
Vol.:(0123456789)

BioDrugs (2023) 37:583–593 
https://doi.org/10.1007/s40259-023-00619-0

CURRENT OPINION

Future Evolution of Biosimilar Development by Application of Current 
Science and Available Evidence: The Developer’s Perspective

Hillel P. Cohen1   · Matthew Turner2   · Dorothy McCabe3   · Gillian R. Woollett4 

Accepted: 24 July 2023 / Published online: 5 August 2023 
© The Author(s) 2023

Abstract
Biosimilars have been available in the USA for over a decade, and in Europe for almost two decades. In that time, biosimilars 
have become established in the treatment landscape for a wide range of diseases, facilitating patient access and affordability of 
healthcare. However, patients can still struggle to access biological therapies in some markets. There is a need to streamline 
the process of developing biosimilars without compromising their quality, safety, or efficacy. This opinion piece considers 
the efficiencies that could be achieved within the biosimilar approval process. In clinical trials for biosimilars, clinical effi-
cacy endpoints have been shown to be less sensitive measures of biosimilarity than biochemical, biophysical, and biological 
functional assays. Additional clinical efficacy studies comparing potential biosimilars and reference products do not add 
information that is useful for regulatory purposes. Large clinical studies of biosimilars with immunogenicity endpoints are 
of limited value, given the quality control processes in place for all biologics, including biosimilars. The expectation for 
multiple-switch studies for US interchangeability designation should be reconsidered immediately, and the category should 
be eliminated in the future. As biosimilars are typically approved globally based on a single set of clinical trials, and all 
subsequent manufacturing changes are already carefully monitored by regulatory authorities, comparative pharmacokinetic 
testing of EU and US reference products is unnecessary. Manufacturers and regulators could take greater advantage of exist-
ing real-world evidence. Streamlining biosimilar development would enable biosimilar development of more and a wider 
variety of biological drugs, accelerating biosimilar development without impacting patient safety or effectiveness.

1 � Introduction to Biosimilar Development 
and Use

Biosimilars are subsequent versions of originator biologi-
cal drugs (“biologics”) that are highly similar to their refer-
ence product, and provide patients with products of the same 
quality, safety, and efficacy. The use of biosimilars in Europe 
began in 2006 [1], and the USA followed in 2015 [2]. Bio-
similars are now improving patient access to life-changing 
and life-saving biologics for a wide range of disease areas 
around the world [3–5].

When the regulatory pathway for biosimilars was created 
in the mid-2000s, the analytical requirements reflected the 
science in routine use at that time. This included methods 
applied to originator biologics both at their initial approval 
and to support manufacturing process changes to those prod-
ucts after approval [6]. As implemented in practice, the regu-
latory approach to biosimilars also reflected the regulatory 
caution attributable to the uncertainty of implementing a 
new concept for the development and review of biological 
drugs. The biosimilar development paradigm proposed was 
for a stepwise approach, often visualized as a pyramid, based 
on analytical characterization, and proceeding upwards to 
animal testing, clinical pharmacology [pharmacokinetics 
(PK) and/or pharmacodynamic (PD) studies] with clinical 
efficacy trials as the pinnacle. In the two decades since the 
pathway was initially implemented, substantial experience 
has been accrued by biosimilar sponsors and regulators as to 
how biosimilars are developed in practice [7, 8].

When compared with what is known about the refer-
ence biologics, no unusual or unexpected adverse events 
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Key Points 

Based on current science and experience gained with 
biosimilars, it is appropriate and timely to streamline 
biosimilar development. Such streamlining will acceler-
ate development of biosimilars and will enable biosimi-
lar development of more and a wider variety of biologi-
cal drugs.

Comparative efficacy studies, along with clinical phar-
macokinetic studies that compare US and EU reference 
products, do not provide meaningful information that is 
useful for regulatory decision-making and should not be 
required.

Immunogenicity concerns were raised at the inception 
of the biosimilar industry and have since been shown to 
be without foundation. If any immunogenicity studies 
are conducted, they should apply a risk-based approach 
tailored to each molecule.

The US designation of interchangeability for biosimilars 
is not needed, causes confusion, and should be modified 
immediately and eliminated in the future.

Science-based regulatory consistency will ensure high 
global standards for all biosimilars.

(including both immunogenicity and loss of effectiveness) 
have been seen with biosimilars in the highly regulated mar-
kets where pharmacovigilance systems are robust and such 
events would be captured [9–11].

The potential for increased or different immunogenicity 
was one of the foremost concerns when the biosimilar devel-
opment pathway was first developed. This in turn led to the 
US Food and Drug Administration (FDA) to recommend 
performing a multiple-switch study to obtain the additional, 
optional, US legal designation of “interchangeable biologic” 
for a given biosimilar [12, 13]. While immunogenicity data 
should always be collected for both biosimilars and novel 
biologics, to date, the immunogenicity levels elicited by 
biosimilars approved by the FDA and European Medicines 
Agency (EMA) have reliably matched the immunogenic-
ity of their reference products [9–11, 14–16]. This evidence 
allows the conclusion that potential immunogenicity issues 
are less of a concern than initially conjectured.

There are opportunities to revise the current biosimilar 
development paradigm to make future biosimilar develop-
ment more efficient by applying current science as well as 
experience already obtained with the development and mar-
keting of biosimilars to date.

2 � Biosimilars Facilitate Patient Access 
and Affordability, but They Must Be 
Commercially Viable

The availability of biosimilars has led to increased patient 
access and a lowering of healthcare costs. Even so, many 
patients who could benefit from biologics struggle to get 
timely and affordable access. This applies within the devel-
oped markets of Europe and the US, and in many countries 
elsewhere access is even more limited [5, 17].

While expected to be less expensive and quicker to 
develop than a wholly new originator medicine, whether a 
chemical or biological drug, the development of biosimilars 
is still expensive and can cost as much as US$300 million 
and take up to 9 years to develop per biosimilar [18]. The 
most significant development costs are comparative clini-
cal trials [18, 19], which require purchase of the reference 
biologic and enrollment of sufficient numbers of patients to 
meet designated endpoints. The cost and time required are 
increasingly constraining the ability of sponsors to develop 
and launch biosimilars to many originator biologics. Effi-
ciencies in the process are sought that reflect the experience 
gained by all stakeholders in the past two decades of bio-
similar development. The shared goals in healthcare remain 
the same, namely greater access and affordability worldwide 
through competition with no compromise in quality, safety, 
or efficacy.

It has been predicted that approximately half of biologi-
cal drugs coming off patent in the next decade may have no 
biosimilar competitors [20, 21]. This may be due, in part, 
because their market size is too small to warrant the cost 
of biosimilar development under the current development 
paradigm.

The opportunity to streamline biosimilar development 
has been recognized by multiple stakeholders [14–16, 22, 
23]. Concurrently, demands for access to biologics at more 
affordable prices are likely to increase in all regions, both 
developed and emerging [5, 17, 18]. Viable competition in 
all regions can only occur and be sustainable if biosimilars 
can be developed and manufactured more efficiently.

3 � Activities Are Already Underway in the US 
to Enhance the Efficiency of Biosimilar 
Development

Recognizing the need for more efficient biosimilar develop-
ment, the reauthorization of the US Biosimilars User Fee 
Act in 2022 included a Regulatory Science Pilot Program 
to be paid for by biosimilar developers and administered by 
the FDA [24]. This acknowledges the value of using regula-
tory science to progress and support biosimilar development.
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The US FDA has released a Research Roadmap of pro-
jects that the FDA believes may be helpful to advance bio-
similar development [24]. While advancement of the science 
supporting biosimilars will continue to be a laudable goal, 
we can already take risk-based steps to streamline biosimilar 
development without waiting multiple years for such studies 
to be proposed, initiated, and completed.

4 � The Single Biggest and Most Immediate 
Opportunity for Greater Efficiency 
is to Reassess What is Learned 
from the Comparative Efficacy Trial

The initial regulatory guidances for the development of bio-
similars in the USA and the EU used the stepwise approach 
with the final confirmatory stage of the biosimilarity exer-
cise being a head-to-head clinical efficacy comparison of 
the proposed biosimilar and its reference product in a single 
sensitive patient population [7, 8]. Such comparative effi-
cacy studies are commonly modeled on the historic phase 
3 trial designs deployed for approval of new drug entities. 
For several biosimilars, head-to-head efficacy comparisons 
were larger than the originator phase 3 efficacy studies, espe-
cially for oncology drugs [19, 25]. There was a presumption 
at that time that such studies would be informative, rather 
than predictable and solely confirmatory, based upon already 
completed prior sound analytics and the much more sensi-
tive comparative PK study that is also required.

In the USA, the law allows the FDA to waive any studies 
the Agency believes to be unnecessary, and the FDA’s guid-
ance expresses flexibility too. Indeed, the FDA has often 
stated that biosimilar clinical studies are not intended to 
re-establish the safety, purity, and potency of the biosimi-
lar but are instead designed to confirm comparable clinical 
outcomes to the reference biologic in situations where there 
is residual uncertainty [8]. However, in the absence of regu-
latory certainty that such studies are not needed, many spon-
sors feel that it is pragmatically necessary to propose such 
studies when they consider the development of any given 
biosimilar. Waivers for clinical efficacy studies in patients 
have been granted to some of the less complex biosimilars 
(e.g., filgrastim, pegfilgrastim, insulin) [26–30] but not to the 
more complex biosimilars, including monoclonal antibod-
ies, even where analytical comparability and PK have been 
demonstrated.

It is known that clinical efficacy endpoints are less sensi-
tive measures of biosimilarity than biophysical, biochemi-
cal, and functional bioassays [14, 22, 23]. Clinical efficacy 
studies need to be of sufficient size and duration to detect 
meaningful differences if such differences exist [7, 8]. There 
is now extensive published data from European Assess-
ment Reports for EU-approved biosimilars, as well as FDA 

review summaries of US-licensed biosimilars, confirming 
that comparative efficacy studies do not provide decisive 
pivotal biosimilarity data. A review from 2019 revealed that 
no biosimilar found to be highly similar to their reference 
product in analytical and PK studies subsequently failed to 
obtain approval due to failed equivalence observed in a clini-
cal efficacy study [16]. Reviews of approved biosimilars in 
the EU and USA revealed the comparative efficacy studies 
always confirmed the efficacy of the biosimilar candidate, 
such that the comparative efficacy studies provided no new 
information of actionable value in the approval process [14, 
31]. Consequently, such studies lack validity because no 
human clinical studies should be undertaken unless mean-
ingful new information can be obtained. This experience can 
be translated into revised regulatory practice.

Recently, a group of regulatory assessors from EU health 
authorities evaluated the similarity data of seven adali-
mumab and five bevacizumab biosimilars [23]. They found 
that although minor differences were often observed in qual-
ity attributes, all differences found in quality attributes were 
justified by quality data alone or by a combination of quality 
and clinical PK data, the latter including a comparison of 
safety and immunogenicity. In no instances were data from 
the comparative clinical study needed to justify differences 
observed in quality attributes [23].

Overall, experience to date suggests that a more targeted 
approach to the inclusion of clinical efficacy studies in bio-
similar approval applications is needed. Indeed, regulators 
with extensive biosimilar experience have recommended 
reducing some routine requirements for comparative clini-
cal efficacy studies [22, 23].

It is possible that, in the future, biosimilars may be devel-
oped to reference products that are challenging to character-
ize analytically or for which PK studies may not yield useful 
information. Under such circumstances, there might be a 
degree of residual uncertainty that is best addressed through 
a comparative efficacy study. But such scenarios are at pre-
sent purely hypothetical and have not yet been encountered. 
Indeed, as analytical science advances, the possibility of 
encountering such biological molecules becomes increas-
ingly remote.

In their revised guidance on the licensing of biosimilar 
products, implemented in 2021, the UK health authority 
(Medicines and Healthcare products Regulatory Agency) 
acknowledges that “each biosimilar development needs to 
be evaluated on a case-by-case basis,” but explicitly pro-
poses that, “in most cases, a comparative efficacy trial may 
not be necessary if sound scientific rationale supports this 
approach” [32]. Similarly, the 2022 World Health Organi-
zation (WHO) Guidelines on evaluation of biosimilars also 
support flexibility, stating that while “clinical data are gen-
erally required for any biosimilar,” the type and amount of 
clinical data required will vary based on the availability of 
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other relevant data [33]. The WHO also notes that “a case-
by-case approach will be needed for each class of products,” 
but also states that “an adequately powered comparative 
efficacy and safety trial will not be necessary if sufficient 
evidence of biosimilarity can be drawn from other parts of 
the comparability exercise… The current data suggest that 
more-complex products such as mAbs [monoclonal antibod-
ies] can be sufficiently characterized by available suitable 
analytical methods, plus the structure–function relationships 
are well known and can be studied by sensitive orthogonal 
functional assays.”

As of June 2023, the FDA and the EMA have approved 
multiple biosimilars without a clinical efficacy study when an 
established PD biomarker was available. This included several 
biosimilars for filgrastim, pegfilgrastim, and insulin [26–30]. 
Use of PD biomarkers has been proposed instead of compara-
tive efficacy studies with conventional efficacy endpoints [34, 
35]. While undoubtedly informative, this is only feasible for 
biosimilars if appropriate PD biomarkers are already avail-
able for their originator reference products. Such PD mark-
ers are rare and only exist for a limited number of biological 
products. The effort to find and validate a PD biomarker is 
an exploratory and lengthy endeavor with a high likelihood 
of failure. Even if successful, the PD biomarker may provide 
a high variability in responses that would necessitate a large 
patient sample size. As a result, development of a new PD 
biomarker will not comport with the timelines necessary for 
biosimilar development. As such, even when a PD biomarker 
already has been established with the reference biologic, PD 
biomarker studies are not expected to contribute to greater 
efficiencies in biosimilar development [34–36].

Given the collective experience of all stakeholders, it is 
time to rethink the routine expectation for a comparative 
efficacy study when developing a biosimilar. While conduct-
ing comparative efficacy studies may provide reassurance to 
healthcare professionals (HCPs) and others unfamiliar with 
the concepts of biosimilarity, conducting additional and 
unnecessary clinical studies delays biosimilar development 
and increases development costs, both of which will inevi-
tably have a negative impact on patient access. Separating 
studies for regulatory decision-making purposes from those 
for stakeholder education is essential.

5 � Immunogenicity Assessments 
Should follow a Risk‑Based Approach 
because Immunogenicity of Biologics, 
including Biosimilars, is Well Evaluated 
and Controlled

The primary sources of potential immunogenicity are 
already well controlled at the quality level for biosimilars 
developed to the standards of stringent health authorities 

and switching studies have provided no new direct immu-
nogenicity information [9–11, 22, 23].

The amino acid sequence of a protein is the main deter-
minant for immunogenicity of a therapeutic protein. A 
biosimilar must have the identical amino acid sequence 
as its reference product [7, 8], and so the linear peptide 
epitopes presented to T cells of the immune system will 
be the same, inevitably leading to identical T-cell-mediated 
immunogenicity of biosimilars and their respective refer-
ence products. The primary sources of potential non-T-cell 
immunogenicity differences are posttranslational modifica-
tions and process impurities [37]. Experimental studies have 
confirmed these expectations [38, 39].

Process impurities can include aggregates, degradants, 
misfolded proteins, host-cell proteins, and nonhuman gly-
cans. These need to be kept at sufficiently low levels, typi-
cally not higher than in the reference product, to further 
ensure comparable immunogenicity. An orthogonal battery 
of analytical tests is employed to monitor levels of process 
impurities in biosimilars [40, 41]. It is permissible to have 
lower impurity levels in biosimilars compared with their ref-
erence products when these lower levels are not clinically 
relevant [42, 43].

This pivotal quality data package is complemented by a 
comparative clinical PK study (or if a biomarker is avail-
able, a comparative PD study may be provided), typically 
in healthy volunteers, where in addition to an evaluation of 
PK per se, a decrease in circulating levels of a biosimilar 
is also viewed as a sensitive surrogate to detect antidrug 
antibody formation. These data provide additional evidence 
for comparable immunogenicity. Direct comparisons of the 
immunogenicity of the biosimilar and reference product are 
also conducted within the PK study, although the number 
of subjects in the study is commonly too low to detect rare 
immunogenic events [7, 8].

Considering the totality of evidence supporting biosimi-
lars, European regulators, in their personal capacity, con-
cluded that “because of the high similarity, there is no reason 
to believe that the body’s immune system would react dif-
ferently to the biosimilar compared with the original bio-
logical upon a switch. This view is supported by the current 
experience with biosimilars on the market and by literature 
data.” [9, 44]

Historically, many antidrug–antibody assays were unreli-
able and underestimated the immunogenicity of therapeu-
tic proteins, whereas current state-of-the-art assays have 
revealed that there is almost always an immune reaction/
recognition after administration of a new therapeutic protein, 
which may or may not be clinically relevant. As a result, 
it is not unusual for biosimilar developers to detect higher 
levels of immunogenicity with both the reference biologic 
and biosimilar than have been reported previously with the 
reference biologic. However, the difference in absolute levels 
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of immunogenicity across studies is not of concern because 
it does not distinguish between the biosimilar and its refer-
ence product but instead applies equally to both. US product 
labeling always has a disclaimer that antidrug antibody lev-
els should not be compared across studies.

Historical data that have been obtained over the past two 
decades with biosimilars shows that there are no unusual or 
unexpected immunogenicity concerns in practice. Nearly 5 
billion patient-days of experience with biosimilars have been 
accrued to date across the EU and USA [45, 46], regions 
with strong pharmacovigilance systems that include EudraV-
igilance in the EU and the US Sentinel system [47, 48]. In 
the real-world setting encountered post-approval, multiple 
switches between reference product and biosimilars have 
already occurred, especially in countries or healthcare net-
works where patients are switched based on which product 
has won the most recent tender [7, 10, 11, 49]. Evidence 
supporting the safety and effectiveness of biosimilar-to-
biosimilar switching has also begun to accrue [50–53]. 
No differences in efficacy or safety have been detected in 
any biosimilars marketed in these regions compared with 
the reference product. Based on these observations, the 
EMA and Heads of Medicines Agencies (Europe) issued 
joint statement in 2022 supporting the safety, efficacy, and 
immunogenicity of both single and multiple switches among 
reference products and biosimilars [54], and in 2023, the 
FDA provided similar support in a presentation provided 
to HCPs [55].

The few observations of greater immunogenicity with 
marketed follow-on biologics were observed with products 
that were approved in the late 2000s in developing markets 
and that were not developed to the biosimilarity stand-
ards of the EMA, FDA, WHO, and other advanced health 
authorities [17, 56]. Such products, whether developed in the 
past or in the present for markets with less stringent health 
authorities, should not be considered to be biosimilars, even 
though they may have been referred to by some using that 
term [57–60]. There are various other terms used in the lit-
erature to more accurately describe these products, includ-
ing “non-comparable biotherapeutics,” “intended copies,” 
“non-innovator biologics,” and “non-regulated copies.” This 
supports the contention that biosimilars developed to the 
current high scientific standards are no more immunogenic 
than their reference products, and there is no evidence that 
switching multiple times changes the clinical response or 
has an impact on safety.

There may be exceptional circumstances in which addi-
tional clinical immunogenicity data on a product-by-product 
basis are useful for regulatory decision-making and where 
uncertainties cannot be resolved before approval without 
patient exposure. In those circumstances, particular con-
sideration of immunogenicity may be meaningful when the 
reference product is known to be highly immunogenic and 

there is an incomplete understanding of the contributing fac-
tors [7, 8]. But the specific rationale needs to be identified 
for such studies before they are conducted.

Both the EMA and FDA require an integrated summary 
of immunogenicity as part of a marketing authorization 
application. This summary provides details about what 
is known about the quality attributes of the molecule that 
might contribute to immunogenicity, as well as historical 
immunogenicity data obtained over time with the reference 
product, and immunogenicity data obtained with both the 
reference product and proposed biosimilar during biosimilar 
development. This integrated approach may improve the risk 
analysis of immunogenicity and helps diminish unnecessary 
and unwarranted concerns about immunogenicity.

More is known about the immunogenicity of biosimilars 
at the time of regulatory submission than was known about 
originators at the time of their approval [61]. We have seen 
an evolution of science and knowledge about immunogenic-
ity, especially as we have moved from a hypothetical con-
cern to a situation where large amounts of immunogenicity 
data are available. We suggest that immunogenicity analysis 
for biosimilars be moved to a risk-based consideration as 
opposed to a global and routine requirement.

6 � The Unique US Designation 
of “Interchangeable Biologic” Should be 
Reconsidered

When the biosimilar pathway was first developed in the 
USA, hypothetical concerns were raised by some about a 
potential increase in immunogenicity if the reference prod-
uct and biosimilar were switched back and forth multiple 
times. As a result of this purely hypothetical concern, the 
Biologics Price Competition and Innovation Act of 2009 
that established the US biosimilar pathway when it was 
signed into law in 2010 incorporated a unique designation 
of interchangeability that is distinct from biosimilarity [62]. 
The FDA subsequently developed a guidance recommend-
ing a multiple switch study to obtain the US designation of 
interchangeability [12]. Such a designation allows product 
substitution at a retail or specialty pharmacy by the pharma-
cist without first obtaining permission from the original pre-
scriber (subject to state law) [12]. Nonetheless, a physician 
can preclude substitution on any prescription by prescribing 
by name and explicitly requesting that no substitution be 
made.

However, as discussed above, there has been no evidence 
from randomized clinical studies, observational studies, 
or pharmacovigilance for any biosimilar developed to the 
standards of the EMA or FDA that biosimilars elicit differ-
ent immunological responses, either in quality or of a higher 
magnitude, compared with their reference products.
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Given the tight controls already in place on immuno-
genicity and experience accrued to date, we believe that a 
multiple-switch study to obtain the unique legal designation 
of US interchangeability is not warranted [13], and indeed 
has already been waived by FDA when justified (e.g., insu-
lin glargine and ranibizumab biosimilar products) [63, 64]. 
Indeed, based on the knowledge and experience already 
obtained, it is now possible to eliminate multiple-switch PK 
studies currently required for the separate US category of 
interchangeability without impacting patient safety or effi-
cacy. As a scientific matter, we support immediate recon-
sideration of the requirements for US interchangeability and 
future elimination of this category. All biosimilars are, by 
definition, of the same quality as interchangeable biologics, 
and in practical terms, all biosimilars are interchangeable for 
the purposes of physician prescribing practices. Nonetheless, 
confusion continues, and misinformation remains a barrier 
to acceptance and utilization of all biosimilars, whether or 
not they have a US interchangeability designation [65].

7 � There is Minimal Value in Comparative 
Pharmacokinetic Testing Between US 
and EU Reference Biologics

Most countries’ biosimilar development regulations specify 
that the reference product be the locally licensed product. 
On the face of it, this appears reasonable given that this is 
the biological product with which the local regulators have 
experience. However, the originator reference product is often 
approved globally based on a single development program 
with a single set of clinical studies [66]. All subsequent manu-
facturing process changes are always bridged by the sponsor 
of the originator reference product to this initial dataset [6, 
43]. Consequently, by definition, the foreign-sourced reference 
product is already known to be the same as the locally sourced 
reference such that no additional studies are necessary. This is 
readily evident for EU- and US-sourced products, where the 
EMA and FDA websites carry information on the pivotal clini-
cal trials submitted to each jurisdiction and upon which both 
the originator products and subsequent biosimilars depend [67, 
68]. Furthermore, the EMA website contains an assessment 
of manufacturing process changes introduced for the refer-
ence products approved via the centralized procedure, which 
includes all biological drugs [67]. To repeat bridging studies 
between foreign and locally sourced reference products for 
each subsequent jurisdiction offers no new scientific or clini-
cal information. Such studies significantly inflate the cost and 
delay biosimilar development and make some markets unvi-
able, limiting patient access in those regions, and so should 
be eliminated.

The FDA is willing to accept the use of non-US licensed 
comparator products, but stated in their latest Q&A guidance 

that, “as a scientific matter, the type of bridging data needed 
will always include data from analytical studies (e.g., structural 
and functional data) that directly compare all three products 
(i.e., the proposed biosimilar product, the US-licensed refer-
ence product, and the non-U.S.-licensed comparator product), 
and is likely to also include bridging clinical PK data or, when 
appropriate, PD data, for all three products” [69]. As explained 
above, comparative PK or PD studies of a reference product 
purchased in different jurisdictions do not provide new sci-
entific information and the value of comparative analytical 
studies is also questionable. As a result, we strongly suggest 
that these bridging studies should not be routinely required, 
and any exceptions should have a specific identified rationale.

8 � Good Manufacturing Control is Essential 
for all Biologics and Prevents “Drift”

The specter of gradual but ultimately significant and clini-
cally meaningful differences in critical quality attributes, 
commonly referred to as “drift,” has been raised by some 
as rationale for requiring especially stringent pharma-
covigilance of biosimilars or even for periodic reassess-
ment of biosimilarity [70, 71]. As acknowledged in FDA 
guidance, after approval, both originator biologics and 
biosimilars have separate life cycles [8], with manufac-
turing process changes for both subject to International 
Council for Harmonization of Technical Requirements 
for Pharmaceuticals for Human Use (ICH) Q5E, Compa-
rability of Biotechnological/Biological Products Subject 
to Changes in Their Manufacturing Process guidance [6]. 
This consistency in the application of regulatory science to 
all biologics independent of business models is important 
and entirely appropriate [15].

In-process controls are a critical part of current Good 
Manufacturing Practice (cGMP) to help ensure that a con-
sistent drug product is provided. These consist of statisti-
cal control limits, specification limits, and safety/efficacy 
limits (Fig. 1). If, upon routine manufacture, a critical 
quality attribute of a given batch material approaches or 
exceeds the statistical process control limits, cGMP dic-
tates that the manufacturer undertakes an investigation into 
the cause of the excursion, and that corrective action be 
undertaken to bring the material back to the process mean. 
As a result, drift over time is exceptionally rare for either 
a reference product or a biosimilar that is manufactured in 
adherence to cGMP [43, 72].

Issues of potential drift would most likely apply to 
originator biologics as they have been available the long-
est. While there are instances of manufacturing process 
changes that had an unanticipated clinical impact or of 
inadequate manufacturing control, they are very rare [73, 
74]. That revised pharmacovigilance has not been applied 
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for originator biological drugs in the past half century 
supports not requiring any additional pharmacovigilance 
that is specific for biosimilars. Good appropriate pharma-
covigilance should be applied to both, along with all other 
medicines. Science-based regulatory consistency, often 
termed reliance, is a priority across jurisdictions [75].

9 � Use of Collective Experience 
to Expeditiously Advance Regulatory 
Decision‑Making Will Benefit all 
Stakeholders

The healthcare community has increasingly become more 
comfortable with the concepts of biosimilarity and with the 
use of biosimilars. However, as biosimilars become avail-
able for new drug categories, new patient populations and 
new HCPs are being exposed to them for the first time. As 
a result, education efforts by regulators, sponsors, and oth-
ers will continue to be important for the foreseeable future 
[76–78].

When considering the collective experience with bio-
similars gained by use of real-world data and real-world 
evidence, the quality of the data is paramount. Important 
considerations are the manner in which the data are col-
lected, the reliability of the data including both clinical 
data collection and the identity of the product used, as well 
as the nature of the data collected [79, 80]. Several qual-
ity pharmacovigilance databases already exist and can be 
used to provide postapproval confirmation of the safety and 
effectiveness of biosimilars in a real-world setting [80–84]. 
These data can be used to provide reassurance to patients 
and HCPs that biosimilars perform in the same manner as 
their reference products. For optimal pharmacovigilance, 
it is important to identify not just the brand name or the 
nonproprietary name, but the batch number as well [85]. 

Electronic patient records of hospitals and pharmacies may 
provide improved real-world data for efficacy and safety in 
the future. However, the linking of databases is associated 
with challenges such as confidentiality concerns and tech-
nical issues. Increasing the quality of pharmacovigilance is 
important for all drugs and in all regions to facilitate safety 
assessment after introduction into the marketplace.

It is not likely that real-world evidence will replace 
detailed analytical comparisons or PK clinical studies when 
developing a preapproval data package to support licensure 
of a biosimilar. However, as the use of real-world evidence 
increases in regulatory decision-making actions for origi-
nator biologic approvals, its value for biosimilars may be 
important to consider as well.

10 � Conclusions

Having a fair and consistent approach to science-based regu-
latory decision-making demands that the same principles be 
applied to all products independently of the sponsor’s busi-
ness model. Science is global and regulations for origina-
tor products are increasingly harmonized globally, and this 
offers further opportunities to extend the experience with 
biosimilars in Europe and the USA to global development 
and availability of biosimilars.

As a scientific matter, several options are available to 
streamline biosimilar development immediately without 
compromising patient safety or product quality (Table 1). 
These include limiting clinical studies to comparative 
PK, using a risk-based approach when evaluating immu-
nogenicity, elimination of bridging PK studies through 
acceptance of global comparator reference product, and 
immediate reconsideration of the requirement for multiple-
switch studies to obtain US interchangeability designa-
tion and future elimination of that category. Evolution of 

Fig. 1   Overview of continued 
process verification. OOE out 
of expectation, OOS out of 
specification
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biosimilar guidelines to reflect more streamlined biosimi-
lar development will create greater regulatory certainty, 
and also help ensure a sustainable future market for bio-
similars, which in turn will help free monies in healthcare 
budgets for newer medications.

Access to the current biological drugs, including bio-
similars is not optimal in the EU, USA, and other advanced 
markets, and very limited in low- and middle-income 
countries. The development of new biological therapies 
to serious diseases is more intensive than ever. Unfortu-
nately, it is likely that these products will be very costly, 
perhaps more than the current products. It is clear that the 
healthcare systems will not be able provide these therapies 
to all patients in a timely manner, even in the wealthiest 
countries.

Recent estimates project that no biosimilars are being 
developed to more than half of the current biological drugs 
because, given the current extensive data requirements, the 
market sizes of those biologics are too low to justify the 
investment for developing biosimilars to these biological 
drugs [20, 21]. Streamlining biosimilar development is very 
important as this will make it feasible for more biosimilars to 
be developed to more reference biologics, all to the benefits 
of patients and healthcare systems.

By reducing the need for redundant clinical data with 
less sensitive endpoints and increasing the use of pub-
licly available information, the feasibility of developing 
biosimilars will be enhanced by lowering development 
costs, which will lead to increased competition as more 
biosimilars are brought to the market. This can increase 
patient access and allow earlier treatment. The proposed 
steps will expand worldwide access to these increasingly 
essential medicines in a manner that does not compro-
mise the quality, safety, and efficacy of biologics for any 
patients, whatever jurisdiction in which they happen to 
reside.

Acknowledgements  The input of Martin Schiestl (an employee of 
Sandoz) is appreciated. Medical writing support was provided by Dan 
Hami of OPEN Health Communications, in accordance with Good 
Publication Practice (GPP) guidelines (www.​ismpp.​org/​gpp-​2022).

Declarations 

Funding  The Biosimilars Forum paid for medical writing support and 
the Open Access charges.

Conflicts of interest  HPC is an employee of Sandoz Inc. MT is an em-
ployee of Fresenius Kabi. DM is an employee of Boehringer Ingel-
heim. GRW is an employee of Samsung Bioepis. The authors are all 
members of the Science and Education Committee of the Biosimilars 
Forum. HPC and DM are co-chairs of this committee. The Biosimilars 
Forum is a nonprofit biosimilars trade association whose mission is to 
promote education and policy advancement on biosimilars in the USA, 
with the intent of expanding access and availability of biological medi-
cines and improving healthcare. The views expressed here are those of 
the authors in their roles with the Biosimilars Forum and not of their 
respective companies. Furthermore, the contents may not reflect the 
positions of all member companies of the Biosimilars Forum.

Availability of data and material  Not applicable.

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Code availability  Not applicable.

Author contributions  All authors contributed to the drafting and 
review of the manuscript. The final manuscript was approved by all 
authors who take responsibility for the content.

Open Access   This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 

Table 1   Opportunities to streamline biosimilar development

EU European Union, HCP healthcare professional

Opportunity Potential impact

1. Eliminate a routine requirement for a comparative clinical efficacy study Enable biosimilar development to more and a 
wider variety of biological drugs

Accelerate biosimilar development
Lower cost of biosimilar development

2. Utilize a risk-based approach for immunogenicity testing Focus immunogenicity testing as needed
3. US designation of interchangeability should be modified immediately and eliminated in the 

future
Eliminate unnecessary testing
Eliminate a source of confusion

4. Eliminate the requirement for comparative PK testing of EU and US reference products Utilize publicly available information
Simplify clinical study design

5. Science-based regulatory consistency, including quality and pharmacovigilance Ensure high global standards for all biosimilars
6. Utilization of real-world data and real-world evidence Leverage data already acquired

Increase HCP and patient trust in biosimilars
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