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

James A. Reiffel, MD, and Peter R. Kowey, mMb

Antiarrhythmic drugs (AAD) have been the main-
stay of arthythmia 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, proarrhythmic
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) : 115391153
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664 H[EZE L

64 Respondants + 2 Authors

714:75\7]__/ \_'\_Z 66% EFI33% 75\ 33 Reported 33 Reported

( - J: %) 1E ;F %E& HIR ﬂE Fﬁ ’r A ?/ I\ jé ffé Eﬁ Fonnillﬂ%;egtj\ggt?tutlon No Events
Hypothetical Plot I

g Proarrhythmla
o . o e
‘ : < e Class | Amlodarone]
[conc] Thurpoulic 8 1
PR
\ —— N3
InestionE M*'CWMW s ) Tacﬁ;acrurg;?:mia 757]_ 9 A 3514:
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A hypothetical time versus concentration plot and diagram of the response to the survey. Serum level of the antiarrhythmic drug is 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) : 115421153
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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.

41
Reiffel JA, and Kowey PR, Am J Cardiol. 2000, 85(9) : 1151-1153
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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 comparable 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 one product to another.

KEY WORDS: amiodarone, anti-arrhythmic agents, arrhythmia.
Ann Pharmacother 2002;36:1682-5.
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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-
proval by the Food and Drug Admin-
istration (FDA).* To control spending,
many payers and providers have en-
couraged substitution of inexpensive
bioequivalent generic versions of these
drugs, which can legally be marketed

ki manltinle mamafactnrars aftar tha

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
issue.

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

]
Figure 2. Drug Class and Aggregate Meta-analyses of Trials Comparing Generic and
Brand-Name Drugs Used in Cardiovascular Disease

No.
| | Effect Size Favors | Favors

Drug Class Studies  Subijects (95% Cl) Brand Name | Generic
B-Blockers 6 135 0.00 (H0.24 to 0.25) —eo—]
Diuretics 10 135 -0.03 (0.28100.22) I—O‘—|
Calcium channel blockers 4 242 0.00 (-0.53 t0 0.53) I [ ] |
Antiplatelet agents 2 50 0.21 (-0.19t0 0.61) ——eo—
ACE inhibitors 1 23 -0.09 (0.68 10 0.50) I [ I
Statins 2 " -0.25 (06210 0.12) —e—
a-Blockers 1 13 0.06 (-0.37 to 0.50) I . |
Warfarin 4 138 -0.09-0.33t00.15) —e1—

Overall 30 837 -0.03 (-0.15t0 0.08) e+

40 405 0 05 10
Effect Size (95% Cl)

ACE indicates angiotensin-converting enzyme; Cl, confidence interval.

Delkenheim, Germany] and procain-
amide [Pronestyl; E. R. Squibb & Sons,
New Brunswick, New Jersey]).*® The

maintenance organization (HMO), a
commercial HMO, and a municipal hos-
pital in the United States. All of these



N—FK3
(I T HARE

RS




BETEXRDGMPER CERERTR134L
':E%’%?ﬁ“&%ﬁ%( 2013418298 )
" 2012F RV EEERD RS IERE T,

ENERLA—D b‘ﬁ%d)iﬂ_é" EELTLV-
BRENOSST77—IHMNGMPIZERLTLM -,

B4 5EEIFX2013F18298 . REDHHKRZE
*’*H’CLW‘*% IRSEITTDERNER B A—H—13%t
ICXLEEEE - REEEICEHIANEMmMTTH L=,

IO

-EREmEERISFEEHEE (PMDA) N EN SR
DGMPERAEZRAIELT1-2004F L&, 13t (Z—FFIZ
WEMSTZTEITDIIFNO T,




=HBEETHAAFIDS TR
OB EHZ (ZH->TELR
DERZEZTZELT-

Q" FLE.
- ‘ TR 3 3
.‘ '~ : ' g it \’ o
~ S : ‘ s 1 3 ‘ '. . , .
- PR Y




BELUVYEZIZHTAIAEMER
[ AN AFEI ] (20084E)

+ SAELEED

—AAFIDEREIIZEEOFEIEINR

[ESNTWNDDM? SHIEFHS
i D TE ¥R ARSI X R K D

—BEZECHASETLNADMN?

_H#“bgfﬁlb

f?

- *—N—DERAZZEEIR

« XY — I)L>N\D)EAXEIIL (BRIEE)
c INTTSFUSAILRTSF(HR)




ABRBEHEIAAND IRV
EELOEFLE

« FfETIEDIRUYY

EEmMERE,

1T HERBYFET .

IRV IERRICHTHAIHBEAHYFEL=0IEE
=P EAFENICEESIZSUY,

BEIL—LIF24

- EEDARBENDIL—L1EDOH TV OFE->THLLY

F=<7%ELN T

— VIPEEZEIANSTIAARTIDD R I1E LT ]

- EFI7UILXF—GFEOEEN L. MEFIOD IRy )%
FEOTARLLZGWNELSEEE



EEFEEERBERERERISEE
ER2AFEED RV EELDIEEE |$F"JJ:G)7°'&)0)
SMMEEFICEY HAERTEERS

DII

RETT—IE




7 — AR

« BRIV IBEFEGE (JGA) INB415t., EiEHx
JL%L$%199*1

- AW

H

Z# 158%1(79.4%)

— NE%R87.3%. 51 E%10.8%
« FREHAM

— 2013%

F1H24H~3H5H




E(EHEEICIRBF SN TO DR FEERE MO REREIRR

28 (HE~A—2X) o
(BEMA) RE
e BRES
mzﬁﬁmtmﬁﬁEiﬁﬂﬁﬁﬁiﬂﬂ 1400 1000%| 773 1000

195,251

xﬁ%ﬁéﬁﬁ%ﬁm?éma 6443 58%| S| T0%
ORERXBRIEMAL. BATR | )| g, 86|  7.6%

BYEMIT45&E

() ROz, thticlEFEL, BROAZToThAEEOABESNE ATV,



% 11 Bt L{EHAFEFFEN L CHESRXNIEEAEBA LEBARE £
MILE=H00OREBRDIKR (FRE 23 FE)
TEH BASE (5A) o

HAES HAEE WAlEE

&8 255 100.0% 719377 100.0% 299 100.0%
FAUA 12 4.7% 4672 0.6% 15 5.0%
h+ % 4 1.6% 6.115 0.9% 3 1.0%
AF o 0 0.0% 0 0.0% 0 0.0%
A X2 0 0.0% 0 0.0% 0 0.0%
TSR 15 5.9% 2.964 0.4% 13 4.3%
AA A 4 1.6% 231 0.0% 8 2.7%
KA 12 4.7% 68.701 9.6% 12 4.0%
~AJLE— 0 0.0% 0 0.0% 0 0.0%
15T 15 5.9% 10.364 1.4% 15 5.0%
ANRA 3 1.2% 4.081 0.6% 3 1.0%
A — 0 0.0% 0 0.0% 0 0.0%
F o 1 0.4% 1 0.0% 1 0.3%
ZAOR=TF 0 0.0% 0 0.0% 0 0.0%
4RSI 4 1.6% 6.133 0.9% 4 1.3%
thE 104 40.8% 173.638 24.1% 110 36.8%
B2E 25 9.8% 187.384 26.0% 35 11.7%
a8iE 6 2.4% 10.131 1.4% 9 3.0%
A4 F 36 14.1% 215.723 30.0% 50 16.7%
3 A 0 0.0% 0 0.0% 0 0.0%
A ERTTF 1 0.4% 140 0.0% 2 0.7%
A bF L 2 0.8% 844 0.1% 4 1.3%
FAILSUE 1 0.4% 2.171 0.3% 1 0.3%
54 1 0.4% 1.556 0.2% 1 0.3%
A T—F 1 0.4% 10 0.0% 1 0.3%
IW—==7F 1 0.4% 1.696 0.2% 1 0.3%

g A—2+UTF 3 1.2% 1.591 0.2% 3 1.0%
| IL—7F 1 0.4% 1.994 0.3% 1 0.3%
YO FSETF 1 0.4% 1.500 0.2% 2 0.7%
TSI 1 0.4% 200 0.0% 3 1.0%
RRTF T 1 0.4% 150 0.0% 1 0.3%
~N)L— - FDih N.A 0.0% 17.388 2.4% 1 0.3%

() &, EALE,

Roos3HMt, fREEZEL ETFEHETHS,




[REEFFLEMNSTEAY TEEM DT:

& 15 T 195 10 LR, REFOFENHEBY ICTEEA I ENHE

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

99.1% 7.6%

B H-of- OG-0 EQZE

£k (n=158)




EEEFMNEFER No.3

¢ PMDA Y TRV v I EEmEBONIS s

BHDFERERALXTTDL ?] EVVSEESANDRI

JirVy/ERRZBHITRIELL
HARRRHETTETLIDOTRRVTID,

r N

AHERREHEEPREMIBETHI LIRS
ORI, YIRVvIERRELTHRRBENTLET.
J

b

-

BIOREOHEMICHLTH. BBREF 1 voHTHIT
W&ET,

\ vy

BIMNREIEIZXT T DAEHVFEL !

N
l 1



IR )YOEE G
mERHREFTEDFEH XY



Sy ERR R AR S

4=
- Yy sERROSAICHSESIBL T, Pl

TRBELGHOLDEEEL WEITKHLTEZm B ICE]
JHORBRBRETRRL. TOMBOWERZEITOICELET S,

« REIEIR
- FREEFTOREKR-ARABBXDAR

- (M EEREEEREEHEBOREMLBERZOICEE
Lbnt-ER-EH- |ﬁ$|§fd~&

- T, xR )IEELHDMBICET IR EH
. FERL
- EE JNIAR(ELEESBERBFEWREAATE)




ONlE

O

(@AY -]

O

O

OHES

OBaR

OEEH =

Owts

Ol

Oml*F

OmAHE FE&EF

Os®

rrUvSEEAGEMNERNESE A —

WE

B

NP

I

o

IEEL

=

HiF

IEER

¥

FrIEXfEaNEMRAAE (EX

(#) BFESMEHEHER

(#) BEFHEFEYEIR

(#) BFxERHERERER

(—#) BEFxFUvI/EESFRARIAR

BEFIEE e

EHEHXFITR

BFxEHXFERNEFREE

BRCHE MRS RN

B FEFE R

(#H) HLERTE IR

(—H) EXEAESMSELFXLTFH)—H1 T -2
B = S ARl AR B

HESREZ:HRe - —EXRIIEESFARER



':'* LY b =T4 E D : A Ii'l—;ﬁ:tﬁ ’TE'E 2 l
/I*U‘Jbzﬁznnnngﬁﬁﬁ*ﬁﬁz ] 25. 7. 31
BREEDORBRESDERICLINERE
) U —ﬂ@&\ EmnY. k2 wEcy || =6 256 }
Al B EREOEY(C SomE NBET ‘
B R
= EREOEBIHTIES EHAFORETHN
%0 AT R0, RS 2oL THEEE
0 EE | EXRERBRLARE EOEH - FRMETS O - T
Pl & tHBED ~f— L
5 B O e O g
£ 5 S EIEEXERBMEERRHR
— o T SrxyERRARERRHE
[
'- [l
(ITHES

i

A

$SET _ %5
@ s [© | 5 ANEEGK

ey

REENI-WEO

- - RE. Efi=. EFE=.
HERRaAORRE lT 1RSI0 A FEE TR

v IEESRKREE
http:/fwww.info.pmda.go jp/genenc/generic_index himl

-HERR ORI

CTUHEED
http:/fwww.info.pmda.go. jplkusun/kusurjyoho. html

BFRG . GSERRE .

WEBERER

HE > EEOEBSWY




SRy ERSREERRHR

http://www.nihs.go.ip/drug/ecqaged.html- 21)9LTT&I

£#A
F1[E F20%F 7A10H BEBESLIUVEEENH
%2 TR20512A17H EEHMESLUREEN
£ 3[E ER214F 78 2H BEBE IV EEEH
F4m ERp224%F 1814H EEHMESLUREEN
5[] Fg22% 9A15H BEBME IV EEEH
%o/ FR23%F 28 9H EEHMESSLUREEN
E- WAL Frk23%F 9H28H EEMEBSSLUEEFEH
F 8 FR244%F 2822H BEBME LSSV EEEH
F9ME Frk24%F 9H26H EEMEBSSLUEEFEH
E10[E T R254% 2825H BEBME LSSV EEH
F£11[E TR 25%410A17H BEEHNE RSV SEEN
%12 T r264F 38 5H EEHMESSIUREEN
%13[H 265 98 3H BEME LU EFEH
%14 FR274% 2823H EEHMESSIUREEN

IRAEFTIC17EIFEL. 1000 B DFvIZToTLVS


http://www.nihs.go.jp/drug/ecqaged.html
http://www.nihs.go.jp/drug/ecqaged/GE_1th.html
http://www.nihs.go.jp/drug/ecqaged/GE_2th.html
http://www.nihs.go.jp/drug/ecqaged/GE_3th.html
http://www.nihs.go.jp/drug/ecqaged/GE_4th.html
http://www.nihs.go.jp/drug/ecqaged/GE_5th.html
http://www.nihs.go.jp/drug/ecqaged/GE_6th.html
http://www.nihs.go.jp/drug/ecqaged/GE_7th.html
http://www.nihs.go.jp/drug/ecqaged/GE_8th.html
http://www.nihs.go.jp/drug/ecqaged/GE_9th.html
http://www.nihs.go.jp/drug/ecqaged/GE_10th.html
http://www.nihs.go.jp/drug/ecqaged/GE_11th.html
http://www.nihs.go.jp/drug/ecqaged/GE_12th.html
http://www.nihs.go.jp/drug/ecqaged/GE_13th.html
http://www.nihs.go.jp/drug/ecqaged/GE_14th.html

g2l )y EEMMEBHRETS

MEFRIDRFEMICKHERIZ

KIRKXFEZEFRREREFEHS BAES g

2006478 ~2007%FE 108 D164 A HE

RILINGBL-TUE /')/}aJ:Ut'?T‘/')/TF'J@AOD&%WZ%
AlS k259505 D I = F1Z8 EHI (— 8B (F ZE2 A 14 fih 2 = i/ fiE 4>
HEZE6) #HEERLT=,

EHIBAD FAESEE AR A DERELULEIRISEL V0, LT
007 100 e DEREIEF A LIEL. X R A A B ALE.

DEIFEF2FI- S OEFIROIRE (£, ZFEERHLIAIE(ZIFFTR
J'%L ﬁ'f) R F2ZEH(C ai#’bt ?i’@b\ﬁﬁﬁ OD*J?It A N

ULz, FR20812 A17HOFE 2B D)y EE R MR E TR
HETHREETHI-,
B AREE EEER39%115p1243~1247 (2009411 8)




EMES Vol 34, No. 6(2008) 573

Jpn. ]J. Pharm. Health Care Sci.
A — I 34(6) 573—577 (2008)

AFBET7 7V YT MUY LRBIOEREERE
BREXERICHT5mELER

AREESY, KR &, LHER, SRS H, AR
LB AR A, RIS

Quality Assessment of Original and Generic
Formulations of Injectable Cefazolin Sodium Products
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Wery little information is available on the quality of generic products and it has recently been reported that anaphylaxy
shock occurred when a generic formulation of an injectable cefazolin sodium product was used in a patient before surgery.
This suggests that the generic product contained impurities that caused such an adverse reaction. It is therefore important to
determine the constituents of generic products and compare them with those of the original products.

We analyzed the original cefazolin sodium product and 4 generics of it by means of high performance liquid chromatog-
raphy in order to determine differences in quality between them. Three impurities were found in the original product and 4
in the generic products, respectively. However, the impurity content of all of the generic products was significantly higher
than that of the original product and on analyzing synthetic samples of impurities which could possibly be contained in the
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