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Abstract

For approval of a proposed biosimilar product, the United States Food and Drug Administration (FDA) requires totality-of-the-evidence be 
provided to support a demonstration of biosimilarity between the proposed biosimilar product and the US-licensed drug product. However, 
as indicated in Section 314.126 of 21 CFR (Code of Federal Regulation) that substantial evidence needs to be provided to support the 
claims of new drugs. In practice, although there is no clear distinction between the concept of substantial evidence (with legal basis) in new 
drug development and the concept of totality-of-the-evidence (without legal basis) in biosimilar drug product development, it is a concern 
whether the totality-of-the-evidence in terms of analytical similarity, pharmacokinetic (PK) and pharmacodynamic (PD) similarity and clinical 
similarity can provide substantial evidence to support the demonstration of biosimilarity between the proposed biosimilar product and the US-
licensed drug product. A couple of recent regulatory submissions were presented to demonstrate the concern.
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Introduction

For approval of a proposed biosimilar product, the United 
States (US) Food and Drug Administration (FDA) requires that 
totality-of-the-evidence be provided to support a demonstra-
tion that the proposed biosimilar product is highly similar to 
the US-licensed product, notwithstanding minor differences in 
clinically inactive components, and that there are no clinically 
meaningful differences between the proposed biosimilar prod-
uct and the US-licensed product in terms of the safety, purity 
and potency of the product.

To assist the sponsor in biosimilar product development, FDA 
recommends a stepwise approach for obtaining the totali-
ty-of-the-evidence for demonstrating biosimilarity between 
the proposed biosimilar product and its innovative drug prod-
uct in terms of safety, purity, and efficacy [1-5]. The stepwise 
approach starts with similarity assessment in critical quality 
attributes (CQAs) in analytical studies, followed by the sim-
ilarity assessment in pharmacological activities in pharmaco-
kinetic and pharmacodynamic (PK/PD) studies and similarity 
assessment in safety and efficacy in clinical studies. For analyt-
ical similarity assessment in CQAs, FDA further recommends 
tiered approach which classifies CQAs into three tiers depend-
ing upon their criticality or risk ranking relevant to clinical out-
comes. For determination of criticality or risk ranking, FDA 

suggests establishing a predictive (statistical) model based on 
either mechanism of action (MOA) or PK relevant to clinical 
outcome. Thus, the following assumptions are made for the 
stepwise approach for obtaining the totality-of-the-evidence.

(1) Analytical similarity is predictive of PK/PD similarity;
(2) Analytical similarity is predictive of clinical outcomes;
(3) PK/PD similarity is predictive of clinical outcomes.

These assumptions, however, are difficult (if not impossible) to 
verify in practice. For assumptions (1) and (2), although many 
in vitro and in vivo correlations (IVIVC) have been studied in 
the literature, the correlations between specific CQAs and PK/
PD parameters or clinical endpoints are not fully studied and 
understood. In other words, most predictive models are not well 
established or are established but not validated. Thus, it is not 
clear how a (notable) change in a specific CQA can be translat-
ed to a change in drug absorption or clinical outcome. For (3), 
unlike bioequivalence assessment for generic drug products, 
there does not exist Fundamental Biosimilarity Assumption 
indicating that PK/PD similarity implies clinical similarity in 
terms of safety and efficacy. In other words, PK/PD similari-
ty or dis-similarity may or may not lead to clinical similarity. 
Note that the assumptions (1) and (3) combined does not lead 
to the validity of assumption (2) automatically. The validity of 
assumptions (1)-(3) is critical for the success of obtaining total-
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ity-of-the-evidence for assessing biosimilarity between the pro-
posed biosimilar and the innovative biological product. This is 
because the validity of these assumptions ensures the relation-
ships among analytical, PK/PD, and clinical similarity assess-
ment and consequently the validity of the overall biosimilarity 
assessment. Table 1 illustrates relationships among analytical, 
PK/PD, and clinical assessments in the stepwise approach for 
obtaining the totality-of-the-evidence in biosimilar product de-
velopment.

Relationships among Analytical, PK/PD, and 
Clinical Similarity

Relationships among CQAs, PK/PD responses, and clinical 
outcomes can be described in Figure 1. In practice, for simplic-
ity, CQAs, PK/PD responses, and clinical outcomes are usually 
assumed linearly correlated. For example, let x, y, and z be the 
test result of a CQA, PK/PD response, and clinical outcome, 
respectively. Under assumptions (1)-(3), we have 

(1) y = a1+b1x+e1;
(2) z = a2+b2y+e2;
(3) z = a3+b3x+e3;

where e1,e2, and e3 follow a normal distribution with mean 0 
and variances σ1

2,σ2
2, and σ3

2, respectively. In practice, each of 
the above models is often difficult, if it is not impossible, to be 
validated due to lack of insufficient data collected during the 
biosimilar product development. Under each of the above mod-
els, we may consider the criterion for examination of the close-
ness between an observed response and its predictive value to 
determine whether the respective model is a good predictive 
model. As an example, under model (1), we may consider the 
following two measures of closeness, which are based on either 
the absolute difference or the relative difference between an 
observed value y and its predictive value ŷ.

Criterion I. p1 = P{|y-ŷ |<δ},
Criterion II. p2 = P{|(y-ŷ )/y|<δ}.

It is desirable to have a high probability that the difference or 
the relative difference between y and ŷ, given by p1 and p2, re-
spectively, is less than a clinically meaningful difference δ.

Suppose there is a well-established relationship between x 
(e.g., test results of a given CQA) and y (e.g., PK/PD response). 
Model (1) indicates that a change in CQA, say ∆x corresponds 
to a change of a1+b1 ∆x in PK/PD response. Similarly, model (2) 
indicates that a change in PK/PD response, say ∆y corresponds 
to a change of a2+b2 ∆y in clinical outcomes. Models (2) and (3) 
allows us to evaluate the impact of the change in CQA (i.e.,x) 
on PK/PD (i.e., y) and consequently clinical outcome (i.e., z). 

Under models (2) and (3), we have

a2+b2y+e2 = a3+b3x+e3.

This leads to

a1 = (a3-a2)/b2, b1 = b3/b2, and e1 = (e3-e2)/b2.

with

b2
2 σ1

2 = σ3
2+σ2

2

or

σ1 = 1/b2 √(σ2
2 + σ3

2).

In practice, the above relationships can be used to verify primary 
assumptions as described in the previous section provided that 
models (1)-(3) have been validated. Suppose models (1)-(3) are 
well-established, validated, and fully understood. A commonly 
asked question is whether PK/PD studies and/or clinical studies 
can be waived if analytical similarity and/or PK/PD similari-
ty have been demonstrated. Note that the above relationships 
hold only under linearity assumption. When there is a departure 
from linearity in each one of models (1)-(3), the above relation-
ships are necessarily modified. Considering multiple CQAs and 
several endpoints in PK/PD and clinical outcomes, the model 
(1)-(3) can be easily extended to general linear models such as

(4). Y = B1X+E1;
(5). Z = B2Y+E2;
(6). Z = B3X+E3;

where, E1, E2 and E3 follow a multivariate normal distribution, 
N(0, σ1

2 I), N(0, σ2
2 I), and N(0, σ3

2 I), respectively.

Then, we have

B1 = B2
-1 B3,

With

σ1
2 I = (σ2

2+σ3
2) B2

-1,

provided by

B1 = (X' X)-1 X'Y,
B2 = (Y' Y)-1 Y'Z,

and

B3 = (X' X)-1 X'Z.

Figure 1. Relationships among analytical, PK/PD, and clinical assessment.

Analytical 
similarity 

assessment
PK/PD Clinical
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The existence of unique solution depends on the rank of ma-
trices, X and Y. One way to obtain those solutions is to use 
numerical computations. In this case, no clinical meaningful 
difference might be obtained if the minimum of the P{ norm(Z-
Z(X'X)-1 X'Z)<δ} and P{norm(Z-Z(X'X)-1 Y'Z)<δ} is sufficient-
ly large.

Practical Issues

For biosimilar product development and regulatory review and 
approval, FDA recommends a stepwise approach by perform-
ing analytical similarity assessment, PK/PD similarity test, and 
clinical similarity assessment in terms of safety, tolerability, 
and efficacy for obtaining the totality-of-the-evidence. FDA’s 
recommended stepwise approach focuses on three major do-
mains, namely, analytical, PK/PD, and clinical similarity, which 
highly correlated under models (1)-(3). Some pharmaceutical 
scientists interpret the stepwise approach as a scoring system 
(perhaps, with appropriate weights) that includes the domains 
of analytical, PK/PD, and clinical similarity assessment. In this 
case, the totality-of-the-evidence can be assessed based on in-
formation regarding biosimilarity obtained from each domain. 
In practice, for each domain, we may consider either FDA’s 
recommended binary response (i.e., similar or dis-similar) or 
the use of the concept of biosimilarity index Chow et al., 2011 
[6] to assess similarity information and consequently the to-
tality-of-the-evidence across domains. For the FDA’s recom-
mended approach, Table 1 provides possible scenarios when 
performing analytical similarity assessment, PK/PD similarity 
test, and clinical similarity assessment. As it can be seen from 
Table 1, if the proposed biosimilar product passes similarity 
test in all domains, FDA considers the sponsor has provided 
totality-of-the-evidence for demonstration of highly similarity 
between the proposed biosimilar and the innovative biological 
product. On the other hand, if the proposed biosimilar product 
fails to pass any of the suggested similarity assessments (i.e., 
analytical similarity, PK/PD similarity, and clinical similari-
ty), then regulatory agency will reject the proposed biosimilar 
product. In practice, it is uncommon to see that the proposed 
biosimilar may fail in one of the three suggested similarity 
assessments, namely analytical similarity, PK/PD similarity, 
and clinical similarity assessments. In this case, the regulatory 
agency may have hard time to grant approval of the proposed 
biosimilar product. A typical example is that notable differenc-
es in some CQAs between the proposed biosimilar product and 

the innovative biological product may be observed in analytical 
similarity assessment. In this case, the sponsors often provide 
scientific rationales/justifications to indicate that the notable 
differences have little or no impact on clinical outcomes. This 
is probably the most debatable issue between FDA and the Ad-
visory Committee during the review/approval process of the 
proposed biosimilar product because it is not clearly stated in 
the FDA guidance whether a proposed biosimilar product is re-
quired to passes all similarity tests regardless they are Tier 1 
CQAs or Tier 2/Tier 3 CQAs before the regulatory agency can 
grant approval of the proposed biosimilar product. In this case, 
if FDA and the Oncologic Drug Advisory Committee (ODAC) 
panel accept sponsors’ scientific rationales and justifications 
that the notable differences have little or no impact on the clin-
ical outcomes, the proposed biosimilar is likely to be granted 
for approval. This, however, has raised an interesting question 
whether the proposed biosimilar product is required to pass all 
similarity tests (i.e., analytical similarity, PK/PD similarity, and 
clinical similarity) for regulatory approval.

Examples

For illustration purpose, consider two FDA recent biosimi-
lar regulatory submissions, i.e., Avastin biosimilar (ABP215 
sponsored by Amgen) and Herceptin biosimilar (MYL-1401O 
sponsored by Mylan). These two regulatory submissions were 
reviewed and discussed at an ODAC meeting held on July 
13th, 2017 in Silver Spring, Maryland. Table 2 briefly summa-
rizes the results of the review based on the concept of totali-
ty-of-the-evidence (Table 2).

For ABP215, a proposed biosimilar to Genentech’s Avastin, 
although ABP215 passed both PK/PD similarity and clinical 
similarity tests, several quality attribute differences were noted. 
These notable differences include glycosylation content, FcγRll-
la binding and product related species (aggregates, fragments, 
and charge variants). The glycosylation and FcγRllla binding 
differences were addressed by means of in vitro cell based on 
antibody dependent cell-mediated cytotoxicity (ADCC) and 
complement dependent cytotoxicity (CDC) activity, which 
were not detected for all products (ABP215, US-licensed 
Avastin, and EU-approved Avastin).The ODAC panel consid-
ered the submission has provided totality-of-the-evidence for 
demonstration of highly similarity between ABP215 and the 
US-licensed Avastin, notwithstanding minor differences in 
clinically inactive components, and support that there are no 

Table 1. Assessment of Totality-of-the-Evidence.

No. of
dis-similarities

Analytical similarity 
assessment

PK/PD similarity 
assessment

Clinical 
similarity

Overall 
assessment

0 Yes Yes Yes Yes
1 Yes Yes No No
1 Yes No Yes *
1 No Yes Yes *
2 Yes No No No
2 No Yes No No
2 No No Yes No
3 No No No No

*Scientific rationale are necessary provided
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clinically meaningful differences between ABP215 and the 
US-licensed Avastin in terms of the safety, purity and poten-
cy of the product. For MYL-1401O, a proposed biosimilar to 
Genentech’s Herceptin, although MYL-1401O passed both 
PK/PD similarity and clinical similarity tests, there are subtle 
shifts in glycosylation (sialic acid, high mannose, and NG-HC). 
However, the residual uncertainties related to increase in total 
mannose forms and sialic acid and decrease in NG-HC were 
addressed by ADCC similarity and by the PK similarity. Thus, 
the ODAC panel determined that the submission has provided 
totality-of-the-evidence to support a demonstration of high-
ly similarity between MYL-1401O and the US-licensed Her-
ceptin, notwithstanding minor differences in clinically inactive 
components, and support that there are no clinically meaning-
ful differences between MYL-1401O and the US-licensed Her-
ceptin in terms of the safety, purity and potency of the product.

Concluding Remarks

For regulatory approval of new drugs, Section 314.126 of 
21 CFR states that substantial evidence needs to be provided 
to support the claims of new drugs. For regulatory approval 
of a proposed biosimilar product, the FDA requires totali-
ty-of-the-evidence be provided to support a demonstration of 
biosimilarity between the proposed biosimilar product and the 
US-licensed drug product. In practice, it should be noted that 
there is no clear distinction between the substantial evidence in 
new drug development and the totality-of-the-evidence in bio-
similar drug product development. As discussed in the previous 
section regarding the two recent regulatory submissions, it is 
not clear whether totality-of-the-evidence of highly similarity 
can only be achieved if the proposed biosimilar product has 
passed all similarity tests across different domains of analytical, 
PK/PD, and clinical assessment. When notable differences in 
CQAs (in Tier 1) are observed, the notable differences may be 
ignored if the sponsors can provide scientific rationales/justifi-
cation to rule out that the observed difference have an impact 
on clinical outcomes. This, however, is somewhat controversial 
because Tier 1 CQAs are considered most relevant to clinical 
outcomes depending upon their criticalities or risk rankings 
that impact the clinical outcomes. The criticalities and/or risk 
rankings may be determined using model (3). If a notable dif-
ference is considered having little or no impact on the clinical 
outcome, then the CQA should not be classified into Tier 1 at 

the first place. This controversy could be due to classification 
of CQAs based on subjective judgment rather than objectively 
statistical modeling. In the two examples concerning biosimi-
lar regulatory submissions of ABP215 (Avastin biosimilar) and 
MYL-1401O (Herceptin biosimilar), the sponsors also seek 
for approval across different indications. It has been tremen-
dous discussions regarding whether totality-of-the-evidence 
observed from one indication or a couple of indications can 
be used to extrapolate to other indications even different indi-
cations have similar mechanism of actions. The ODAC panel 
expressed their concern of extrapolation without collecting any 
clinical data from other indications and encouraged further re-
search on scientific validity of extrapolation and/or generalize 
ability of the proposed biosimilar product be conducted.
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Product
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Similarity
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Similarity
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