GaBiJournal
Generics and Biosimilars Initiative Journal

ORIGINAL RESEARCH

Biosimilarity and Interchangeability
For personal use only. Not to be reproduced without permission of the publisher (editorial@gabi-journal.net).

Alternative statistical strategies for biosimilar drug

development
Austin J Combest, PharmD, MBA; Song Wang, PhD; Brian T Healey, PharmD, MS, MBA, RAC; Dirk J Reitsma, MD

Introduction: Many regulatory authorities have published requirements for the approval of biosimilar medicinal products. However,
there is no guidance on which quantitative standards should be used to define how similar a follow-on product must be to be consid-
ered biosimilar. Sample sizes for clinical biosimilar trials using traditional designs often exceed 500 patients. Several publications have
referenced alternative methods to calculate biosimilar trial sample sizes. Few, however, provide actual case studies showing the order
of magnitude change possible. We modelled alternate statistical approaches to practical case studies to test whether it is possible to
reduce the sample size of clinical biosimilar trials.

Methods: Clinical case studies of bevacizumab, adalimumab and rituximab biosimilars were used as models. A traditional frequentist
model was compared to a repeated measures analysis, a batch-to-batch method, and a Bayesian method. Statistical modelling and
sample size calculations were performed using PASS version 12 and SAS version 9.2. Repeated measures analysis was performed using
a generalized estimating equation method. Sample size and power were estimated by simulations. Sample size estimation for the
Bayesian method was based on beta-binomial distribution of the posterior distribution of response rate.

Results: In all cases, the repeated measures analysis and Bayesian design resulted in reduced sample sizes compared to a traditional
approach (3-11% and 26-29% reduction, respectively). The batch-to-batch method resulted in larger sample size estimates compared
to the traditional approach.

Conclusion: The utilization of non-traditional statistical approaches is strongly encouraged when developing a biosimilar due to the
potential to reduce the sample sizes needed. Discussion with regulatory authorities is required before using these methods during

the clinical development of any biosimilar.
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Introduction

While regulatory guidance and requirements for developing bio-
similars have become more established since the first biosimilar
guidance was introduced in September 2005 by the European
Medicines Agency (EMA), some ambiguity still exists regarding
the methodological approach and rationale used to calculate
sample sizes for phase III biosimilar trials. This has led to the
investigation of using non-traditional statistical methods for deter-
mining the sample size required for demonstrating biosimilarity.
EMA defines a biosimilar as a medicinal product which is similar
to a biological medicinal product that has already been autho-
rized (the ‘biological reference medicinal product’). The active
substance of a biosimilar medicinal product is similar to the one
of the biological reference medicinal product. The name, appear-
ance and packaging of a biosimilar medicinal product may differ
to those of the biological reference medicinal product. It may
also contain different inactive ingredients.’ [1]. The World Health
Organization (WHO) and the US Food and Drug Administration
(FDA) have similar definitions. However, there is no guidance on
specific quantitative standards defining how similar a new prod-
uct must be to qualify as a biosimilar. EMA and FDA view the
development of biosimilar compounds as a stepwise approach
that reduces residual uncertainty with each step of the process.
Development activities begin with an extensive analytical qual-
ity comparability analysis assessing the structural and functional
characteristics as well as the manufacturing process and chemis-
try and manufacturing controls (CMC). Once similarity is estab-
lished analytically, the compound’s similarity to the reference
product is assessed from pharmacologic, safety and efficacy

perspectives through the conduct of phase I pharmacokinetic/
pharmacodynamics (PK/PD) and phase III clinical studies. Bio-
similar clinical development programmes are resource-intensive
endeavours from time, cost and patient utilization perspectives.
Phase III trials are typically large global studies that may require
more than 500 patients and cost millions of dollars. One reason
for needing large phase III trials is that conventional statistical
approaches used for clinical trial design do not take advantage
of the extensive analytical and functional similarity data accu-
mulated in the early stages of the development process. By uti-
lizing Bayesian statistical approaches, prior information can be
incorporated into the statistical modelling of the clinical trials to
reduce uncertainty and can lead to a significant reduction in the
sample size required to demonstrate similarity. In this article,
we review novel statistical approaches, including whether the
incorporation of structural and functional data into Bayesian sta-
tistical modelling can be applied in the clinical setting to reduce
the sample sizes required to demonstrate similarity to the refer-
ence product.

Methods

To determine clinical benefit treatment margins (delta) of beva-
cizumab and adalimumab, all phase III trials used for regulatory
filing (both for FDA and EMA) for the indications of interest were
searched. The most prevalent indications and treatments with
the highest margins across studies were chosen for the biosimi-
lar development case studies. Margins were calculated by taking
the lower 95% confidence interval (CI) of the treatment differ-
ence published in each clinical trial. Clinical meaningfulness of
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the margin was based on clinical judgement
determined by the authors based on clinical

Table 1: Trials supporting adalimumab approval

knowledge, sensitivity of the primary end- .
. 8¢, sehsitivity b Y Trial Reference arm: | Test arm: | Treatment | Treatment | Treatment
point and variation of the treatment effect 5 q o
. 40 mg SC QoW | placebo | difference | duration | regimen
across studies.
ACR20 ACR20 ACR20
Biosimilar guidelines were used when apply- 24 week 24 week | Delta at
ing statistical assumptions, including the FDA week 24
guidance for industry on non-inferiority clinical -
trials, the EMA guideline on the choice of the Weinblatt 67.20% 14.50% | 52.70% 24 week | W/MTX
non-inferiority margin, the EMA guideline on | n = 67 62
similar biological medicinal products contain-
. 5 e Procuets. Furst 52.80% 34.90% [17.90% |24 week | W/DMARD
ing monoclonal antibodies/non-clinical and
clinical issues, and the FDA guidance for indus- | n = 307 304
Fry on s.C16.nt1f.:1C considerations in demonstrat- Keystone 63.30% 2050% | 33.80% 52 week | W/MTX MTX
ing biosimilarity to a reference product [2-5]. in failures
n= 207 200 h
Statistical modelling and sample size calcu- | van de Putte | ~42% ~20% 22% 26 week | Monotherapy
lations were performed using PASS version | = 113 110 in' DMARD
12 and SAS version 9.2. Repeated measures failures
analysis was performed using the general— SC: subcutaneously; QoW: every other week; MTX: methotrexate; DMARD: disease modifying antirheumatic drugs.
ized estimating equation method. Sample size This table references various treatment margins of adalimumab with either MTX or other DMARD versus MTX or DMARD
and the power of the trials were estimated alone. More focus was placed on the Weinblatt and Keystone trials since only MTX was used as a control (compared to
by simulations. Sample size estimation for the [ PMARDS).

batch-to-batch method follows the methods published by Kang
and Chow [6]. Sample size estimation for the Bayesian method
was based on a beta-binomial distribution of the posterior dis-
tribution of response rate.

Results

Adalimumab biosimilar case study

For biosimilar adalimumab, severe, active rheumatoid arthritis
was the chosen indication and adalimumab with methotrexate
(MTX) was the chosen reference treatment for this case study.
The control was EMA-reference adalimumab administered
at 40 mg subcutaneously (SC) every other week (QoW) with
weekly MTX, while the test arm was biosimilar adalimumab at
40 mg SC QoW with weekly MTX, both given over a 24-week
treatment period. All case studies assume a phase III, random-
ized, parallel, active-reference controlled design. We have seen
that the first statistical methodology (‘traditional’) is most often
used when designing a phase III biosimilar clinical trial. For the
traditional statistical method, the sample size was calculated by
analyzing the published literature used to support adalimumab’s
approval [7-11]. The primary endpoint chosen was the Ameri-
can College of Rheumatology (ACR) criteria of 20% improve-
ment ACR20 at week 24. A summary of these trials is shown in
Table 1. Two trials were chosen from these four (Keystone and
Weinblatt) based on similar treatment (MTX and adalimumab)
and similar patient populations. The lower bound of the 95% CI
of the treatment effect difference between adalimumab + MTX
vs placebo + MTX in Keystone and Weinblatt trials are 24.7%
and 38.4%, respectively. Sixty per cent of the lowest of the
lower bounds (24.7%) would allow for a 15% margin. From a
clinical perspective, an equivalence margin of 15% or less is not
a clinically meaningful difference based on a meta-analysis of
both infliximab and adalimumab trials with a focus on phase III
trials. Additionally, subtracting the lower bounds of the 95% CIs
of these two trials (38.4-24.7%), leaves 13.7%, which implies an
inherent between-trial variability of approximately 15%. Using
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traditional statistical methods, an equivalence design (recom-
mended by WHO, EMA and FDA guidelines when possible)
and a clinical margin of 15%, power, alpha and dropout rate of
80%, 0.05 and 10%, respectively, leads to an overall sample size
of 394 (197/arm).

The method above only uses ACR20 at week 24 although ACR20
is measured at multiple time points throughout the trials. To
fully utilize collected data to establish biosimilarity, the second
method analyses both week 12 and 24 data using a repeated
measures analysis. The chosen margin and the statistical param-
eters (power, alpha, dropout rate, equivalence design) used
in the traditional method remain the same. However, the pri-
mary endpoint is now two time points of ACR20: 12 weeks and
24 weeks. The assumed ACR20 is 58% at week 12 and 63.3% at
week 24. To analyse longitudinal data, the correlation between
time points must be modelled based on response retention rate
from week 12 to week 24 (approximately 95%) and the pro-
portion of responders who have a first response after week
12 (approximately 13% as shown in Figure 1). Based on his-
torical data from the Keystone trial [8], the correlation coeffi-
cient is 0.77. This assumption is based on historical data from
120 and 131 responders at week 12 and week 24, respectively,
that six patients will lose response after 12 weeks and 17 will
gain a response at week 24. Based upon these assumptions, the
sample size required is 350 (175/arm). This is an 11% reduction
in sample size from the ‘traditional’ statistical method.

The third method was first described by Kang and Chow
[6], where biosimilarity is evaluated using relative distance
between ‘follow-on biologics’ and reference biologics (6 = (ub-
(url4ur2)/2)/(url-ur2)), where url and ur2 are the mean
response of two batches of reference biologicals, while ub is
the mean response of follow-on biologics. This design requires
three arms with a randomization ratio of 2:1:1 to the follow-on
biologics, batch one of the reference and batch two of the
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Figure 1: Adalimumab published ACR20 response at weeks 4

through 52 [8]
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As shown, near maximum response is reached at 12 weeks and is highly correlated with
week 24 ACR20. The open circle represents MTX + placebo, closed triangles represent 20 mg
adalimumab weekly with weekly MTX, and the closed squares represents 40 mg adalimumab

every other week with weekly MTX.

*Represents statistical significance (p < 0.001) versus placebo using Pearson’s chi-square test.

reference compound. The assumed ACR20 rates are 63.3%,
67.2% and 63.3%, respectively. The margin for 8 of 3.85 is cal-
culated as 15%/(67.2%-63.3%) to be equivalent to the traditional
design margin for proportion difference of 15%. Biosimilarity is
established if the 95% CI of 0 is within (=9, §), where d is the
equivalence margin. The overall sample size required using this
method is 620 (310:155:155/arm), which is a 57% increase in
sample size.

The fourth method takes a Bayesian approach. The rationale
is that before the phase III biosimilar trial is conducted, a large
amount of data on reference adalimumab from published results
is available. Similarity between the follow-on product and ref-
erence adalimumab in preclinical/PK data also is established
during early-stage development. To better use this knowledge
to reduce the residual uncertainty, the Bayesian method uses
prior distribution of ACR20 to represent the prior knowledge
and uses observed data to update the estimation. The prior for
reference adalimumab can be estimated by meta-analysis using
published data. The prior for the follow-on product can be esti-
mated in three steps: 1) building a predictive model of ACR20 of
adalimumab using preclinical data (structural and/or functional
data); 2) establishing similarity between the follow-on biologic
and adalimumab in preclinical data; and 3) using the follow-on
biologic’s preclinical data to predict ACR20 with the model used
in step one. Since the preclinical data for adalimumab and a
follow-on biologic are not currently available to the authors,
the model has not been built and validated so far. We provide
some hypothetical prior to demonstrate the potential of this
method. The assumed prior distribution of ACR20 for reference
adalimumab is beta (60.0, 34.8), suggesting the mean ACR20
rate is 63.3% and the probability that the rate is < 55% is 5%.
The assumed prior distribution of ACR20 for biosimilars is beta
(30.0, 17.4), suggesting the mean ACR20 rate is 63.3% as well
and the probability that the rate is < 55% is 12%. When keeping
all statistical assumptions the same as the traditional method,
the overall sample size is estimated at 290 (145/arm), allowing a
20% decrease in sample size.
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Comparing the four methods, the repeated measures method
and the Bayesian method yield a reduced sample size com-
pared to the traditional method by incorporating more informa-
tion both inside and outside the phase III trial, see Table 2. In
this case study, the batch-to-batch method resulted in a larger
sample size compared to the traditional method.

Bevacizumab biosimilar case study

For bevacizumab, first-line advanced/metastatic, nonsquamous,
non-small cell lung cancer (NSCLC) was the chosen indica-
tion and bevacizumab with carboplatin and paclitaxel was
the chosen reference treatment for this case study. The con-
trol arm was EMA-reference bevacizumab administered at
15 mg/kg IV with carboplatin IV at AUC 6 and paclitaxel IV
at 200 mg/m* every three weeks, while the test arm was bio-
similar bevacizumab at 15 mg/kg IV and the same carboplatin/
paclitaxel regimen every three weeks. For the ‘traditional’ sta-
tistical method, the sample size was calculated by analysing the
published literature used to support bevacizumab’s approval
[12, 13]. The primary endpoint chosen was overall response
rate following four to six treatment cycles. A summary of these
trials as well as bevacizumab data in other approved indica-
tions is shown in Table 3. The lower bound of the 95% CI of
the trials when pooled is 11.5%. Therefore, a 10% margin is
selected based on feasibility, which is smaller than the lower
bound (an FDA and EMA regulatory requirement). Due to the
small treatment effect with bevacizumab on overall response
rate (ORR), a 10% margin may be difficult to justify when
approaching regulatory agencies. However, for demonstra-
tion purposes, this margin is used for this case study. Based
on bevacizumab’s safety profile and dose-response-toxicity
relationship, a non-inferiority margin was chosen as opposed
to an equivalence design. From a clinical perspective, a non-
inferiority margin of 10% is considered acceptable and is not
a clinically meaningful difference based on a meta-analysis of
both phase IIT NSCLC trials, as well as clinical knowledge of
NSCLC and the variability of ORR.

As with adalimumab, all bevacizumab case studies assume a
phase III, randomized, parallel, active-reference controlled
design. The assumptions used include a non-inferiority design,
a clinical margin of 10% and power, alpha and dropout rates of
80%, 0.05 and 10%, respectively. An assumed ORR of 29% is
used based on published data. Using the traditional method, an
overall sample size of 706 is required (353/arm).

Table 2: Summary of adalimumab biosimilar sample sizes in

rheumatoid arthritis

Method Endpoint Randomization | Total sample
ratio size
Traditional | ACR20 at 1:1 394
24 weeks
Repeated | ACR20 at 12 and | 1:1 350
measures | 24 weeks
Batch-to- ACR20 at 2:1:1 620
batch 24 weeks
Bayesian ACR20 at 1:1 290
24 weeks
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Table 3: Approved indications for refere

Indications

nce bevacizumab and pivotal phase III data

Pivotal phase III studies

First-line metastatic colorectal cancer (mCRC)

Treatment regimen: IFL

Dosing schedule: 5 mg/kg IV every
2 weeks (Canada and USA)

Study 1 [15]:

Arm 1 (N = 411): TFL + placebo

Arm 2 (N = 402): IFL + bevacizumab
OS (months): 15.6 vs 20.3

PFS (months): 6.2 vs 10.6

ORR (%): 44.8 vs 34.8

— Tx difference: 10%

Treatment regimen: FOLFOX/XELOX

Dosing schedule: 7.5 mg/kg IV every
3 weeks or 5 mg/kg IV every
2 weeks

Study 2 [16]:

(2 x 2 Factorial design)

Arm 1 (N = 699): FOLFOX or XELOX + placebo

Arm 2 (N = 701): FOLFOX or XELOX + bevacizumab
OS (months): 19.9 vs 21.3

PFS (months): 8 vs 9.4

On-treatment PFS: 7.9 vs 10.4

ORR (%): 49% vs 47%

— Tx difference (Arm 1 and Arm 2): 1%

Locations approved: USA, Canada, Europe, China, Japan

Second-line mCRC

Treatment regimen: FOLFOX

Dosing schedule: 10 mg/kg IV every
2 weeks (US and Europe)

Study 3 [17]:

Arm 1 (N = 286): FOLFOX4 + placebo

Arm 2 (N = 291): FOLFOX4 + bevacizumab
Arm 3 (N = 243): bevacizumab monotherapy
OS (months): 10.8 vs 12.9 vs 10.2

PFS (months): 4.7 vs 7.3 vs 2.7

ORR (%): 8.6 vs 22.7 vs 3.3

— Tx difference (Arm 1 and Arm 2): 14.1%

Locations approved: USA, Canada, Europe, China, Japan

First-line non-squamous non-small cell

lung cancer (NSCLC)

Treatment regimen: Carboplatin and
paclitaxel

Dosing schedule: 15 mg/kg every
3 weeks

Study 1 [12]:

Arm 1 (N = 444): Carboplatin (Carbo) + paclitaxel (PAC)
Arm 2 (N = 434): Carbo + PAC + bevacizumab

OS (months): 10.3 vs 12.3

PFS (months): 4.8 vs 6.4

ORR (%): 12.9 vs 29.0

— Tx difference: 16.1%

Study 2 [13]:

Arm 1 (N = 347): Cisplatin (Cis) + Gemcitabine (Gem)
Arm 2 (N = 345): Cis + Gem + bevacizumab at 7.5 mg/kg
Arm 3 (N = 351): Cis + Gem + bevacizumab at 15 mg/kg
OS (months): 13.1 vs 13.6 vs 13.4

PFS (months): 6.1 vs 6.7 vs 6.5

ORR (% best): 20.1 vs 34.1 vs 30.4

— Tx difference (Arm 1 vs Arm 2): 14%

Locations approved: USA, Europe, Can

ada, Japan

HER2-negative breast cancer

Treatment regimen: Paclitaxel

Dosing schedule: 10 mg/kg IV every
2 weeks

Study 1 [18]:

Arm 1 (N = 354): PAC

Arm 2 (N = 368): PAC + bevacizumab
OS (months): 24.8 vs 26.5

PFS (months): 5.8 vs 11.4

ORR (%): 23.4 vs 48.0

— Tx difference: 24.6%
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The second method uses a
repeated measures analysis.
The chosen margin remains
the same. All parameters
(power, alpha, dropout rate,
equivalence design) remain
the same. However, the pri-
mary endpoint is now two
time points of ORR: cycle two
and cycle four. The retention
rate from cycle two to cycle
four is approximately 97.9%
since few patients have a first
response after cycle two (or
eight weeks). The assumed
ORR is 23.5% at cycle two and
29.0% at cycle four. Based on
this historical data, the corre-
lation coefficient is 0.84. This
correlation coefficient assump-
tion is based on historical data
where 104 and 129 respond
at cycle two and four, respec-
tively, and two patients lose a
response while approximately
27 gain a response, [12] Based
upon these assumptions, the
sample size required is 084
(342/arm). This is a 3% reduc-
tion in sample size from the
‘traditional’ statistical method.

The third method described
by Kang and Chow [0], uses
a three-arm design with a
2:1:1  randomization  ratio.
The assumed ORRs are 29%,
29% and 34%. The margin
of 1.96 is calculated as 10%/
(34.19%-29%) to be equivalent
to traditional design margin
of 10%. Biosimilarity is estab-
lished if 6 < 0 <, where 9 is
the clinical margin. The overall
sample size required using this
method is 1,400 (700:350:350/
arm), which is a 98% increase
in sample size.

The fourth method takes a
Bayesian approach. The prior
distribution of ORR for the
follow-on biologic was estimated
by: 1) building a predictive
model of ORR of bevacizumab
using preclinical data (struc-
tural and/or functional data); 2)
establishing similarity between
the follow-on biologic and bev-
acizumab in preclinical data;
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Table 3: Approved indications for reference bevacizumab and pivotal phase III data (Continued)

Indications

Pivotal phase III studies

Biosimilarity and Interchangeability

and 3) using the follow-on
biologic’s preclinical data to
predict ORR with the model

Study 2 [19]:
Arm 1 (N = 241): Docetaxel

Arm 2 (N = 248): Docetaxel + bevacizumab at 7.5 mg/kg
Arm 3 (N = 247): Docetaxel + bevacizumab at 15 mg/kg

OS (months): 31.9 vs 30.8 vs 30.2

PFS (months): 8.0 vs 8.7 vs 8.8

ORR (%): 44.4 vs 55.2 vs 63.1

— Tx difference (Arm 3 vs Arm 1): 18.7%

used in step one. The assumed
prior distribution of ORR for
reference bevacizumab is beta
(56,137), suggesting the mean
ORR is 29% and the prob-
ability that the ORR is < 25%
is 11%, and the assumed prior
distribution of ORR for the
follow-on bevacizumab is beta

Locations approved: USA (withdrew), Europe, Canada, Japan

(28,68.5), suggesting the mean

Second-line glioblastoma

ORR is 29% and the probability

Treatment regimen: Monotherapy
(labelled) or with irinotecan
(unlabelled)

Dosing schedule:
10 mg/kg IV every 2 weeks

Study 1 (phase 1D [20]:

Arm 1 (N = 85): bevacizumab

Arm 2 (N = 82): bevacizumab + irinotecan
PFS (months): 4.2 vs 5.6

ORR (%): 28.2 vs 37.8

— Tx difference: 9.6%

— Tx difference (bevacizumab
monotherapy): 28.25 25.9

(bevacizumab prescribing information)

that the ORR is < 25% is 19%.
When keeping all statistical
assumptions the same as the
traditional method, the overall
sample size is estimated at 500
(250/arm), a 29% decrease in
sample size required.

As was the case for adali-
mumab — comparing the four

Locations approved: USA, Canada, Japan, Switzerland

methods for bevacizumab — the

Metastatic renal cell carcinoma

repeated measures method and
the Bayesian method result in a

Treatment regimen: Interferon alfa
(labelled) or as monotherapy
(unlabelled)

Dosing schedule: 10 mg/kg IV every
2 weeks

Study 1 [21]:

Arm 1 (N = 322): Interferon alfa (IFN)
Arm 2 (N = 327): IFN + bevacizumab
OS (months): 21.3 vs 23.3

PFS (months): 5.4 vs 10.2

ORR (%): 12.8 vs 31.4

— Tx difference: 18.6%

reduced sample size compared
to the traditional method by
incorporating more informa-
tion both inside and outside
the phase III trial, see Table 4.
In this bevacizumab case, the
batch-to-batch method resulted

Locations approved: Europe

inalarger sample size compared

Front-line advanced ovarian, fallopian tube or primary peritoneal cancer

to the traditional method.

Treatment regimen: Carboplatin and
paclitaxel

Dosing schedule: 15 mg/kg IV every
3 weeks for up to 6 cycles with
chemotherapy and continued as
monotherapy until disease progres-
sion or for max 15 months

Study 1 [22]:

Arm 1 (N = 625): Carbo + PAC + placebo

Arm 2 (N = 625): Carbo + PAC + bevacizumab
% 6 cycles + placebo maintenance

Arm 3 (N = 623): Carbo + PAC + bevacizumab
% 6 cycles + bevacizumab maintenance

OS (months): 40.6 vs 38.8 vs 43.8

PFS (months): 10.6 vs 11.6 vs 14.7

— HR = 0.71 (95% CI 0.61-0.83)

ORR (%): 63.4 vs 66.2 vs 66.0

— Tx difference: 2.6%

Study 2 [23]:

Arm 1 (N = 764): Carbo + PAC + placebo

Arm 2 (N = 764): Carbo + PAC + bevacizumab
x 6 cycles + placebo maintenance

OS (months): not reached

PFS (months): 16.9 vs 19.3

ORR (%): 54.9 vs 64.7

— Tx difference: 9.8%

Discussion

The goal in biosimilar devel-
opment is to leverage as much
information as possible in a
stepwise fashion starting with
the analytical characterization of
the biosimilar compared to the
reference product. Following
this ‘fingerprint’ analysis, cell-
based assays, preclinical evalua-
tion and human pharmacokinetic
comparability data are added as
evidence to demonstrate bio-
similarity. The phase III clinical
biosimilarity evaluation is more
costly than the total of the
preceding phases combined.
Therefore, the focus of this
article is on calculating phase
III sample sizes using different

Locations approved: Europe

statistical methods in order to
improve the feasibility of clini-
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Table 3: Approved indications for reference bevacizumab and pivotal phase III data (Continued)

Indications Pivotal phase III studies

The batch-to-batch reference
comparability design method,
described by Kang and Chow

Recurrent, platinum sensitive ovarian, fallopian tube or primary peritoneal cancer

(6], defines biosimilarity in a
different manner than the tra-

Treatment regimen: Carboplatin and | Study 1 [24]:

gemcitabine

Dosing schedule: 15 mg/kg IV every
3 weeks for 6 to 10 cycles with
chemotherapy followed by mono-
therapy until disease progression

*ORR (%): 53.7 vs 74.8
— Tx difference: 21.1%

Arm 1 (N = 242): Carbo + Gem + placebo

Arm 2 (N = 242): Carbo + Gem + bevacizumab
*OS (months): 33.7 vs 33.4

*PFS (months): 8.6 vs 12.4

ditional method. Biosimilarity
is established if the difference
between the biosimilar and the
reference product is not signifi-
cantly larger than the difference
between the reference product
and itself (from batch-to-batch).

Locations approved: Europe

This method is a more intuitive

Other unlabelled uses: soft-tissue sarcoma, age-related macular degeneration

process of defining biosimilar-
ity compared to the traditional

review committee.

*IRC assessment. IFL: irinotecan, bolus SFU, leucovorin; IV: intravenous; OS: overall survival; PFS: progression-free survival; ORR: overall response

rate; Tx: treatment; FOLFOX: infusional S5FU, oxaliplatin, leucovorin; XELOX: Capecitabine, leucovorin, oxaliplatin; HR: hazard ratio; IRC: internal

method. However, as a non-
traditional method this incurs
regulatory risk if considering

The adalimumab and bevacizumab case studies illustrate
several different statistical methods that can be used when
planning a biosimilar programme and when approaching regu-
latory authorities. Principally, the more data that can be lever-
aged utilizing a ‘totality of the evidence’ approach, the lower
the potential sample size of the phase III clinical trial. Using
traditional statistical methods advocated by regulatory guide-
lines for originator compounds, stringent statistical rules must
be followed. For example, in order to appropriately calculate
a clinical margin, the lower bound of the 95% CI of the treat-
ment difference between the reference product and placebo
first must be calculated. One of the most significant covariates
in calculating this lower bound is the sample size from the refer-
ence trial (meaning the smaller the sample size in the reference
trial, the higher the variability on the lower end of the margin,
which results in smaller margins for the biosimilar trial). This
method is accepted by regulators and is feasible when the treat-
ment margin and the sample size in the reference clinical trial
are large. However, if the sample size in the reference trial is
small, the lower bound of this 95% CI will be much lower than
the treatment margin. This can then result in large and poten-
tially unfeasible sample sizes that may hinder certain biosimilars
from being developed. While it is important not to ‘wash out’
the potential for placebo effect, we sought to explore various
statistical methods that may enhance the feasibility of biosimilar
drug development by reducing sample size while maintaining
statistical and scientific rigour.

When leveraging information at multiple time points within
the phase III trial by using the repeated measures analysis,
the sample size can be reduced, but only modestly (depend-
ing on the correlation between the two time points: the lower
the correlation between time points, the larger the sample size
reduction). The repeated measures analysis assesses data longi-
tudinally, which enhances the dataset and generally results in
smaller sample sizes. This method is useful for incorporating
a data point occurring early in treatment with data occurring
at a later point in time, which enables an early look at clinical
activity. By using this statistical methodology, more data is lever-
aged. However, this is only data that is generated in the phase
I clinical trial.
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utilizing this design in a global
biosimilar programme. An additional hurdle is the lack of avail-
ability of published clinical data using different batches. In our case
studies, assumptions were made that reflect what would be done
in practice. If using this methodology, we strongly advise consult-
ing with regulatory authorities early and often. In both of our case
studies, the batch-to-batch methodology resulted in a much larger
sample size than the traditional method. This method is likely most
practical when the biosimilar of interest has a very small clinical
activity margin, where using the traditional method would result
in unfeasible sample sizes. Another potential use for this method is
when the ‘constancy assumption’ no longer applies due to a shift in
standard of care from the time the data from the reference product
was published to present day, for example, AT [A = doxorubicin
and T = docetaxel] background chemotherapy used in originator
filgrastim trials when AC [C = cyclophosphamide] or TAC is now
standard. When this occurs, the margin can no longer be calculated
and, therefore, this batch-to-batch method may be an option. Using
this technique, it is possible to reduce the sample size compared
to the traditional method, especially when it can be demonstrated
that the reference product has a small within-batch variability but
a large between-batch variability on the endpoint of interest. In
effect, this approach demonstrates that the biosimilar is as similar as
the reference is to itself.

When leveraging both preclinical data and historical data from
the reference product, using an informative prior when using
Bayesian methodology can lead to significant sample size sav-
ings. The rationale is that before the phase III trial is conducted,
there is a volume of data already published on the reference
product as well as structure/function, preclinical and phase I
PK data available on the follow-on biologic. While there is great
potential, there also is regulatory risk, especially in phase IIT
development, particularly if Type I error is not adequately con-
trolled. A significant amount of simulation work is required in
order to demonstrate that the Type I error rate can be controlled
under different circumstances. The Bayesian method may be the
most appropriate method to support seamless development and
to incorporate the totality of the evidence that is accumulated
throughout the biosimilar development programme. In order to
utilize this methodology, clients must be willing to approach
regulatory authorities with their planning at an early stage.
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Table 4: Summary of bevacizumab biosimilar sample sizes in

non-small cell lung cancer

Method Endpoint Total sample size
Traditional ORR 706
Repeated measures | ORR across cycles 2 | 684
and 4
Batch-to-batch ORR 1,400
Bayesian ORR 500
ORR: overall response rate.

Another aspect that must be justified is the prior distribution. The
sample size is highly sensitive to the prior distribution chosen for
the trial. In our case studies, the prior distributions of ORR and
ACR20 were for demonstration purposes only and were not based
on modelling of actual preclinical data or a comprehensive meta-
analysis of historical data. The justification of the chosen prior
is critical for regulatory acceptance of this novel methodology
as is extensive modelling. New statistical designs and methodol-
ogy are needed in order to address this issue. While significant
sample size savings were demonstrated in the bevacizumab case
study, a highly informative prior was used, which available data
may not have been able to support. In practice, if a less informa-
tive prior is used, the resulting sample size may be larger than
the traditional method.

Finally, another Bayesian method that can be used to reduce
the overall clinical programme size is the use of Bayesian
Hierarchical Model (BHM) by borrowing-of-strength across indi-
cations. We have previously shown a 35% reduction (N = 1,214
to N = 790) in phase III clinical programme size for rituximab
when a BHM is used (compared to a traditional frequentist
method) to support extrapolation between follicular lymphoma
and rheumatoid arthritis indications [14]. This assumes identical
Type I error rate and power. Since rituximab’s mechanism of
action is different between RA and follicular lymphoma, trials in
both indications may be required. Therefore, implementing this
BHM can be beneficial in reducing overall clinical programme
size while supporting extrapolation.

In summary, the clinical margin has the greatest impact on
sample size. Various statistical strategies are available and can be
applied when developing biosimilars. The most efficient method
is to choose the largest clinical margin possible that is deemed
not clinically meaningful. Often, the endpoint itself can affect
sample size. Using a continuous variable will provide more infor-
mation than a binary endpoint. In the adalimumab case study,
one potential is to use ACR(N) instead of ACR20 at week 12,
since this will bring more information into the analysis. Addition-
ally, longitudinal endpoints can provide more information than a
single time point as demonstrated in our repeated measures meth-
odology case studies. The single most important determinants of
sample size (other than clinical margin) in the various statistical
methods are: repeated measures analysis (correlation between
time points), batch-to-batch (within-batch and between-batch
variability) and Bayesian (prior distribution). Since a biosimilar
is not a unique compound, data about the reference product can
be leveraged to the biosimilar client’s advantage. Additionally, if
comparative data accumulated during the biosimilar programme
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development — including structural/function, preclinical and PK
data — already demonstrates similarity to the reference product,
the hurdle in phase IIT development should not be as high. There-
fore, the ‘totality of the evidence’ concept may be leveraged in an
objective and justifiable framework when planning the design for
the phase III trial in order to facilitate biosimilar drug develop-
ment and expedite patient access to more affordable biosimilars.
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