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Abstract
Background Biosimilars have been used for 15 years in the European Union (EU), and have been shown to reduce costs and
increase access to important biological medicines. In spite of their considerable exposure and excellent safety record, many
prescribers still have doubts on the safety and interchangeability of biosimilars, especially monoclonal antibodies (mAbs)
and fusion proteins.
Objectives The aim of this study was to analyse the short- and long-term safety and interchangeability data of biosimilar
mAbs and fusion proteins to provide unbiased information to prescribers and policy makers.
Methods Data on the safety, immunogenicity and interchangeability of EU-licensed mAbs and fusion proteins were examined using European Public Assessment Reports (EPARs) and postmarketing safety surveillance reports from the European
Medicines Agency (EMA). As recent biosimilar approvals allow self-administration by patients by the subcutaneous route,
the administration devices were also analyzed.
Results Prelicensing data of EPARs (six different biosimilar adalimumabs, three infliximabs, three etanercepts, three rituximabs, two bevacizumabs, and six trastuzumabs) revealed that the frequency of fatal treatment-emergent adverse events
(TEAEs), TEAEs leading to discontinuation of treatment, serious adverse events (SAEs), and main immune-mediated adverse
events (AEs) were comparable between the biosimilars and their reference products. The availability of new biosimilar presentations and administration devices may add to patient choice and be an emerging factor in the decision to switch patients.
Analysis of postmarketing surveillance data covering up to 7 years of follow-up did not reveal any biosimilar-specific adverse
effects. No product was withdrawn for safety reasons. This is in spite of considerable exposure to biosimilars in treatmentnaïve patients and in patients switched from the reference medicinal product to the biosimilar. Analysis of data from switching
studies provided in regulatory submissions showed that single or multiple switches between the originator and its biosimilar
versions had no negative impact on efficacy, safety or immunogenicity.
Conclusions In line with previous reports of prelicensing studies of biosimilar mAbs and etanercepts, this study demonstrated
comparable efficacy, safety, and immunogenicity compared with the reference products. This is the first study to comprehensively analyze postmarketing surveillance data of the biosimilar mAbs and etanercept. An analysis of more than 1 million
patient-treatment years of safety data raised no safety concerns. Based on these data, we argue that biosimilars approved in
the EU are highly similar to and interchangeable with their reference products. Thus, additional systematic switch studies
are not required to support the switching of patients.
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Key Points
This is the first comprehensive analysis of prelicensing
and long-term safety data, as well as immunogenicity
and interchangeability data of all biosimilar mAbs and
fusion proteins approved before August 2020.
Our study suggests that safety and immunogenicity of
biosimilar mAbs and etanercepts and their respective
originators approved in the European Union are highly
similar and interchangeable.
The present results are in line with theoretical considerations suggesting that highly similar proteins have similar
safety and immunogenicity.
Our study, together with previous reports, suggests that
concerns regarding immunogenicity upon switches
are unfounded. Thus, systematic switch studies are not
needed

1 Introduction
Monoclonal antibodies (mAbs) and related fusion proteins
have become key therapeutic agents in the treatment of many
diseases, and their use is increasing rapidly [1–3]. Compared
with conventional therapies, the costs of therapeutic mAbs
and fusion proteins are very high, which may restrict the
access of patients to optimal therapy for many serious diseases. One of the major drivers of high costs is the lack of
sufficient competition in the biologicals market, especially
among products that have lost patent and data protection
[1, 4–8].
Copies of original biologicals and biosimilars have lowered the costs and increased access to biologicals throughout
the EU [8]; thus, biosimilars have the potential to support
the sustainability of modern pharmacotherapy [7, 9–11]. The
first biosimilar mAb, infliximab (Remsima/Inflectra), was
approved for the EU market in 2013. Since then, more than
20 biosimilar mAbs have been licensed in the European Economic Area. The success of biosimilar mAbs is dependent
on the willingness of physicians to prescribe biosimilars for
their patients. The key aspect of such prescription practice
is switching between the originators (reference product) and
their biosimilars [7].
EU biosimilars have had an excellent safety record over
the past 15 years of use [12]; however, it has been claimed
that ‘second generation’ biosimilars (mAbs and fusion proteins) may have additional risks [13–15]. Prescriber surveys

suggest that while clinicians are generally comfortable in
prescribing biosimilars for treatment-naïve patients, there is
more hesitancy in switching patients from reference products, especially mAbs, to biosimilars [16–18]. As a result,
the uptake of biosimilars is very modest in many European
countries [8]. The aim of this report is to review available
regulatory documents from the European Medicines Agency
(EMA) regarding the safety, immunogenicity, administration devices, and interchangeability of biosimilar mAbs
and related fusion proteins, to address the concerns of
prescribers.

2 Methods
The data lock point for the analysis of safety, immunogenicity, and interchangeability was 31 July 2020.
The safety, immunogenicity, and interchangeability data
of clinical trials were analyzed on the basis of European
Public Assessment Reports (EPARs), which are derived
from assessment reports of the quality, efficacy, and safety of
medicinal products on the basis of documentation that was
submitted to the EMA by the manufacturer. These reports
are created by two independent assessment teams consisting
of multiple European experts in biotechnology, pharmacy,
non-clinical testing, clinical pharmacokinetics (PK), pharmacodynamics, and efficacy and safety studies. EPARs are
updated periodically to reflect the latest regulatory information on medicines [19]. EPARs of mAbs can be found on the
EMA website [20].
Analysis of postmarketing safety data of all authorized
biosimilar mAbs and fusion proteins and their reference
products was based on the latest Periodic Safety Update
Reports (PSURs) and other safety reports submitted to the
EMA. PSURs are regularly submitted pharmacovigilance
documents intended to provide a comprehensive, concise
and critical analysis of the risk–benefit balance of the medicinal product, taking into account new or emerging information from spontaneous adverse event (AE) reports, and
pharmacoepidemiological and clinical studies [21, 22].
Periodic Safety Update Single Assessment (PSUSA)
reports assess PSURs of medicines containing the same
active substances or combinations, even if they are subject
to different marketing authorizations and are authorized in
different EU Member States.
The included products constitute six product classes
based on the international nonproprietary name (INN) of
the active substance: adalimumab, bevacizumab, infliximab,
rituximab, trastuzumab and etanercept.
PSURs and PSUSAs were retrieved from the EMA PSUR
repository. To compensate for the lack of recently updated
safety data for trastuzumabs (PSUR cut-off date: September 2018), the assessment history of this product class was
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explored in order to retrieve relevant safety information following the PSUR cut-off date. Postmarketing data are presented in aggregated format as they may contain confidential
information.
PSURs for biosimilars authorized in 2020 were not
yet available for Amsparity (adalimumab, EU Marketing
Authorization 13 February 2020), Nepexto (etanercept, EU
Marketing Authorization 20 May 2020), Zercepac (trastuzumab, EU Marketing Authorization 27 July 2020) and
Ruxience (rituximab, EU Marketing Authorization 1 April
2020) [20].
The following postmarketing information was retrieved:
(1) estimated cumulative postmarketing patient exposure
since the international birth date of the product; (2) main
safety data of biosimilar mAbs, including evaluations of possible safety signals; (3) changes to the safety information of
products; (4) risk minimization activities for specific safety
concerns; and (5) impact of new safety information on the
benefit–risk balance of the product.

3 Results
3.1 Safety
3.1.1 Premarketing Safety Data
The efficacy and safety of the biosimilars were investigated
in randomized, double-blind clinical trials in therapeutic indications where the therapeutic effect size could be
estimated on the basis of previous studies of the originator
product. The most sensitive primary efficacy endpoints were
selected. All biosimilar mAbs and etanercepts met the predefined equivalence criteria of efficacy (not shown).
The safety profile has been compared between 29 biosimilar mAb products and fusion proteins (adalimumab
biosimilars: Amgevita®, Hulio®, Imraldi®, Amsparity®,
Halimatoz®, Hefiya®, Hyrimoz®, Idacio®; infliximab biosimilars: Flixabi®, Zessly®, Inflectra®, Remsima®; bevacizumab biosimilars: M
 vasi®, Zirabev®; rituximab biosimilars: Ruxience®; Rixathon®, Riximyo®, Blitzima®,
Truxima®, Ritemvia®; trastuzumab biosimilars: O
 givri®,
®
®
®
®
Zercepac , Trazimera , Ontruzant , Herzuma , Kanjinti®;
etanercept biosimilars: B
 enapali®, Nepexto®, Erelzi®) and
their reference products (Humira®, Remicade®, Avastin®,
MabThera®/Rituxan®, Herceptin®, and Enbrel®) using clinical safety data from the main phase III studies. The licensing
of certain products was based on the same clinical documentation (duplicate marketing authorizations), in which case
the same product can be marketed under multiple names;
thus, there were 23 different development programs [20].

3.1.1.1 Adalimumab Adalimumab biosimilars and the reference product Humira share a very low and similar toxicity
profile when tested in rheumatoid arthritis and plaque psoriasis indications (Table 1). There were few fatal treatmentemergent adverse events (TEAEs; range across the studies,
0–0.73%), incidence of very low serious adverse events
(SAEs; 1.1–5.2%), and very low frequency of TEAEs leading to drug discontinuation (0.5–5.5%). Immune-mediated
toxicity was also low (hypersensitivity: 0–5.3%; injection
site reaction: 1.7–14%).
3.1.1.2 Infliximab The safety profiles of the reference product Remicade and its biosimilars were similar in the rheumatoid arthritis indication, including very few fatal TEAEs
(range across the studies, 0–0.6%), incidence of low SAEs
(5–14%), low frequency of TEAEs leading to drug discontinuation (7.1–15%), low incidence of hypersensitivity incidence and infusion-related AEs incidence (Table 1).
3.1.1.3 Bevacizumab Although not unexpected in this
population, the toxicity was quite high in both biosimilar
and reference product Avastin-treated patients (non-small
cell lung carcinoma indication), including fatal TEAEs
(range between the studies, 3.6–6.7%), SAEs (22.3–26.2%),
TEAEs leading to drug discontinuation (10.9–18.8%), and
immune-mediated AEs (Table 1).
3.1.1.4 Rituximab Overall, the safety profile is similar between each biosimilar and the reference product
MabThera in each clinical study with a very low fatal TEAE
rate (range across the studies, 0–2.2%) and a low number
of TEAEs leading to discontinuation (1–7.4%) (Table 1).
However, higher frequencies of SAEs and infusion-related
reactions (IRRs) were observed with Rixathon/Riximyo
and MabThera (advanced follicular lymphoma indication)
compared with the other rituximab biosimilar clinical programs (Ruxience studied in low tumor burden follicular
lymphoma; Blitzima, Truxima, and Ritemvia studied in
rheumatoid arthritis). The IRR frequency seen in the clinical studies with Rixathon/Riximyo and MabThera seems
abnormally high (above 70%), likely due to different definitions for IRR.
3.1.1.5 Trastuzumab While the SAE rates were comparable in each study between each biosimilar and Herceptin,
the different clinical programs were associated with differences in the SAE incidence rate (Table 1). For example, the
SAE incidence rate for the biosimilars Ogivri, Zercepac and
Trazimera, as well as for the reference product Herceptin (in
human epidermal growth factor receptor 2 [HER2]-positive
metastatic breast cancer clinical programs) were higher than
seen in the other biosimilar clinical programs in HER2-positive early breast cancer or locally advanced breast cancer
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Table 1  Main safety features in the phase III clinical studies of biosimilars compared with the reference product (data published in the EPAR;
data lock point: 31 July 2020)
Biosimilar

Exposure
(patients)

Fatal TEAE

SAE

Adalimumab biosimilars compared with the reference product Humira
Amgevita
264 pts vs. 262
0%
3.8% vs. 5.0%
Hulio
366 pts vs. 362
0.3% vs. 0%
4.1% vs. 5.2%
Imraldi
268 pts vs. 273
0% vs. 0.73% 1.1% vs. 2.9%
Amsparity
597 pts vs. 596
0% vs. 0.3%
4.0% vs. 4.3%
Halimatoz/
193 pts vs. 197
0%
1.3% vs. 4.3%
hefiya/hyrimoz
Idacio
221 pts vs. 220
0%
3.6% vs. 2.7%
Infliximab biosimilars compared with the reference product Remicade
Flixabi
290 pts vs. 293
0% vs. 0.34% 10.0% vs. 10.6%
Zessly
323 pts vs. 326
0.6% vs. 0.6% 5% vs. 6.1%
301 pts vs. 301
0
14% vs. 10%
Inflectra/remsima
Bevacizumab biosimilars compared with the reference product Avastin
Mvasi
324 pts vs. 309
4% vs. 3.6%
26.2% vs. 23%
Zirabev
356 pts vs. 358
5.9% vs. 6.7% 22.8% vs. 22.3%
Rituximab biosimilars compared with the reference product Mabthera
Ruxience
196 pts. vs. 197 0%
8.7% vs. 7.6%
Rixathon/rix312 pts. vs. 315 1.3% vs. 2.2% 22.8% vs. 20%
imyo
Blitzima/trux161 pts vs. 60 vs. 1 death
6.2% vs. 0% vs.
ima/ritemviad
151
6%
Trastuzumab biosimilars compared with the reference product Herceptin
Ogivri
247 pts vs. 246
2.4% vs. 1.6% 39.3% vs. 37%
Zercepac
324 pts vs. 325
0.9% vs. 1.8% 24.1% vs. 25.2%
Trazimera
349 vs. 353
0.3% vs. 0.8% 20.1% vs. 20.7%
Ontruzant
437 pts vs. 438
0.2% vs. 1.1% 12.8% vs. 13.2%
Herzuma
271 pts vs. 278
0.7% vs. 0.7% 7.7% vs. 11.9%
Kanjinti
364 pts vs. 361
0.3% vs. 0%
4.9% vs. 1.4%
Etanercept biosimilars compared with the reference product Enbrel
Benapali
299 pts vs. 297
0.7% vs. 0%
6% vs. 5.1%
Nepexto
236 pts vs. 235
0
3.4% vs. 2.1%
Erelzi
264 pts vs. 267
0% vs. 0.4%
1.5% vs. 1.1%

TEAE leading to Immune-mediated AE
discontinuation
Hypersensitivity Infusion-related
AE

Injection site
reaction

1.9% vs. 0.8%
3.8% vs. 2.8%
0.7% vs. 3.3%
3.7% vs. 4.7%
~1.2% vs. ~1.2%

5.3% vs. 3.8%
3.8% vs. 1.9%
NP
NP
0.4% vs. 0%

NA
NA
NA
NA
NA

2.3% vs. 5.0%
2.2% vs. 3.9%
3.0% vs. 2.9%
1.7% vs. 2.0%
6.5% vs. 3.4%

0.5% vs. 5.5%

2.25% vs. 2.7%

NA

11% vs. 14%

10.3% vs. 8.2%
7.1% vs. 7.4%
10.9% vs. 15%

NP
NP
13.6% vs. 15.6% 5.9% vs. 6.4%
8% vs. 10%a

NA
NA
NA

18.8% vs. 17.2%
14.6% vs. 10.9%

41% vs. 40.5%a
32% vs. 36.9%b

5.3% vs. 6.1%

NA
NA

1.5% vs. 1%
7.4% vs. 7%

NP
25% vs. 29.9%
73.4% vs. 70.5%c

NA
NA

1.9% vs. 1.7%
vs. 2.6%

15.5% vs. 20% vs. 5.3%

NA

4% vs. 6.5%
~ 4.5% vs. ~ 4.5%
4.6% vs. 3.4%
3.4% vs. 3.2%
4.1% vs. 4.7%
0.8% vs. 0.6%

2.4%
NP
0.9% vs. 1.4%
NP
NP
6.9% vs. 5.3%

6.9% vs. 4.9%
13% vs. 9.8%
9.5% vs. 8.5%
8.5% vs. 10%
11.4% vs. 10.4%
21.7% vs. 18.8%

NA
NA
NA
NA
NA
NA

NP
1.7% vs. 1.7%
1.9% vs. 1.5%

NP
NP
NP

NA
NA
NA

0.7% vs. 5.7%
1.3% vs. 7.2%
NP

The first number mentioned is always the biosimilar, vs. the RP
AE adverse event, NA not applicable, NP data not presented in the EPAR, pts patients, SAE serious adverse event, TEAE treatment-emergent
adverse event, vs. versus the reference product, EPAR European Public Assessment Report, RP reference product, IRR infusion-related reaction,
EU European Union, US United States
a

b
c
d

Percentage of patients experiencing hypersensitivity and infusion-related AE
Anaphylactic reaction and hypersensitivity
Potential IRR
Compared with the EU—Mabthera and US-Rituxan

(Ontruzant) or HER2-positive early breast cancer (Herzuma
and Kanjinti). This difference (average of 27.7% vs. 8.7%)
can be explained by the different indication, i.e. study population, selected for the main phase III clinical studies. Otherwise, in all studies, there was a low fatal TEAE rate (range

between the studies, 0–2.4%), a low number of TEAEs leading to discontinuation (0.6–6.5%), very low hypersensitivity incidence (0.9–6.9%) and low infusion-related AE incidence rate (4.9–21.7%).
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3.1.1.6 Etanercept The etanercept biosimilars and the
reference product Enbrel share a very low toxicity profile
(rheumatoid arthritis and plaque psoriasis indications): only
a few fatal TEAEs (range between the studies, 0–0.7%), very
low incidence rate of SAEs (1.1–6% for Benepali), TEAEs
leading to drug discontinuation (1.5–1.9%), and injection
site reaction (0.7–7.2%) (Table 1).
Overall, based on the proportion of fatal TEAEs, SAEs,
TEAEs leading to discontinuation of the investigated product, and immune-mediated AEs (such as hypersensitivity,
infusion-related AEs, or injection site reactions), the European-approved biosimilar mAbs and fusion proteins showed
a very similar safety profile to the reference products.
3.1.2 Postmarketing Safety
Based on the results of our postmarketing data analysis, the
following observations can be made:
• Review of the updated safety profiles of biosimilars and

their reference products revealed no significant differences within each product class.
• Recommendations for updates to safety concerns listed
in the Risk Management Programs of biosimilars were
mainly restricted to harmonization with the Risk Management Program of the reference product. Thus, no new
or unexpected adverse effects and no differences in the
severity of adverse effects were observed.
• The majority of the investigated safety signals and recommendations of the EMA Pharmacovigilance Risk
Assessment Committee (PRAC), were addressed by both
the reference product and the biosimilar manufacturers.
The signals that led to an update of the product information were regarded as class effects.
• Following regulatory evaluation of the PSUR submissions, there were no instances of a recommendation to
suspend or revoke the marketing authorization of any
authorized biosimilar mAb or fusion protein.
Values for exposure estimates are based on patient exposure for the cumulative period (from the product international birth date to the latest PSUR submission) and
expressed in patient-treatment years (PTYs). The highest
patient exposure was obtained for biosimilar tumor necrosis factor (TNF)-α inhibitors, estimated totally at 1,286,578
PTYs (891,545 for infliximabs, 131,418 for adalimumabs,
and 263,615 for etanercepts), whereas among anticancer
mAbs, significant exposure was only seen for biosimilar
trastuzumabs (1387 PTYs). The exposure estimates for the
remaining anticancer mAbs were calculated in different
ways, which prevented the aggregation of data. These mAbs
had significantly lower exposure values, partly because of

relatively recent approval and slow launches in EU Member
states.

3.2 Administration Devices and Presentations
Table 1 in the electronic supplementary material (ESM) provides a comparison of the presentations and administration
devices for the originator and biosimilar products of five
mAbs, i.e. adalimumab, bevacizumab, infliximab, rituximab,
trastuzumab, and one fusion protein, etanercept.
There are several instances of where certain presentations
of the reference product are not available for the biosimilars.
For example, while all adalimumab biosimilars are available
in prefilled syringes and prefilled pens, not every strength
of the reference product is available in these presentations;
none of the approved biosimilars are available in the 100
mg/mL presentations and there are no approved biosimilar
80 mg prefilled syringe or prefilled pen presentations. For
etanercept, biosimilar presentations are not available for the
10 mg presentation. There are two examples of where subcutaneous presentations of the reference product are not yet
available for the biosimilars; the rituximab 1,400 mg vial
and the trastuzumab 600 mg vial.
There are also examples of where biosimilars have
approved presentations that are not available for the reference product. Several trastuzumab biosimilars are also
available as a 420 mg intravenous presentation, which is not
available for the reference product. Remsima (infliximab)
is available as a 120 mg solution for injection in a prefilled
syringe and prefilled pen; these presentations are unique
to Remsima and are currently not available for the reference product. The development of this formulation is a line
extension after initial marketing approval was granted. The
introduction of subcutaneous administration required clinical studies to demonstrate acceptable efficacy and safety.
Nevertheless, intravenous, and also subcutaneous, Remsima remains a biosimilar product according to EU law and
guidelines. Subcutaneous Remsima would not be viewed as
a biosimilar in other legislations (e.g. US, Canada, Japan).
This is the first example of an mAb where the biosimilar
product allows for subcutaneous self-administration by the
patient in the home, whereas the reference product can only
be administered intravenously.
Even where the same administration format is available
for both the reference product and the biosimilar, there can
be minor differences. For example, some prefilled pens
require the user to press a button to initiate the injection,
while in other cases the injection commences when the pen
is pushed onto the skin. There may also be differences in the
needle gauge or the presence of latex in the needle cover.
Some devices may contain different safety features, for
example the presence of a needle guard shield on a prefilled
syringe. Prefilled pens may also contain different features
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which aid the user in self administration, for example the
use of audible or visual cues to indicate when the injection
is complete. Regardless of any differences in administration
devices between the biosimilar and reference product, dedicated usability studies must be carried out to demonstrate
that patients or caregivers can successfully deliver the injection in a consistent manner. Usability studies are assessed
as part of the marketing authorization application (MAA) to
ensure that administration devices can be used correctly by
the intended patient population.
In summary, all strengths of the reference product are
usually available for the approved biosimilars; however,
there are some exceptions that need to be taken into account
upon switching. There are also some differences in the
administration devices, especially devices for subcutaneous
administration, which may allow for increased patient choice
and convenience. In usability studies, all administration
devices were shown to be appropriate for use. Postmarketing
safety surveillance does not suggest device-related problems.
Nonetheless, there may be a need for patient training when
switching between products that use different administration
devices.

3.3 Immunogenicity
As stated in the guideline on immunogenicity assessment
of therapeutic proteins (EMEA/CHMP/BMWP/14327/2006
Rev 1), the evaluation of immunogenicity is based on integrated analysis of immunological, PK, pharmacodynamic,
and clinical efficacy and safety data [23]. Comparative
immunogenicity studies are required in the development of
biosimilars and were presented in the EPARs for all products [24], representing 23 development programs (see ESM
Table 2).
3.3.1 Antidrug Antibody (ADA) Assay Methodology
Immunogenicity testing of the biosimilar and the reference
product were conducted during both the phase I and phase
III clinical trials for all products (ESM Table 2). In all cases,
ADA testing was carried out with an assay using the active
substance of the biosimilar product as antigen (i.e. single
assay approach) and a standardized sampling schedule
within a particular study.
In most instances, electrochemiluminescence (ECL), with
direct/indirect bridging format, was used to detect ADAs.
The ECL format may have been preferred because it has a
comparatively high tolerance to the interference of the active
substance in samples and also typically reliably detects low
affinity antibodies.
For neutralizing antibodies (nAbs), mostly competitive
ligand binding assays were used, as these are typically sensitive and relatively easy to standardize.

3.3.2 Relative Immunogenicity of Biosimilars and their
Reference Products
3.3.2.1 Adalimumab Adalimumab biosimilars and the
reference product Humira share a high intrinsic immunogenicity, with ADA positivity being well above 50% for
healthy volunteers (HVs), and above 30% in patient studies
(Table 2). NAbs were reported as a percentage of all ADApositive patients. NAb positivity ranged between 18 and
82.5% for HVs and between 9 and 80% for patient studies,
depending on the assays used.
For each product studied, the immunogenicity ranges
were highly comparable between the originator and the
biosimilar.
3.3.2.2 Infliximab Infliximab biosimilars and the reference
product Remicade share a high intrinsic immunogenicity,
with ADA positivity being well above 12% for HVs and
above 48% in patient studies (Table 2). The neutralizing
capacity was reported as nAb positivity ranging between
19.6% and 85.7% for HVs and above 79% for patient studies, depending on the assays used.
For each product studied, the immunogenicity ranges
were highly comparable between the originator and the
biosimilar.
3.3.2.3 Bevacizumab Bevacizumab biosimilars and the reference product Avastin share a low intrinsic immunogenicity, with no ADAs measured in HVs and only 1.3–3.3% positivity for ADA in patient studies (Table 2). The neutralizing
capacity was low at 0–0.9%. For each product studied, the
immunogenicity ranges were highly comparable between
the originator and the biosimilar.
3.3.2.4 Rituximab Rituximab biosimilars and the reference
product MabThera share a low or high intrinsic immunogenicity depending on the patient population studied and
whether/which concomitant medication is administered
(Table 2). ADA positivity was observed to be as low as
0.4–0.7% when studied in lymphoma patients, and as high
as 23–28% when studying rheumatoid arthritis patients. The
neutralizing capacity was low at < 4%.
For each product studied, the immunogenicity ranges
were regarded as comparable between the originator and
the biosimilar.
3.3.2.5 Trastuzumab Trastuzumab biosimilars and the
reference product Herceptin share a low intrinsic immunogenicity, with no ADAs measured in HVs and only 0.3–
1.4% positivity for ADA in patient studies (Table 2). The
neutralizing capacity was low at below 1%.
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Table 2  Main immunogenicity features in the phase I/PK clinical studies of biosimilars compared with the reference product (data published in
the EPAR; data lock point: 31 July 2020)
Biosimilar

HVs/patients
Phase I PK study

Pts with ADApositive samples at
any time (BS vs. EU
vs. US)

Pts with nAb-positive Patients
samples at any time
Phase III study
(BS vs. EU vs. US)

Pts with ADA-positive samples at any
time (BS vs. RMP)

Pts with nAb-positive
samples at any time
(BS vs. RMP)

Adalimumab biosimilars compared with the reference product Humira
Amgevita

HV

54% vs. 67% vs. 55%

18% vs. 21% vs. 22%

Mod/sev RA (RMP
= US)

40.2% vs. 40.1%

9.1% vs. 11.1%

Hulio

HV

69.5% vs. 73.3% vs.
70.0%

59.3% vs. 60.0% vs.
56.7%

Mod/sev RA

At week 24: 62% vs.
59.4%b

At week 24: 61.1% vs.
59.1%b

Imraldi

HV

98.4% vs. 95.2% vs.
100%

79.0% vs. 80.0% vs.
82.5%

Mod/sev RA

32.1% vs. 31.2%

NP

Amsparity

HV

85.5% vs. 90.0% vs.
94.4%

Mod/sev RA

44.4% vs. 50.5%

13.8% vs. 14.0%

Halimatoz/Hefiya/
Hyrimoz

HV

66.5% vs. 70.6%a

53.6% vs. 61.4% vs.
66.2%
59.0% vs. 60.8%a

Mod/sev Psoriasis

36.8% vs. 34.1%

80.2% vs. 80.0%c

Idacio

HV

82.1% vs. 83.5% vs.
81.3%

~ 70% in the three
groups

Mod/sev Psoriasis

88.1% vs. 88.4%

46.6% vs. 47.9%c

Infliximab biosimilars compared with the reference product Remicade
Flixabi

HV

47.2% vs. 37.7% vs.
37.7%

56.0% vs. 70.0% vs.
35.0%c

RA

62.4% vs. 57.5%

92.7% vs. 87.5%c

Zessly

HV

12.2% vs. 29.2% vs.
22.4%

83.3% vs. 85.7% vs.
81.8%c

RA

48.6% vs. 51.2%

79% vs. 85.6%c

Inflectra/Remsima

AS, week 54

34.4% vs. 32.0% (EU) 19.6% vs. 23.0% of
total

Mod/sev RA

55.6% vs. 54.3%

NP

Bevacizumab biosimilars compared with the reference product Avastin
Mvasi

HV

No subjects tested
positive

No subjects tested
positive

Adv NSCLC

1.3% vs. 3.3%

0%

Zirabev

HV

NP

NP

Adv NSCLC

1.5% vs. 1.4%

0% vs. 0.9%

Rituximab biosimilars compared with the reference product Mabthera
Ruxience

≥ 2°L RA

10.9% vs. 10.8% (EU) NP

1°L adv FL

Rixathon/Riximyo

≥ 2°L RA

11% vs. 21.4%

3.7% vs. 1.2%

1°L adv FL

19.5% vs. 18.8%

Blitzima/Truxima/
Ritemvia

≥ 2°L RA

14% vs. 28% vs. 23%

NP

RA

19% vs. 20%b

0.4% vs. 0.7%b

NP
0.3% vs. 0.7%
NP

Trastuzumab biosimilars compared with the reference product Herceptin
Zercepac

Male HV

No subjects tested
positive

NA

MBC

2/248 and 2/251

2/248 and 2/251

Trazimera

Male HV

0% vs. < 1%

NA

MBC

0.3% vs. 0.3%b

NP

Ontruzant

Male HV

No subjects tested
positive

NA

Early BC, neoadj

0.7% vs. 0.7%

0.5% vs. 0.5%

Herzuma

Male HV

NP

NP

Early BC, neoadj

4/271 vs. 8/278 in
neoadj period

No subjects tested
positive

Kanjinti

Male HV

NP

NP

Early BC, neoadj

0.5% vs. 1.4%

No subjects tested
positive

0% vs. 1/7b

Mod/sev RA

1% vs. 7.1%

0% vs. < 1%

Etanercept biosimilars compared with the reference product Enbrel
Benepali

HV

0% vs. 7/45 EU
Enbrel

Nepexto

HV

None detected

NA

Mod/sev RA

2/264 vs. 21/260

0 vs. 2/260

Erelzi

HV

3/54 after crossover
phase II

No subjects tested
positive

Psoriasis

0% vs. 1.9%

No subjects tested
positive

The first number mentioned is always the biosimilar, vs. the RP
Phase I PK study: ADA- and nAb-positivity was defined as at least one postdose positive sample
Phase III (efficacy/safety/immunogenicity) study: ADA- and nAb-positivity was defined at any time up to/or before the switch
ADA antidrug antibody, Adv advanced, AS ankylosing spondylitis, BC breast cancer, BS biosimilar, FL follicular lymphoma, HV healthy volunteer, MBC metastatic breast cancer, mod moderate, NA not applicable or not done, nAb neutralizing antibodies, neoadj neoadjuvant, NP data
not presented in the EPAR, NSCLC non-small cell lung carcinoma, pts patients, RA rheumatoid arthritis, RMP reference medicinal product, sev
severe, vs. versus reference, EPAR European Public Assessment Report, HV health volunteers, PK pharmacokinetic, EU European Union, US
United States, RP reference product, PK pharmacokinetic
a

RMP EU and US pooled results
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Table 2  (continued)
b
c

Last time point of the study
Proportion of patients positive for ADA

For each product studied, the immunogenicity ranges
were highly comparable between the originator and the
biosimilar.

Interestingly, there was no increase in ADA occurrence
in low-immunogenic products, even when more sensitive
assays were used.

3.3.2.6 Etanercept Etanercept biosimilars and the reference product Enbrel share a low intrinsic immunogenicity,
with no ADAs measured in HVs and < 10% positivity for
ADA in patient studies (Table 2). The neutralizing capacity
was very low. Surprisingly, 7 of 45 patients in the originator
Enbrel arm were ADA-positive, compared with none in the
biosimilar Benepali arm; however, this finding was regarded
as an artefact due to drug interference in the ADA assay.
For each product studied, the immunogenicity ranges
were highly comparable between the originator and the
biosimilar.

3.3.4 ADAs in Clinical Comparability Studies

3.3.3 Classification of Immunogenicity According to ADA
Rates
The immunogenicity profile that was observed in the biosimilar comparability trials confirms previous observations
regarding immunogenicity, i.e. there are active substances
with comparatively high intrinsic immunogenicity (≥ 10%,
e.g. adalimumab, infliximab), there are products with comparatively low intrinsic immunogenicity (< 10%, e.g. bevacizumab, trastuzumab, etanercept), and those with high or low
immunogenicity, depending on the therapeutic indications
in which they are used (e.g. rituximab).
For products that are known to exhibit comparatively
high immunogenicity (≥ 10%), there was a noticeable trend
of a higher percentage of ADA-positive samples compared
with historical published data. This was most notable for
adalimumab; for example, in the phase III trial of Halimatoz in psoriasis patients, ADA incidences were significantly
higher in both the Halimatoz and Humira arms (> 34%) than
those reported in the psoriasis studies for the initial MAA
of Humira (< 10%; Summary of Product Characteristics
[SmPC] of Humira [25]). Similarly, in the phase III trial of
Imraldi or Amsparity in patients with moderate/severe rheumatoid arthritis, ADA incidences were significantly higher
(> 80%) than those reported in the RA studies for the initial
MAA of Humira (12.4% if not administered concomitant
methotrexate, compared with 0.6% when adalimumab was
used as add-on to methotrexate; SmPC Humira [25]). This
is to be expected as currently used assays are generally more
sensitive for the detection of antidrug antibodies than those
in use when the reference products were developed.

The immunogenicity profile was compared between biosimilar mAbs and fusion proteins and their reference products
based on data provided from phase I/PK and pivotal phase
III comparability studies. All reviewed products included
immunogenicity data from comparisons involving the biosimilar versus EU reference products versus US reference
products in the phase I/PK trial and a two-way comparison
in the phase III trial.
Most phase I/PK trials had a three-arm comparison and
used EU and non-EU reference products as a comparator
(16/23); one product had a pooled analysis of US and EU
reference (Halimatoz), six products had only EU reference
products (Remsima, Ruxience, Rixathon, Truxima, Erelzi,
Nepexto = 6/23) as a comparator, and one had used only US
reference products as a comparator throughout the development program (n = 1; Herzuma).
For all comparisons, only small differences in ADA levels
were found between the biosimilars and reference products.
There were only two cases (Flixabi and Amgevita) where
immunogenicity was numerically higher for the biosimilar
than for the EU reference products in the phase I/PK trial
and also in the corresponding phase III trial (about a 10%
difference). In both instances, a marketing authorization was
granted based on the totality of evidence, which included
highly similar quality and preclinical data, and also considering that such ADA differences did not translate into
any clinically relevant effects, including potential immunemediated adverse effects. These results demonstrate that the
intrinsic immunogenicity observed for each reference product was also observed for the respective biosimilars. In no
instances did reference products with high immunogenicity
have a biosimilar with low immunogenicity, or vice versa.
As a general remark, observations regarding comparability of immunogenicity made in the phase I/PK trial were,
in all instances, confirmed in the phase III trial, i.e. in no
instances were there discordant results for immunogenicity
on the phase I/PK trial and comparable results in the phase
III trial or vice versa.
From the analysis of all immunogenicity data available
for the 23 development programs, there were only minor
differences in frequency of ADA-positive subjects, with
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a variability of <10% in products known to have higher
immunogenicity.
Our analysis suggests that as long as there is no (1) unexpected or ‘out-of-range’ immunogenicity (e.g. a very high
ADA result for a biosimilar or an otherwise low immunogenic RMP), or (2) clinically harmful immunogenicity, then minor differences such as those presented above
may be viewed as being within normal variability and thus
irrelevant.

3.4 Interchangeability
3.4.1 Characteristics of Switch Studies
In this report, interchangeability refers to the possibility
of exchanging one medicine for another medicine that is
expected to have the same clinical effect. This could mean
replacing a reference product with a biosimilar (or vice
versa) or replacing one biosimilar with another: switching, which is when the prescriber decides to exchange one
medicine for another medicine with the same therapeutic
intent or by substitution (automatic), which is the practice of
dispensing one medicine instead of another equivalent and

Fig. 1  Designs of switch studies of biosimilar monoclonal antibodies

interchangeable medicine at pharmacy level without consulting the prescriber [2].
EPARs are focused on quality, efficacy, and safety, but
not on interchangeability. Thus, the switch studies were
only analyzed from the safety point of view. Safety analyses, including the switch studies, were not powered to detect
statistical differences in any particular safety parameter. The
switch studies had variable designs (Fig. 1). The largest studies were conducted with infliximab and adalimumab biosimilars (Table 3). Most studies involved a single switch in
the original reference group that was randomized to either
continue with the reference or be switched to the biosimilar.
In the efficacy and safety analysis, the switched patients were
compared with non-switched patients treated with the biosimilar and/or the reference product (Fig. 1a). All included
studies were extensions of the pivotal efficacy and safety
studies that were submitted to the EMA during the marketing authorization process, or post marketing.
Studies on the biosimilar adalimumabs Amsparity and
Hulio had two consecutive switches (reference to biosimilar
to reference) (Fig. 1b, c), whereas the study of the biosimilar
adalimumabs Hyrimoz/Hefiya/Halimatoz had thee switches
(Fig. 1d). Switch data were not available from the biosimilar
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Table 3  Characteristics of switch studies
Producta

Active substance No. of patients/switch
groupsb

Design

No. of switches Comment

Zessly

Infliximab

RA 280/143/143

Flixabi

Infliximab

RA 291/101/94

Remsima/Inflectrac

Infliximab

Idacio

Adalimumab

RA 158/144
AS 88/86
Psoriasis 214/101/101

Amgevita

Adalimumab

Hyrimoz/Hefiya/ Halimatoz
Amsparity

Adalimumab

Imraldi

Adalimumab

Hulio

Adalimumab

Erelzi

Etanercept

Extension
Randomized
Extension
Randomized
Extension
Non-randomized
Extension
Randomized
Extension
Randomized
Randomized
Extension
Randomized
Extension
Randomized
Extension
Randomized
Extension
Randomized
Extension

Benepali

Etanercept

RA 126/119

Nepexto

Etanercept

RA 10/8

Kanjinti

Trastuzumab

Truxima/Ritemvia/Blitzima
Riximyo/Rixathon

Rituximab

HER2+ EBC
364/190/171
RA 38/20

Rituximab

RA 53/54

One
Ref to BSim
One
Ref to BSim
One
Ref to BSim
One
Ref to BSim
One
Ref to BSim
Three
(see text)
Two
(see text)
One
Ref to BSim
Two
(see text)
One
Ref to BSim
BSim to Ref
One
Ref to BSim
One
Ref to BSim
BSim to Ref
One
Ref to BSim
One
Ref to BSim
One
Ref to BSim

Adalimumab

Psoriasis
152/79/77
Psoriasis
126/127/63/63
RA
267/123/127
RA
201/111/106
RA
216/108/108/213
Psoriasis
151/151/196

Randomized
Extension
Non-randomized
Adjuvant phase Randomized
Extension
Non-randomized
Randomized

Concomitant methotrexate
Concomitant methotrexate
Concomitant methotrexate

Concomitant methotrexate
Concomitant methotrexate
Concomitant methotrexate

Concomitant methotrexate
Concomitant methotrexate

Concomitant methotrexate
Concomitant methotrexate

EMA European Medicines Agency, EPARs European Public Assessment Reports, RA rheumatoid arthritis, AS ankylosing spondylitis, HER2+
EBC human epidermal growth factor receptor 2-positive early breast cancer, Ref reference product, BSim biosimilar product
a

b
c

Source (EMA find medicine: EPARs [20])
Numbers in italics indicate the number of patients in the switch groups
The assessment report was incomplete and was complemented by data from the studies by Yoo et al. [26] and Park et al. [27]

bevacizumab products Zirabev and Mvasi, or from the trastuzumab products Ontruzant, Herzuma, Trazimera, Ogivri,
and Zercepac.
3.4.2 Single Switch Studies
Table 4 shows the impact of a single switch on efficacy,
TEAEs, SAEs, discontinuations of the therapy and immunogenicity. In general, the results demonstrate that efficacy,
safety, and immunogenicity were not affected by switching.
None of the switch studies were powered to find a certain
difference. In a few studies, some individual parameters
showed small numerical differences between the switched

group and the non-switched group(s). Considering the multitude of different comparisons, the clinical significance
of these differences was judged on the basis of the totality of evidence. For example, if there is a small numerical difference in SAEs, the EMA assessors will look at the
relatedness and type of SAEs, and discontinuations due to
adverse effects (is there a specific pattern or potential immunological AE). Most adverse effects of biologicals are due
to exaggerated pharmacological effects and sometimes to
immunogenicity. Therefore, efficacy and PK data will be
used to support the analysis of the clinical significance of
a small difference. Thus, in the context of switch studies,
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Table 4  Comparisons of safety parameters of biosimilar mAbs and their reference products in single switch studies
Product
Zessly
Flixabi
Remsima/inflectrac
Idacio
Amgevita
Imraldi
Erelzi
Benepali
Nexpecto
Kanjinti
Truxima/Ritemvia/Blitzima
Riximyo/Rixathon

INN
Infliximab
Infliximab
Infliximab
Adalimumab
Adalimumab
Adalimumab
Etanercept
Etanercept
Etanercept
Trastuzumab
Rituximab
Rituximab

Efficacy
Comp
Comp
Comp
Comp
BSim < Refa
Comp
Comp
Comp
NA
NA
Comp
NA

TEAEs

SAEs
a

BSim < Ref
Comp
BSim > Refb
Comp
BSim < Refd
Comp
NA
Comp
Comp
BSim > Ref
None
BS > Reff

a

BSim < Ref
Comp
Comp
Comp
Comp
Comp
BSim > Refe
NA
Comp
Comp
Comp
BS<Refg

Discontinuations

Immunogenicity

Comp

Comp
Comp
Comp
Comp
Comp
Comp
Comp
Comp
NA
NA
NA
NA

Comp
Comp
Comp
Comp
NA
NA
NA
Comp
None for BSim
None for BSim

TEAE treatment-emergent adverse event, SAE serious adverse event, Comp comparable according to the EMA assessors’ analysis of the magnitude of difference and other safety or efficacy parameters, Ref reference product, BSim biosimilar product, INN international nonproprietary
name, NA not available in the public domain, AEs adverse events
a

b

Small numerical difference without clinical significance

Hypersensitivity reactions, latent tuberculosis, abnormal liver function, upper and lower respiratory infections, and infusion-related reactions
were reported in similar proportions of patients
c

d
e
f

Reference means non-switched BSim in this case
Difference mainly due to musculoskeletal adverse events
3.1% vs. 1.3%

60.8% vs. 51.9%, whereas the frequency of treatment-related AEs was 11.3% vs. 20.4%

g

3 vs. 9

‘comparable’ means that a numerical difference can be
regarded as clinically insignificant or a chance finding.
3.4.3 Multiple Switch Studies
3.4.3.1 GP2017 (Hyrimoz, Hefiya, Halimatoz) The P17301 study was the pivotal safety and efficacy study in 465
patients with plaque-type psoriasis. The total follow-up was
49 weeks and the core period lasted for 16 weeks. Thereafter,
both treatment arms were re-randomized to either continue
the original treatment or switch to the other treatment at
week 17 until week 23. At week 23, the switch groups were
switched back, and at week 35, the groups were switched
again, i.e. returned to their original treatment (Fig. 1d). The
final period lasted until week 51.
After the switch at week 17, there were 126 patients in
the continued GP2017 group, 127 patients in the continued
Humira group, 63 patients in the Humira/GP2017 group,
and 63 patients in the GP2017/Humira group. In the period
17 weeks to week 51, there were no clinically meaningful
differences between the four groups in reported TEAEs
with regard to frequency or system organ classes of preferred terms. Infections were the most common SAEs, but
no more than one patient in each group reported a particular AE. During the switching period, there was a difference

in ADA prevalence of the continuous GP2017 (35.8%) and
Humira (45.1%) groups, whereas in the GP2017-Humira and
Humira/GP2017 groups, the ADA prevalences were 46.7%
and 39.3%, respectively. The differences were regarded as
clinically irrelevant.
3.4.3.2 Amsparity The pivotal randomized, double-blind,
efficacy and safety study (B5381002) involved 597 patients
with rheumatoid arthritis with baseline methotrexate treatment. In the first period that lasted 26 weeks, patients were
randomized into two treatment arms—adalimumab-Pfizer
(Amsparity) and Humira sourced from the EU. In the second
treatment period that lasted until week 52, Humira patients
were re-randomized to remain on Humira or switched to
Amsparity. In the third period that lasted until week 78, the
remaining Humira patients were switched to Amsparity for
an open-label extension (Fig. 1b).
The safety profiles were comparable in the three arms in
Period 2 at week 52 (Table 5).
The TEAES were analyzed at the end of the period 3
(Table 6) and showed no clear safety signals.
After the initial study period, 44.4% of ADA-positive
subjects were included in the Amsparity arm and 50.5% in
the Humira arm. After the first switch period, comparable
prevalences and titers of ADAs were recorded in the groups
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Table 5  Safety after the second period of study B5381002 of amsparity (first switch)

Any TEAE1
Serious AEs
Discontinuation because of an AE
Infections
Musculoskeletal TEAEs

Amsparity/amsparity

Humira/humira

Humira
Amsparity

43.5
1.4
2.1
17.3
7.4

44.4
4.4
5.9
17.0
9.6

38.3
2.3
1.5
21.1
7.5

Data are expressed as percentages
AE adverse event, TEAE treatment-emergent adverse event

Table 6  Safety after the third period of study B5381002 of amsparity (after the second switch)

Any TEAE
Infections
Musculoskeletal and connective tissue disorders
Skin disorders
Discontinuations due to TEAEs

Amsparity
Amsparity
Amsparity

Humira
Humira
Amsparity

Humira
Amsparity
Amsparity

42.6
20.2
10.9
2.3
2.3

50.8
19.2
17.5
2.5
2.5

37.0
20.5
10.2
1.6
1.6

Data are expressed as percentages
TEAE treatment-emergent adverse event

continuing original treatment—52.3% (Amsparity) and
59.3% (Humira), and 49.6% in the switch group (Humira/
Amsparity). The increase in ADA prevalence over the first
switch period was 0.8% in the Humira/Amsparity group,
compared with 6.7% in the Humira group that did not switch.
3.4.3.3 Hulio (FKB327) The pivotal safety and efficacy
study (FKB327-002) in rheumatoid arthritis patients with
concomitant methotrexate had an open-label extension
study (-003). In the first period of the extension study, eligible patients (324 and 321 patients in the FKB327 [F] and
Humira [H] arms, respectively) were re-randomized for an
additional 28 weeks of treatment to either continue the original treatment or switch to the opposite treatment (groups
F/F, F/H, H/F, H/H). Overall, 88% of patients entered the
first period of the extension study. In the second period,
all patients were switched to FKB327 for an additional
48 weeks of treatment. The two switches generated four
groups: F/F/F (216 patients), F/H/F (108 patients), H/F/F
(108 patients), and H/H/F (213 patients). In these groups,
86–93% of patients completed the second period (Fig. 1c).
In the first period of extension, TEAEs were reported
in 47.7%, 54.6%, 54.6%, and 54.9% of the F/F, F/H, H/F,
and H/H groups, respectively, and treatment-emergent SAEs
were reported in 2.3%, 6.5%, 4.6%, and 3.3%, respectively.

No individual preferred AE term in the other groups deviated from the H/H group in a clinically relevant way.
In period II, discontinuations due to TEAEs were similar
in the treatment groups. On the one hand, the proportion of
patients with TEAEs and severe TEAEs was slightly higher
in the F/H/F group compared with the other groups (F/F/F,
H/F/F, and H/H/F; 61% vs. 55–60% and 8% vs. 1–4%,
respectively). On the other hand, the proportion of patients
experiencing the most common individual TEAE, i.e. infections, was lowest in the F/H/F group. Interestingly, injection site reactions were rare; reactions greater than grade
2 were only seen in one patient in each switch group. Most
patients (96.5%) using an autoinjector had no injection site
reactions. When pain was measured by visual analog scale
(VAS), Humira-treated patients had the highest scores for
injection site pain.
The subgroups at the end of the first and second period
of FKB327-003 showed similar levels of ADAs. There was
a trend for a slight decrease in the incidence over time, from
approximately 60% to 50% in all subgroups. The mean titers
of ADAs also decreased. There were no meaningful differences between the groups.
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4 Discussion
All approved biosimilar products fulfilled the requirements
of high similarity of the safety profile, including immunogenicity. Switching between biosimilars and their reference
products did not cause adverse effects, including loss of
efficacy. Postmarketing surveillance of biosimilar mAbs
up to 7 years post-approval did not reveal any biosimilarspecific safety or immunogenicity concerns despite considerable exposure of more than 1 million patient-treatment
years. Self-administration of biosimilar products with different administration devices is feasible and did not lead to
an increase in adverse effects. Thus, biosimilar mAbs may
be safely administered de novo or after switching from the
originator product.
This is the first study covering both prelicensing and
postmarketing safety data, administration devices, as well as
interchangeability data of all marketed biosimilar mAbs and
fusion proteins used in autoimmune and oncology indications (cut-off 31 July 2020). The products were administered
by health care professionals (pre- and postlicensing) and
also by patients/caregivers (postlicensing). The availability
of different presentations and administration options allows
for increased patient choice but does not prevent switching
between the reference product and its biosimilar product.
The main focus of the marketing authorization applications of biosimilars is the comparability of quality, safety,
and efficacy (summarized in the EPARs). Switching data
were presented for most biosimilar mAbs and assessed
from a safety point of view, since interchangeability is not
formally declared by the EMA. The switch studies were
extensions of pivotal efficacy and safety studies, had variable designs, and were not powered for efficacy. PSURs
cover all significant postmarketing safety issues, including immunogenicity. Thus, the present study deals mainly
with safety and immunogenicity, with special emphasis on
interchangeability.
Considering the analysis of biosimilar mAbs and the
overall long-term exposure to biosimilars worldwide (over
2 billion treatment days), the validity of the biosimilarity
concept is de facto firmly established [28]. Reviews of up
to 178 reference/biosimilar switch studies conducted up to
2018 have not revealed any safety problems [29–32]. Our
study confirms that the safety and immunogenicity profiles
of biosimilar mAbs and etanercepts, and their reference
products, for the treatment of autoimmune and malignant
diseases are similar and do not change upon switching.
The current clinical data support theoretical considerations suggesting that switching comparable versions of
therapeutic proteins does not induce or increase immunogenicity [33–37]. Knowledge of the reference medicine is
the best source of data on the expected immunogenicity of

a biosimilar. However, immunogenicity is often presented
as the main and unpredictable risk of biosimilars in spite of
the questionable theoretical basis and lack of any supporting clinical evidence for this hypothesis [13, 38, 41]. Furthermore, much of the discussion on interchangeability has
been focused on the requirement for extensive studies with
multiple switches, as well as switches between biosimilars
of the same reference product [39–51]. Such studies would
require hundreds of patients per study, which will discourage
the development of biosimilars [32, 41]. Not surprisingly,
most publications advocating for systematic switch studies
were sponsored by innovator pharmaceutical companies.
In our opinion, based on theoretical considerations, controlled switching studies, and the significant evidence from
real-word switching, systematic switch studies may be scientifically and ethically questionable because of enormous
wasting of clinical research resources. The continuous discussion of systematic switch studies creates uncertainty
among prescribers regarding the safety and interchangeability of biosimilars [17, 18, 52, 53]. Another concern is
misinformation on biosimilars [54–57]. It should be noted
that the US FDA considers prescriber-initiated switching
as medical praxis. Switching studies are only required for
automatic substitution in the US [58].
The most experienced National Regulatory Authorities in
the EU, as well as the UK, Norway, Iceland, and Liechtenstein, have issued position papers that endorse interchangeability of biosimilars in agreement with, or under the supervision of, the prescriber [59]. Unfortunately, the positions are
somewhat heterogeneous, which is confusing and reduces
their impact. Learned societies, regulators, and policymakers should act swiftly to create a common European position
on interchangeability to promote rational use of biologicals
[34, 44, 60]. The European Commission intends to continue
working on the uptake of biosimilars, including review of
legislation and specifically mentioning interchangeability to
stimulate competition [61].

5 Conclusion
Interchangeability of EU-licensed biosimilars has been demonstrated. Thus, automatic substitution at the pharmacy level
is, in principle, possible. From the European perspective,
substitution should be tailored to the local circumstances,
such as methods for traceability, the need for training of
patients and pharmacy personnel, and the switch protocol,
including the timing of/interval between switches and price
differences triggering a substitution [62].
Supplementary Information The online version contains supplementary material available at https://d oi.o rg/1 0.1 007/s 40265-0 21-0 1601-2.

P. Kurki et al.
Acknowledgements Ana Hidalgo-Simon gave valuable advice and
comments during the planning and writing of the manuscript. Sanna
Saarinen performed the literature searches for efficacy, safety, and
immunogenicity of biosimilars.

Declarations
Author contributions PK and EW-H planned the study. IB analyzed
the prelicensing safety data; PT analyzed the postmarketing safety data;
SB analyzed the administration devices; EW-H analyzed the immunogenicity data; and PK analyzed the interchangeability data. All authors
participated in the drafting of the manuscript.
Disclaimer The opinions expressed in this article are personal views
of the authors and may not be understood or quoted as being made on
behalf of or reflecting the position of the agencies or organizations with
which the authors are affiliated.
Funding Open access funding provided by University of Helsinki
including Helsinki University Central Hospital.
Conflict of interest Pekka Kurki, Sean Barry, Ingrid Bourges, Panagiota Tsantili, and Elena Wolff-Holz have completed the ICMJE uniform disclosure (available upon request) and declare no support from
any organization for the submitted work; no financial relationships
with any organizations that might have an interest in the submitted
work in the previous 3 years; and no other relationships or activities
that could appear to have influenced the submitted work.
Ethics approval Not Applicable.
Consent to participate Not Applicable.
Availability of data and material (data transparency) All data generated
or analyzed during this study are included in this published article (and
its supplementary information files).
Code availability (software application or custom code) Not applicable.
Open Access This article is licensed under a Creative Commons Attribution-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 Commons licence, and indicate if changes were made. The images or other
third party material in this article are included in the article's Creative
Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc/4.0/.

References
1. Tsumoto K, Isozaki Y, Yagami H, Tomita M. Future perspectives of therapeutic monoclonal antibodies. Immunotherapy.
2019;11(2):119–27.
2. Shepard HM, Lewis Phillips G, Thanos CD, Feldmann M. Developments in therapy with monoclonal antibodies and related proteins. Clin Med (Lond). 2017;17:220–32.

3. Castelli MS, McGonigle P, Hornby PJ. The pharmacology and
therapeutic applications of monoclonal antibodies. Pharmacol Res
Perspect. 2019;7(6):e00535.
4. Urquhart L. Top product forecasts 2020 antibody therapies.
Available at: https://media.nature.com/original/magazine-assets/
d41573-0 20-0 0011-5/d 41573-0 20-0 0011-5.p df. Accessed 25 Mar
2021.
5. Saleem T, Qurashi H, Jamali M, Chan Gomez J, Kanderi T. Biosimilars as a future, promising solution for financial toxicity: a
review with emphasis on bevacizumab. Cureus. 2020;12(7):
e9300. https://doi.org/10.7759/cureus.9300.
6. Cornes P. The economic pressures for biosimilar drug use in cancer medicine. Target Oncol. 2012;7(Suppl 1):S57-67.
7. Kelly C, Mir F. Biological therapies: how can we afford them?
BMJ 2009;339:666–669. Available at: https://w
 ww.b mj.c om/b mj/
section-pdf/186337?path=/bmj/339/7722/Analysis.full.pdf.
8. Troein P, Newton M, Scott K. The impact of biosimilar competition in Europe. 2020. Available at: https://ec.europa.eu/health/
sites/h ealth/fi
 les/h uman-u se/d ocs/b iosim
 ilar_c ompet ition_e n.p df.
Accessed 27 Mar 2021.
9. de Mora F. Biosimilars: a value proposition. BioDrugs.
2019;33(34):1–4.
10. Troein, P, Newton M, Patel J, Scott K. The impact of biosimilar competition in Europe. 2019. Available at: file:///C:/Users/
kurkipek/Downloads/IQVIA%20Biosimilars%20EC%20Whitepaper%20ORB2731F%20(2).pdf. Accessed 27 Mar 2021.
11. Likic R. Sustainability of costs of novel biologicals: are we all
heading for bankruptcy? Br J Clin Pharmacol. 2020;86(7):1233–4.
https://doi.org/10.1111/bcp.14295.
12. European Medicines Agency and European Commission. Biosimilars in the EU. Information guide for healthcare professionals. Available at: https://www.ema.europa.eu/en/documents/leafl
et/biosimilars-eu-information-guide-healthcare-professionals_en.
pdf. Accessed 27 Mar 2021.
13. Mellstedt H. Clinical considerations for biosimilar antibodies. EJC
Suppl. 2013;11(3):1–11. https://doi.org/10.1016/S1359-6349(13)
70001-6.
14. Declerck PJ. Biosimilar monoclonal antibodies: a science-based
regulatory challenge. Expert Opin Biol Ther. 2013;13(2):153–6.
https://doi.org/10.1517/14712598.2012.758710.
15. Blandizzi C, Galeazzi M, Valesini G. Transitioning from firstto second-generation biosimilars: an appraisal of regulatory and
post-marketing challenges. Pharmacol Res. 2018;128:306–14.
https://doi.org/10.1016/j.phrs.2017.10.015.
16. Sarnola K, Merikoski M, Jyrkkä J, Hämeen-Anttila K. Physicians’
perceptions of the uptake of biosimilars: a systematic review.
BMJ Open. 2020;10: e034183. https://doi.org/10.1136/bmjop
en-2018-034183.
17. O’Callaghan J, Bermingham M, Leonard M, et al. Assessing
awareness and attitudes of healthcare professionals on the use of
biosimilar medicines: a survey of physicians and pharmacists in
Ireland. Regul Toxicol Pharmacol. 2017;88:252–61. https://d oi.
org/10.1016/j.yrtph.2017.06.013.
18. Teeple A, Ellis LA, Huff L, et al. Physician attitudes about nonmedical switching to biosimilars: results from an online physician
survey in the United States. Curr Med Res Opin. 2019;35(4):611–
7. https://doi.org/10.1080/03007995.2019.1571296.
19. European Medicines Agency. European public assessment reports:
background and context. Available at: https://www.ema.europa.
eu/en/medicines/what-we-publish-when/european-public-asses
sment-reports-background-context. Accessed 11 Nov 2020.
20. European Medicines Agency. Find medicines. Available at:
https://www.ema.europa.eu/en/medicines. Accessed 6 Apr 2021.
21. European Medicines Agency. Guideline on good pharmacovigilance practices (GVP). Module VII – Periodic safety update report
(Rev 1). EMA/816292/2011 Rev 1. Available at: https://www.

Safety and Interchangeability of Biosimilar Monoclonal Antibodies

22.

23.

24.

25.
26.

27.

28.
29.
30.

31.
32.

33.
34.

35.
36.
37.

ema.e uropa.e u/e n/d ocume nts/s cient ific-g uidel ine/d raft-g uidel ine-
good-pharmacovigilance-practices-module-vii-periodic-safety-
update-report-rev-1_en.pdf. Accessed 24 Apr 2021.
European Medicines Agency. Periodic safety update single assessments. Available at: https://www.ema.europa.eu/en/medicines/
download-medicine-data#periodic-safety-update-report-single-
assessments-(psusas)-section. Accessed 27 Mar 2021.
European Medicines Agency. Guideline on Immunogenicity assessment of therapeutic proteins EMEA/CHMP/
BMWP/14327/2006 Rev 1. Available at: https://w
 ww.e ma.e uropa.
eu/en/similar-biological-medicinal-products. Accessed 24 Apr
2021.
European Medicines Agency. Guideline on similar biological
medicinal products containing biotechnology-derived proteins as
active substance: non-clinical and clinical issues. EMEA/CHMP/
BMWP/42832/2005 Rev1. Available at: https://w
 ww.e ma.e uropa.
eu/en/similar-biological-medicinal-products. Accessed 24 Apr
2021.
European Medicines Agency. SmPC Humira. Available at: https://
www.ema.europa.eu/en/documents/product-information/humira-
epar-product-information_en.pdf. Accessed 8 May 2021.
Yoo DH, Prodanovic N, Jaworski J, et al. Efficacy and safety of
CT-P13 (biosimilar infliximab) in patients with rheumatoid arthritis: comparison between switching from reference infliximab to
CT-P13 and continuing CT-P13 in the PLANETRA extension
study. Ann Rheum Dis. 2017;76(2):355–63.
Park W, Yoo DH, Miranda P, et al. Efficacy and safety of
switching from reference infliximab to CT-P13 compared with
maintenance of CT-P13 in ankylosing spondylitis: 102-week
data from the PLANETAS extension study. Ann Rheum Dis.
2017;76(2):346–54.
Medicines for Europe. 2020. Available at: https://w
 ww.m
 edici nesf
oreuro pe.c om/w
 p-c onten t/u pload s/2 020/1 2/B
 IOS5.p df. Accessed
8 Apr 2021.
McKinnon R, Cook M, Liauw W, et al. Biosimilarity and interchangeability: principles and evidence: a systematic review. BioDrugs. 2018;32:27–53.
Cohen HP, Blauvelt A, Rifkin RM, Danese S, Gokhale SB,
Woollett G. Switching reference medicines to biosimilars:
a systematic literature review of clinical outcomes. Drugs.
2018;78(4):463–78.
Wiland P, Batko B, Brzosko M, et al. Biosimilar switching—current state of knowledge. Reumatologia. 2018;56:234–42.
Barbier L, Ebbers H, Declerck P, Simoens S, Vulto A, Huys I. The
efficacy, safety, and immunogenicity of switching between reference biopharmaceuticals and biosimilars: a systematic review.
Clin Pharmacol Ther. 2020;108(4):734–75. https://doi.org/10.
1002/cpt.1836.
Kurki P, Van Aerts L, Wolff-Holz E, Giezen T, Skibeli V, Weise
M. Interchangeability of biosimilars: a European perspective. BioDrugs. 2017;31:83–91.
Ebbers HC, Schellekens H. Are we ready to close the discussion
on the interchangeability of biosimilars? Drug Discov Today.
2019;24(10):1963–7. https://doi.org/10.1016/j.drudis.2019.06.
016.
Doevendans E, Schellekens H. Immunogenicity of innovative and biosimilar monoclonal antibodies. Antibodies (Basel).
2019;8(1):21.
Strand V, Balsa A, Al-Saleh J, et al. Immunogenicity of biologics
in chronic inflammatory diseases: a systematic review. BioDrugs.
2017;31:299–316.
Bielsky MC, Cook A, Wallington A, et al. Streamlined approval
of biosimilars: moving on from the confirmatory efficacy trial.
Drug Discov Today. 2020. https://doi.org/10.1016/j.drudis.2020.
09.006.

38. Corbel MJ, Cortes Castillo ML. Vaccines and biosimilarity: a
solution or a problem? Expert Rev Vaccines. 2009;8(10):1439–49.
https://doi.org/10.1586/erv.09.97.
39. Castañeda-Hernández G, González-Ramírez R, Kay J, Scheinberg MA. Biosimilars in rheumatology: what the clinician should
know. RMD Open. 2015;1(1): e000010. https://doi.org/10.1136/
rmdopen-2014-000010.
40. Jani M, William G, Dixon WG, Chinoy H. Drug safety and immunogenicity of tumour necrosis factor inhibitors: the story so far.
Rheumatology. 2018;57:1896–907.
41. Alvarez DF, Wolbink G, Cronenberger C, Orazem J, Kay J. Interchangeability of biosimilars: what level of clinical evidence is
needed to support the interchangeability designation in the United
States? BioDrugs. 2020;34(6):723–32. https://doi.org/10.1007/
s40259-020-00446-7.
42. Faccin F, Tebbey P, Alexander E, Wang X, Cui L, Albuquerque T.
The design of clinical trials to support the switching and alternation of biosimilars. Expert Opin Biol Ther. 2016;16(12):1445–53.
https://doi.org/10.1080/14712598.2017.1238454.
43. Moots R, Azevedo V, Coindreau JL, et al. Switching between
reference biologics and biosimilars for the treatment of rheumatology, gastroenterology, and dermatology inflammatory conditions: considerations for the clinician. Curr Rheumatol Rep.
2017;19(6):37. https://doi.org/10.1007/s11926-017-0658-4.
44. Bakalos G, Schreitmüller T. Reply to ‘Biosimilars: a position
paper of the European Society for Medical Oncology, with particular reference to oncology prescribers.’ ESMO Open. 2017;2:
e000281. https://doi.org/10.1136/esmoopen-2017-000281.
45. Scott FI, Lichtenstein GR. Biosimilars in the treatment of inflammatory bowel disease: supporting evidence in 2017. Curr Treat
Options Gastroenterol. 2018;16:147–64. https://doi.org/10.1007/
s11938-018-0177-z.
46. Declerck P, Bakalos G, Zintzaras E, Barton B, Schreitmüller T.
Monoclonal antibody biosimilars in oncology: critical appraisal
of available data on switching. Clin Ther. 2018;40(5):798–809.
47. Numan S, Faccin F. Non-medical switching from originator tumor
necrosis factor inhibitors to their biosimilars: systematic review
of randomized controlled trials and real-world studies. Adv Ther.
2018;35:1295–332. https://doi.org/10.1007/s12325-018-0742-9.
48. Schreitmuller T, Barton B, Zharkov A, Bakalos G. Comparative immunogenicity assessment of biosimilars. Future Oncol.
2019;15(3):319–29.
49. Feagan BG, Lam G, Ma C, Lichtenstein GR. Systematic
review: efficacy and safety of switching patients between reference and biosimilar infliximab. Aliment Pharmacol Ther.
2019;49(1):31–40.
50. Feagan BG, Marabani M, Wu JJ, Freddy FF, Spronk C, CastañedaHernández G. The challenges of switching therapies in an evolving multiple biosimilars landscape: a narrative review of current
evidence. Adv Ther. 2020;37:4491–518. https://doi.org/10.1007/
s12325-020-01472-1.
51. Bernard E-J, Fedorak RN, Jairath V. Systematic review: non-medical switching of infliximab to CT-P13 in inflammatory bowel
disease. Dig Dis Sci. 2020;65:2354–72. https://doi.org/10.1007/
s10620-019-06036-0.
52. Giuliani R, Tabernero J, Cardoso F, Hanson McGregor K, Vyas
M, de Vries EGE. Knowledge and use of biosimilars in oncology: a survey by the European Society for Medical Oncology.
ESMO Open. 2019;4(2): e000460. https://doi.org/10.1136/esmoo
pen-2018-000460.
53. Gibofsky A, McCabe D. US rheumatologists’ beliefs and knowledge about biosimilars: a survey. Rheumatology. 2021;60(2):896–
901. https://doi.org/10.1093/rheumatology/keaa502.
54. Barbier L, Simoens S, Vulto AG, et al. European stakeholder
learnings regarding biosimilars: part I—improving biosimilar

P. Kurki et al.

55.

56.

57.
58.

understanding and adoption. BioDrugs. 2020;34:783–96. https://
doi.org/10.1007/s40259-020-00452-9.
US FDA. FDA News Release 2020. FDA and FTC announce new
efforts to further deter anti-competitive business practices, support
competitive market for biological products to help Americans.
Available at: https://w
 ww.f da.g ov/n ews-e vents/p ress-a nnoun ceme
nts/f da-a nd-f tc-a nnoun ce-n ew-e ffort s-f urthe r-d eter-a nti-c ompet itive-business-practices-support.
Leicher BA. Ensuring patient safety and avoiding anti-competitive
deterrents to investment and innovation in biosimilars and interchangeable biologics. 2014. Available at: https://c dn.y maws.c om/
www.p aphar macis ts.c om/r esour ce/r esmgr/L
 egisl ative/B
 iosim
 ilar_
Leicher_-_DIA_201.pdf. Accessed 27 Mar 2021.
Cohen HP, McCabe D. The importance of countering biosimilar
disparagement and misinformation. BioDrugs. 2020;34:407–14.
https://doi.org/10.1007/s40259-020-00433-y.
US FDA. Prescribing biosimilar products. 2017. Available at:
https://www.fda.gov/downloads/Drugs/DevelopmentApprovalP
rocess/HowDr ugsareDevelopedandApproved/ApprovalApplica

59.

60.

61.
62.

tions/T
 herap eutic Biolo gicAp plica tions/B
 iosim
 ilars/U
 CM581 341.
pdf. Accessed 5 Apr 2021.
Medicines for Europe. Positioning statements on physician-led
switching for biosimilar medicines. 2020. Available at: https://
www.m
 edici nesfo reuro pe.c om/d ocs/M-B
 iosim
 ilars-O
 vervi ew-o f-
positions-on-physician-led-switching.pdf. Accessed 8 Apr 2021.
Toussirot E, Marotte H. Switching from originator biological agents to biosimilars: what is the evidence and what are the
issues? RMD Open. 2017;3: e000492. https://doi.org/10.1136/
rmdopen-2017-000492.
European Commission. EU Pharmaceutical strategy, 2020. Available at: https://ec.europa.eu/health/sites/health/files/human-use/
docs/pharma-strategy_report_en.pdf. Accessed 8 Apr 2021.
Tolonen HM, Airaksinen MS, Ruokoniemi P, Hämeen-Anttila K,
Shermock KM, Kurki P. Medication safety risks to be managed
in national implementation of automatic substitution of biological
medicines: a qualitative study. BMJ Open. 2019;9(10): e032892.
https://doi.org/10.1136/bmjopen-2019-032892.

Authors and Affiliations
Pekka Kurki1

· Sean Barry2 · Ingrid Bourges3 · Panagiota Tsantili4 · Elena Wolff‑Holz5

Sean Barry
sean.barry@hpra.ie

1

University of Helsinki, Lukupolku 19, 00680 Helsinki,
Finland

Ingrid Bourges
Ingrid.Bourges@fagg-afmps.be

2

Health Products Regulatory Authority, Dublin, Ireland

3

Federal Agency for Medicines and Health Products, Brussels,
Belgium

4

National Organisation for Medicines, Cholargos, Greece

5

Paul Ehrlich Institut, Langen, Germany

Panagiota Tsantili
ptsantili@eof.gr
Elena Wolff‑Holz
Elena.Wolff-Holz@pei.de

