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Historical data and biosimilars

* |n biosimilar development:

— the originator product has already been on the market for several years
when the biosimilar development begins

— the originator was already studied very often, both prior to market
authorization and in post-marketing studies

* |dea: incorporate this historical information into the
Phase lll studies that are used for the approval of the

biosimilar with a Bayesian approach

— Summarize historical data in a prior distribution

— Combine historical data with data in new study using Bayes’ theorem to
obtain posterior distribution

* Challenge: Type | error rate inflation is expected



Considered setting

* Parallel groups design
* Binary endpoint (responder, non-responder)

* Goal is to confirm equivalence in response rates of the test (T) and
reference (R) product:

Ho:|pr—pr| > Avs. Hy: |pr —pr| < A

* For Bayesian approach:
— Informative prior for the reference product

— Non-informative prior for the test product since no information is available prior to the
study

— Combine prior with the observed data with Bayes’ theorem

* Benchmark: two-one-sided-test (TOST) frequentist approach that
IS the standard approach which considers the response rates in the
new study only



Test decision & settings

* Bayesian success criterion: Let Xy, X be random
variables that follow the posterior distribution of T and
R. Then, claim equivalence if:

* We evaluate the operating characteristics for several
true response rates for R and consider three different
constellations of response rates for T (dependent on R):
— pr = pr + A (Type | error rate: Situation (a))
— pr = pr — A (Type | error rate: Situation (b))

— pr = pr (power)



Operating characteristics
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Why do we observe this profile?
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Operating characteristics

Type | error rate: (a) Type | error rate: (b) Power
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No gain in power is possible if Type | error rate is strictly controlled!



Partial Type | error rate control
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We accept that strict Type |
error rate control is
Incompatible with a gain in
power

For biosimilars, we expect
that it is possible to conduct
a “similar” study

We define an interval C in
which we aim to control the
Type | error rate

Note: standard approaches
do not give a relevant gain in
power even if only partial
Type | error rate control is
required
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The hybrid frequentist-

Bayesian approach




Overview of proposed method

* Main goal: gain in power while controlling the Type |
error rate in interval C

* Main concepts:

— Switching rule I: if response rate of R in the new study and in the
historical data are very* different, do not use historical data

— Switching rule II: if the response rates for T and R are very* similar, use
lower* critical value

— Response rate-dependent critical values™

*: tuning parameters, can be chosen either automatically or be specified by
the user
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Response rate-dependent critical

values

* The Type | error rate highly depends
on the response rate in the new study
=» Set the critical value high in regions
In which the test is too liberal, and low
In regions in which the test is too
conservative

* The location of these regions depends
on the ordering of the response rate of
T and R in the new study
(Situation (a) vs. Situation (b))
=>» Use different critical values for
Situations (a) and (b)

* True response rate is not known
=» Use estimated response rate

13
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Critical value
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Response rate-dependent critical

values

* Response rate-dependent critical values are chosen
such that the Type | error rate is controlled in the
interval C while the power is maximised under equality
of response rates of T, R and the historical data

* Maximising a function without any assumptions on the
functional form is difficult, we assume a logistic function

k: steepness
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Example: Response rate-
dependent critical values
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Proposed approach

[Choose a moment-matched Beta prior for R, non-informative prior for T}

i

[Pre-specif}f tuning parameters and response rate-dependent critical VEL]UES}

i

[Conduct new study with n subjects per group (parallel groups design)]

i

(Calculate PT, Pr (response rates new Study)}

l
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Proposed approach

¥
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Technical challenge: choice of

tuning parameters

* |In total 7 parameters have to be chosen:
— 4 parameters of the response rate-dependent critical values
— 3 tuning parameters

* In the binary case, it is possible to calculate exact rejection
rates for a specific setting

Test decision for the

T = Z Z _ID(_X' = T‘ij(}’ — 'I‘ff}d?"'f"-'-"lt} observed pair of

rr=07r5=0 | } \_Y_/ responders

Probabilities to observe a

specific number of responders
* Problems:

— computational very expensive (n=150: 22801 settings)
— local optima, flat curve

* We propose an algorithm, but recommend manual fine
tuning
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Example

Rejection rate
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Planning of a hypothetical study

* Phase |l study for a proposed biosimilar with the active
substance adalimumab (Humira)

* Indication: Psoriasis

* Endpoint: PASI 90 (Psoriasis Area and Severity Index)
responder rate at week 16

* Equivalence margin: A = 0.15

* Sample size new study: n = 175



Historical information

Study  Publication Indication Responders/Sample size (%)
1 Menter er al. (2008) moderate to severe psoriasis 366/814 (45.0)*
2 Saurat et al. (2008) moderate to severe plaque psoriasis  35/108 (51.3)*
3 Thaci et al. (2010) moderate to severe psoriasis 183/364 (50.0)
4 Blauvelt er al. (2017) moderate (o severe psoriasis 166/334 (49.7)
S Reich er al. (2017) moderate to severe psoriasis 116/248 (46.8)
Total 886/1858 (47.7)

* Choice of interval C:
C = |py — 0.05,py + 0.05] = [0.4313,0.5313]
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Application of the proposed method

[Choose a moment-matched Beta prior for R, non-informative prior for T}

i

[Pre-specif}f tuning parameters and response rate-dependent critical V&]UES}

i

[Conduct new study with n subjects per group (parallel groups design)]

i

(Calculate PT, Pr (response rates new Study)}

l
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Step 1: Derivation of MAP prior

* R-package RBesT (Weber, 2017)
* Use of default assumption for hyper-parameters
* Best fit: Beta distribution with a = 55.0844,b = 59.3647
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Application of the proposed method

[Choose a moment-matched Beta prior for R, non-informative prior for T}

i

[Pre-specif}f tuning parameters and response rate-dependent critical V&]UES}

i

[Conduct new study with n subjects per group (parallel groups design)]

i

(Calculate PT, Pr (response rates new Study)}

l

25



ters

ing parame

Choice of tuni

Step 2

Hybrid approach

= TOST

Choice 3

Choice 2

Choice 1

|
’
’ | ~ -
- \
.
||||||||| - e
3 B Fi B
¥
“
L -\\. ...... u
- /
N 7’
b
N - .
| | | | | | | |
7
.\ .’.
- “~
t - -
- ]
™
|||||||| - P e e = =N mm - =
\ ’
- , -
[
................. N
SR Rt i
7’ )
!... Fa
. -
b L L
| | | | | | | |
- Ty
- = = -
¢ — ~ —
- F
. - -
||||||||| & - - R, R
\ - ” -
s A Y
|||||||| - - - I Y .
- - [ - [
' \.l
iy .Iul.l
— -
. — |
| | | | | | | |
0L 0 000 680 GL0 G990

ajel Jouia | adA|

lamod

0.7

0.6

0.5

07 03 04

0.6

0.5

0.4
Response rate pgr

03 04 05 06 0.7 03

y, = 0.0944
y, = 0.0567

y; = 0.1133
y, = 0.0567

v, = 0.1133

0.0378
c =0.9

V2 =

c=0.9

c=0.9

26



Application of the proposed method

[Choose a moment-matched Beta prior for R, non-informative prior for T}

i

[Pre-specif}f tuning parameters and response rate-dependent critical V&]UES}

Y
[Conduct new study with n subjects per group (parallel groups design)]

i

(Calculate PT, Pr (response rates new Study)}

l
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Step 3: Conduct new study

28

We consider the Phase Il in psoriasis which was
undertaken for the approval of Amgevita (Amgen)
— Indication: stable moderate to severe plaque psoriasis

— One of the endpoints: PASI 90 at week 16

— 172 evaluated subjects in the test (biosimilar) group

— 173 evaluated subjects in the reference (originator) group



Application of the proposed method

[Choose a moment-matched Beta prior for R, non-informative prior for T}

i

[Pre-specif}f tuning parameters and response rate-dependent critical VEL]UES}

i

[Conduct new study with n subjects per group (parallel groups design)]

i

(Calcul.&te PT, Pr (response rates new study)}
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Step 4: Study results

e 81 of 172 subjects responded on test (0.471)
* 82 of 173 subjects responded on reference (0.474)



Application of proposed method

Switehing rule 1N | |5 — | = [0.4813 — 0.474] = 0.0073

@R—@ﬂ>jif//

yos o Compare to: y; = 0.1133
N
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— test decision} criterion B ‘ B = 0.9983
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Application of proposed method

b

<ffvitching| >1> P — pr| = 10.4813 — 0.474| = 0.0073
PR —PH !

Use TOST } Calculate Bayes success

— test decision criterion B
[

B = 0.9983

ﬁmtchmg rule II\ |13T - f}R| _ |U.471 _ U_4T4| — (.003
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110

Compare to: y, = 0.0567

Is R f)
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Application of proposed method

v

<Syvitching mle LN |5y — pp| = [0.4813 — 0.474] = 0.0073

|pr — PH| > "17’/

Use TOST } Calculate Bayes success

B = 0.9983

— test decision criterion B

Sv\ 1tcl1111g, rule II

\pR_pﬂ < mg/ pr — pr| =10.471 — 0.474| = 0.003

no
/; PR < PT>

Compare to ¢1 (ﬁR)}

re
Compare to ¢
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B =0.9983 > 0.9
=> Reject null
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equivalence

— test decision

Compare to c2(pr)
— test decision

AA
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Discussion

* Proposed approach provides a gain in power in
comparison to not using historical data while controlling
the Type | error rate in the interval C

* Choice of the interval C dependent on knowledge and
confidence in conducting a new study which is similar
to the historical studies

* The choice of the response rate-dependent critical
values and tuning parameters for the switching rules is
computationally very expensive, but not difficult for the
user to perform

Mielke, J., Schmidli, H. and Jones, B. (2018c): Incorporating historical information in
biosimilar trials: challenges and a hybrid Bayesian-frequentist approach. Biometrical Journal,
60 (3), 564-582.
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