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Establishment of reference standards in biosimilar

studies

Aijing Zhang, PhD; Associate Professor Jung-Ying Tzeng; Professor Shein-Chung Chow

When an innovative biological product goes off-patent, biopharmaceutical or biotechnological companies may file an application for
regulatory approval of biosimilar products. In practice, however, important information on the innovative (reference) product may not
be available for assessment. Thus, it is important to first establish a reference standard while assessing biosimilarity between a biosimi-
lar product and the reference product. In this paper, reference standard is established through the biosimilarity index approach based
on a reference-replicated study (or R-R study), in which the reference product is compared with itself under various scenarios. The refer-
ence standard can then be used for assessing the degree of similarity between the test and reference drugs in biosimilar studies.
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Introduction

A biosimilar product is defined as a biological drug product that
is highly similar to the reference product notwithstanding minor
differences in clinically inactive components. No clinically mean-
ingful differences exist in terms of safety, purity, and potency
(Biologics Price Competition and Innovation [BPCI] Act 2009). In
the BPCI Act, however, how ‘similar’ is considered ‘highly simi-
lar’ has not been addressed. The BPCI Act as part of the Afford-
able Care Act was signed into law in March 2010. It gave FDA the
authority to approve similar biological drug products. Currently,
FDA has not set out clear standards for biosimilar approvals [1].

Kang and Chow [2] proposed a method that uses the relative
difference, i.e. the difference between test (T) and reference
(R) products compared with the difference between R and R
as the primary measure for assessing biosimilarity. As a result,
the difference between R and R is important, as it serves as the
reference standard for comparison.

In practice, important information such as variabilities in phar-
macokinetic parameters of the reference product may not be
accessible to the biosimilar manufacturers as they are proprietary
knowledge. Thus, it is important to conduct a reference-replicated
study (R-R study), i.e. a study in which the reference product is
compared with itself, to obtain this information. As biosimilar
products are made by living cells or organisms that are sensitive
to small changes or variations in environmental factors, such as
light or temperature, it is expected that a small difference will
occur between two reference products resulting from different
manufacturing processes or locations, or different batches from
the same manufacturing process. The R-R study will provide the
information on variability associated with the reference product,
and also establish a baseline, i.e. similarity between R and R, for
comparison in biosimilarity testing.

The biosimilarity index approach was proposed by Chow et al.
[3, 4] to assess the level of similarity. The index is based on the
concept of reproducibility probability and is evaluated as the
estimated power of the testing procedure when the alternative
hypothesis is true. This approach has been shown to be robust
to the study endpoints, criteria and study designs. Thus, in this

paper, we have chosen to establish the reference standards in
the framework of this biosimilarity index approach.

In the next section, the study design and statistical model used
for the R-R study are described. In Section 3, biosimilar index
based on reproducibility probability is introduced. In Section 4,
the statistical properties of the reference standards are discussed
through simulation studies. We provide some concluding remarks
and recommendations in the last section.

Study design and statistical model

Study design

Crossover designs are often recommended for bioequivalence
studies. Biosimilarity is often assessed in a parallel design in prac-
tice [5], however, because of the relatively long half-life and the
possibility of immunogenicity of biological products, concerns
are increasing over interchangeability in biosimilars, which can
only be assessed in crossover designs. Thus, we have chosen a
standard two-sequence, two-period (2 X 2) crossover design for
the establishment of reference standards. A 2 X 2 crossover study
can be viewed as a two-arm parallel study with replicates; the
advantage of using a crossover design is that the intra-subject
variability could be estimated for the reference standards.

In a 2 X 2 standard crossover study design, participants are ran-
domly assigned to either sequence 1 (RR,) or sequence 2 (RR)
in the R-R study. For sequence 1, participants are first treated with
R, and, after a sufficient washout period, are treated with R; for
sequence 2, participants are first treated with R, and then with R,.
As mentioned, R, and R, could be two different batches of the
reference drug or drugs from different locations such as the US
and EU.

Statistical model
The interval hypotheses of the similarity testing written in terms
of parameters are:

H,:8< 6, 0or 626,
H,:0< 6< 6, (D

where 0 is the study parameter chosen to assess biosimilarity;
6, and O, are the biosimilarity limits, i.e. the accepted lower
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and upper bounds for declaring biosimilarity. In bioequivalence
assessment for generic drug products, average bioequivalence
criterion chooses 0 as the ratio of the geometric means between
reference and test products; and the corresponding limits are set
to be 80% and 125%.

The hypotheses in equation (1) are usually decomposed into
two sets of one-sided hypotheses:

HUltﬁﬁﬁl and H02:19>ﬂb,
H, 8>86, H, :6>6, (@)

Schuirmann’s two one-sided tests procedure is commonly used
for testing the hypotheses in equation (2) [6]. The overall p
value is the larger of the p values from these two tests.

For a standard 2 x 2 crossover study design, we consider the
following statistical model with the assumption of no carryover
effects:

Yyp=uM+ Si + P, +T(M,) + & 3

where Y, is the response for subject i in the kth sequence
at the jth period, where i = 1, . . ., n_indicates subject, j = 1,
2 indicates period, k = 1, 2 indicates sequence; U represents the
overall mean; S, represents the random effect of ith subject in
kth sequence, assumed independently and identically distrib-
uted (i.i.d.) as N(O, (552); P] is the period effect; T(Lk) represents
the fixed effect of the treatment in the kth sequence adminis-
tered at the jth period; €, is the within-subject random error,
assumed i.i.d. as N(O, GCZ)' Finally S,.’s and eilk’s are assumed to
be mutually independent.

To establish the reference standards, we have chosen the aver-
age biosimilarity criterion, ie. 6 = p , — W . One concludes
average biosimilarity if

Y, -Y,]-6
TL:M>Z(“J’H+%_2)

1 4 1
Gyl — + —
n,n 4)

T, = —] < —t(oL, 1, + 1, — 2)

and

noon )

where )71(1 and 57R2 are the least square means for the two
reference products; they can be obtained from the sequence-by-

i ans: v, iy 3 P Vv 1> v . P
period means: ¥, = E(y“ +V,) and v, = E(yu +7,);n and n,
are the number of subjects in sequence 1 and sequence 2; 5, is the
pooled sample variance of period difference from both sequences,

. : N 1 2 & —\2
and can be obtained from G, = z z ( d, - dh) ,

where dL:l( i o
w5

Biosimilarity index

Definition

To reflect the characteristics and effect of variability on the ther-
apeutic effect of biological products, Chow et al. [3, 4] in 2011
proposed the development of an index based on the concept of
the reproducibility probability to assess ‘highly biosimilar’.

174 | Volume 2 | 2013 | Issue 4

Reproducibility probability in clinical trials was first proposed
in 2002 by Shao and Chow [7] to provide assessment on the
strength of evidence against null hypothesis for regulatory agen-
cies in deciding whether a single clinical trial is sufficient for
approval. Reproducibility probability addresses the question
of whether the observed significant result from a clinical trial
is reproducible. Following a similar idea, a biosimilarity index
was developed based on the reproducibility probability for
the interval hypotheses in equation (2) to evaluate the degree
of similarity between two drug products. That is, we define
a reproducibility probability for evaluating the biosimilarity of
two drug products as follows:

P, = concluding average biosimilarity between two products
in a future trial given that the average biosimilarity based on a
chosen criterion has been established in the first trial.

Evaluation

To evaluate the biosimilarity index, the index is expressed as
the estimated power of the testing procedure when the alterna-
tive hypothesis is true, replacing the parameter by its estimate
based on the data observed. By this estimated power approach,
the biosimilarity index P,, for the 2 x 2 crossover design and
average biosimilarity criterion can be obtained from the follow-

ing equation:
B, = P(T,(0") > 1, and T,(V)< 1, |8,,8,) ©)

where TL and TU are the test statistics given in equation (4) and
equation (5). Both T, and T, follow non-central t-distribution,
with n, + n, — 2 degree of freedom and non-centrality para-
meters O, and § , respectively. § and § relate to the popu-
lation means, variances and similarity limits; their estimate
6, and &, can be obtained from the data using the formulas

(7 -7y —g) and o (%% -4)

== & Y =
& i + i 9y i + i
n,oon, N,

Steps

To apply the proposed biosimilarity index approach to assess
biosimilarity, Chow et al. in 2013 proposed the following steps
[8], see Table 1.

&

To establish p, we recommend it be based on p,,, the biosimi-
larity index obtained in an R-R study. By basing p, on p,,, the

Table 1: The biosimilarity index approach to assess biosimilarity [8]

Step 1 | Assess the average biosimilarity based on a given
biosimilarity criterion. The criterion could be based

on mean, ratio, or variability.

Step 2 | Once the product passes the test for biosimilarity in
Step 1, calculate biosimilarity index on the basis of
observed mean difference and standard deviation.
The calculated biosimilarity index thus takes the
variability and the sensitivity of heterogeneity in
variances into consideration.

Step 3 | We then claim highly biosimilar if the calculated 95%
confidence lower bound of the biosimilarity index is
larger than p, a pre-specified limit on declaring

highly biosimilar.
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biosimilarity index approach allows us to assess the degree of
similarity relative to the reference product.

Merits

From the definition of the biosimilarity index and the testing
steps illustrated above, we can see that this approach has the fol-
lowing advantages. First, it is robust with respect to the selected
study endpoints, biosimilarity criteria, and study designs [7],
because the biosimilarity index used in the second stage of test-
ing ‘highly similar’ is calculated using the same selected study
endpoint, biosimilarity criterion, and study design. Second,
it takes variability into consideration in the calculation of the
index, and is sensitive to the variance of the test products. Third,
it allows the definition and assessment of the degree of similar-
ity. Or, in other words, it provides an answer to the question of
‘how similar is considered highly similar’.

Establishing reference standard

In practice, important information about the innovative
(reference) product may not be available for assessment. Thus,
it is important to establish the reference standard (p,) while
assessing biosimilarity between a biosimilar and the reference
product. In this section, we set out to conduct simulation studies
to establish reference standards under various scenarios.

Simulation design

Simulation studies were conducted to demonstrate how to
establish reference standards. Standard 2 x 2 crossover design
and average biosimilarity criterion are used. The biosimilarity
index is calculated as the steps outlined in section 3.

The study parameter 8 is the mean difference, i.e. 0 = p,, —u,,
and the corresponding similarity limits are those accepted in
bioequivalence studies, i.e. (6, 8, ) = (10g0.8, log1.25) = (-0.223,
0.223). The data are assumed to following normal distribution,
and the means and variances of the two reference products
are assumed to be the same in the simulation, i.e. p, =, =W
and 6,, = 6,, = 6. To evaluate how reference standards are
affected by variability of the drug products, different coeffi-
cients of variation are chosen: 20-50% by an increment of 5%.
Note that coefficients of variation is the ratio of the standard
deviation to the mean, therefore in terms of ¢ and p in the
normal distribution, the chosen coefficients of variation values
translate to ¢ = 0.2y, 0.25u, 0.3y, 0.35u, 0.4y, 0.45u or 0.5u. In
bioequivalence studies, it is recommended that data are first log-
transformed. For lognormal distribution, coefficients of variation
of 20%, 25%, 30%, 35%, 40%, 45% and 50% translate to ¢ = 0.2,
0.25, 0.294, 0.340, 0.385, 0.429 and 0.472 ( o= /In(1+ CV?)). We
have chosen [ = 1 so that the results are comparable with those
shown in original scales in bioequivalence studies. The effects
of different sample sizes (n = n, + n, = 40, 50, 60, 70, 80, 90 and
100) with equal allocation are also investigated. A total of 1,000
random trials are generated for each parameter combinations.

Results

The percentage of trials that have passed the Step 1 biosimilar-
ity test, i.e. the probability of claiming biosimilarity on the basis
of the average biosimilarity criterion, are shown in Table 2 and
Figure 1. The results are in accordance with results observed
in other studies [9]. As the variability increases, the probability

GaBl Journal | www.gabi-journal.net

Biosimilarity and Intferchangeability

Table 2: Percentage of trials that passed the Step 1 test

Sample Coefficient of variation
size ) 2006 [25% [30% |35% |40% |45% |50%

40 99.9 1985 914 [79.2 |63.0 [40.6 |30.5

50 100 99.7 [96.8 [89.0 |757 |59.3 |455
60 100 99.9 1983 1932 837 [69.1 |559
70 100 100 199.5 [96.5 [905 [77.8 |66.0
80 100 100 |99.7 (982 |944 |85.0 |74.9
90 100 100 {99.9 [99.1 [96.8 [89.7 |81.0

100 100 100 99.9 199.6 [97.8 [93.6 |86.0

decreases. Even with no mean difference between the two
drug products, the probability of concluding biosimilarity can
be quite low when the coefficients of variation are high. For
example, when the coefficients of variation is 50%, with a total
sample size of 40, biosimilarity is concluded only about 30%
of the times. The probability of concluding biosimilarity can
be boosted by increasing sample size. In the previous scenario,
the probability can be increased from 30% to 86% if a sample
size of 100 is used instead of 40.

For those trials that have passed the Step 1 test, the p values from
the Schuirmann’s two one-sided tests procedure are recorded
and the averages are reported in Table 3 and Figure 2. As the
variability increases, the p values also increase, becoming close

Figure 1: Percentage of trials that passed the Step 1 test
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Figure 2: Average p values for trials that passed the Step 1 test
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Table 3: Average p values for trials that passed the Step 1 test

demonstrate that a ‘follow-on biologic’
is highly similar to this reference. There
are two ways to correct a low p,.: one

Sample Coefficient of variation . ) . .
ize (n) is to choose a different criterion as in
size 20% 25% 30% 35% 40% 45% 50% bioequivalence studies with the use of a
40 0.0004 0.0030 0.0078 | 0.0139 |0.0202 |0.0265 |0.0320 | scaled criterion; the other is to increase
sample size. This also demonstrates the
50 0.0001 0.0012 00047 | 0.0099 00156 | 00203 | 0.0256 | imporance of conducting an R-R study:
60 <0.0001 0.0006 0.0030 0.0072 0.0127 | 0.0176 | 0.0236 | one is able to choose an appropriate cri-
70 <0.0001 | 0.0002 00017 | 00048 | 0.0097 |00137 |0.0180 | t€rion, sample size, or both, to establish
reference standards.
80 < 0.0001 0.0001 0.0008 0.0031 0.0073 0.0115 0.0167
90 <00001 |<00001 |00004 |0.0020 |00053 |0.0089 |00135| Amexample o
As shown above in the simulation stud-
100 < 0.0001 < 0.0001 0.0002 0.0013 0.0036 0.0072 0.0110 | 1ies, as coefficients of variation increase,

to 0.05. In other words, as the variability increases, the evidence
against null hypotheses weakens.

For those trials that have passed the Step 1 test, we further
report in Table 4 and Figure 3 the reproducibility probability or
biosimilarity index, termed p,, in R-R study. The p,, is calcu-
lated from equation (6). As expected, the results show that the
Py increases as the sample size increases, and it decreases as
variability increases.

Notice that when the coefficients of variation are 45%, and the
total sample size is 40, the p,, is only 48.5%. When a reference
drug compared with itself can only have a 48.5% reproducibility
probability, it is superfluous to follow the same study design to

Table 4: Biosimilarity index from R-R studies: p,

Figure 3: Biosimilarity index from R-R studies: p

it is less likely that similarity can be
declared even when R is compared with R. To further illustrate
the effect of the high variability on the conclusion of biosimi-
larity, and how the biosimilarity index addresses the degree of
similarity, we consider example data with a total sample size of
40 and coefficients of variation of 45%, again assuming no true
mean difference.

First, we obtain an example where H is not rejected and give
the sample means in Table 5. The observed mean difference
Y, —Y¥, =0.131 and the observed variability &, = 0.368.
The 90% confidence interval of the mean difference is (-0.065,
0.327); similarity is not declared.

Under the same setting, another set of data is generated.
Under this scenario, we observe that R, and R, are not identi-
cal yet similarity is declared. The sample means are given in
Table 6, from which we could calculate the sample mean dif-

Sample Coefficient of variation ference V, —Y, =-0.035 and the variability &, = 0.279. From
size (n) 20% 25% |30% |35% |40% |45% |50% the observed mean difference and variability, the p,, as evalu-
ated from equation (6) is 0.563. This example shows that when
40 0.984 | 0921 |0.826 | 0.716 | 0.602 | 0.485 | 0.380 coefficients of variation is high, even though biosimilarity is
50 0.995 ]0.959 | 0.882 | 0.785 | 0.684 | 0.580 | 0.473 declared based on the average similarity criterion, the degree
50 0998 10975 |0.915 | 0.829 | 0732 | 0.635 | 0.526 of similarity as measured by biosi.mi!ar%ty %ndex is low, so is the
confidence that we have in the biosimilarity conclusion.
70 0.999 0.988 | 0.946 | 0.876 | 0.788 | 0.704 | 0.607
80 >0.999 | 0.994 [0.967 | 0.908 | 0.828 [ 0.748 | 0.658 |  Conclusion
The simulation studies have shown that, as variance increases,
90 >0.999 | 0.997 | 0.979 | 0.934 | 0.865 | 0.791 | 0.708 the probability of declaring biosimilarity in the Step 1 test
100 >0.999 | 0.998 | 0.988 | 0.954 | 0.898 | 0.828 | 0.754 decreases; and, for those trials that pass the Step 1 test, the degree

of similarity, quantified by biosimilarity index, decreases. The
biosimilarity index is calculated for the trials that have passed

- (1)-3 | SmmmEREEREIETEEETEITTS Table 5: Sample means from a study in which biosimilarity is
= - - — - . - — ¢ - ’ —
5 08 - - :"/ — —':_" T— T e 0.20 not declared
i - * . o — .t - - . .
g 8'; — //’ L : .- g'iz Sequence | Period 1 Period 2 Sequence
% 05 ~ - gl — . —035 mean
2 04 - - — N —
2 03 . 040 1 1R, =1, = 0957 | 1R, = ¥, = 1.000 | ¥, = 0.978
e —_— . 045
g 0 — - 0.50 _ _ _
® o1 ' 2 2R, =Y, =1.162|2R = ¥,,= 0942 | ¥, = 1.052
00 -+
n=40 n=50 n=60 n=70 n=80 n=90 n=100 Period ? - 1.060 )7 ~ 0.970 ? 1015
Sample size mean L : 2. : .
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Table 6: Sample means from a study in which biosimilarity is

declared
Sequence | Period 1 Period 2 Sequence
mean
1 1R, =V, =1095|1R, =¥, =1.018 | Y, = 1.056
2 2R, =¥,,=1.0066|2R =Y, =1.058 | Y, =1.062
Period ¥, =1.081 ¥, =1.038 |V =1.059
mean

the Step 1 test, thus it reflects the characteristics of the biological
products that have already been declared biosimilar based on
the average biosimilarity criterion. To apply the biosimilar index
approach, an appropriate p, see Table 1 for details of Step 3 in
the testing procedure, needs to be determined. We recommend
P, = 0.7p, or 0.8p,, such that the comparison is relative to the
reference products. If we define d = p /p,,, then d can be used to
address the degree of similarity and the question of ‘how similar is
highly similar’. Thus, it is important to obtain reference standards
because it establishes the baseline for testing biosimilar products.

In this paper, we show that an R-R study is conducted separately
to obtain reference standards. Reference standards can also be
established concurrently using the three-arm study as proposed
by Kang and Chow [2]. In the three-arm study, participants are
randomly assigned to be treated with either test product (T)
in one arm, or two different reference products (R1, RZ) in the
other two arms, such that reference standards are established
concurrently in the two reference arms and used as baseline for
the test product.

The idea as outlined in this paper can be applied to establish
reference standards for biosimilarity index developed based on
other criteria for the assessment of biosimilarity. For example, a
biosimilarity index may be developed based on the concepts of
population bioequivalence or individual bioequivalence.

Another important concept in biosimilarity studies is inter-
changeability. To assess interchangeability, it needs to be shown
that the risk, i.e. safety or diminished efficacy of alternating or
switching between use of the biosimilar and the reference prod-
uct, are not greater than the risk of using the reference product
without such alternation or switch. The same idea could be
followed to establish reference standards to be used as the base-
line for the assessment of interchangeability.
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