐lowering drug in different demographic groups or in patients with comorbid conditions (e.g.,
diabetes, obesity)?
Author: A Gibler, Pharm.D.
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4. Are there differences in harms of statins and fixed‐dose combination products containing a statin and another
lipid‐lowering drug when used in the general populations of children and adults?
5. Are there differences in harms of statins and fixed‐dose combination products containing a statin and another
lipid‐lowering drug when used in special populations or with other medications (drug‐drug interactions)?
Conclusions and Recommendations:
 There is moderate evidence that a fixed combination of a statin with ezetimibe lowers LDL‐c more than
with intensification of statin monotherapy.
 There is insufficient comparative evidence for statins and fixed‐dose combination products containing a statin
and another lipid lowering drug on long term clinical outcomes.
 There is insufficient evidence that one statin agent, or fixed‐dose combination product containing a statin and
another lipid lowering drug, is safer than another.
 No further review or research needed at this time.
 Evaluate comparative costs in executive session.
Methods:
The DERP scan was used to identify any new comparative research on statins and fixed‐dose combination products
containing a statin and another lipid‐lowering drug since the last P&T review in January 2014.1
Summary:
The DERP scan did not identify any new drugs, indications, or black boxed warnings since the P&T committee last
reviewed this drug class in November 2013. However, one new comparative effectiveness review was identified. This
review is an update of the 2009 AHRQ Comparative Effectiveness Review on lipid‐modifying agents and was completed
in February 2014. In addition, 18 new head‐to‐head trials were identified in the scan. However, only 1 head‐to‐head trial
reported clinically relevant long‐term health outcomes such as occurrence of major cardiovascular or cerebrovascular
events. The abstract of the AHRQ review and a summary of the 18 head‐to‐head trials are detailed in the appendix.
References:
1. Holzhammer B, Peterson K, Stoner R. Drug Class Review on HMG‐CoA Reductase Inhibitors (Statins) and Fixed‐dose
Combination Products Containing a Statin, Preliminary Update Scan Report 6, August 2014. Drug Effectiveness
Review Project. Pacific Northwest Evidence‐based Practice Center, Oregon Health & Science University.
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Appendix:
Monroe AK, Gudzune KA, Sharma R, et al. Combination Therapy Versus Intensification of Statin Monotherapy: An
Update. Comparative Effectiveness Review No. 132. (Prepared by the Johns Hopkins University Evidence‐based Practice
Center under Contract No. 290‐2012‐00007‐I.) AHRQ Publication No. 14‐EHC013‐EF. Rockville, MD: Agency for
Healthcare Research and Quality; February 2014. www.effectivehealthcare.ahrq.gov/reports/final.cfm.
Objective To assess the benefits and harms of combination of statin and other lipid‐modifying medication compared to
intensification of statin monotherapy. This is an update to a 2009 review.
Data sources The search for the prior review included MEDLINE from 1966 to May 2009, Embase from 1980 to May
2009, and the Cochrane Library to the third quarter of 2008. Additional searches of MEDLINE, Embase, and the Cochrane
Central Register of Controlled Trials (CENTRAL) from May 2008 to July 2013 were conducted for the update.
Review methods Paired investigators independently screened search results to assess eligibility. Investigators
abstracted data sequentially and assessed risk of bias independently. Investigators graded the strength of evidence
(SOE) as a group.
Results All evidence for clinical outcomes (mortality, acute coronary events, and revascularization procedures) were
graded as insufficient when comparing lower potency combination therapy with higher potency statin monotherapy.
Results of effects on surrogates — low‐density lipoprotein (LDL‐c) and high‐density lipoprotein (HDL‐c) — and on serious
adverse events are summarized below:
Bile acid sequestrants (BAS): There was moderate SOE from four trials that a low‐potency statin combined with a BAS
lowered LDL‐c up to 14 percent more than mid‐potency statin monotherapy.
Ezetimibe: Moderate SOE from 11 trials favors mid‐potency statin with ezetimibe for lowering LDL‐c, with reduction up
to 18 percent more compared to high‐potency statin monotherapy among general populations. Low SOE from 11 trials
favors mid‐potency statin with ezetimibe for raising HDL‐c, with increase up to 6 percent more compared to high
potency statin monotherapy.
Fibrates: There is insufficient evidence to compare combination therapy with fibrate and statin to intensification of
statin monotherapy regardless of statin potency.
Niacin: There is insufficient evidence to compare combination therapy with niacin and statin to intensification of statin
monotherapy on lowering LDL‐c, regardless of statin potency. Moderate SOE from three trials found that low‐potency
statin with niacin raises HDL‐c up to 27 percent more than mid‐potency statin monotherapy.
Omega‐3 fatty acids: No relevant trials were found.
Conclusions Although many studies looked at intermediate outcomes, few studies addressed the question of which
approach produces better clinical outcomes. Combination of statin with ezetimibe or bile acid sequestrant lowered LDL‐
c better than intensification of statin monotherapy, but evidence for clinical outcomes (mortality, acute coronary events,
and revascularization procedures) was insufficient across all potency comparisons for all combination therapy regimens.
Additional studies evaluating long‐term clinical benefits and harms are needed to better inform clinical decision‐making,
patient choice, and clinical practice guidelines.
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Summary of head‐to‐head studies identified in the DERP scan that have been published since last P&T review January 2013:
Long‐term Outcomes
Author/Year
Comparison
Sardella 2013 1. Pre‐PCI reloading dose of
rosuvastatin 40 mg vs.
2. Pre‐PCI reloading dose of
atorvastatin 80 mg vs.
3. Chronic statin therapy without
reloading
Intermediate Outcomes (Lipids)
Bays 2013
Study Period 1
1. Atorvastatin 10 mg + Ezetimibe 10
mg vs.
2. Atorvastatin 20 mg vs.
3. Rosuvastatin 10 mg
Study Period 2
1. Atorvastatin 10 mg + ezetimibe 10
mg vs.
2. Atorvastatin 20 mg + ezetimibe 10
mg or double atorvastatin to 40 mg
vs.
3. Switching to atorvastatin 20 mg +
ezetimibe 10 mg or double
rosuvastatin to 20 mg
Jimenez 2013 1. Switching to ezetimibe/simvastatin
10/20 mg vs.
2. Doubling baseline statin dose (to
simvastatin 40 mg or atorvastatin
20 mg) vs.
3. Switching to rosuvastatin 10 mg
Kim 2013
Two formulations of atorvastatin 20 mg
Author: A Gibler, Pharm.D.

Population
Patients with stable angina
undergoing elective PCI

Outcome
Occurrence of major
cardiac and
cerebrovascular
events

Author’s Conclusions
Both atorvastatin and rosuvastatin dose re‐
loading improves procedural and long‐term
clinical outcomes similarly in patients on chronic
statin therapy.

Primary hypercholesterolemia
patients with high
atherosclerotic cardiovascular
disease risk and LDL‐C >100
and <160 mg/dL

LDL‐C reduction and
attainment of LDL‐C
targets <100 or <70
mg/dL

Ezetemibe added to atorvastatin lowered LDL‐C
significantly more and significantly more
attained LDL‐C targets than either doubling
atorvastatin dose or switching (or doubling)
rosuvastatin dose.

Diabetics with and without
metabolic syndrome

LDL‐C

Switching to ezetimibe/simvastatin more
effective than doubling the statin dose or
switching to rosuvastatin.

Primary

Percent change in

The generic formulation is as effective as the
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Kurogi 2013

Pitavastatin 2‐4 mg vs.
Atorvastatin 10‐20 mg

Lee 2013

Ezetimibe/simvastatin 10/20 mg vs.
Atorvastatin 20 mg
Rosuvastatin 40 mg vs.
Ezetimibe/simvastatin 10/40 mg

Moreira 2014

Moutzouri

Padhy 2013

Simvastatin/ezetimibe 10/10 mg vs.
Simvastatin 40 mg vs.
Rosuvastatin 10 mg
Ezetimibe 10 mg + atorvastatin 10 mg
vs.
Atorvastatin 10 mg

Hypercholesterolemia with
LDL‐C
LDL‐C > 100 mg/dL
Stable coronary artery
Percent changes in
disease, hypercholesterolemia, HDL‐C
and hypo‐HDL‐cholesterolemia
(HDL‐C <50 mg/dL)
Korean patients with T2DM and LDL‐C, HDL‐C
LDL‐C >100 mg/dL
Patients with hyperlipidemia
Anti‐oxLDL
antibodies;
electronegative LDL
Dyslipidemia
Serum uric acid

Indian patients with
dyslipidemia

LDL‐C; attainment
of NCE target for LDL‐
C
Total atheroma
volume (TAV) and
%atheroma volume
(PAV)
LDL‐C, HDL‐C

Puri 2013

Rosuvastatin 40 mg vs.
Atorvastatin 80 mg

Patients with coronary
atherosclerosis with and
without diabetes

Robinson
2013

Ezetimibe/simvastatin (10/20 and
10/40 mg) vs.
Atorvastatin (10, 20, 40 mg)

Metabolic syndrome patients
with and without diabetes

Rosen 2013

1. Switching to ezetimibe/simvastatin
10/20 mg vs.
2. Doubling run‐in statin dose to
simvastatin 40 mg or atorvastatin
20 mg vs.
3. Switching to rosuvastatin 10 mg
Pravastatin 10 mg vs.
Atorvastatin 10 mg

Subjects with cardiovascular
disease and diabetes

Percentage
change in LDL‐C,
percentage of
patients achieving
LDL‐C <70 mg/dL

Men aged >20 years;
postmenopausal
women with LDL‐C >140
mg/dL, HDL‐C <80 mg/dL, and
triglycerides <500 mg/dL and

LDL‐C, HDL‐C

Sasaki 2013

Author: A Gibler, Pharm.D.

359

Date: January 2015

original formulation of atorvastatin.
Pitavastatin raised HDL‐C significantly more than
atorvastatin at these doses.

Both groups comparable
Higher anti‐oxLDL antibodies with rosuvastatin,
suggesting modulation of adaptive immunity by
a potent statin
Simvastatin/ezetimibe 10/10 mg, simvastatin 40
mg, and rosuvastatin 10 mg exhibit a similar uric
acid‐lowering effect
Combination treatment with atorvastatin and
ezetimibe had relatively better lipid‐lowering
and anti‐inflammatory effect than atorvastatin
monotherapy
Rosuvastatin was associated with a significantly
greater increase in TAV regression, but not PAV
regression, compared to atorvastatin.
Ezetimibe/simvastatin treatment was more
effective than atorvastatin in patient age >65
years, abdominal obesity, and lower baseline hs‐
CRP
Significantly greater reductions in LDL‐C
occurred when switching to EZ/S versus
doubling statin dose but no significant
difference between ezetimibe/simvastatin and
rosuvastatin.
Pravastatin and atorvastatin each increased
HDL‐C by same extent. LDL‐C lowering
significantly more with atorvastatin. No
differential effect on glucose metabolism.

Scheffer
2013

Atorvastatin 10 mg vs.
Simvastatin 40 mg

Stender
2013a

Pitavastatin (1, 2, 4 mg) vs.
Pravastatin (10, 20, 40 mg)

Stender
2013b

Pitavastatin (2, 4, 8 mg)

Yokoi 2014

Rosuvastatin 5‐10 mg vs. Pravastatin
10‐20 mg

who had glucose intolerance
Statin‐naïve patients
with diabetes mellitus
and/or obesity and/or
hypertension
Elderly patients with
primary
hypercholesterolemia
or combined (mixed)
dyslipidemia
Elderly patients with
primary
hypercholesterolemia
or combined (mixed)
dyslipidemia
Patients with LDL‐C >140
mg/dL and max carotid intima‐
media thickness >1.1 mm

LDL‐C

Overall effect after 12 weeks of atorvastatin and
simvastatin was similar

LDL‐C

Pitavastatin provides superior efficacy and
comparable tolerability to pravastatin in elderly
patients

LDL‐C

Long‐term pitavastatin treatment (2 and 4 mg) is
effective in lowering LDL‐C levels and has a good
safety and tolerability profile in elderly patients

Rosuvastatin significantly slowed the percentage
change in mean‐IMT at 12 months compared
with pravastatin. The rate of achieving the LDL‐C
goal was significantly greater in the rosuvastatin
group compared with the pravastatin group.
Yoshida 2013 Pitavastatin 2 mg vs.
Hypercholesterolemia
Lipoprotein oxidative There were significant increases in OxPL/apoB
Atorvastatin 10 mg
biomarkers
and reductions in small dense LDL, MDA‐LDL,
and lipoprotein‐associated phospholipase A(2)
measured on circulating apoB particles (Lp‐
PLA(2)/apoB) in both groups and significant
reductions in OxPL/apoAI in the atorvastatin
group
Abbreviations: HDL‐C = HDL cholesterol; LDL‐C = LDL cholesterol; NCE = National Cholesterol Education; T2DM = type 2 diabetes mellitus

Author: A Gibler, Pharm.D.
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OBJECTIVE:
The purpose of this preliminary updated literature scan process is to provide the Participating
Organizations with a preview of the volume and nature of new research that has emerged
subsequent to the previous full review process. Provision of the new research presented in this
report is meant to assist with Participating Organizations’ consideration of allocating resources
toward a full report update, a single drug addendum, or a summary review. Comprehensive
review, quality assessment, and synthesis of evidence from the full publications of the new
research presented in this report would follow only under the condition that the Participating
Organizations ruled in favor of a full update. The literature search for this report focuses only on
new randomized controlled trials, comparative effectiveness reviews, and actions taken by the
U.S. Food and Drug Administration (FDA) since the last report. Other important studies could
exist.

Date of original report:
August 2006 (searches through 1st quarter 2006)

Date of Last Preliminary Update Scan:
September 2013
Scope and Key Questions
The purpose of this review is to compare the benefits and harms of different macrolide
antibiotics used for treatment of specific infectious diseases. The Oregon Evidence-based
Practice Center wrote preliminary key questions, identifying the populations, interventions, and
outcomes of interest, and based on these, the eligibility criteria for studies. These were reviewed
and revised by representatives of the Washington state Medicaid agency, with input from the
public. These representatives are responsible for ensuring that the scope of the review reflects the
populations, drugs, and outcome measures of interest to both clinicians and patients.
Representatives of the Washington state Medicaid agency approved the following key questions
to guide this review:
1. For adults and children with community-acquired pneumonia, acute bacterial sinusitis,
acute exacerbations of chronic bronchitis, otitis media, pharyngitis, and Mycobacterium
Avium Complex, do macrolide antibiotics differ in efficacy?
2. For adults and children with community-acquired pneumonia, acute bacterial sinusitis,
acute exacerbations of chronic bronchitis, otitis media, pharyngitis, and Mycobacterium
Avium Complex, do macrolide antibiotics differ in safety or adverse events?
3. Are there subgroups of patients based on demographics (age, racial groups, gender), other
medications, or co-morbidities, or in pregnancy for which one macrolide is more
efficacious or associated with fewer adverse events?

Macrolides:
Last Report Original

Page 2 of 9

362

Preliminary Scan Report #5

Drug Effectiveness Review Project

Inclusion Criteria
Populations
Adult patients and children (under age 18) in outpatient settings with the following diagnosis:
 Community-acquired pneumonia
 Acute bacterial sinusitis
 Acute exacerbations of chronic bronchitis
 Otitis Media
 Pharyngitis
 Mycobacterium Avium Complex
Table 1: Interventions
Generic Name
Azithromycin
Erythromycin

Clarithromycin

Trade Name
Zithromax, ZMAX
E.E.S., Eryc, Eryped, Erytab, PCE, Pediamycin,
others
Biaxin, Biaxin XL

Forms
Oral tablets and suspension
Oral tablets, suspension,
and capsules
Oral tablets and suspension

Efficacy Outcomes
 Clinical cure rate (to be further specified)
 Bacteriological cure rate
 Percent switch to different antibiotic
 Hospitalization rates
 Mortality
Harms
 Overall adverse effect reports
 Withdrawals due to adverse effects
 Serious adverse events reported
 Specific adverse events (nausea, vomiting, diarrhea, prolongation of QT interval, torsades
de pointes, ventricular arrhythmias)
Study Designs
 Head-to-head randomized controlled trials and good-quality systematic reviews

METHODS
Literature Search
To identify relevant citations, we searched MEDLINE (2006-June 25, 2014). We used
terms for included drugs and clinical indications and limits for humans, English and controlled
clinical trials. We also searched for relevant systematic reviews produced since the original
report was prepared by AHRQ, CADTH, the VA’s Evidence-based Synthesis Program, and the
University of York’s Centre for Reviews and Dissemination. For some earlier scans, we
searched the Cochrane Library as well. We searched the FDA website for identification of
new drugs, indications, and boxed warnings.
Macrolides:
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Study Selection
One reviewer assessed abstracts of citations identified from literature searches for
inclusion, using the criteria described above.

RESULTS
New Drugs
Identified in this Preliminary Update Scan
None
Identified in previous Preliminary Update Scans
None
New Indications
Identified in this Preliminary Update Scan
None
Identified in previous Preliminary Update Scans
None
New Safety Alerts
Identified in this Preliminary Update Scan
None
Identified in previous Preliminary Update Scans
On March 12, 2013, FDA notified public that azithromycin (Zithromax or Zmax) can cause
abnormal changes in the electrical activity of the heart that may lead to a potentially fatal
irregular heart rhythm. Patients at risk for developing this condition include those with known
risk factors such as existing QT interval prolongation, low blood levels of potassium or
magnesium, a slower than normal heart rate, or use of certain drugs used to treat abnormal heart
rhythms, or arrhythmias. Detailed FDA notification is included in Appendix A.
Comparative Effectiveness Reviews
Identified in this Preliminary Update Scan
None
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Identified in previous Preliminary Update Scans
Searches for Cochrane reviews for previous scans produced 3 reviews (one since updated), listed
in Table 2 with citations in Appendix B.
Table 2. Systematic Reviews
Systematic
Title
Review
Cochrane:
Antibiotics for community acquired
Bjerre, 2009
pneumonia in adult outpatients

Cochrane:
Lodha, 2013
Cochrane:
Kozyrskyj, 2010

Antibiotics for community-acquired
pneumonia in children
Short-course antibiotics for acute
otitis media

Comparison
RCTs in which one or more
antibiotics were tested for the
treatment of CAP in ambulatory
adolescents or adults
RCTs comparing at least two
antibiotics for CAP
RCTs of children randomize to
antimicrobial therapy for less than
7 days vs 7 or more days

New studies
Medline searches resulted in 40 citations for this July 2014 scan. None met eligibility
criteria. Cumulatively, 3 potentially relevant head-to head trials have been published since the
2006 report, all obtained from previous scans (Table 3). Appendix C lists the abstracts for these
publications.
Table 3. Head-to head trials
Study
Population

Comparison

Lee, 2008

Children with community
Erythromycin vs clarithromycin
acquired pneumonia
Block, 2006
Pediatric and adolescent
Twice-daily clarithromycin vs
patients with group A
once-daily ER clarithromycin
streptococcal pharyngitis,
sinusitis, ambulatory pneumonia
Jorgensen, 2009 Adults and adolescents with
Single-dose ER azithromycin
group A streptococcal
vs 3-day IR azithromycin
pharyngitis
Abbreviations: ER = extended release; IR = immediate release
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Appendix A
Azithromycin (Zithromax or Zmax): Drug Safety Communication - Risk of Potentially
Fatal Heart Rhythms
[Posted 03/12/2013]
AUDIENCE: Family Practice, Patient, Pharmacy, Health Professional
ISSUE: FDA is warning the public that azithromycin (Zithromax or Zmax) can cause abnormal
changes in the electrical activity of the heart that may lead to a potentially fatal irregular heart
rhythm. Patients at particular risk for developing this condition include those with known risk
factors such as existing QT interval prolongation, low blood levels of potassium or magnesium, a
slower than normal heart rate, or use of certain drugs used to treat abnormal heart rhythms, or
arrhythmias. FDA has issued a Drug Safety Communication today as a result of our review of a
study by medical researchers as well as another study by a manufacturer of the drug that assessed
the potential for azithromycin to cause abnormal changes in the electrical activity of the heart.
FDA previously released a Statement on May 17, 2012, about a study that compared the risks of
cardiovascular death in patients treated with the antibacterial drugs azithromycin, amoxicillin,
ciprofloxacin (Cipro), and levofloxacin (Levaquin), or no antibacterial drug. The study reported
an increase in cardiovascular deaths, and in the risk of death from any cause, in persons treated
with a 5-day course of azithromycin (Zithromax) compared to persons treated with amoxicillin,
ciprofloxacin, or no drug. The risks of cardiovascular death associated with levofloxacin
treatment were similar to those associated with azithromycin treatment.
BACKGROUND: Azithromycin is marketed under the brand names Zithromax and Zmax.
FDA-approved indications for azithromycin include: acute bacterial exacerbations of chronic
obstructive pulmonary disease, acute bacterial sinusitis, community-acquired pneumonia,
pharyngitis/tonsillitis, uncomplicated skin and skin structure infections, urethritis and cervicitis,
genital ulcer disease.
RECOMMENDATION: Health care professionals should consider the risk of torsades de
pointes and fatal heart rhythms with azithromycin when considering treatment options for
patients who are already at risk for cardiovascular events. FDA notes that the potential risk of
QT prolongation with azithromycin should be placed in appropriate context when choosing an
antibacterial drug: Alternative drugs in the macrolide class, or non-macrolides such as the
fluoroquinolones, also have the potential for QT prolongation or other significant side effects
that should be considered when choosing an antibacterial drug.
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Appendix B. Citations for comparative effectiveness reviews
identified in previous preliminary update scans
Bjerre LM, Verheij TJM, Kochen MM. Antibiotics for community acquired pneumonia in adult
outpatients. Cochrane Database of Systematic Reviews 2009, Issue 4. Art. No.: D002109. DOI:
10.1002/14651858.C D002109.pub3.
Lodha R, Kabra SK, Pandey RM. Antibiotics for community-acquired pneumonia in children.
Cochrane Database of Systematic Reviews 2013, Issue 6. Art. No.: CD004874. DOI:
10.1002/14651858.C D004874.pub4.
Kozyrskyj AL, Klassen TP, Moffatt M, Harvey K. Short-course antibiotics for acute otitis media.
Cochrane Database of Systematic Reviews 2010, Issue 9. Art. No.: CD001095. DOI:
0.1002/14651858.C D001095.pub2.
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Appendix C. Abstracts of head-to head trials identified in previous
preliminary update scans
Community Acquired Pneumonia
Lee, P.-I., et al., An open, randomized, comparative study of clarithromycin and erythromycin in
the treatment of children with community-acquired pneumonia. Journal of Microbiology,
Immunology & Infection, 2008. 41(1): p. 54-61.
BACKGROUND AND PURPOSE: This study aimed to evaluate the efficacy and safety of
clarithromycin and erythromycin in the treatment of community-acquired pneumonia in children.
METHODS: Children with community-acquired pneumonia were randomly assigned to receive
10-day regimens of either clarithromycin 15 mg/kg/day, twice a day, or erythromycin 30-50
mg/kg/day, four times daily. RESULTS: A total of 97 children entered this study, including 26
with Mycoplasma pneumoniae infection, 15 with Chlamydia pneumoniae infection, and 6 with
mixed mycoplasma and chlamydia infections. Fifty and 47 children received clarithromycin and
erythromycin treatment, respectively. Three children withdrew from the study because the
identified pathogens were resistant to the study drugs. All 47 children with mycoplasma or
chlamydia infection were cured clinically. Delayed defervescence, defined as a fever lasting for
more than 72 h after treatment, was observed in 4 of 22 clarithromycin-treated children (18%)
and in 3 of 15 erythromycin-treated children (20%) [p>0.05]. Gastrointestinal side effects,
including vomiting, abdominal pain and diarrhea, were observed in 3 of 50 children (6%)
receiving clarithromycin and in 11 of 49 children (22%) receiving erythromycin (p=0.039).
Excluding children with abnormal pretreatment liver function, abnormal liver function after
treatment was observed in only one child, treated with erythromycin. Post-treatment eosinophil
and platelet counts were significantly elevated after treatment in both groups. CONCLUSIONS:
Clarithromycin showed efficacy equivalent to erythromycin for the treatment of mycoplasma or
chlamydia pneumonia in children. However, the tolerability of clarithromycin was superior to
that of erythromycin.

Pharyngitis and/or Sinusitis
Block, S.L., Comparative tolerability, safety and efficacy of tablet formulations of twice-daily
clarithromycin 250 mg versus once-daily extended-release clarithromycin 500 mg in pediatric
and adolescent patients. Clinical Pediatrics, 2006. 45(7): p. 641-8.
Clarithromycin is widely used to treat respiratory tract and superficial skin infections in pediatric
and adult populations. Using clinical endpoints and 7-day therapy, we compared the efficacy of
clarithromycin 250 mg tablets given twice daily versus clarithromycin 500 mg extendedrelease
tablets given once daily in ambulatory children and adolescents 6 to 16 years old. Of the 199
evaluable patients, 124 were infected with group A streptococcal pharyngitis, 39 with sinusitis,
21 with ambulatory pneumonia, and 15 with superficial skin infections. The overall cure rate
exceeded 90% for each treatment group. Discontinuation rates and adverse events were 4.5% and
24.6%, respectively.
Jorgensen, D. M. (2009). "Single-dose extended-release oral azithromycin vs. 3-day
azithromycin for the treatment of group A beta-haemolytic streptococcal pharyngitis/tonsillitis in
adults and adolescents: a double-blind, double-dummy study." Clinical Microbiology &
Macrolides:
Last Report Original

Page 8 of 9

368

Preliminary Scan Report #5

Drug Effectiveness Review Project

Infection 15(12): 1103-10.
The azithromycin immediate-release formulation (AZ-IR) provides effective treatment for group
A beta-haemolytic streptococcal pharyngitis in adults. Single-dose therapy with a novel
azithromycin extended-release (AZ-ER) formulation could reduce treatment failure and
eliminate non-compliance contributing to antimicrobial resistance. A randomized, double-blind,
double-dummy, multicentre trial was conducted comparing AZ-ER (single oral 2-g dose) with
AZ-IR (3 days, 500 mg once daily) for the treatment of group A beta-haemolytic streptococcal
pharyngitis/tonsillitis in adults and adolescents (n = 598). The primary endpoint was
bacteriological eradication at test -of-cure (TOC; day 24-28) in the bacteriological per-protocol
population (n = 420). Bacteriological eradication was achieved in 85.4% (175/205) and 81.4%
(175/215) of subjects in the AZ-ER and AZ-IR groups, respectively (95% CI -3.1-11.1). Clinical
cure at TOC occurred in 99.0% of subjects in the AZ-ER group and in 96.7% in the AZ-IR
group. At long-term follow-up, bacteriological recurrence was observed in 5.5% (9/163) and
7.7% (12/156), respectively. Both treatments were well tolerated; and most adverse events (AEs)
were mild to moderate in intensity. The most frequent treatment-related AE was diarrhoea, or
loose stools, in 11% of both treatment groups. AZ-ER-treated and AZ-IR-treated subjects had
AE burdens (AE days/patient-year) of 7.6 days and 9.2 days, respectively. A similar trend in
favour of AZ-ER was noted for treatment-related diarrhoea burden (1.9 days vs. 2.5 days). A
single 2-g dose of AZ-ER is as effective and well tolerated as 3 days of AZ-IR (500 mg once
daily) for treating group A beta-haemolytic streptococcal pharyngitis/tonsillitis in adults and
adolescents.
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Drug Effectiveness Review Project – Literature Scan Summary
Month/Year of Review: January 2015
PDL Class: Macrolide antibiotics , oral

Current Preferred Drugs
Azithromycin tab (Zithromax®)
Azithromycin susp, recon
Clarithromycin tab (Biaxin®)

Date of Last Review: January 2013
Source Document: OSU College of Pharmacy,
Drug Effectiveness Review Project
Current Non‐Preferred Drugs
Azithromycin pckt for susp (Zithromax®)
Azithromycin ER susp, recon (Zithromax®)
Clarithromycin ER tab (Biaxin XL®)
Clarithromycin susp, recon (Biaxin®)
Dirithromycin tab (Dynabac®) [DSC]
Erythromycin (all formulations)
Telithromycin tab (Ketek®)

Key: DSC = discontinued product; ER = extended release; pckt = packet; recon = reconstituted; susp = suspension; tab = tablet
Note: Fidaxomicin is a macrolide antibiotic approved to treat diarrhea associated with Clostridium difficile and is reviewed separately
within the PDL class of antibiotics specifically for C. diff infections.

Previous Conclusions and Recommendations:
 Evidence does not support a difference in efficacy or harms between different oral macrolide antibiotics.
 Recommend inclusion of at least one drug from this class. Consider azithromycin or clarithromycin for coverage
of Mycobacterium avium Complex.
Research Questions:
1. For adults and children with community‐acquired pneumonia (CAP), acute bacterial sinusitis, acute
exacerbations of chronic bronchitis, otitis media, pharyngitis and Mycobacterium avium Complex, do macrolide
antibiotics differ in efficacy, safety or adverse events?
2. Are there subgroups of patients based on demographics (age, racial groups, gender), other medications, or co‐
morbidities, or in pregnancy for which one macrolide is more efficacious or associated with fewer adverse
events?
Conclusions and Recommendations:
 Evidence does not support a difference in efficacy or harms between different oral macrolide antibiotics.
 No further review or research needed at this time.
 Evaluate costs in executive session.
Methods:
The DERP scan was used to identify any new comparative research on macrolide antibiotics since the last P&T review in
January 2013.1 An OVID MEDLINE search was also conducted to identify direct comparative studies or systematic
reviews of telithromycin with other macrolide antibiotics on clinically relevant outcomes such as mortality or morbidity
since the last P&T review in January 2013.
Summary:
No new clinical trials meeting eligibility criteria or systematic reviews were identified by the DERP scan since the last P&T
review in July 2013 with the exception one an updated review by the Cochrane Collaboration assessing antibiotics for
CAP in children.2 No new comparative efficacy data on macrolide antibiotics were found by the Cochrane review, but the
Author: A Gibler, Pharm.D.
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review did note that gastrointestinal adverse effects were more commonly reported with erythromycin compared to
azithromycin.
The FDA issued a public notification in 2013 that azithromycin can cause abnormal changes in the electrical activity of
the heart that may lead to a potentially fatal irregular heart rhythm.1 Prescribers should consider risk of torsades de
pointes with azithromycin when considering treatment options for patients already at risk for cardiovascular events.
However, alternative macrolide antibiotics also have the potential for QT prolongation or other significant adverse
effects that should be considered when choosing an antibiotic.
No direct comparative studies of telithromycin evaluating clinically relevant outcomes were identified with the OVID
MEDLINE. However, one meta‐analysis found telithromycin has a similar efficacy and safety profile as clarithromycin for
the treatment of community‐acquired respiratory tract infections in adolescents and adults.3 The abstract is presented
in the appendix.
References:
1. Holmes R. Drug Class Review on Macrolides, Preliminary Update Scan Report 5, July 2014. Drug Effectiveness Review
Project. Pacific Northwest Evidence‐based Practice Center, Oregon Health & Science University.
2. Lodha R, Kabra SK, Pandey RM. Antibiotics for community‐acquired pneumonia in children. Cochrane Database of
Systematic Reviews 2013, Issue 6. Art. No.: CD004874. DOI: 10.1002/14651858.C D004874.pub4.
3. Li X, Wang F, Yang F, et al. Telithromycin versus clarithromycin for the treatment of community‐acquired respiratory
tract infections: a meta‐analysis of randomized controlled trials. Chinese Medical Journal. 2013;126:2179‐2185.
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Appendix:
Abstract:
Li X, Wang F, Yang F, et al. Telithromycin versus clarithromycin for the treatment of community‐acquired respiratory
tract infections: a meta‐analysis of randomized controlled trials. Chinese Medical Journal. 2013;126:2179‐2185.
Background The emergence of bacterial resistance to commonly used antibiotics, such as macrolides, is complicating
the management of respiratory tract infections (RTIs). Telithromycin, a ketolide antimicrobial structurally related to
macrolides, is approved for the treatment of community‐acquired RTIs, and shows lower pathogen resistance rates. The
purpose of this study was to compare the efficacy and safety of telithromycin with clarithromycin, a macrolide routinely
used as therapy for RTIs.
Methods We performed a meta‐analysis of relevant randomized‐controlled trials (RCTs) identified in PubMed, the
Cochrane Library, Embase, CNKI and VIP databases. The primary efficacy outcome was clinical treatment success
assessed at the test‐of‐cure time in the per‐protocol population, and the primary safety outcome was drug related
adverse effects.
Results Seven RCTs, involving 2845 patients with RTIs, were included in the meta‐analysis. Oral telithromycin and
clarithromycin showed a similar clinical treatment success in modified intention to treat and per‐protocol population
(cure and improvement) (odds ratios (ORs): 0.84, 95% confidence intervals (CI): 0.64–1.11 and OR: 1.14, 95% CI: 0.71–
1.85, respectively). Similar findings were obtained for secondary efficacy outcomes: clinical treatment success at a late
post–therapy visit (OR: 0.92, 95% CI: 0.57–1.48) and microbiological treatment success at the test‐of‐cure time (OR:
1.14; 95% CI: 0.71–1.85). The safety outcome analysis indicated telithromycin had a similar risk of drug‐related adverse
effect and serious adverse effect with clarithromycin.
Conclusions Our findings indicate that oral telithromycin and clarithromycin have similar treatment efficacy and adverse
effect. The advantages of lower antimicrobial resistance rates, once‐daily short‐duration dosing and reported lower
healthcare costs make oral telithromycin a useful option for the empiric management of mild‐to‐moderate RTIs.
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