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Background: As patents for biological drugs begin to expire, the need for scientifi c guidance on biosimilar drugs grows increasingly 
important. The European Medicines Agency provided the fi rst guidelines to cover the approval of biosimilars in 2005. On 10 February 
2012, the US Food and Drug Administration drafted three guidance documents relevant to approval of biosimilars in the US.
Objectives: The EU and US regulatory approaches to biosimilar approval were compared evaluating the potential impact on 
characterizing the safety profi le of a proposed biosimilar product.
Methods: Applicable legal documents and guidelines from the EU and US were compared. Three main categories were identifi ed as 
potentially safety-relevant, namely general regulatory requirements, non-clinical and clinical testing strategies.
Results: No fundamental diff erences were identifi ed between EU and US guidelines concerning the non-clinical and clinical testing 
strategies. However, extrapolating immunogenicity data from one indication to another is allowed in the US but not in the EU. 
Further diff erences were identifi ed in the general regulatory requirements including the reference product, defi nitions of biological 
drugs and historic regulatory conditions for distinct product classes. Furthermore, inconsistencies regarding naming and labelling 
conventions may hamper distinct post-authorization pharmacovigilance measures.
Conclusion: Although the regulatory approaches to biosimilar approval in the US and EU are similar in general scientifi c content, the 
identifi ed diff erences might aff ect the extent of the testing strategy and post-approval pharmacovigilance measures for biosimilars, in 
particular depending on the type of approval process (generic versus new drug application). In order to ensure globally comparable 
safety profi les, harmonization of these topics is highly desirable.
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Introduction
As the patent protection for many biological medicinal products 
begins to expire [1], the need for specifi c guidance regarding 
the development and approval of biosimilars grows increasingly 
important. The European Medicines Agency (EMA) was the fi rst 
competent authority that issued guidelines for biosimilars in 2005 
[2]. Other countries including Canada, Japan, and Korea followed 
with guidance documents for the approval of biosimilars, which 
mainly follow the approach of EMA. The World Health Organi-
zation (WHO) has also issued a guideline as a general frame-
work, establishing regulatory requirements for the approval of 
biosimilars [3]. In February 2012, US Food and Drug Administra-
tion (FDA) released draft guidance documents for biosimilars; 
however, no biosimilar drug has yet been approved in the US.

The purpose of this review article is to compare the EU with 
the US regulatory approaches and to evaluate the potential dif-
ferences with respect to their implications for characterization 
of the safety profi le of a proposed biosimilar product. In this 
context, three main areas were identifi ed as potentially relevant, 
namely non-clinical and clinical testing strategies as well as gen-
eral regulatory requirements. For the comparison of the regu-
latory approaches, legal documents and guidelines from both 
regions were compared and the results are discussed on the 
background of publicly available literature.

Defi nition of biosimilars
Since the active substance of a biosimilar is not identical to the 

active substance of the reference product, the regulatory require-
ments for approval of generics are inadequate to demonstrate 
the quality, effi cacy, and safety of biosimilars [4, 5].

Importantly, manufacturers of biosimilars do only have access 
to the fi nished reference product and have to conduct and 
establish their own strategies to develop the respective similar 
drug. Even minor changes to the original manufacturing 
process may result in alterations to the secondary, tertiary, and 
quaternary structure of the molecule, which may have an impact 
on the effi cacy and safety of the drug. Thus, the demonstration 
of high similarity to the reference product regarding quality, 
safety and effi cacy is necessary and has to be demonstrated 
using a set of comprehensive comparability exercises. Follow-on 
biologic products not authorized according to these standards 
of comparability cannot be referred to as biosimilars [6].

Since it is assumed that potential differences might lie not only 
in the current biosimilar guidelines on non-clinical and clini-
cal aspects, differences in the defi nitions of biological products 
between EMA and  FDA are outlined prior to the comparison of 
documents, see Table 1.

Safety issues of biological drugs
As most biological medicinal products, including biosimilars, 
are intended for long-term use to treat chronic diseases, safety 
concerns are likely to arise outside the time course of controlled 
clinical trials. A study of safety-related regulatory issues of 

For personal use only. Not to be reproduced without permission of the publisher (editorial@gabi-journal.net).



Generics and Biosimilars Initiative Journal

Volume 2  |  2013  |  Issue 3  |  145
© 2013 Pro Pharma Communications International. All rights reserved

REVIEW ARTICLE

GaBI Journal | www.gabi-journal.net

biologicals approved in the EU and US investigated 174 
approved products and identifi ed 82 safety-related regulatory 
actions concerning 41 products [7].

Biologicals developed fi rst had a higher risk for safety related 
regulatory actions compared with later approved products of 
the same class, indicating that the experience gained over time 
reduced safety concerns.

The most important general safety concern of biosimilars and 
follow-on biologics is their potential to trigger immunogenic 
responses in humans [8-11]. Therefore, the immunogenicity issue 
has become a focus area in their development and approval [12]. 
In the case of monoclonal antibodies (mAbs), these may cause 
safety issues, alter activity or have an impact on both parameters. 
For example, antibodies neutralizing endogenous erythropoi-
etin (EPO) can result in a rare condition known as antibody-
mediated pure red cell aplasia (PRCA) [8], which was observed 
inter alia after a manufacturing change initially considered to be 
minor to the originator product Eprex in 1998 [13].

Regarding biosimilar products currently approved by EMA, 
there are still some concerns in the long-term evaluation 
of these products, particularly the limited experience at the 
time of approval in terms of safety and their potential to 
trigger immunogenicity. Even if similar effi cacy is proven 
in the comparability exercises conducted during biosimilar 
development, the safety profi le might differ from that of the 
reference product. Therefore, the particular need for safety 
surveillance by rigorous pharmacovigilance (PV) is stressed 
also for biosimilars [8]. Only effective post-marketing PV 
including post-authorization safety studies (PASS) will provide 
suffi cient evidence that a biosimilar is comparable to the 
reference product in terms of its safety profi le [14]. Side effects 
related to use in daily practice, e.g. medication errors, off-label 
use, drug interactions or co-morbidities, can only be detected 
during post-approval exposure. A crucial point to consider in 
this context is the need for traceability of the products after 
launch and in daily practice [15].

The assessment of toxicity and safety of mAbs becomes more 
challenging due to the higher complexity and size of these 

products, giving rise to higher variability. The manufacture of 
biosimilar mAbs can lead to differences in glycosylation pattern, 
resulting in a high level of micro-heterogeneity. In addition, 
mAbs often have a complex mode of action as they comprise 
multifunctional molecules with biological properties involving 
both their Fab and Fc fragments. Many challenges are associated 
with the approval process of biosimilar mAbs [16].

Recently, EMA issued two guidelines dealing with non-clinical/
clinical issues as well as with the immunogenicity assessment of 
biosimilar mAbs [17, 18]. In contrast, no specifi c requirements 
for the approval of biosimilar mAbs are addressed by FDA 
in their draft guidance documents so far. In June 2013, fi rst 
approvals for biosimilar mABs have been granted in the EU 
for infl iximab; however, it will be interesting to follow how 
future applications will be assessed by EMA and FDA (CHMP 
2013 Summary of positive opinion for Remsima (infl iximab). 
EMA/CHMP/363689/2013. released 27 June 2013; CHMP 2013 
Summary of positive opinion for Infl ectra (infl iximab). EMA/
CHMP/364710/2013. released 27 June 2013).

Comparison of regulatory requirements covering toxicity 
and safety
Overall, the regulatory requirements in both regions are 
comparable regarding their scientifi c content. However, the most 
obvious discrepancy is the structure and number of guidance 
documents. In contrast to the US, guidance documents in the EU 
are available for different product classes such as somatropins, 
EPO, granulocyte colony-stimulating factor (G-CSF) and 
insulin [5]. Content-related differences between the EU and 
US guidelines regarding distinct parameters with possible 
impact on toxicity and safety of biosimilar products are out-
lined below.

General requirements with a possible impact on toxicity 
and safety of biosimilars
General topics with a possible impact on toxicity and safety of 
the proposed biosimilar product include: the reference product; 
defi nitions of biological drugs and the resulting regulatory 
pathway; and naming and labelling.

Comparison of provisions determining the reference 
product
In principle, only a reference product licensed in the EU or 
US, respectively, is accepted for any kind of testing during the 
approval process of a biosimilar drug. Furthermore, the same 
product has to be used throughout the entire development 
programme [12]. In certain cases, the use of non-EU or non-US 
reference products, respectively, is accepted for distinct non-
clinical and clinical investigations and results may be bridged 
for fi nal evaluation [19]. Under this approach, it is the applicant’s 
responsibility to establish that the batches sourced outside 
the European Economic Area (EEA) are representative of the 
reference medicinal product authorized in the EEA through an 
extensive analytical comparison.

According to the May 2013 EMA’s overarching guideline the 
use of foreign reference material to conduct the immunogenic-
ity and clinical effi cacy programme marketing is in principle 
possible in both regions which is considered a key  advantage 

Table 1: The defi nitions of a biological product, EU versus US

European Medicines Agency 
(EMA)

US Food and Drug Adminis-
tration (FDA)

A biological medicinal prod-
uct is a product, the active 
substance of which is a bio-
logical substance. A biologi-
cal substance is a substance 
that is produced by or 
extracted from a biological 
source.

In contrast to chemically 
synthesised small molecular 
weight drugs, which have a 
well-defi ned structure and 
can be thoroughly character-
ized, biological products are 
generally derived from living 
material – human,  animal, 
or microorganism – are 
complex in structure, and 
thus are usually not fully 
characterized.
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(CHMP 2013. Guideline on Similar Biological Medicinal Prod-
ucts. CHMP/437/04-Rev 1. Released 22 May 2013). This is 
considered by biosimilar developers as a key advantage since 
they can use the EU programme also for US fi ling [20]. How-
ever, FDA Q&A document (Q.1.8) states that ‘At this time, 
as a scientifi c matter, it is unlikely that clinical comparisons 
with a non-US licensed product would be an adequate basis 
to support the additional criteria required for a determination 
of interchangeability with the US licensed reference product’ 
[21]. In this context, interchangeability means that the biological 
product is biosimilar to the reference product, it can be expected 
to produce the same clinical result as the reference product in 
any given patient; and for a product administered more than 
once, the safety and reduced effi cacy risks of alternating or 
switching are not greater than with repeated use of the refer-
ence product without alternating or switching [22]. This con-
cept of interchangeability, however, is only applied in the US 
and not the EU [23]. Recently, it was reported that FDA accepts 
substitution of interchangeable biosimilars [24], while, for 
example, the Greek medicines agency released a document in 
March 2013 that it did not recommend automatic substitution or 
interchangeability of biological [25]. Automatic substitution will 
make post-marketing surveillance more diffi cult due to poten-
tial issues with traceability and identifi cation of the products.

The reliable bridging of data derived from studies with a non-EU 
or non-US licensed product to the respective licensed reference 
product remains challenging. This has been followed in the 
May 2013 drafted revision of EMA’s Overarching guideline. As is 
stated in the response to Question 4 of the Q&A document 
of EMA [19], a close collaboration with FDA is foreseen in the 
upcoming revision of the biosimilar guideline CHMP/437/04 to 
ensure harmonization of requirements of reference products 
for the comparability exercise. It should be noted that bridging 
data between studies gathered by the use of different reference 
products may result in potential bias regarding safety data.

During the development programme, sponsors are encouraged 
to discuss with the authorities the adequacy of the scientifi c 
justifi cation of such an approach, particularly the bridging to 
reference material authorized in another ICH region applying 
respective approval standards proving biosimilarity similar to 
that of the EU and the US [26].

Comparison of biological drug defi nitions for approval 
of biosimilars
In the US, for historical reasons and due to the defi nition of 
biological drugs, certain biologicals are regulated under the 
Federal Food, Drug, and Cosmetic (FD&C) Act and are therefore 
open to the so-called Hatch–Waxman generic drug pathway 
(The Hatch–Waxman Act, a 1984 amendment to the FD&C Act, 
created an abbreviated approval process for generic versions 
of conventional drugs while still protecting the patent rights 
of brand-name drug manufacturers). Such biological products 
include insulin, glucagon, somatropin, and low molecular weight 
heparins (LMWHs). Recently, FDA published requirements 
to be fulfi lled by a biosimilar, thus offering the possibility of 
authorization by an abbreviated new drug application (ANDA) 
procedure [27].

In contrast, EU regulation does not allow for the use of classical 
generics application procedures for marketing authorization of 
biosimilars for these classes of biologicals [28].

Since there are different requirements to be fulfi lled when the 
same drug is approved in either the US or the EU, e.g. the extent 
of non-clinical and clinical testing, the characterization of the 
safety profi le of biosimilars may be affected. This applies, for 
example, to the product class of LMWHs. These are classifi ed 
as generic drugs in the US and therefore become approved as 
generics under the FD&C Act using an ANDA [29]. The generic 
drug approval procedure in the US results in a less extensive 
development programme omitting studies evaluating non-clinical 
and clinical safety and effi cacy. Only bioequivalence to the 
originator product has to be proven in company-sponsored 
studies [30]. In contrast, LMWHs are classifi ed as biosimilars in the 
EU. Since heparins are derived from biological source material 
and are labelled according to potency rather than according 
to weight, these products are regulated as biologicals rather 
than generics. Consequently, mere physico-chemical similarity 
between a biosimilar such as LMWH and the originator product 
will be insuffi cient for a successful licensing application in the 
EU [31] and additional clinical studies assessing comparability 
with respect to pharmacokinetics (PK), effi cacy and safety 
are required [32, 33]. Similarly, while insulins, glugacon, and 
human growth hormone (somatropin) are regulated under the 
FD&C Act (generics procedure) in the US, they are treated as 
biologicals or biosimilars in the EU.

In conclusion, when comparing the different regulatory 
approaches for distinct biological product classes in the EU and 
US, there is an obvious need for global harmonization of the 
available regulatory pathways.

Comparison of guidelines for biosimilar labelling
The impact of naming and labelling on the safety of already 
approved biosimilar products has been widely discussed 
because biosimilars are marketed under the same International 
Nonproprietary Names (INN) as the reference product. In this 
regard, it was outlined by the European Biopharmaceutical 
Enterprises (EBE) and the European Federation of Pharmaceutical 
Industries and Associations (EFPIA) that, for example, the 
labelling for Omnitrope is effectively indistinguishable to that of 
its reference product (Genotropin). It is not clearly highlighted 
that Omnitrope is a biosimilar, or which data quoted in the 
labelling were generated with Omnitrope and which data with 
Genotropin. EBE and EFPIA strongly recommended a consistent 
approach concerning the labelling of future biosimilars by 
providing the respective information about the origin of data 
in sections 4.8 and 5.1 of the product’s Summary of Product 
Characteristics [34].

The European Commission issued a directive by end of 2012 
requiring biological products to be identifi ed by brand name and 
not by INN [35]. Measures are described which should facilitate 
the recognition of medical prescriptions of biologicals and, thus, 
also of biosimilars issued in another Member State. However, 
FDA is less precise in this context only saying that naming and 
labelling of the drug should facilitate decision making by the 
prescribing healthcare professional [22].
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Therefore, biologicals should be marketed with the brand name 
or at least with the INN together with the manufacturer’s name 
for a defi nite identifi cation of the product by prescribers [35]. 
Unique, dissimilar names can help to prevent prescription mix-
ups and can support reporting and tracking of adverse events. 
Identical or similar names may contribute to prescription mix-
ups and complicated post-marketing surveillance [36].

Comparison of non-clinical testing strategies
There is no substantial difference in the general non-clinical 
approach between the EU and the US regarding the scien-
tifi c content. Both regions require an extensive set of in vitro 
data which in principle are comparable. In the US draft guid-
ances, residual uncertainty after every single study milestone is 
addressed within the scope of the next studies to be conducted. 
However, individual testing strategies are likewise applied in 
the EU approach providing product-class specifi c guidelines.

In the EU and US, in vivo studies are usually required in 
relevant species based on state-of-the-art technology. How-
ever, slight differences exist concerning the structural approach. 
In the US, some of the non-clinical tests are described in the 
quality guideline [37]. The step-wise procedure of the so-called 
‘totality of the evidence’ approach is described in more detail 
in the US draft guidance documents compared with EMA’s gen-
eral guideline on non-clinical and clinical issues, particularly 
regarding structural characterization of the product [12, 22]. 
Furthermore, consistent with the recommendations of EMA, non-
clinical safety pharmacology, reproductive and developmental 
toxicity as well as carcinogenicity studies are not warranted in 
the US when the proposed product and reference product have 
been demonstrated to be highly similar by extensive structural 
and functional characterisation. In August 2012, FDA proposed 
a risk-based approach stating that animal repeated-dose toxicity 
studies may not be required, and may only be useful if safety 
uncertainties remain before fi rst-in-man studies [38].

Both EMA and FDA agree that animal immunogenicity studies 
do not predict potential immunogenic responses to protein 
products in humans. However, if differences in manufacturing, e.g. 
the presence of impurities or excipients, between the proposed 
product and the reference product result in altered immuno-
genicity, measurement of anti-protein antibody responses in ani-
mals may provide useful information relevant to patient safety 
[26]. Overall, a step-wise testing approach before entering the 
clinical phase is required in both the US and EU.

Comparison of clinical testing strategies
Both, the EU guideline on similar biological medicinal products 
containing biotechnology-derived proteins as active substance: 
non-clinical and clinical issues (EMEA/CHMP/42832/05) and 
the US draft guidance for industry, scientifi c considerations in 
demonstrating biosimilarity to a reference product [26], propose 
in general that the clinical comparability exercise is a stepwise 
procedure that should start with PK and pharmacodynam-
ics (PD) studies followed by clinical effi cacy and safety trials 
or, in certain cases, PK/PD studies. Both regions recommend 
selecting PD parameters on the basis of their relevance to dem-
onstrate therapeutic effi cacy of the product. Although reference-
 controlled clinical trials are usually required to  demonstrate 

clinical comparability of safety, in certain cases PK/PD studies 
may be suffi cient. For this purpose, there must be a high level of 
physico-chemical characterization of the biosimilar product in 
comparison with all the information collected with the origina-
tor during the development process or through post-marketing 
experience. If there are several potential indications, the most 
sensitive disease model to detect differences should be chosen 
in a homogeneous patient population. If effi cacy and safety 
has been shown in this indication, the extrapolation to other 
indications is possible under certain circumstances [12, 26].

Overall, FDA and EMA recommendations for clinical testing of 
PK/PD and effi cacy trials are highly similar.

Comparison of clinical safety and pharmacovigilance 
requirements
In terms of clinical safety and PV requirements there are no 
signifi cant differences between FDA and EMA recommendations. 
In principle, study populations should be of suffi cient size to 
detect possible safety concerns. Usually it is recommended to 
evaluate safety data within the scope of combined safety and 
effi cacy  trials. However, since the need for such clinical trials 
depends on the extent and relevance of data derived from non-
clinical testing and PK/PD studies in humans, and particularly on 
the relevance of PD markers used, the size of the safety popula-
tion to be evaluated may vary. Even if extensive phase III clini-
cal trials are performed, the study population will be too small 
to allow the detection of rare side effects. Therefore, both FDA 
and EMA focus on post-marketing safety programmes according 
to the respective PV laws applicable in either region. To detect 
possible differences between reference and biosimilar products, 
it is crucially important to compare the frequency and severity 
of known side effects of the reference product with any differ-
ences or new side effects not yet observed with the reference 
product [12, 26].

Comparison of immunogenicity assessment
Both authorities, FDA and EMA, explicitly state the importance 
of the assessment of clinical immunogenicity in both pre- and 
post-approval settings. FDA and EMA agree that non-clinical data 
are not able to predict the immunogenic potential of a molecule. 
To date, current guidance documents focus on chronic admin-
istration in humans with a minimum follow-up period of one 
year being expected in both regions [12, 26]. However, FDA 
explains in more detail that the requirements depend on the 
extent and period of administration. EMA also addressed this 
aspect in a concept paper regarding non-clinical and clinical 
issues of biosimilars [39].

The regulatory approaches differ regarding extrapolation of immu-
nogenicity data to other indications. While EMA clearly states that 
immunogenicity should be assessed for each indication separately 
[12], FDA in principle provides the possibility of extrapolating data 
to other indications [26]. However, caution is advised regarding 
the extrapolation of data to other indications and the applicant is 
recommended to discuss these aspects with the agency [20].

The possibility of extrapolating immunogenicity data depends 
on several factors, including understanding the mode of 
action, experience with the reference product, the extent of 
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Table 2: Comparison between EU and US of general regulatory considerations for the development of biosimilars

EU US

Defi nition of biological drugs in the respective guidelines for approval of biosimilars

The defi nition is laid down in Annex I of Directive 2001/83/EC a 
biological medicinal product is a product, the active substance of 
which is a biological substance. A biological  substance is a sub-
stance that is produced by or extracted from a biological source. 

However, focus is on similar biological medicinal products 
containing biotechnology-derived proteins as active substance.

The defi nition is laid down in the BPCI Act. In the draft  guidance 
on scientifi c considerations a clear FDA defi nition regarding the 
terms ‘protein’ and ‘chemically synthesised peptide’ is further 
specifi ed.

FDA legislation specifi cally excludes carbohydrate-derived 
medicines from the list of biological medicinal substances 
offering the possibility to enter the market via the use of a 
generic drug regulatory pathway (FD&C Act).

Also, hormones such as insulin, glugacon and human growth 
hormone, are regulated as non-biological drugs by law under 
FD&C Act.

Safety relevance

Differences in the defi nitions may result in different regulatory approaches maybe affecting the extent and content of the devel-
opment programme of a biosimilar as well as appropriate post-marketing pharmacovigilance activities. This may have an impact 
on the characterization of harmonized safety profi les

Historical regulatory conditions

No relevant historical regulatory conditions were identifi ed that 
possibly affect the approval of a similar biological drug.

For historical reasons, a few biologicals are regulated under 
the FD&C Act, and therefore the so-called Hatch–Waxman 
generics pathway is available for these products such as somat-
ropin and enoxaparin (LMWH) [24].

Requirements to be fulfi lled considering substances being 
 allocated to the same product class as a product previously 
authorized according to Article 505 of the FD&C Act are 
defi ned by FDA [28].

Safety relevance

Differences regarding regulatory approaches may affect the extent and content of the development programme as well as 
appropriate post-marketing pharmacovigilance activities. This may have an impact on the characterization of harmonized safety 
profi les

Naming and labelling

To facilitate PV measures biological drugs have to be identifi ed 
on basis of the common name (usually INN) and brand name 
of the product according to the Directive 2012/52/EU. 

Naming and labelling of the biological drug is only regulated 
to facilitate the decision of the prescribing healthcare profes-
sional. However, resulting in the same degree of detailed 
requirements.

Safety relevance

Differences regarding the specifi cations of naming and labelling conventions may particularly result in non-harmonized post-
marketing pharmacovigilance approaches. Cloudy requirements regarding naming and labelling may impact appropriate trace-
ability measures affecting pharmacovigilance activities. This could result in different characterization of safety profi les.

characterization of the reference and proposed product, and 
the amount and relevance of data collected so far. In principle, 
the most sensitive disease model with regard to immunogenicity 
should be used [26], and extrapolation is only possible from 
high-risk to low-risk patient populations and clinical settings 
[40]. However, testing for only one indication may not be 
suffi cient to adequately explore the immunogenic potential of 
a biosimilar drug throughout several indications. This issue is 
of particular importance as biosimilar mAbs are already in the 
development pipeline, making the immunogenicity issue even 
more challenging [18, 41].

While the possibility of altered effi cacy and safety of a product is 
outlined by both EMA and FDA, EMA provides examples of reac-
tions possibly related to immunogenicity that should be closely 
monitored, such as hypersensitivity, infusion reactions, autoimmu-
nity and loss of effi cacy. Both agencies recommend defi ning cer-
tain PV measures depending on the specifi c characteristics of the 
product.

Discussion and conclusions
EMA was the fi rst competent authority to issue guidelines for 
biosimilar approval in 2005 [2]. In February 2012, FDA issued 
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draft guidance documents regarding the approval of biosimilars; 
however, no biosimilar drug has yet reached approval in the 
US. By March 2013, FDA’s drugs centre had received 51 requests 
for pre-Investigational New Drug (IND) meetings covering 12 
different biological reference products. This is interesting to 
compare with Europe, where to date 14 biosimilars have been 
approved covering only three reference products [42].

The purpose of this review article was to compare EU with 
US regulatory approaches to biosimilar approval, evaluating 
the potential extent to which the safety profi le of a proposed 
biosimilar product is characterized. Major issues comparing 
regulatory approaches with regard to a harmonized characteri-
zation of safety profi les of biosimilars in the two regions of 
interest are displayed in Table 2.

Overall, the requirements are similar; however, the language is 
different [20]. This fact makes it more complicated to identify 
relevant differences with respect to potential safety issues.

Despite differences in the structural approach and the language 
chosen, major differences possibly affecting understanding of 
the safety profi le of the proposed products concern the general 
requirements, i.e. the choice of the reference product, the 
defi nition of biologicals and the resulting regulatory pathways, 
and to some extent the naming and labelling requirements. 
Regarding non-clinical and clinical testing strategies, substantial 
differences were identifi ed concerning the extrapolation of 
immunogenicity data from one indication to another, which is 
precluded in the EU and in principle allowed in the US.

The naming and labelling of biosimilars is a topic under 
continuous discussion. With the new EC Directive 2012/52/
EU, consensus was found in the EU regarding the naming 
of biologicals by brand name and not by INN. In contrast, 
until now no precise requirements are scheduled in the US. 
For PV in a global setting, harmonization in naming is crucial 
as different naming systems in different countries, particularly 
outside the scope of the EC directive and FDA regulations, may 
hamper clear data analysis for a specifi c biosimilar product.

Physicians need to be informed about the scientifi c principles 
of the biosimilar approval. In this context, there is no reason 
to assume that biosimilars would behave differently from 
the reference product in clinical practice if the respective 
regulatory and scientifi c principles have been properly applied 
[40]. In addition, according to a review of an extensive set 
of clinical trials and post-authorization safety data, no specifi c 
safety concerns have yet been identifi ed for switching from 
one authorized biological to another for the same indication 
[43, 44]. However, since many safety-related issues of biologi-
cal drugs only occur in very rare situations, which often relate 
to long-term use, more experience is needed with distinct 
product classes.

To help manufacturers provide reliable effi cacy and safety data 
for their biosimilar products in the most cost-effective way, and 
in order to give physicians and patients’ confi dence in glo-
bally comparable safety profi les, harmonization regarding these 
 topics is highly desirable.
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