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Abstract
The World Health Organization (WHO) guidelines on evaluation of similar biotherapeutic products (SBPs; also called bio-
similars) were adopted by the WHO Expert Committee on Biological Standardization (ECBS) in 2009. In 2019, the ECBS 
considered that a more tailored and potentially reduced clinical data package may be acceptable in cases where this was 
clearly supported by the available scientific evidence. The goal of this publication is to review the current clinical experience 
and scientific evidence and to provide an expert perspective for updating the WHO guidelines to provide more flexibility 
and clarity. As the first step, the relevant guidelines by other regulatory bodies were reviewed in order to identify issues that 
might help with updating the WHO guidelines. Next, a literature search was conducted for information on the long-term 
efficacy, safety, and immunogenicity of biosimilars to identify possible long-term problems. Finally, a search for articles 
concerning the role of clinical studies in the benefit–risk evaluation of biosimilars was conducted. The analysis of other 
guidelines suggested that the WHO guidelines may need more emphasis on the importance of the state-of-the-art physico-
chemical and structural comparability exercise and in vitro functional testing. The use of “foreign” reference product will 
also need clarifications. The value of in vivo toxicological tests in the development of biosimilars is questionable, and the 
non-clinical part needs revisions accordingly. The concepts of “totality of evidence,” “stepwise development,” and “residual 
uncertainty” were applied in the evaluation of the clinical sections of the guideline. The review of long-term safety and 
efficacy demonstrated the robustness of the current biosimilar development concept. The analysis of the roles of different 
development phases suggested that the large efficacy, safety, and immunogenicity studies are, in most cases, redundant. The 
residual uncertainty of safety, immunogenicity, and efficacy of biosimilars that has shaped the current regulatory guidelines 
is now substantially reduced. This will allow the re-evaluation of the non-clinical and clinical requirements of the current 
WHO main guideline. The shift of the relative impact of the development phases towards physico-chemical and in vitro 
functional testing will provide a relief to the manufacturers and new challenges to the regulators.
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Key Points 

The World Health Organization (WHO) is revising its 
2009 guidelines for the development of biosimilars 
according to current scientific knowledge. This publica-
tion provides the background for this revision.

Long-term safety, efficacy, and immunogenicity data of 
licensed biosimilars since 2006 do not raise concerns.

Current data suggest that state-of-the-art analytical 
and functional testing and robust pharmacokinetic and 
pharmacodynamic studies are sufficient to demonstrate 
biosimilarity, whereas in vivo animal studies and large 
confirmatory efficacy and safety studies are generally not 
needed.

1  Introduction

The World Health Organization (WHO) has a mandate to 
support regulatory authorities in its 194 Member States, and 
one of the WHO core functions is “setting norms and stand-
ards and promoting and monitoring their implementation.” 
WHO guidelines are considered as WHO written standards 
to provide globally agreed principles that serve as a basis for 
establishing national regulatory requirements, and they also 
serve as a basis for WHO prequalification.

The WHO guidelines on evaluation of similar biothera-
peutic products (SBPs; also called biosimilars) (hereafter 
referred to as “the Guidelines”) were adopted by the WHO 
Expert Committee on Biological Standardization (ECBS) in 
2009 [1]. It was noted that the Guidelines have contributed 
significantly to setting the regulatory framework for SBPs 
within WHO countries, increasing international regulatory 
convergence and improving consistency in the terminology 
used in the evaluation of SBPs [2].

In the meantime, the main principles in the Guidelines 
have been re-assessed on a regular basis. As a result, the 
WHO main guidelines have been complemented by guid-
ance on the evaluation of biosimilar monoclonal antibodies 
(mAbs) [3] and a Q&A document [4]. Finally, at its meeting 
in 2018, the ECBS confirmed that the Guidelines remain 
valid and provide guidance on the evaluation of biosimilars 
together with the Q&A document and mAb guidelines.

In 2019, the ECBS considered that a more tailored and 
potentially reduced clinical data package may be acceptable 
in cases where this was clearly supported by the available 
scientific evidence. The committee supported the review 
of current scientific evidence to consider updating the 

Guidelines to provide more flexibility and clarity. Thus, the 
WHO initiated a review of scientific evidence and experi-
ence to identify issues/cases for further reducing non-clin-
ical and clinical data, and the progress was reported to the 
committee in 2020 (72nd report [5]).

This article describes the outcomes of the review for 
exploring possibilities to streamline the clinical develop-
ment of biosimilars on the basis of revised guidelines, docu-
mented long-term use of licensed biosimilars, and reports 
of the role of non-clinical and clinical studies in biosimilar 
comparability exercises.

2 � Methodology

As the first step, the relevant guidelines of the US Food and 
Drug Administration (FDA), Health Canada, and European 
Medicines Agency (EMA) were reviewed in order to seek 
possibilities for reducing the non-clinical and clinical data 
package in already established and continuously updated 
guidelines [6–8]. The current pre-licensing requirements 
demand a complete quality package including physicochemi-
cal, structural and functional similarity testing, in vitro and 
in vivo non-clinical testing, comparable pharmacokinetics 
(PK)/pharmacodynamics (PD), and usually clinical efficacy 
and safety studies using equivalence design. Thus, biosimi-
lars have undergone a robust assessment of comparability 
at the time of licensing. In addition, post-marketing efficacy 
and safety are continuously monitored through adverse effect 
reporting, pharmaco-epidemiological studies and other risk-
management measures.

Thus, the second step was to review the literature for 
long-term experience with biosimilars. A literature search 
was conducted for long-term efficacy, long-term safety, and 
immunogenicity of biosimilars for the years 2017–2020 in 
PubMed, Elsevier ScienceDirect, Wiley online library, and 
SpringerLink. Older reports were covered by systematic 
reviews published in 2017–2020.

The third step evaluated the roles and relevance of clinical 
studies for the benefit–risk assessment of biosimilars on the 
basis of recent scientific reports identified by using PubMed.

3 � Results

3.1 � Step 1: Review of the EMA, Health Canada 
and FDA guidelines

The pre-licensing requirements for biosimilars of the FDA 
2015–2019, Health Canada 2016, and the EMA 2012–2017 
have been revised on the basis of scientific progress and 
experience with licensed biosimilars [6–8]. Thus, they may 
be used as a source of information for the revision of the 
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WHO 2009 guidelines. In general, the WHO guidelines 
are still in line with the newer, revised guidelines of other 
jurisdictions. However, possibilities have been identified to 
improve the WHO guidance with regard to analytical, struc-
tural, and in vitro functional tests as well as to simplify clini-
cal development. As it is already indicated in the Guidelines, 
WHO guidelines ‘should be viewed as “living” documents 
that will be developed further in line with advances in sci-
entific knowledge and experience.’

3.1.1 � Biosimilarity: Totality of the Evidence, Risk‑Based 
Approach, and Residual Uncertainty

The FDA guideline “Clinical Pharmacology Data to Support 
a Demonstration of Biosimilarity to a Reference Product” 
[9] presents some helpful principles in the re-evaluation of 
the regulatory approach to biosimilarity. The numerous com-
parisons between the candidate biosimilars and their refer-
ence products (Reference Biotherapeutic Products, RBPs) 
will inevitably result in some, usually small differences, the 
relevance of which may not always be known. Thus, the 
assessment of biosimilarity is based on the totality of the 
data from the physico-chemical, structural, and functional 
tests as well as clinical data including PK and PD studies, 
immunogenicity testing, and a dedicated efficacy and safety 
study, where necessary. Ideally, the development of a bio-
similar proceeds in a stepwise, risk-based manner. Thus, the 
developer can estimate the degree of residual uncertainty 
after critical steps in order to plan for appropriate studies 
to address uncertainties [10]. In the revision of the WHO 
guidelines, the most critical step is the transition from clini-
cal PK/PD studies to the most resource-intensive step, an 
additional efficacy and safety study.

3.1.2 � Use of a Reference Product

The RBP provides the basis of the abbreviated develop-
ment of SBPs. It has been licensed on the basis of a full 
(stand-alone) registration package. In some jurisdictions, it 
is expected that the domestically licensed product is used as 
the RBP. However, this is not always possible or feasible, for 
example, in the countries that lack a particular nationally or 
regionally licensed originator product.

National regulatory authorities (NRAs) have used a for-
eign RBP in the following scenarios [11]:

1.	 The RBP is not authorized locally. In this case, the NRA 
may allow the use of a product that is licensed by an 
experienced NRA that follows the WHO or correspond-
ing regulatory standards. Several NRAs have selected 
suitable “reference” countries for this scenario.

2.	 The RBP is licensed locally but sourced from another 
jurisdiction. In this case, some NRAs require “bridging” 

studies that ensure comparability of the local and for-
eign-sourced RBPs. This approach is mandatory because 
of legal requirements in, e.g., the EU and the US.

In order to facilitate the global development of biosimi-
lars, the revision of the WHO guidelines may need to further 
clarify these scenarios.

Scenario 1 The current WHO 2009 guidelines [1] state, 
“Traditionally, NRAs have required the use of a nationally 
licensed reference product for licensing of generic medi-
cines. This practice may not be feasible for countries lack-
ing nationally licensed RBPs. NRAs may need to consider 
establishing additional criteria to guide the acceptability of 
using a RBP licensed in or sourced from other countries. The 
use of reference products with proven efficacy and safety in 
a given population will be one of the factors to consider.”

Health Canada permits the use of a foreign(-sourced) 
RBP licensed in an International Conference on Harmoni-
zation of Technical Requirements for Pharmaceuticals of 
Pharmaceuticals for Human Use (ICH) country [6] when it 
does not have locally sourced product.

Scenario 2 A foreign-sourced RBP can be used in clini-
cal studies. This is the case for the EU and US, where a 
biosimilar must always make reference to a local RBP for 
legal reasons, but clinical studies can be performed with 
a non-European Economic Area (EEA)/non-US version 
of the reference medicinal product, provided this has been 
authorized by a regulatory authority with similar scientific 
and regulatory standards. In this case, the FDA guidelines 
require analytical and PK/PD “bridging” studies by default, 
whereas the EMA and Health Canada guidelines require 
analytical bridging, but PK/PD bridging only if analytical 
bridging alone is not sufficient [7, 12, 13].

The bridging studies, especially clinical PK/PD studies, 
have been criticized since they complicate global develop-
ment of biosimilars. Webster and Woollett (2017) propose 
that “bridging studies will not be conducted if the reference 
comparator… has been approved in any ICH jurisdiction 
and there is evidence in the public domain that the reference 
product has been approved in both jurisdictions upon some 
of the same phase III clinical data” [14]. Tu et al. showed 
that it is unlikely that the EU- and US-sourced RBPs have 
meaningful differences [15]. In addition, the efficacy and 
safety of both versions of the RBPs are backed with more 
than 10 years of clinical use.

3.1.3 � Quality Evaluation

The relative importance of the analytical and in vitro func-
tional data will increase if clinical data requirements are 
reduced. EMA and FDA guidelines describe the current state 
of the art for analytical, structural, and functional similarity 
assessment between the RBP and the biosimilar candidate. 
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The method of defining the acceptance ranges of critical 
quality attributes is well described in EMA and FDA qual-
ity guidelines [16–18]. In particular, the FDA biosimilar 
guidelines describe thoroughly the risk assessment of qual-
ity attributes, while EMA guidelines refer to other guiding 
documents. In general, both FDA, Health Canada, and EMA 
highlight the importance of state-of-the art orthogonal ana-
lytical methods and in vitro functional/potency tests in the 
characterization of biosimilars. The quality section of the 
WHO guidelines needs to be updated to be in line with the 
current expectations for analytical characterization and for 
demonstration of biosimilarity.

3.1.4 � Non‑clinical Evaluation

The FDA generally expects both comparative in vitro and 
in vivo studies. The FDA has the mandate to waive in vivo 
studies if justified by the applicant [10]. The EMA guideline 
provides the concept of stepwise progression in non-clinical 
testing and reduction of animal work in accordance with 
the 3 R principles according to Directive 2010/63/EU [19]. 
Health Canada states that in vivo toxicological studies are 
generally not needed [7].

The EMA guideline emphasizes in vitro testing. In vivo 
toxicological testing is important for products with a new 
active substance, but usually has no relevance for comparing 
two highly similar biological products with a well-known 
active substance.

The WHO guideline still requests a comparative subacute 
toxicity study. Such a study is highly unlikely to be helpful 
due to limitations in sensitivity and species specificity. Thus, 
in vivo testing may be needed only in exceptional circum-
stances. The Canadian guideline also allows the omission 
of in vivo toxicological testing of highly similar products. 
This approach is supported by several publications [20–24].

The non-clinical part of the WHO Guideline should put 
more emphasis on the in vitro functional tests. The standard 
in vivo toxicological studies should be discouraged.

3.1.5 � Clinical Evaluation

The US, Canadian, and EU guidelines require comparative 
PK and, if relevant, PD studies between the candidate bio-
similar and its RBP by default [7, 9, 19]. This approach is 
also recommended by the current WHO guidelines because 
PK(PD) studies are considered sensitive to detect potential 
product-related differences in vivo. In fact, scientific reports 
underline the importance of well-performed and robust PK 
studies with proper power calculation avoiding too optimis-
tic calculation of the inter-individual variability. Such PK 
studies may already provide sufficient data on safety, includ-
ing immunogenicity. In any case, EMA, Health Canada, and 

FDA guidelines request safety and immunogenicity data for 
all clinical studies [9, 19, 25–27].

FDA, Health Canada, and EMA guidelines [7, 9, 19] 
provide some flexibility in regard to the phase III-type 
“confirmatory” clinical efficacy and safety studies if certain 
requirements are met, especially availability of PD markers 
that are relevant markers or even surrogates for efficacy. The 
Health Canada guideline [7] (Health Canada) states, “The 
non-clinical and clinical programs should be designed to 
complement the structural and functional studies and address 
potential areas of residual uncertainty.” The FDA guideline 
presents points that need to be addressed if the confirmatory 
efficacy and safety study is considered dispensable [10].

However, for most products, especially for biosimilar 
mAbs, resource-intensive, phase III-type confirmatory 
studies with an equivalence design are still expected. The 
guidance by the WHO is still in line with these updated 
guidelines.

The US guidelines advise that confirmatory efficacy and 
safety studies be performed if residual uncertainties remain 
after the previous steps of development [9]. However, expe-
rience has shown a temporal overlap of the development 
steps. For example, confirmatory studies are frequently 
performed in parallel with the pivotal analytical tests using 
the biosimilar product from the final manufacturing pro-
cess. This approach may shorten the development but does 
not reduce the costs. The issue of residual uncertainty after 
analytical, structural, functional, and human PK/PD stud-
ies should be re-visited in the revision of WHO guidelines, 
since the degree of residual uncertainty may not be as high 
in 2021 as it was at the time of the publication of the WHO 
guidelines in 2009.

3.2 � Step 2: Scientific Considerations: Long‑Term 
Safety and Residual Uncertainties

The EU has approved the largest number of biosimilars. In 
April 2022, there were 86 licensed biosimilars with Euro-
pean Public Assessment reports [28] (Fig. 1). The short-term 
safety has been established by extensive pre-licensing stud-
ies that have seldomly lasted longer than 12 months at the 
time of licensing. Therefore, literature searches were con-
ducted for long-term efficacy, safety, and immunogenicity 
data in order to explore the post-marketing experience with 
biosimilars. Biosimilars are sometimes divided to “first-gen-
eration” and “second-generation” products. mAbs and fusion 
proteins (FCs) belong to the latter category since they are 
claimed to have more risks due to the presumed difficulties 
in their characterization [29].
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3.2.1 � First‑Generation Biosimilars

Biosimilar somatropin The first biosimilar product, biosimi-
lar human growth hormone, was approved in the EU in 2006. 
There were several safety concerns among prescribers, espe-
cially relating to disturbances in glucose metabolism, can-
cer, and immunogenicity. Therefore, the safety of biosimilar 
growth hormone products was carefully followed not only 
by routine pharmacovigilance but also by individual centers, 
networks of investigators, and registers, especially PATRO. 
The safety and efficacy profile turned out to be similar to the 
originator product [30–33].

Biosimilar filgrastims The first biosimilar filgrastim was 
approved in 2008 and the first pegfilgrastim in 2018. Mobi-
lization of hematopoietic stem cells by biosimilar filgrastims 
was regarded risky for healthy donors by the World Mar-
row Donor Association (WMDA). The efficacy and safety 
of biosimilar filgrastims were investigated in models of 
chemotherapy-induced neutropenia, PD studies, and reg-
istries, including also donors of hematopoietic progenitor 
cells. The safety profiles of biosimilar filgrastims have been 
shown to be similar, including mobilization of hematopoietic 
stem cells [34–38]. The WMDA now recommends the use 
of biosimilar filgrastims [38].

Biosimilar epoetin α The first biosimilar epoetin α prod-
uct was licensed in 2007. The main concern was the risk 

of neutralizing antibodies cross-reacting with endogenous 
erythropoietin, which have caused pure red cell aplasia in 
patients treated with the RBP [39]. Indeed, neutralizing anti-
bodies to erythropoietin were detected in the confirmatory 
clinical trial of a biosimilar epoetin α product in patients 
with renal anemia. This led to the discontinuation of the 
development of the product for subcutaneous administration 
until the underlying problem (which was not related to the 
quality of the active substance itself, but to tungsten leach-
ing from the needle of the syringe) was eliminated [40, 41]. 
The licensed biosimilar epoetin α products have not shown 
excess immunogenicity as compared to the RBP [42, 43].

The other initial concern was the safety of biosimilars in 
anemia associated with cancer chemotherapy because the 
efficacy and safety were extrapolated from studies of renal 
anemia and the dose used in chemotherapy-induced ane-
mia is higher. Later on, clinical studies and real-world stud-
ies have demonstrated comparable safety of the biosimilar 
epoetinα and the RBP in the oncology setting [44].

Biosimilar insulin glargine The first biosimilar insulin 
glargine was licensed in 2014. The main concern was an 
increased risk of hypoglycemia. A limited number of post-
marketing clinical studies and limited real-world data are 
available. The current data suggest that the biosimilars and 
their RBP have comparable safety and efficacy profiles [45, 
46].

Classified as public by the European Medicines Agency 

* Information on the EMA website

MAAs reviewed

109

Biosimilars in Europe (8 April 2022)*

2

Withdrawn (post-approval)

Awaiting EC decision

14

Filgrastim (2)
Somatropin (1)
Insulin glargine (1)
Adalimumab (4)
Rituximab (2)
Enoxaparin (1)
Pegfilgrastim (1)
Teriparatide (1)
Bevacizumab (1)

MAAs 
submitted121

MAAs under review
Bevacizumab (2)
Eptacog alfa (1)
Insulin human (1)
Insulin aspart (1)
Pegfilgrastim (3)
Ranibizumab (2)
Teriparatide (2)
Trastuzumab (2)
Eculizumab (1)

15

2 Negative Interferon alfa
Insulin

22 Withdrawn (pre-approval)
Insulin (6)
Bevacizumab (1)
Epoetin (1)
Rituximab  (2)

86 Positive opinions 66 MAs
Somatropin (1)
Epoetin (5)
Filgrastim (7)
Infliximab (4)
Follitropin alfa (2) 
Etanercept (3)
Bevacizumab (8)
Insulin aspart (2)

Insulin glargine (2)
Enoxaparin (1)
Teriparatide (4)
Rituximab (5)
Adalimumab (10)
Insulin lispro (1)
Trastuzumab (6)
Pegfilgrastim (8)
Ranibizumab (1)

Pegfilgrastim (6)
Trastuzumab (1)
Adalimumab (2)
Infliximab (1)
Teriparatide (2)

EMA scientific
committees and
working parties

Adalimumab (2)

Fig. 1   Marketing authorization applications of biosimilars in the EU (as at 8 April 2022). EC European Commission, EMA European Medicines 
Agency, MA marketing authorization, MAA marketing authorization application
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3.2.2 � Second‑Generation Biosimilars

Biosimilar monoclonal antibodies and fusion proteins Mon-
oclonal antibodies and related FCs represent the latest major 
group of biosimilars. In the EU, 37 biosimilar mAb or FP 
products are licensed and 30 are marketed by April 8 2022 
[47] (Fig. 1).

Tumor necrosis factor-α inhibitors In the EU, the first 
biosimilar was licensed in 2013 for infliximab, 2017 for 
adalimumab, and 2017 for etanercept. These products are 
used to treat (auto)inflammatory diseases. Besides routine 
pharmacovigilance and patient registries, their post-mar-
keting safety data consist mainly of extensions of pivotal 
confirmatory trials and post-marketing clinical trials in 
rheumatologic diseases, psoriasis, and inflammatory bowel 
diseases. In spite of the initial safety and immunogenicity 
concerns, amplified by manufacturers of original biologicals 
[48], biosimilar mAbs and FPs have been proven to have 
comparable safety and efficacy profiles to their references in 
all licensed therapeutic indications [49–63]. The estimated 
global exposure to biosimilar anti–tumor necrosis factor 
(TNF)α inhibitors until 2020 was 1,286,578 patient treat-
ment years [27]. Extrapolation of safety and efficacy from 
one therapeutic indication to another/others and immuno-
genicity were presented as potential problems of biosimilar 
mAbs [29]. However, theoretical considerations suggest, and 
clinical data confirm, the therapeutic equivalence of biosimi-
lar mAbs and their RBPs [27, 64, 65].

Biosimilar anti-cancer monoclonal antibodies In the EU, 
the first biosimilar was licensed in 2017 for rituximab, 2018 
for bevacizumab, and 2017 for trastuzumab. Thus, the post-
marketing follow-up is generally rather short, and difficult 
because of the underlying malignant diseases and concomi-
tant chemotherapy. Nevertheless, data from clinical stud-
ies and post-marketing surveillance do not raise concerns 
[27]. Long-term safety data of biosimilar bevacizumabs 
and rituximabs are scarce. Nevertheless, the available post-
marketing follow-up studies confirm comparable safety and 
immunogenicity established in pre-marketing clinical studies 
[66–69]. The exposure to biosimilar trastuzumabs is already 
considerable, and long-term safety, immunogenicity, and 
efficacy studies have raised no concerns [70–72].

3.2.3 � Conclusions on Long‑Term Safety Data

Long-term safety and immunogenicity data were available 
for most biosimilar products. For certain products, long-
term data were scarce or absent because of recent approval 
or small sales volumes. It is estimated that the cumulative 
exposure to EU-approved biosimilars was more than 2 bil-
lion patient treatment days in 2020 [73]. In the EU, no bio-
similar products have been withdrawn from the market for 

safety reasons and no biosimilar-specific adverse effects 
have been added to the product information [27, 74].

The analysis of scientific reports on long-term safety 
substantiates the data at the time of licensing. Thus, the 
uncertainty that prevailed among prescribers and learned 
societies at the time of licensing has vanished or at least 
greatly diminished for most biosimilar products. The current 
data on long-term safety validate the current concept of bio-
similar development and create a foundation for analyzing 
redundancies, especially the need for large “confirmatory” 
efficacy and safety studies.

3.3 � Step 3: Possibilities for Reducing Clinical Data 
Requirements

There are reports arguing that the development concept of 
biosimilars in the current regulatory guidelines, including 
the WHO main guidelines, may not correspond to the cur-
rent scientific evidence and clinical experience. The need 
for confirmatory efficacy and safety studies is questioned 
based on the assumption that analytical assessments alone 
or in combination with human PK/PD studies can demon-
strate comparable efficacy and safety. Even large molecules 
can be thoroughly analyzed by state-of-the art analytical and 
in vitro functional testing [75–78].

3.3.1 � The Roles of Different Development Phases

The goal of biosimilar development is to establish a man-
ufacturing process that produces a highly similar product 
when compared to the RBP. State-of-the art analytical 
orthogonal methods must be applied to detect all relevant 
differences between the active substances of biosimilars and 
their RBPs.

Comparative in vitro functional testing will confirm the 
similarity of the higher order structures and function of 
active substances. PK studies prove the similar exposure 
from the final (formulated) product and provide informa-
tion on safety and immunogenicity. These are the essential 
elements of a biosimilar development, whereas the phase 
III-type efficacy and safety studies are regarded as “con-
firmatory” [25, 79, 80].

3.3.2 � Reduction of Confirmatory Efficacy and Safety Data

The 2009 WHO guidelines already offer the possibility to 
waive the phase III-type safety and efficacy study in situa-
tions where suitable PD markers are available. In the EU, 
several types of biosimilars have been approved on the basis 
of pivotal PD studies, and further reduction of the burden of 
clinical data is anticipated [25]. Three publications have per-
formed a retrospective analysis of the role of confirmatory 
efficacy and safety studies in regulatory decision-making.
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Webster et al. [24] analyzed data on biosimilars sub-
mitted in the EU, US, Canada, and Australia from 2006 to 
March 2019 and concluded that no submissions that were 
rejected or withdrawn were concluded to be comparable at 
the analytical level and bioequivalent in PK studies and that 
no products shown to be comparable in analytical testing 
and PK studies had failed in the confirmatory efficacy and 
safety study.

Schiestl et al. [81] conducted a retrospective review of 
publicly available assessment reports of EMA and the US 
FDA from 2006 to November 2019 to clarify the role of 
clinical trials in biosimilar development. They pointed out 
that several biosimilars were approved without large safety 
and efficacy studies. Instead, PD-markers were used as sur-
rogates of efficacy. They emphasize the role of PK stud-
ies. Interestingly, several PK trials initially failed to show 
comparable kinetics because of inadequate stratification and 
small sample size. However, subsequent PK studies dem-
onstrated the comparable PK, an observation also made by 
other authors and leading to the conclusion that the success-
ful and robust PK trial is a necessary condition for approval 
of a biosimilar [25].

Out of 42 development programs, 38 included a confirma-
tory phase III-type study with clinical endpoints. Three out 
of these studies failed to meet the predefined equivalence 
criteria. However, the three products were approved after 
results of post-hoc analyses and when the totality of the evi-
dence from the complete comparability exercise had been 
considered. In two programs, the applicant had to perform 
additional studies to reach regulatory approval. In all cases 
of (initially) failed phase III studies, the underlying root 
cause was established.

The authors point out that the development programs have 
given valuable lessons of the structure–function relationship 
that will help to avoid similar problems in the future. Three 
products were rejected. In two cases, the comparability could 
not be established at the analytical and clinical level, and in 
the third case, comparative PK could not be established.

The conclusion was that in all but two cases, comparative 
phase III-type efficacy and safety studies did not change the 
outcome of the regulatory decision. In these two cases, the 
problem was increased immunogenicity caused by impu-
rities, excess host cell contaminants, and leachables. Such 
problems are currently under careful scrutiny by develop-
ers and regulators and are unlikely to occur in the future. 
The authors conclude that phase III-type efficacy and safety 
studies contributed to the decision-making only by revealing 
increased immunogenicity.

Bielsky et al. [82] reviewed European Public Assessment 
Reports of 20 different complex biosimilar products related 
to six active substances [five mAbs (infliximab, rituximab, 
adalimumab, bevacizumab, and trastuzumab) and an FC 

(etanercept)] for possible differences in analytical tests, PK 
studies, and efficacy and safety studies.

Analysis of chemical and post-translational differences 
revealed minor differences that were considered to have no 
impact on safety, immunogenicity, or efficacy. These data 
will be useful in the interpretation of the analytical tests of 
future applications.

Two biosimilar candidates had major manufacturing and 
analytical comparability problems and were not approved 
even though, in both cases, the efficacy trials met their pri-
mary and secondary endpoints. This case demonstrates that 
a clinical phase III-type efficacy and safety study is less 
sensitive and discriminatory than state-of-the-art analytical 
testing.

In three cases, the first PK study failed to demonstrate 
comparable PK. Analysis of PK studies revealed problems 
in randomization and underestimation of inter-subject vari-
ability and sample size analysis. Avoiding those problems in 
additional PK studies led to demonstration of comparability.

The retrospective analyses found some difference in either 
immunogenicity, secondary efficacy endpoints, or in a sub-
group analysis of efficacy. The problems were solved by 
clarifications and additional data or analyses.

The authors also reviewed data of previously withdrawn 
or rejected applications and found that efficacy and safety 
studies were never the only reason for failure to reach 
approval.

They conclude that the confirmatory efficacy and safety 
studies have not contributed to the benefit–risk assessment. 
Therefore, these costly and time-consuming studies should 
only be required in special circumstances, such as unknown 
main mode of action of the RBP or where there are dif-
ficulties in predicting the impact of observed analytical 
differences. The risk of known but unpredictable serious 
adverse effects is an additional reason for asking for addi-
tional safety data. Finally, the authors stress the importance 
of a risk-management plan for pharmacovigilance, enabling 
traceability and post-marketing studies. The Medicines and 
Healthcare products Regulatory Agency (MHRA) guideline 
for development of biosimilars is based on this reasoning 
[83].

The conclusions of the abovementioned studies are sup-
ported by Webster et al. [84]. They also point out that com-
parability exercises in biosimilar development and after a 
manufacturing change of a given product are based on the 
same principles. Thus, the data on manufacturing changes 
over 3 decades support the safety of biosimilars.
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4 � Conclusions

•	 Biosimilars developed according to WHO and similar 
guidelines issued by other bodies are therapeutic equiva-
lents to their RBPs. However, in view of the advancement 
in the analytical sciences and the experience gained, 
the development scheme of biosimilars is increasingly 
criticized for demanding unnecessary clinical studies. 
Therefore, the ECBS of the WHO asked for an analysis 
of possibilities to add flexibility according to the type of 
product and, thus, reduce the requirements for clinical 
data.

•	 It should be noted that the aim of a biosimilar develop-
ment program is to establish the similarity of a candidate 
biosimilar to the RBP. It is not conducted to indepen-
dently establish the safety and efficacy of a candidate 
biosimilar.

•	 The analysis of guidelines from several jurisdictions 
revealed possibilities for clarifications and for a reduction 
of the regulatory burden. In fact, the present guidelines 
include flexibility that is not often utilized because of 
the rigid regulatory approach. The possibility of using 
PD markers as surrogates of clinical endpoints is already 
mentioned in the current WHO guideline. The use of bio-
markers reflecting the mechanism of action of the active 
substance should always be considered.

•	 Additional flexibility may be introduced by re-estimating 
the “residual uncertainty” after completing analytical, 
in vitro functional testing, and clinical PK/PD studies.

•	 Reduction of the clinical data requirements can be built 
on current overall regulatory principles but requires a 
new perspective on the role of “confirmatory” clinical 
efficacy and safety studies.

•	 Three research groups analyzed the contribution of effi-
cacy and safety studies to the benefit–risk assessment 
of biosimilars by comparing the outcomes of analytical, 
in vitro functional, and PK/PD studies to the outcome 
of confirmatory efficacy and safety studies. The results 
question the added value of phase III-type efficacy and 
safety studies on top of analytical, in vitro functional, and 
clinical PK studies.

•	 However, the results do not definitely prove that the con-
firmatory safety and efficacy studies are useless. There 
were two cases, where increased immunogenicity was 
observed during the confirmatory efficacy and safety 
study. However, in the first case, unacceptable high lev-
els of host cell impurities were already observable at the 
analytical level. The second case concerned epoetin α, a 
product with a high immunogenic risk, for which immu-
nogenicity data will likely be necessary also in the future. 
In addition, the regulatory evaluation of biosimilars is an 
interactive process where regulators and manufacturers, 

on one hand, and assessors of quality, safety, and efficacy, 
on the other hand, discuss the “totality of the evidence.” 
Therefore, it is possible that the results of confirmatory 
efficacy and safety studies have contributed to the ben-
efit–risk discussion by alleviating concerns of observed 
analytical or functional differences. We recommend that 
manufacturers consult relevant regulatory agencies when 
considering development plans without a confirmatory 
efficacy and safety study.

•	 Nevertheless, regulators’ risk aversion should not sup-
press the development of important medicines [85]. 
Adequately powered PK and/or PD trials will provide 
sufficient clinical safety and immunogenicity data in 
most cases. Thus, the need for confirmatory efficacy and 
safety studies should be evaluated on a case-by-case basis 
according to criteria in the revised guideline.

•	 Reduction of clinical efficacy and safety data require-
ments will increase the relative emphasis on physico-
chemical, structural, and in vitro functional data. The 
manufacturers need to use state-of-the-art analytical 
methods and in vitro functional tests and robustly apply 
these for assessing similarity. Likewise, regulators need 
to have the competence to critically evaluate such data. 
PK/PD studies need to be robust in order to support the 
reduction of confirmatory efficacy and safety trials. A 
functional pharmacovigilance system is also a corner-
stone of the safe reduction of pre-marketing require-
ments.

5 � The Way Forward

It is proposed that the revision of the WHO guidelines will 
include the following main issues:

•	 Additional clarity in the quality section is needed, includ-
ing analytical characterization of a biosimilar and its 
RBP, risk assessment of quality attributes, the use of sen-
sitive orthogonal analytical methods in characterization 
studies, and the establishment of comparability ranges for 
quality attributes and the use of the ranges in the similar-
ity exercise.

•	 Introduction of a stepwise progression of non-clinical 
studies that reduces or obviates the need for in vivo non-
clinical tests, but will allow animal tests in exceptional 
cases. Nevertheless, the risk of unexpected adverse 
effects, different from those already known, from the 
RBP is negligible after demonstration of analytical and 
functional comparability. In addition, the current stand-
ard in vivo toxicological tests are not suitable for detect-
ing potential small differences between a biosimilar and 
its RBP.
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•	 The use of a foreign RBP instead of a domestic product 
should be clarified for the two scenarios:

–	 A suitable RBP is not licensed locally. In this case, 
the NRA may accept an RBP that has been licensed 
in another jurisdiction provided that:

The foreign RBP is licensed and marketed in a 
jurisdiction that has a well-established regula-
tory framework and considerable experience in 
the evaluation of biotherapeutic products devel-
oped according to WHO and similar guidelines, 
as well as an adequate post-marketing surveillance 
system.
The RBP has been marketed for a suitable dura-
tion and has a volume of marketed use such that 
the demonstration of similarity to it makes it pos-
sible to refer to substantial efficacy and safety 
data. However, this requirement should be used 
in a flexible way, e.g., in the case of orphan medi-
cines.
The manufacturer will demonstrate that the cho-
sen foreign RBP is suitable to support the applica-
tion for marketing authorization of an SBP.

–	 RBP is licensed locally but sourced from another 
jurisdiction.

If required by the legislation in place, the compa-
rability of the local and foreign-sourced versions 
of the product should be demonstrated by analyti-
cal “bridging” studies and, where needed, comple-
mented by additional PK/PD data.

•	 Reduction of confirmatory efficacy and safety studies.

The need to conduct “confirmatory” efficacy and safety 
studies should not be a common requirement. The revision 
should include criteria for situations where data generated 
in a confirmatory efficacy and safety study are needed, e.g., 
a lack of in vitro test for relevant function(s). It may also be 
prudent not to waive the efficacy and safety study when the 
RBP has common or unpredictable serious adverse effects 
that cannot be merely explained by exaggerated pharmaco-
logical action.
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