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Clinical Equivalence of Generic
and Brand-Name Drugs Used

in Cardiovascular Disease
A Systematic Review and Meta-analysis

Aaron 5. Kesselheim, MD, JD, MPH
Alexander S. Misono, BA

Joy L. Lee, BA

Margaret R. Stedman, MPH

M. Alan Brookhart, PhD

Niteesh K. Choudhry, MD, PhD
William H. Shrank, MD, MSHS

HE PROBLEM OF RISING PRESCRIP-
tion drug costs has emerged as
a critical policy issue, strain-
ing the budgets of patients and
public/private insurers' and directly
contributing to adverse health out-
comes by reducing adherence to im-
portant medications.** The primary
drivers of elevated drug costs are brand-
name drugs, which are sold at high
prices during a period of patent pro-
tection and market exclusivity after ap-

Context Use of generic drugs, which are bioequivalent to brand-name drugs, can
help contain prescription drug spending. However, there is concern among patients
and physicians that brand-name drugs may be clinically superior to generic drugs.

Objectives To summarize clinical evidence comparing generic and brand-name drugs
used in cardiovascular disease and to assess the perspectives of editorialists on this
1s5Ue.

Data Sources Systematic searches of peer-reviewed publications in MEDLINE,
EMBASE, and International Pharmaceutical Abstracts from January 1984 to August
2008.

Study Selection S5tudies compared generic and brand-name cardiovascular drugs
using clinical efficacy and safety end points. We separately identified editorials ad-
dressing generic substitution.

Data Extraction We extracted variables related to the study design, setting, par-
ticipants, clinical end points, and funding. Methodological quality of the trials was as-
sessed by Jadad and Newcastle-Ottawa scores, and a meta-analysis was performed
to determine an aggregate effect size. For editorials, we categorized authors' posi-
tions on generic substitution as negative, positive, or neutral.

Results We identified 47 articles covering 9 subclasses of cardiovascular medica-
tions, of which 38 (81%) were randomized controlled trials (RCTs). Clinical equiva-
lence was noted in 7 of 7 RCTs (100%) of B-blockers, 10 of 11 RCTs (91%) of di-
uretics, 5 of 7 RCTs (71%) of calcium channel blockers, 3 of 3 RCTs (100%) of antiplatelet
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0.
l I Effect Size Favors | Favors

Drug Class Studies Subjects (95% Cl) Brand Name | Generic
B-Blockers 6 135 0.00 (-0.24 to 0.25) @
Diuretics 10 135 -0.03 (-0.28 t0 0.22) —
Calcium channel blockers 4 242 0.00 (-0.53 to 0.53) | ® {
Antiplatelet agents 2 50 0.21 (-0.19 t0 0.61) } @ i
ACE inhibitors 1 23 -0.09 (-0.68 to 0.50) } (] 5
Statins 2 71 -0.25 (-0.62 t0 0.12) % ® |
o-Blockers 1 43 0.06 (-0.37 to 0.50) } @ %
Warfarin 4 138 -0.09 (-0.33 to 0.15) @

Overall 30 837 -0.03 (-0.15 to 0.08) @

-1.0 -0.5 0 0.5
Effect Size (95% Cl)

Drug Class and Aggregate Meta-analyses of Trials Comparing Generic and Brand-Name Drugs
Used in Cardiovascular Disease
ACE indicates angiotensin-converting enzyme; Cl, confidence interval.
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CLINICAL STUDIES

Altered metabolite
concentrations with amiodarone
generic substitution cannot be
observed without monitoring

P Timothy Pollak MD PhD

PT Pollak. Altered metabolite concentrations with amiodarone Altération des concentrations de métabolites

generic substitution cannot be observed without monitoring, associée i ’amiodarone générique, non décelée
Can J Cardiol 2001;17(11):1159-1163. e
faute de vérification

CanJ Cardiol Vol 17 No 11 November 2001
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Dosing sequence and resultant serum amiodarone and desethylamiodarone metabolite (DEA) concentrations in four
patients switching formulations of amiodarone

Sequence of formulation changes
Cordarone* Generic Cordarone*
Patient 1
Dose (mg/day) 400 400 400
Duration (months) 41 1 10
Serum amiodarone (mg/L) 2.5 2.0 1.8
Serum DEA(mg/L) 1.9 3.5 2.0
Patient 2
Dose (mg/day) 200 200
Duration (months) 11 3
Serum amiodarone (mg/L) 0.7 0.7
Serum DEA (mg/L) 2.8 1.1
Patient 3
Dose (mg/day) 200 200
Duration (months) 36 3
Serum amiodarone (mg/L) 1.5 1.0
Serum DEA(mg/L) 1.4 2.0
Patient 4
Dose (mg/day) 400 300 300
Duration (months) 18 15 1
Serum amiodarone (mg/L) 1.7 0.7 0.8
Serum DEA(mg/L) 1.7 1.1 0.8

* -
Wyeth-Ayerst, Canada CanJ Cardiol Vol 17 No 11 November 2001
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Dosing sequence and resultant serum amiodarone and desethylamiodarone metabolite (DEA) concentrations in four patients switching

formulations of amiodarone
Sequence of formulation changes
Cordarone* Generic Cordarone*
Patient 1
Dose (mg/day) 400 400 400
Duration (months) 41 1 10
Serum amiodarone (mg/L) [ 2.5 2.0 1.8
Serum DEA(mg/L) I 1.9 3.5 2.0
Patient 2
Dose (mg/day) 200 200
Duration (months) 11 3
Serum amiodarone (mg/L) 0.7 0.7
Serum DEA (mg/L) 2.8 1.1
Patient 3
Dose (mg/day) 200 200
Duration (months) 36 3
Serum amiodarone (mg/L) [ 1.5 1.0 ]
Serum DEA(mg/L) I 1.4 2.0 ]
Patient 4
Dose (mg/day) 400 300 300
Duration (months) 18 15 1
Serum amiodarone (mg/L) [ 1.7 0.7 0.8 ]
Serum DEA(mg/L) 1.7 1.1 0.8
CanJ Cardiol Vol 17 No 11 November 2001 82
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VIRV IEREMICEERTIRX 2

Generic Antiarrhythmics Are Not Therapeutically
Equivalent for the Treatment of Tachyarrhythmias*

James A. Reiffel, Mp, and Peter R. Kowey, mMp

Antiarrhythmic drugs (AAD) have been the main-
stay of arrhythmia therapy. For serious arrhyth-
mias, AAD failure may result in death. If AAD levels
fall below the minimum effective concentration, ar-
rhythmias can recur.’-#* Conversely, proarthythmic
risk increases as drug effect increases. The therapeutic
window represents drug concentrations above the
minimum effective concentration but below those that
result in serious adverse effects. For some drugs/some
clinical settings, the therapeutic window may be quite
wide, in others, quite narrow (narrow therapeutic in-
dex [NTI])® Thus, when NTI drugs are used, fluctua-
tions in drug levels!-? may have adverse consequenc-

metoprolol,.and 32 with a change in amiodarone for-
mulation (virtually all being a switch from Cordarone
to Pacerone). Among these 54 recurrences, there were
3 deaths associated with the FS (ventricular fibrillation
with quinidine, VT with procainamide, VT with ami-
odarone). More may have been seen in the absence of
implantable cardioverter defibrillator (ICD) backup.
Five recurrences were verified by rechallenge studies;
2 were written up in a published abstract,” at least 3
with amiodarone were reported to the U.S. Food and
Drug Adminstration, and several were verified with
serum levels (Figure 2).

Additionally, there were 2 definite and 5 probable

Reiffel JA, and Kowey PR, Am J Cardiol. 2000, 85 (9) : 115451153
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A hypothetical time versus concentration plot and diagram of the response to the survey. Serum level of the antiarrhythmic drugis on
the y-axis, and time on the x-axis. The drug is started orally at time zero, and is dosed every half-life. The thin line indicates the levels
attained with the initiator drug. Darker lines indicate the levels that could been seen with formulation substitution, under Food and
Drug Administration bioequivalence standards. The electrocardiographic tracings of recurrent ventricular tachycardia (below) and
polymorphic torsades de pointes (above) indicate the possible results of excursions of the serum concentration (conc) below or above
(respectively) the therapeutic range. The survey responses on the right indicate the number of such responses reported.

Reiffel JA, and Kowey PR, Am J Cardiol. 2000, 85 (9) : 115451153
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A representative case showing serum amiodarone concentration

Pacerone for Cordarone in a 28-year-old patient with ventricular tachycardia S/P repair of
Tetralogy of Fallot. This case was provided by Dr. Gerry Naccarelli. Courtesy G.N./HMC.
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Cardiology

Comparison of Plasma Concentrations for Two Amiodarone
Products

Shari C Sauro, Douglas D DeCarolis, Gordon L Pierpont, and Charles C Gornick

BACKGROUND: A generic formulation of amiodarone was recently approved by the Food and Drug Administration based on single-dose
equivalence data. Because amiodarone has complex pharmacokinetic properties, a narrow therapeutic range, and a significant
adverse effect profile, concem about equivalency persists.

OBJECTIVE: To compare steady-state plasma concentrations of the brand-name reference product Cordarone with the AB-rated
generic formulation, Pacerone, In patients exposed to both products.

METHODS: A retrospective analysis was periormed at the Minneapolis Veterans Affairs Medical Center on 138 patients who were
taking a stable dose of amiodarone before and after an amlodarone generic product substitution,

RESULTS: Seventy-seven patients had steady-state plasma concentrations documented for each product at the same dose. The
mean steady-state plasma concentrations of amiodarone were not significantly different for Cordarone compared with Pacerone
(1.07 £ 0.48 vs. 1.19 £ 0.66 pg/mL, respectively); similarly, the concentrations of the active metabolite (desethylamiodarone) did not
differ (0.95 + 0.30 vs. 0.96 + 0.49 pg/mL, respectively). However, the variability in plasma drug concentrations between products
was Increased as compared to variability within each product.

CONCLUSIONS: This study indicates that comparabie steady-state concentrations can be achieved with a change in formulation from
Cordarone to Pacerone. However, individual responses vary, suggesting that monltoring of plasma concentrations Is prudent 1—3
months after any change from cne product to another.

KEY WORDS: amiodarone, anti-arrhythmic agents, arrhythmia.
Ann Pharmacother 2002;36:1682-5.
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