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2.1 v}o] @ A A & (Biosimilar)

vl “A biosimilar is a biological product that is highly similar and has
no clinically meaningful differences from an existing FDA-approved

reference product.”(FDA, 2016)

EU : “A biosimilar is a biological medicinal product that contains a
version of the active substance of an already authorised original biological
medicinal product (reference medicinal product) in the European Economic
Area (EEA). Similarity to the reference medicinal product in terms of

quality characteristics, biological activity, safety and efficacy based on a



comprehensive comparability exercise needs to be established.”(EMA, 2014)
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AEAR
@ EMAE voloolobEe] BAlef 2 uloleAWels] $9S 9% A2
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/risk profile, 3242 H7Fs g
solel &4 TolA wig thdstr] witolth webxd EMA: ZH2He] vpol o
A AFEE Jtol=gkels wEAT (Fox, 2010).

1ejof e exd AEoFFe FAMES Kol WHow
S8 AAE AEesith S vto]leAd Y= Qg Ad AE o ofFo] Mgk
dsale ¢t HAN, o YA E <k "tk Aotk o= SEuEtrt Ad
st W sdstth (AFfEerd A, 2009). EMAZE A €)st nlo] @ Al e

BT, 2902, WHO 5ol olslq % msata Al s

off

2.2.2 FDA9 HZH4H

H =& EMART vlole A FlS gk H Ao =A=d 20099
Biologics Price Competition and Innovation Act’} <¢1% o] nlo] o A1z 7}
0" WA AEE vHEdkth. Biologics Price Competition and
Innovation Act= EMA, WHO 181 $-glyee} tr2 A nlo] A ol o
3l F 7Hel vE AHE At At

AR = 21404 AFHJAE A 5gk Al “biosimilar” o], F+ HA
+ “biosimilar’®tt T @A 7FES Fo] Hio] oA 9} 7|E Hpo] Qo of
Fol S5 AS QT78E “interchangeable”©]th. FDAE  nHlo] QA 2 ¢
interchangeabledl] ™3l o2 o] Awstar Q)



“The biological product is “interchangeable” with the reference product if
the biological product is biosimilar to the reference product and can be
expected to produce the same clinical result as the reference product in
any given patient, and for a biological product that is administered more
than once to an individual, the risk in terms of safety or diminished effi
cacy of alternating or switching between use of the biological product and
the reference product is not greater than the risk of using the reference
product without such alternation or switch.”(FDA, 2015)

Biologics Price Competition and Innovation Act #|7% ©]% A Ao 2
“biosimilar” ¢} “interchangeable”$t A& 2] oFES ofE A AL FHl x| o
M= @A w= FDAZE Zhol=etQlS whea glow, 2017 9¢ 7hol=z}t
o] Zobuk #hr e AFejoltt

i E ZQbtel W=, nlojoAde] HIHE 9% Al 7FA] ®WH (Equivalence
test, Quality Range Approach, Visual Displays)S A A3l QA 7H B =57
ol = equivalence testol] taj AWt =3}z gk}

2.3 woleAEH 9 T3 BT

2.3.1 54 A8 (Equivalence test)

a2+ W7 W (primary endpoint) 7} o] &8l A%, 554 HIE 9§ A+
L5+ H7FWSE2 RD®F RRel du 554 A¥89 HAHS F A=A
(treatment) A}o] el %“%Z#—O—i oju] Q= AFel7t gl
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If haemoglobin is used as primary endpoint, an equivalence margin of

0.5g/dL is recommended.”(EMA, 2006¢)
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(0.71,1.40)°] =

Ao
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£ 6-1. & 10,000 ¢ W& A3 F 54 H7IHTRD, RR)¢
95% AlFF2ro] F5A8 T 23¢4E &
(a=0.025, 554 3t : RD=%0.14, RR= (0.71,1.40
power RD RR
FAJQZAE dFARJLAH
A RS VRN N=520
0.5 0.1529 0.5144
0.51 0.2210 0.6251
0.52 0.2935 0.7184
0.53 0.3749 0.8015
0.54 0.4586 0.8702
0.2 0.6 0.55 0.6 0.8 0.5404 0.9206
0.56 0.6222 0.9525
0.57 0.7012 0.9722
0.58 0.7607 0.9840
0.59 0.7939 0.9918
0.60 0.8071 0.9935
AT R A N=640
05 0.1755 0.5993
0.51 0.2532 0.7133
0.52 0.3410 0.8028
0.53 0.4369 0.8749
0.54 0.5392 0.9296
0.2 0.6 0.55 0.6 0.9 0.6361 0.9627
0.56 0.72772 0.9807
0.57 0.7996 0.9913
0.58 0.8565 0.9960
0.59 0.8903 0.9979
0.60 0.9032 0.9988
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E 6-2. % 10,0008 9 W& 43 F FF5A B7HEFRD, RR)Y
= 4

95% AlFF2ro] F5A8 T 23¢4E &
(a=10.025, 54 *+3t: RD=40.09, RR= (0.83,1.19))
power RD RR
AAJEAE dARIAH

n o P, Dy N=1.240
0.5 0.0112 0.0306
0.51 0.0238 0.0668
0.52 0.052 0.1366
0.53 0.1036 0.2393
0.54 0.1828 0.3726
0.3 0.6 0.55 0.6 0.8 0.2905 0.5276
0.56 0.4188 0.6767
0.57 0.5607 0.8025
0.58 0.6808 0.8845
0.59 0.7700 0.9317
0.60 0.8009 0.9428

o 2 P, Dy N=1,540
05 0.0098 0.0314
0.51 0.0267 0.0777
0.52 0.0602 0.1616
0.53 0.1258 0.2853
0.54 0.2243 0.4481
0.3 0.6 0.55 0.6 0.9 0.3602 0.6182
0.56 0.5100 0.7673
0.57 0.6658 0.8795
0.58 0.7911 0.9430
0.59 0.8717 0.9750
0.60 0.8975 0.9796
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N=520, power=0.8
Ex
ne -
T 0.6
]
¥ ga <= RD
— R
na
05 051 052 053 054 055 056 057 058 059 06
BHO| 2 A| 23 event probability(p_1)
N=640, power=0.9
Ex
.I--.-ll"'-"-'-'lI
0.8 .'-ﬂ'—
-
-
A ”’
= 0B -
Z0 e
o - === RD
0.4 -
-
- AR
.
i -
0.2 -
" 05 0851 052 0655 054 055 056 057 058 059 06
BHO| 2 A| 23 event probability(p_1)

a9 2-1. vol A A FF4 H7kd tE RDSF RRY HAE Hla
(repetition = 10,000, a = 0.025 , placebo = 0.2, control = 0.6)

_29_



g,

*

0

o
L5

g

N=1,240, power=0.8
1
s
T 0.6
&0
M pa === RD
— [ F
na
0.5 051 052 055 054 055 05 057 058 059 0.6
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- 0.6
i
K
s i
]
” 0.5 051 052 655 054 055 05 057 058 059 0.6
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432 AR TAZFS o] &3 g4 2%

43201+ F 7HA HAAGSAZFNA RD9F RRe 554 H7F 2ogdd 4
W= Husdet. T 7FA HAATAFS  Miettinen and  Nurminen¥}
Farrington and Manning©] A|¢tst HASAFEolth Al A = RD
¢k RRO| A 731& o] &3 554 B7F 3 FdsA RDE 7Ieo= 4t
=49 A 8 RRAI= 48313t

?1eF9] event probability7} 0.2¢ w(RD=0.4, RR=3) H7P4¥H 1+ A3} 4]
= E 71, 72, 19 3-1, 3-2019 9okt event probability7F 0.3Y
(RD=0.3, RR=2) 7P 3+ A3 vlue= i 8-1, 82, L# 4-1, 4-20|th.

wodd Axp 9ok o event probab1hty7} 0.221 4%, RRe #HAHL
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X 7-1. AR TAZFEES o1& 54 H7elA RDS RRY AAY wlu
(@ =0.025, repetition = 10,000, Al & 3=} 4= : 5209 )

power Miettinen and Nurminen” Farrington and Manning

FALZAE ARG AE

= : RD RR RD RR
Dy Dy Dy Dy

05 0.1529 0.5054 0.1529 0.5054

0.51 0.2210 0.6150 0.2210 0.6150

0.52 0.2935 0.7099 0.2935 0.7099

0.53 0.3749 0.7929 0.3749 0.7929

0.54 0.4587 0.8651 0.4587 0.8651

0.2 0.6 0.55 0.6 0.8 0.5405 0.9176 0.5405 0.9176

0.56 0.6224 0.9491 0.6225 0.9491

0.57 0.7013 0.9707 0.7014 0.9707

0.58 0.7608 0.9832 0.7611 0.9834

0.59 0.7942 0.9913 0.7944 0.9913

0.60 0.8082 0.9931 0.8084 0.9933

" Miettinen and Nurminen(1985) AR EA 2o AA " Farrington and Manning(1990) 7A@ E A =] A=
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X 7-2. AR TAFE 0] &% 54 H/elA RDS RRY AAH vl
(@ =0.025, repetition = 10,000, Al & A} 4= : 6409 )

power Miettinen and Nurminen" Farrington and Manning
HAJGAE AAEIAH
= = RD RR RD RR
Do Dy by Do
05 0.1755 0.5896 0.1755 0.5898
0.51 0.2532 0.7037 0.2532 0.7038
0.52 0.3410 0.7953 0.3410 0.7956
0.53 0.4369 0.8691 0.4369 0.8691
0.54 0.5392 0.9254 0.5392 0.9254
0.2 0.6 0.55 0.6 0.9 0.6361 0.9606 0.6361 0.9606
0.56 0.7272 0.9795 0.7272 0.9795
0.57 0.7997 0.9905 0.7999 0.9905
0.58 0.8566 0.9957 0.8570 0.9957
0.59 0.8907 0.9977 0.8908 0.9977
0.60 0.9036 0.9986 0.9040 0.9986
" Miettinen and Nurminen(1985) AR &A= HAA A " Farrington and Manning(1990) AA £ A =] A4
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X 8-1. AATAFE o183 554 H7lelA RDS RRY #AAH Hl
(@ =0.025, repetition = 10,000, Al & A} 4= : 1,2409 )

power Miettinen and Nurminen" Farrington and Manning
HAJGAE AAEIAH
= = RD RR RD RR
Do Dy by Do
05 0.0113 0.0297 0.0113 0.0297
0.51 0.0238 0.0663 0.0238 0.0663
0.52 0.0521 0.1341 0.0521 0.1341
0.53 0.1036 0.2354 0.1036 0.2354
0.54 0.1834 0.3692 0.1834 0.3692
0.3 0.6 0.55 0.6 0.8 0.2916 0.5231 0.2923 0.5231
0.56 0.4198 0.6738 0.4206 0.6738
0.57 0.5633 0.7990 0.5644 0.7990
0.58 0.6843 0.8825 0.6851 0.8825
0.59 0.7727 0.9298 0.7731 0.9298
0.60 0.8029 0.9417 0.8033 0.9417
" Miettinen and Nurminen(1985) AR &A= HAA A " Farrington and Manning(1990) AA £ A =] A4
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X 82 AATAFE o183 554 H7telA RDS RRY #AAH Hluw
(@ =0.025, repetition = 10,000, Al & A} 4= : 1,540 )

power Miettinen and Nurminen" Farrington and Manning
HAJGAE HARAH
= = RD RR RD RR
Do Dy Py Po
05 0.0100 0.0310 0.0100 0.0310
0.51 0.0269 0.0770 0.0269 0.0770
0.52 0.0602 0.1599 0.0602 0.1599
0.53 0.1263 0.2828 0.1263 0.2830
0.54 0.2244 0.4448 0.2244 0.4450
0.3 0.6 0.55 0.6 0.9 0.3603 0.6155 0.3603 0.6158
0.56 0.5100 0.7635 0.5101 0.7640
0.57 0.6659 0.8775 0.6659 0.8782
0.58 0.7913 0.9420 0.7915 0.9421
0.59 0.8721 0.9741 0.8721 0.9741
0.60 0.8985 0.9790 0.8988 0.9791
" Miettinen and Nurminen(1985) 71748 Al %< 774 " Farrington and Manning(1990) A4 %7 %2 #A4Y
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Farrington and Manning(1990)

HO| 2 A| 2 2 event probabiliyip 1)

19 3-1. ARBTATFE o1& no] ALY FF5AH F7leA

RD¢ RRE HAH vl
(poweT: 0.8, repetition = 10,000, o = 0.025 , placebo = 0.2, control = 0.6)
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Miettinen and Nurminen(1985)
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o 06 .
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0.2 -

a9 3-2. AFFTAGFE o] &3 vto] A EH Y T4 HIlel A
RD¢ RRE HAH vl
(powerz 0.9, repetition = 10,000, o = 0.025, placebo = 0.2, control = 0.6)
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Miettinen and Nurminen(1985)
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or 05
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M pa === RD
— P
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0 56/

057 058 05

(V=)

6

Hho| 2 A 2 Y event probabiliy(p_1)

I9 4-1. AR TAFE o1& no] ALY FF5AH H7leA

RD¢} RRE AAE Hlu

(poweT: 0.8, repetition = 10,000, o = 0.025 , placebo = 0.3, control = 0.6)
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Miettinen and Nurminen(1985)
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1
ng
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]
M pa === RD
— P
0.2

0.5 051 052 053 054 055 056 057 058 05

[¥=)
[ ]
o

Hho| 2 A 2 Y event probabiliy(p_1)

Y 4-2. AT AGFE o] &3 vto]eAdH Y T4 HIlel A
RD¢ RRE HAH vl
(powerz 0.9, repetition = 10,000, o = 0.025, placebo = 0.3, control = 0.6)
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£ 9-1. pp7t 0.2¢ W, 554 HI/lAS(RD,RR)Y ANFHTF3ro] F54 Tl TFHE FE (o = 0.025 rep. = 10,000)

power RD RR
FAYHA R ECEE: 55473
pAg pAg Py Dy RD RR N=520
0.5 0.1529 0.1655
0.51 0.2210 0.2460
0.52 0.2935 0.3271
0.53 0.3749 0.4244
0.54 0.4586 0.5149
0.2 0.6 0.55 0.6 0.8 +0.14 (0.77,1.23) 0.5404 0.6038
0.56 0.6222 0.6861
0.57 0.7012 0.7438
0.58 0.7607 0.7798
0.59 0.7939 0.7850
0.60 0.8071 0.7735
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¥ 9-2. pp7t 039 ®, 554 H7AS(RD,RR)S] A& F3to] FF5A T THEHE FF (o = 0.025 rep. = 10,000)

power RD RR
FALRAE AARAY TS T
pAg 1}2) ” o RD RR N=1,240
05 0.0112 0.0110
0.51 0.0238 0.0254
0.52 0.0520 0.0572
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0.54 0.1828 0.2100
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0.56 0.4188 0.4790
0.57 0.5607 0.6216
0.58 0.6808 0.7336
0.59 0.7700 0.7889
0.60 0.8009 0.7921
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Abstract

Comparison of equivalence tests in
biosimilar clinical trials for binary primary endpoint

. Risk Difference and Risk Ratio

Gil, Ha Yeong
Dept. of Biostatistics and Computing
The Graduate School

Yonsel University

Biosimilars are replicative drugs that demonstrate equivalence in efficacy
and safety compared to original drugs. Biosimilars can replace expensive
biopharmaceuticals to provide more affordable treatment opportunities for
patients, and can help ensure better quality of life through cost savings.
Biosimilars are expected to grow to $23.9 hillion by 2019, as biosimilars
are being developed by a number of pharmaceutical and biotech companies,
with the sequential patent expiration of blockbuster antibody drugs since
2015.

As the biosimilars industry grows, the importance of equivalence test,
which 1s often used in clinical trials to develop biosimilars, is also
emerging. In particular, what 1s considered to be most Important Iin
equivalence test is the setting of margins, the limits that two drugs can

regard as equal.

_48_



Therefore, in this study, we compare the probability that the confidence
interval of RD and RR, which are the equivalence criteria, will be included
in the equivalence interval through simulation. Through this simulation, we
found that there is a difference in the width of equivalence between RD
and RR. So We proposed a new method to adjust the equivalence interval
of RR according to the RD equivalence interval.

As a result of the simulation using the proposed method, there is no
significant difference in the probability that the confidence interval of RD
and RR will be included in the equivalence interval. Therefore, the
adjustment of equivalence interval for RD and RR is needed to RD and RR

be more reliable evaluation variables.

__Key words : Biosimilar, Equivalence test, Risk Difference, Risk Ratio
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