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Abstract: For assessment of biosimilar drug products, if there are multiple-reference products (eg, a US-licensed product and an EU- 
approved product), a biosimilar bridging study with a 3-way pairwise comparison is often conducted. In our paper, two innovative 
methods in biosimilar bridging study are compared with the conventional method of pairwise comparisons. For parallel study design, 
the simultaneous confidence interval (CI) method is compared to the convention method. For crossover study design, the multiplicity- 
adjusted Schuirmann’s two one-sided tests (MATOST) is considered. This paper conclude that the simultaneous CI method achieves 
the similar statistical power to the conventional approach in biosimilarity assessment. However, the MATOST method using the 
conservative Holm and Bonferroni approaches is not favorable since it leads to a large sample size although it controls the type I error 
rate. 
Keywords: bioequivalence and biosimilarity, multiple references, simultaneous confidence interval approach, multiplicity-adjusted 
two one-sided tests, MATOST

Introduction
For assessment of biosimilarity between a proposed biosimilar (test) product and an innovative biosimilar (reference) 
product, FDA and EMA have similar but different approaches. For example, both FDA and EMA require biosimilar 
products to be highly similar to the reference product in terms of quality characteristics, biological activity, safety and 
efficacy.1–5 When there are multiple references (eg, a US-licensed product and an EU-approved reference), the regulatory 
approval process and specific requirements in the US and EU are different. To be more specific, for a biosimilar product 
that has both US-licensed and EU-approved reference products, the sponsors are required to conduct bridging studies for 
biosimilar product vs US-licensed reference product, biosimilar product vs EU-approved reference product, and US- 
licensed vs EU-approved reference product. Due to the different approval processes and requirements, not all biosimilar 
products are approved by FDA and EMA using the same clinical trial. Jung et al6 collected information about 10 
biosimilar products and found that half of these biosimilar products have used different clinical trials for approval in the 
US after being approved in the EU. Additionally, from the bridging studies conducted by Tu et al7 3 out of 31 studies 
(accounting for two biosimilar products) failed to prove the similarity between US-licensed and EU-approved reference 
products.

In addition, both FDA and EMA have different requirements for using foreign approved comparators (FACs). If the 
sponsor wants to use FAC instead of domestic reference biologic product (RBP), intuitively, they need to prove that FAC 
is materially representative of the domestic RBP.8 EMA permits FAC in regulator submission, but highly recommends 
that the FAC be licensed by a country adopting guidelines from the International Conference on Harmonization (ICH), 
whereas the FDA always requires a 3-way pairwise comparative bridging study.9
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The conventional 3-way pairwise comparison has the following issues. (i) The determination of equivalence margins 
without taking the variability into consideration, (ii) Not using all collected data in each pairwise comparison, and (iii) 
The issue of multiple testing. To overcome these issues, several methods have been proposed in the literature. For 
example, Zheng et al10 proposed a simultaneous confidence interval (CI) approach based on fiducial inference in parallel 
group biosimilar bridging studies with multiple references. To alleviate type I error inflation in multiple testing, Zheng 
et al11 proposed using a multiplicity-adjusted TOST (MATOST) which utilizes some p-value adjustment methods.

This article aims to further investigate the favorable properties of the two innovative approaches, ie, the simultaneous 
CI method and MATOST compared with conventional pairwise comparison. Specifically, we study the statistical powers 
of using the simultaneous CI method, MATOST and the conventional pairwise comparison in parallel design and 
crossover design. This paper can provide more information to researchers on bioequivalence tests with multiple 
references. In the next section, more detailed information about the regulatory requirement for biosimilar products is 
provided. Methods for Multiple Comparisons discusses the disadvantages of conventional pairwise comparison and 
introduces the simultaneous CI method in parallel design and the MATOST in crossover design, specifically, the Williams 
design for comparing more than two treatments. Simulation Study contains the results from the simulation that is 
conducted to evaluate the performance among methods. Finally, Results provides the concluding remarks.

Regulatory Requirement
A biosimilar product is often defined as a biological product that is highly similar to the reference product notwithstand
ing the minor difference in clinically inactive components, ie, there is no clinically meaningful difference between the 
biosimilar and reference products in terms of safety, purity and potency.9 FDA requires biosimilar products to have no 
clinically meaningful differences compared with the reference product in terms of both effectiveness and safety; and 
EMA defines biosimilar product as a biological medicinal product containing the same active substance as the reference 
product, and similar in terms of “quality characteristics, biological activity, safety and efficacy”. For biosimilar product 
approval, FDA proposed a guideline on a stepwise approach for obtaining totality-of-The-evidence, ie, a step-by-step 
approach to collect global biosimilarity evidence across different domains.3,12 This stepwise approach can be summar
ized into three key components: (i) analytical similarity assessment, investigating the structural/functional characteristic 
of the biosimilar product via critical quality attributes (CQAs) at various stages of the manufacturing process; (ii) 
pharmacokinetics (PK) and pharmacodynamics (PD) similarity assessment, demonstrating PK and PD by human clinical 
pharmacology studies after passing animal toxicity studies; and (iii) clinical similarity assessment, gathering information 
on immunogenicity, clinical efficacy and safety.

In addition to the stepwise approach, FDA has a rigorous requirement on multiple references. When there are multiple 
references, for example, the US-licensed reference product and EU-approved reference product, the 3-way comparison is 
recommended. The main purpose of this requirement is to assure that the quality of the drug substance or product meets 
product specification, to demonstrate biosimilarity between test product and US-licensed product, and to establish 
a bridge to justify the use of clinical data generated using EU-approved reference product as the comparator. Since 
biosimilar products are often large-molecule products made of living cells and organisms, they are highly sensitive to 
environmental conditions. These strict requirements on biosimilar products are necessary to ensure the efficacy and 
safety of the biosimilar products appearing on market.

In the guideline on biosimilar product bioequivalence tests for a certain CQA, FDA suggests using 1.5σR as the 
equivalence test margin (σR is the standard deviation of the reference product), ie, the equivalence test hypotheses are4

where μT � μR is the mean difference between the test and the reference products, and δ ¼ 1:5σR is the bioequivalence 
margin. In addition, the estimand of interest can also be the population mean ratio, then the equivalence test hypoth
eses are
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where the estimand can also be log μT
μR

. The hypothesis testing in Eq. (1) and (2) are the most commonly used in 
bioequivalent research, to population mean difference as the estimand, researchers must use the domain knowledge or 
previous literature to determine the boundary.7,13,14

This fixed margin approach using σR has some disadvantages, especially for multiple-reference scenario. σR is always 
unknown in practice, and simply replacing σR by estimated σR is unfavorable because it does not take the variability of 
estimating σR using samples into consideration. As for the situation for multiple references, in a 3-way pairwise 
comparison, the equivalence margin can be incomparable. For example, when comparing biosimilar product vs US- 
licensed reference and biosimilar product vs EU-licensed reference, the standard deviation of reference product may be 
different. In this way, the equivalence tests will have different precision.

Methods for Multiple Comparisons
Conventional Method of Pairwise Comparisons
While using a non-US-licensed product in regulatory submission for a biosimilar product, 3-way bridging evidence 
should be provided by the sponsor to justify the capability of these comparative data from non-US-licensed product in 
assessing biosimilarity and bridging to the US-licensed reference product. In other words, the pairwise bioequivalence 
among the biosimilar product, US-licensed reference and non-US-licensed reference (eg, EU-approved reference). The 
use of conventional pairwise comparison be impaired the following disadvantages. (i) Each pairwise comparison does not 
fully utilize data collected from the entire study (eg, when comparing the EU-approved reference and biosimilar product, 
data collected from US-licensed reference are not used). In this way, the results may be biased and hence misleading. (ii) 
Pairwise comparisons do not use the same reference product in each comparison, and each comparison may use 
a different equivalence acceptance criterion (EAC) margin. Then, the precisions of each equivalence test are different. 
(iii) Since there are multiple comparisons, type I error will be inflated unless some significance-level adjustment 
approaches are considered. (iv) These pairwise comparisons cannot distinguish the following relationship among 
biosimilar product (T), US-licensed reference (R1) and EU-approved reference (R2):

(a) R1> T >R2,
(b) R1>R2> T,
(c) T >R1>R2,
(d) T >R2>R1,
(e) R2> T >R1,
(f) R2>R1> T.
To overcome deficiencies (i) and (ii), Zheng et al10 proposed the simultaneous CI method based on fiducial inference 

in parallel group design. To overcome deficiency (iii), MATOST is proposed by Zheng et al.11 More detailed information 
about these two innovative approaches in biosimilar study with multiple references are provided in this research. Without 
loss of generality, US-licensed reference product and EU-approved reference product are considered as the two reference 
products, and US-licensed reference is the primary reference.

Innovative Methods of Bioequivalence Tests
Simultaneous Confidence Interval Method
Consider a three-arm parallel randomized clinical trial with an allocation ratio 1:1:1. Let μT , μR1 

and μR2 
denote the 

population mean for biosimilar product, US-licensed reference and EU-approved reference. The hypotheses of the 3-way 
pairwise equivalence test are
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where δiði ¼ 1; 2; 3Þ are the equivalence margins. It should be noted that in hypotheses (2) and (3), the reference products 
are different, which makes the equivalence margin to be incomparable. As mentioned in Regulatory Requirement, using 
the fixed equivalence margin ð1:5σRÞ is problematic. Zheng et al10 proposed the simultaneous CI method based on 
fiducial inference to overcome this issue.

Assume that each arm independently follows a normal distribution: NðμT ; σ2
TÞ, N μR1

; σ2
R1

� �
and N μR2

; σ2
R2

� �
. Let �XT , 

�XR1 and �XR2 denote the sample means for each arm, the sample sizes for each arm are nT , nR1 and nR2 . Note that the data 
used to estimate standard deviation and conduct bioequivalence tests are different. In other words, samples used to obtain 
equivalence margins ð1:5σRÞ will be collected separately from those used to conduct hypothesis testing. Let σ̂R1 and σ̂R2 

denoted the empirical standard deviation, which are computing using n1 and n2 samples, respectively. Start with the 
simplest case for a 3-way comparison, ie, the standard deviations of all three arms are the same.

Case 1. Assume σT ¼ σR1 ¼ σR2

If the standard deviations are the same, the fiducial probability of all pairwise equivalence hold is

where f x; y; zð Þ ¼ f1 xð Þ f2 yð Þ f3 zð Þ is the joint fiducial probability density of μT ; μR1
; μR2

� �
, and

Let α denote the significance level. We reject H01 in Eq. (2) and conclude the bioequivalence between a biosimilar 
product and a primary biosimilar product ðR1Þ, if FP1 σR1ð Þ � 1 � α; otherwise, fail to reject H01. To take the variability 
of the estimated standard deviation into consideration, the proposed the least favorable version of fiducial probability

where σ̂0R1
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n1� 1ð Þσ̂2

R1
χ2

1� α
2

n1� 1ð Þ

r

.

Case 2. Without assumption of σT ¼ σR1 ¼ σR2

Treating US-licensed reference product as the primary one, to make the equivalence margins comparable, we can 
choose to only use one reference product while constructing margins. Then the fiducial probability can be derived as10

where g x; y; zð Þ ¼ f1 xð Þg2 yð Þg3 zð Þ is the joint fiducial probability density of μ
T
; μ

R1
; μ

R2

� �
, and

where ~σR1 ¼ ∑nR1
i¼1

XiR1 �
�X R1ð Þ

nR1 � 1

2� �1=2 

and ~σR2
¼ ∑nR2

i¼1
XiR2 �

�X R2ð Þ
2

nR2 � 1

� �1=2

.

Let σ̂1 ¼
~σR1ffiffiffiffiffinR1
p and σ̂2 ¼

~σR2ffiffiffiffiffinR2
p , then

where ft nR1 � 1ð Þ �ð Þ and ft nR2 � 1ð Þ �ð Þ are the density function of t distribution with degree of freedom nR1 � 1 and nR2 � 1, 
respectively. The least favorable version of fiducial probability is
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On the other hand, we may choose to use two reference products for the equivalence margin; however, this approach 
cannot make equivalence margins comparable. Then, the fiducial probability can be written as

where h x; y; zð Þ ¼ f1 xð Þf2 yð Þg3 zð Þ. And the least favorable version of fiducial probability is

where σ̂00R1
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n1� 1ð Þσ̂R1

χ2

1� 1�
ffiffiffiffiffi
1� α
p

2

n1� 1ð Þ

s

and σ̂00R2
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n2� 1ð Þσ̂R2

χ2

1� 1�
ffiffiffiffiffi
1� α
p

2

n2� 1ð Þ

s

.

Multiplicity-Adjusted Schuirmann’s TOST Approach
The parallel group design has the drawback of being unable to control the inter-subject variability, which weakens the 
interchangeability evaluation of biosimilar products. To address this issue, crossover designs may be considered. The 
Williams design (a special type of crossover design) can successfully reduce the inter-subject variability and maintain 
variance-balanced, which may ensure the estimated pairwise formulation effects with the same precision. The treatment 
assignment of one Williams design considered in this section is shown in Table 1.

The crossover design model and basic assumptions are

where Yijk is the response for every patient;
μ is the overall mean;
Gk is the fixed effect of kth sequence, k ¼ 1; . . . ;K, and K = 6;
Pj is the fixed effect of jth period, j ¼ 1; . . . ; J , and J ¼ 3;
F j;kð Þ is the fixed formulation effect of kth sequence at jth period ∑j;kF j;kð Þ ¼ 0

� �
;

C j� 1;kð Þ is the fixed first-order carry over effect ∑j;kC j� 1;kð Þ ¼ 0
� �

;
Sik is the random effects of ith subject from kth sequence Sike 0; σ2

s
� �� �

, eijk is the random error eijke 0; σ2
e

� �� �
, 

and i ¼ 1; . . . ; nk.
In the bioequivalence test, the primary parameter of interest is the treatment effect. The population treatment effect 

for each arm, ie μT , μR1 
and μR2

, can be estimated as following:

Table 1 Treatment Assignment 
in Williams Design

Sequence Period

1 2 3

1 T R2 R1

2 R1 T R2

3 R2 R1 T
4 R1 R2 T
5 R2 T R1

6 T R1 R2
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where μ̂ ¼ 1
JK ∑J

j¼1∑K
k¼1�yjk and F̂h can be determined by ordinary least square (OLS).

Let the parameters of interest in OLS denoted by β ¼ μP1P2G1G2G3G4G5FTFR1 CT CR1½ �
0. The OLS estimator of β is

where A ¼ X 0Xð Þ
� 1X 0, X is the design matrix (as shown in Table 2), y ¼ y1 y2 . . . yK½ �

0, 
yk ¼
1
nk

∑nk
i¼1yik and 

yik ¼ yi1k yi2k yi3k½ �
0. Since the unbiased estimators of every formulation effect can be written as a linear combination 

of �yjk , so does the unbiased estimator for formulation effect contrasts. The linear combination has the format:

where Cajk is the linear combination coefficient. Under normality assumption, ie, ∑jCajk ¼ ∑kCajk ¼ 0, the variance of 
L is

The coefficients for estimated formulations and estimated formulation effect contrasts can be found in Tables 3 and 4, 
respectively.

In addition to using treatment effect difference as the estimand, the treatment effect ratio can also be a valid candidate 
for the estimand. The equivalence hypothesis testing’s hypotheses can also be written as

Table 2 The Design Matrix (X) for Williams Design

(j, k) μ P1 P2 G1 G2 G3 G4 G5 FT FR1 CT CR1

(1,1) 1 1 0 1 0 0 0 0 1 0 0 0

(2,1) 1 0 1 1 0 0 0 0 −1 −1 1 0
(3,1) 1 −1 −1 1 0 0 0 0 0 1 −1 −1

(1,2) 1 1 0 0 1 0 0 0 0 1 0 0

(2,2) 1 0 1 0 1 0 0 0 1 0 0 1
(3,2) 1 −1 −1 0 1 0 0 0 −1 −1 1 0

(1,3) 1 1 0 0 0 1 0 0 −1 −1 0 0

(2,3) 1 0 1 0 0 1 0 0 0 1 −1 −1
(3,3) 1 −1 −1 0 0 1 0 0 1 0 0 1

(1,4) 1 1 0 0 0 0 1 0 0 1 0 0
(2,4) 1 0 1 0 0 0 1 0 −1 −1 0 1

(3,4) 1 −1 −1 0 0 0 1 0 1 0 −1 −1

(1,5) 1 1 0 0 0 0 0 1 −1 −1 0 0
(2,5) 1 0 1 0 0 0 0 1 1 0 −1 −1

(3,5) 1 −1 −1 0 0 0 0 1 0 1 1 0

(1,6) 1 1 0 −1 −1 −1 −1 −1 1 0 0 0
(2,6) 1 0 1 −1 −1 −1 −1 −1 0 1 1 0

(3,6) 1 −1 −1 −1 −1 −1 −1 −1 −1 −1 0 1
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where θL and θU are the equivalence margin, usually set as 80% and 125%. The test statistics are

where S2 is the intra-subject mean square error (MSE), C2
ajk are the contrast coefficients in Eq. (15), and 

h; h0 2 fT ;R1;R2g h�h0ð Þ. Under null hypothesis, TL and TU follows t distribution with degree of freedom 
v ¼ 2 N � 3ð Þ, where N ¼ ∑K

k¼1nk . Claim equivalence between T, R1 and R2, if all test statistics satisfy

where tα vð Þ is the α% percentile of t distribution with degree of freedom v. The p-value of TOST can be computed as 
following (Lakens, 2017)

where F �ð Þ is the cumulative distribution function (CDF) of t distribution with degree of freedom v. However, in the 
3-way pairwise comparison using TOST, multiple-testing problem may affect the overall type I error rate. Zheng et al11 

proposed the multiplicity-adjusted TOST (MATOST) to alleviate type I error inflation. Thus, the p-value computed in Eq. 
(21) needs to be adjusted using an adjustment approach, such as Holm adjustment and Bonferroni’s adjustment.

Simulation Study
Simulation studies are conducted aiming to investigate the performance of simultaneous CI methods in parallel design 
while using mean difference as the estimand and the performance of TOST and MATOST in Williams design while using 

Table 4 Coefficients (Cajk) to Estimate Formulation Effect Differences

Sequence θTR1 = FT − FR1 θTR2 = FT − FR2 θR2R1 = FR2 − FR1

P1 P2 P3 P1 P2 P3 P1 P2 P3

1 4 2 −6 5 −2 −3 −1 4 −3

2 −5 2 3 −1 4 −3 −4 −2 6

3 1 −4 3 −4 −2 6 5 −2 −3
4 −4 −2 6 1 −4 3 −5 2 3

5 −1 4 −3 −5 2 3 4 2 −6

6 5 −2 −3 4 2 −6 1 −4 3

Notes: Coefficients are multiplied by 24. Notations are the same as Table 3.

Table 3 Coefficients (Cajk) to Estimate Formulation Effects

Sequence FT FR1 FR2

P1 P2 P3 P1 P2 P3 P1 P2 P3

1 3 0 −3 −1 −2 3 −2 2 0

2 −2 2 0 3 0 −3 −1 −2 3
3 −1 −2 3 −2 2 0 3 0 −3

4 −1 −2 3 3 0 −3 −2 2 0

5 −2 2 0 −1 −2 3 3 0 −3
6 3 0 −3 −2 2 0 −1 −2 3

Notes: Coefficients are multiplied by 24. Pj (j = 1,2,3) represents the fixed 
effect for jth period. Fh (h ∈ {T, R1, R2}) represents the fixed effect for 
formulation h.
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the population mean ratio as the estimand. The significance level is α ¼ 0:1. The equivalence margins are either 1:5σR or 
80–125%. Each simulation contains 1000 iterations.

To investigate the performance of the simultaneous CI method proposed by Zheng et al10 in parallel group design for 
3-way pairwise comparison, a simulation study is conducted comparing statistical power in equivalence tests. 
Specifically, 3 types of simultaneous CI methods (denoted by FP1, FP2 and FP3) are considered: (i) FP1: assume 
σT ¼ σR1 ¼ σR2 , (ii) FP2: without equal standard deviation assumption using σR1 in equivalence margin, and (iii) FP3: 
without equal standard deviation assumption using σR1 and σR2 in equivalence margin. The conventional pairwise 
comparison is conducted using ANOVA (Analysis of Variance). The simulations are performed on a range of sample 
size from 10 to 100 per arm.

As shown in Figure 1, among all four assumptions from (A) to (D), FP1 achieves the highest statistical power when 
the sample size per arm is small. Even when the assumption about equal variability is inaccurate, FP1 can still achieve 
the desired power. When the true standard deviations of all three arms are the same, the conventional method has the 
poorest performance; however, when the standard deviations are different, FP1’s performance is better than FP2 and FP3. 
When the sample size is larger than 20, the statistical powers of all methods are greater than the desired 80%. In general, 
while taking the variability of estimation into consideration, the simultaneous CI method can achieve similar power as 
the conventional approach.

In the simulation study for TOST in Williams design, the statistical powers under different sample sizes with and 
without p-value adjustment are compared. The p-value adjustment method considered here is the MATOST approach 
proposed by Zheng et al12, specifically, the Bonferroni method and the Holm method. The simulations are performed on 
a range of sample size from 10 to 100 per sequence and 4 coefficient of variations CV 2 f0:1; 0:2; 0:3; 0:4g with 3 
assumptions on fμT ; μR1; μR2g.

As shown in Figure 2, the Bonferroni’s method and the Holm method are almost identical in terms of TOST’s 
statistical power. The statistical power of tests without using any type I error adjustment method is higher compared with 
the one with adjustments. When the coefficient of variation increases, the statistical power difference between TOST with 
and without using p-value adjustment becomes smaller. And the required sample size to maintain enough power increases 
when CV increases, though the impact of CV on the sample size per arm is not great.

Figure 1 Power analysis for comparing simultaneous CI method versus 3-way pairwise comparison in parallel design. Sub-figures (A–D) represent the 4 different 
assumptions on (μT, μR1, μR2) and (σT, σR1, σR2).
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Figure 2 Power analysis for comparing Schuirmann’s TOST method versus 3-way pairwise comparison in crossover design. Sub-figures (A1–A4) represents CV from 0.1 to 0.4 when μT = μR1 = μR2 = 1; (B1–B4) represents CV from 0.1 
to 0.4 when μT = μR1 = μR2 = 1.1; (C1–C4) represents CV from 0.1 to 0.4 when μT = μR1 = μR2 = 0.9.
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When the true population means for each arm are the same, when CV 2 f0:1; 0:2; 0:3g, setting nk ¼ 50 is enough to 
maintain 80% power. However, when μT

μR1
¼

μT
μR2
¼ 1

1:1 , let the sample size per arm be 75, the power is less than 0.25; when 
μT
μR1
¼

μT
μR2
¼ 1

0:9 , let the sample size per arm be 75, the power is less than 0.20. In other words, the MATOST is too 

conservative, ie, more likely to accept the null hypothesis, for setting B and C in Figure 2. Thus, the price for controlling 
type I error rate is to increase the sample size to a very high level while maintaining enough statistical power. Since there 
are 6 sequences, the overall sample size will be difficult to accrue in practice.

Results
To compare the innovative methods with the conventional method in biosimilar bridging studies with multiple references, 
the results are summarized as below.

In a parallel study design, the simultaneous CI method based on Zheng et al10 using fiducial probabilities was 
performed to conduct pairwise equivalence tests. In the simulation study, four methods are considered for pairwise 
comparison (FP1, FP2, FP3, and ANOVA) which include three simultaneous CI methods with different assumptions and 
one conventional approach. The results showed that all approaches can maintain desired power when the sample size per 
arm is larger than 20. Among these methods, the simultaneous CI method under equal variability has the best 
performance. All simultaneous CI methods can achieve similar statistical power to the conventional approach. This 
concludes that the simultaneous CI method works well in parallel study design.

In crossover study, Williams design that often used in bioequivalence trial was applied. Three approaches were 
considered for power calculation for MATOST method. They are the Holm and Bonferroni approaches with type 1 error 
adjustment, and the 3rd approach without p-value adjustment.

From simulation results, the Holm method and Bonferroni method are very conservative, ie, TOST is more likely to 
fail to reject the null hypothesis to control type I error inflation. When the coefficient of variation is large, the sample size 
for each arm requires an undesirable high level (more than 50 per arm to achieve 75% power). Thus, in a crossover 
design with multiple formulations, especially the Williams design, the MATOST method is not favorable since it may 
lead to an unrealistic large sample size, though it can control the type I error rate.

Discussions
For biosimilar product regulatory submission, FDA requires sponsors to conduct a 3-way pairwise comparison if both 
US-licensed reference and EU-approved reference exists. In equivalence tests, determining the equivalence margin is of 
great importance. Although FDA’s guideline recommends using 1:5σR as the equivalence margin, σR is unknown in 
practice. Using sample estimation in the hypotheses setting is inappropriate since it does not take the variability of 
estimation into consideration.

In this article, although the Williams design is the primary focus, the MATOST can also be applied to the complete 
n-of-1 design. For future research, it is possible to consider further utilization of fiducial inference under crossover 
designs and generalize the simultaneous CI method proposed by Zheng et al.10 Generalizing the simultaneous CI method 
can help researchers in determining equivalence margins by sampling standard deviations and taking the variability of 
estimation into consideration. Additionally, another type I error inflation controlling method needs to be proposed 
specifically for crossover design to reduce large sample size for conducting a biosimilar study.
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