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SPECIAL REPORT

The importance of analytical and clinical data in establishing and 
confi rming biosimilarity is reviewed, highlighting the strengths 
and limitations of each. While clinical studies cannot be used to 
determine biosimilarity, they provide important confi rmation of 
biosimilarity. Establishing and confi rming biosimilarity are central 
to the extrapolation of indications for biosimilars.

The European Medicines Agency (EMA) has stated that ‘if clini-
cal similarity can be shown in a key indication, extrapolation of 
effi cacy and safety data to other indication(s) of the reference 
product may be possible’ under certain conditions [1].

Clinical studies play a role in supporting biosimilarity, analytics 
are an essential tool for establishing biosimilarity. Analytics are 
typically more sensitive than traditional clinical endpoints in this 
respect.

The sensitivity of analytics has increased exponentially in recent 
years – from a detection limit of 100 pmol in 1990 to a detection 
limit of 0.00001 pmol in 2011 (A 10 million-fold increase in 21 
years) [2]. Because of this, all relevant structural components 
and functions of even a monoclonal antibody (mAb) can now 
be determined with high sensitivity, and the structure–function 
relationships determined, see Figure 1 [3].

Traditional clinical endpoints are generally not very sensitive 
in detecting structural differences between clinical agents. In 
trials of arthritis treatments, for example, the effectiveness of a 
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Supporting biosimilarity and extrapolation
With many biosimilars being approved around the world, there is an urgent need for clear guidelines on establishing biosimilarity 
and on approving subsequent extrapolation.  The balance between clinical studies and analytics in establishing and confi rming 
biosimilarity are discussed in this paper.

treatment is recorded according to American College of Rheu-
matology (ACR) criteria. ACR criteria include tender or swollen 
joint counts, patient or doctor assessments and related indica-
tors of disease severity. ACR20 indicates a 20% improvement 
in ACR criteria. A review of data collected between 1999 and 
2009 showed that fi ve different anti-infl ammatory anti-tumour 
necrosis factor (TNF) treatments shared similar ACR20 response 
rates, despite the fact that these were fi ve different molecules, 
see Figure 2 [3]. In other words, the results of clinical trials 
 cannot be used on their own to determine biosimilarity.

Analytics inform biosimilarity and extrapolation
The potential clinical impact of all quality attributes of every 
drug must be evaluated in order to establish biosimilarity. Clini-
cal impact includes the following components: (1) immunoge-
nicity, which remains the main reason of clinical studies, see 
Table 1; (2) safety/toxicity; (3) pharmacokinetics; and (4) effi -
cacy, see Figure 3 [3].

In the case of toxicity, it is important to consider both phar-
macological toxicity, which is caused by biological activities of 
the molecule that have been designed to match the reference 
product, and off-target toxicity (understood here as caused by 
binding to other molecules than the target), which is rare with 
biologicals since they are highly specifi c to their target.

Pharmacokinetics looks at the attributes critical to absorption, 
distribution, metabolism and excretion of a drug. A list of attri-

butes and analytical methods is 
shown in Table 2 [3].

There are several sources of infor-
mation to draw on when consider-
ing the impact of product attributes 
on safety and effi cacy. First, there 
is variability within the reference 
product itself, from batch-to-batch 
or because of changes in manufac-
turing.  Second, the scientifi c litera-
ture provides observations made 
in clinical studies and clinical prac-
tice. The literature also contains 
immunological studies and func-
tional in vitro and in vivo  studies. 
A third source of information is 
found in systematic and  structure–
function studies – the investigation 
of different combinations of attri-
butes  during development. Finally, 
animal studies provide informa-
tion on  pharmacokinetics (PK), 

Figure 1:  Structure and function of a generalized monoclonal antibody

N-Terminal heterogeneity
Pyroglutamate formation
Other modifications

Amino acid modifications
Deamidation, Oxidation, Glycation,
Isomerization 

H
eavy ch

ain H
ea

vy
 c

h
ai

n

-S -S -
-S -S -

Fab

Fc

S
S

S
S

S
S

S
S

Biological characteristics Physico-chemical characteristics

Glycosylation
Fucosylation, Sialylation

C-terminal heterogeneity
Lysine processing, Proline amidation

Fragmentation
Cleavage in hinge region, Asp-Pro

Disulfide Bonds
Free thiols, disulfide shuffling, thioether

Aggregation

Effector functions
• ADCC
• CDC

Primary and higher order structure

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



GaBIJournal
Generics and Biosimilars Initiative Journal

Volume 4  |  2015  |  Issue 4  |  181
© 2015 Pro Pharma Communications International. All rights reserved

GaBI Journal | www.gabi-journal.net

SPECIAL REPORT

 pharmacodynamics (PD) and sometimes also effi cacy, if adequate 
disease models are available.

The criticality of each attribute must be assessed separately for 
each indication based on known information. The biological 
activities involved in each indication must be considered – the 
impact on PD, effi cacy and safety. Likewise, the impact on PK 
in, and the immunological state of, different patient populations 
must be considered, including disease status, comorbidities and 
co-medication. It is important to apply a systematic approach 
supported by mathematical tools; additive or cancelling effects 
of different attributes must be taken into account. Cell-based 
and animal studies can provide additional information.

Sensitive indication
Regulators request the use of ‘sensitive indication’, particularly 
in view of extrapolation. The US Food and Drug Administration 
(FDA) recommends endpoints and study populations that are 
sensitive in detecting clinically meaningful differences in safety 

and effectiveness [4]. EMA recommends that the study popu-
lation should be sensitive for detecting potential differences 
between the biosimilar and the reference product [5].

The three main points to consider when selecting a study popula-
tion are immunocompetence, large effect size and feasibility. Under 
immunocompetence, the population must be as likely, or more 
likely, to show detectable differences in immunogenicity compared 
with other on label populations. The advantage of a population 
with a large effect size is that small differences are more easily 
detected compared with populations with a small effect size (10% 
of 100 is 10, which is easier to detect than 10% of 10, which is 1).

The similarity exercise
It is important to remember that extrapolation is from the ref-
erence product to the biosimilar and not from one clinically 
studied indication to the others, see Figure 4 [3], explained by 
Windisch [3]. All indications will have been thoroughly studied 
clinically with the reference product.

The biosimilar is connected with this wealth of data via  multiple 
very robust bridges: (i) analytical (structural) similarity; (ii) func-
tional similarity (biological and functional assays); (iii) human 
PK/PD similarity; and (iv) similarity in a clinical study in an 
 indication which is sensitive in detecting differences in immu-
nogenicity and effi cacy.

For extrapolation, the structural elements relevant to immuno-
genicity and to the mechanism(s) of action in the different indi-
cations are especially important.

If there is a difference in a potentially functionally relevant attri-
bute, it must be evaluated if this difference could have clinical 
consequences. This can be done in two ways. First, choose 
an indication for the clinical safety/effi cacy study which has a 
mechanism of action in which this function is involved.  Second, 
provide data from cell-based assays or in vivo non-clinical 

 studies which prove that the difference 
is not relevant. The best situation is to 
avoid differences in potentially relevant 
functional attributes altogether.

US-based injectables specialist Hospira, 
a global leader in biosimilars, has called 
on regulators to continue to adopt 
important scientifi c and clinical con-
cepts of extrapolation. Europe has 21 
EMA-approved biosimilars and FDA 
approved its fi rst biosimilar in the US 
in 2015. Hospira released a white paper 
in April 2015 calling for continued sup-
port for extrapolation in order to drive 
increased patient access to impor-
tant biological medicines [6]. Hospira 
depicts a somewhat  different scientifi c 
approach to extrapolation than that of 
Windisch [3]. The company notes that 
the introduction of biosimilar fi lgrastim 
in the UK, by Hospira and other com-
panies, had increased patient access by 
50 per cent.

Figure 2:  Traditional clinical endpoints are often not very sensitive 
in detecting structural differences
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Attribute (example) Comment/analytical methods (examples)

Amino acid sequence Must be identical/orthogonal peptide maps with high resolution MS
and MS/MS sequencing

Aggregates Critical factor/SEC, FFF, MALLS, DLS, AUC, imaging methods,
particle characterization

Folding, disulphide
bridges, free cysteines

CD spectroscopy, H-D-Exchange, FT-IR, X-ray, 1D and 2 D NMR,
peptide mapping

Degradation
Degradation products that do not occur in the body potentially
immunogenic/RP-HPLC, CEX, Papain-HIC, Papain-IEX, peptide
map, MS  

Hostcell proteins Adjuvant effect or complex formation/ELISA, mass spectrometry

Leachables/extractables Adjuvant effect or effect on folding/aggregation; HPLC with highly
sensitive detectors, mass spectrometry

Glycosylation:
Galactose-α1,3-Galactose

Reported for cetuximab patients pre-sensitized by tick bites only/ 
NP-HPLC of 2AB-labeled glycans coupled to ESI-MS, 
exoglycosidase digestion, MALDI TOF/TOF, CGE, peptide map

Glycosylation:N-glycolyl-
neuraminic acid (NGNA)

NP-HPLC, WAX, HPAEC, RP-HPLC after DMB-labelling, mass
spectrometry 

Immunogenicity evaluation remains the main reason for clinical studies

Table 1: Immunogenicity: critical attributes are well known
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Infl iximab extrapolation
Taking a higher focus on extrapolation than was covered in the 
Windish presentation [3] reviewed above, it is clear that the prin-
ciple of extrapolating indications for biosimilars, and the science 
involved, are not well understood by all physicians [7]. This 
can lead to distrust of biosimilars, and low uptake. Members 
of EMA’s Biosimilar Medicinal Products Working Party (BMWP) 
addressed these concerns using extrapolation of indications in 
several biosimilars, including infl iximab, as examples [8]. The 
working party analysed data published in this area and con-
cluded that the totality of available evidence indicated similar 
effi cacy and safety of the biosimilar and the reference product 
for all therapeutic indications of infl iximab.

Epoetin extrapolation
The same working party looked at extrapolation of indications 
for biosimilar epoetin [9]. Epoetin was an apposite choice, since 
it has been linked with incidents, albeit rare, of  immunogenicity. 

Recombinant erythropoietin (epoetin) is 
approved for many indications includ-
ing the treatment of renal anaemia and 
 chemotherapy-induced anaemia. The 
rare development of  neutralizing, cross-
reacting anti-epoetin antibodies, which 
can cause pure red cell aplasia (PRCA), 
was reported in the late 1990s after the 
formulation of the originator biological 
Eprex (epoetin alfa) was changed [10]. 
Once the cause of this reaction had been 
established, it was no longer permitted 
to change the formulation of epoetin 
without approval by the relevant authori-
ties. Since this ruling, no specifi c effi cacy 
or safety issues have been identifi ed in 
clinical practice for biosimilar epoetins 
licensed in Europe. Post-marketing stud-
ies of biosimilar epoetin in the cancer 
indication have shown it to be well tol-
erated and effi cacious and justify EMA’s 
decision on extrapolation [9].

Inform physicians
The European Union (EU) was the fi rst 

highly regulated area to create a legal and regulatory framework 
for follow-on versions of original innovative biological medi-
cines, similar biological medicinal products (biosimilars) [11]. The 
biosimilars with valid marketing authorization in the EU are used 
to treat several types of disease and represent different levels of 
structural complexity. Sadly, in contrast to the pharmaceutical 
community, where biosimilars have been intensively debated, 
physicians have shown little interest in this area, perhaps because 
they have not been provided with suffi cient information.

Professor Pekka Kurki, who chaired EMA’s Committee for 
Medicinal Products for Human Use (CHMP) Biosimilar Medici-
nal Products  Working Party between 2004 and 2007, has urged 
regulators in the EU  Member States to provide physicians with 
more information that is already available [11]. Without this 
 reference source, prescribers are left only with information that 
is infl uenced by commercial interests, he warns.

Biosimilars worldwide
Problems encountered in the EU on the 
subject of biosimilars and  extrapolation are 
shared widely, with different countries and 
regions at different stages of uptake. While 
science and scientifi c and therapeutic prin-
ciples play a role in both  interchangeability/
substitutability and extra polation of indica-
tions, each country has a unique approach, 
based on national and local laws and 
 practice issues and perceptions. In addi-
tion to regulations that govern interchange-
ability/substitutability and extrapolation of 
biosimilars, each country or region has dif-
ferent administrative processes regarding 
the substitution of a prescribed product 
with another ‘equivalent product’.

Figure 3:  The potential clinical impact must be evaluated for each quality attribute
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Attribute (example) Comment/analytical methods (examples)

Amino acid sequence
Must be identical/orthogonal peptide maps with high resolution MS

and MS/MS sequencing

Folding, disulphide

bridges, free cysteines

Misfolding leads to faster clearance/CD spectroscopy, H-D-

Exchange, FT-IR, X-ray, 1D and 2D NMR, peptide mapping

Oxidation (methionine) Can decrease binding to FcRn and thus lead to increased exposure/

RP-HPLC, Papain-HIC, peptide map, mass spectrometry

Degradation Degraded product is cleared quickly/RP-HPLC, CEX, Papain-HIC,

Papain-IEX, peptide map, MS

Glycosylation: Sialylation
Reduced clearance via liver asialo-glycoprotein receptors, increased

proteolytic stability; no major impact for mAbs/NP-HPLC, WAX,

HPAEC, RP-HPLC after DMB-labelling, mass spectrometry 

Table 2:  Pharmacokinetics: attributes critical to absorption, distribution, metabolism and 
excretion are well known
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Canada has taken a cautious approach to extrapolation of indi-
cations and uses. In Canada, where biosimilars are known as 
subsequent entry biologicals (SEBs), the indication of SEBs must 
be the same as those of the reference product [12]. This is differ-
ent to EMA, which covers the extrapolation of uses to all those 
approved for a class of products.

As knowledge and experience surrounding biosimilars increases, 
regulatory agencies may be able to overcome the scientifi c and 
regulatory hurdles and harmonize their decision-making at a 
global level [13].

Since FDA did not approve its fi rst biosimilar – Zarxio ( fi lgrastim-
sndz) – until 2015 [14], extrapolation or interchangeability is a rela-
tively new concept in the US. Under US  legislation, interchangeable 
or interchangeability means that a biological product is biosimilar 
to the reference product and there is an expectation that the two 
products will produce the same clinical result in any given patient 
[14]. According to this ruling, when a given biological product is 
administered more than once to an individual, the risk of alternating 
or switching between the biosimilar and its reference product (in 
terms of safety or effi cacy) is no greater than the risk of using the 
reference product without such alternation or switch. This is clearly 
a ruling more suited to a generic than a biosimilar medicine, and 
some US states are moving, or proposing to move, to a vote on 
amendments to their generic-equivalent laws to include guidance 
on biosimilars [12].

Summary
With a growing number of biosimilars appearing on the  market, 
and the fi rst approval of a biosimilar in the US [14], clear  guidelines 
on establishing biosimilarity, and approving subsequent extrapo-
lation, are urgently required.

Here, we show that analytics are essential in establishing biosimi-
larity, since they are typically more sensitive than traditional clini-
cal endpoints. Clinical studies are important, however, because 

they can be used to confi rm  biosimilarity 
once it has been established. This is 
crucial with regards to testing for immu-
nogenicity, which, although extremely 
rare, could be life threatening.

The body of knowledge about the 
clinical relevance of quality attributes 
is extensive and continues to grow. It 
remains important to remember that 
extrapolation is from the reference 
product to the biosimilar based on the 
entire similarity exercise, and not from 
one indication to others.

Editor’s note
Figures and tables are reprinted with 
permission from Dr Jeorg Windisch.
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WHO guidelines [6] state that the monitoring period for immu-
nogenicity assessment depends on the intended duration of 
treatment and the expected time of antibody development. 
However, one of the examples in the case studies illustrated 
that a longer period of observation may be necessary to increase 
accuracy in assessing immunogenicity.

Discussion on additional indications and the need for additional 
immunogenicity studies revealed that the expectations in terms of 
the size and design of such studies differ among regulators and 
manufacturers. However, there was a consensus that the original 
case studies were limited and that additional data needed to be 
generated.

When it comes to biosimilar mAbs, it becomes an even more 
sophisticated exercise, and includes the challenge of addressing 
correlation between bioanalytical signals and clinical endpoints.

The case studies highlighted the need to assess the methods used 
for appropriateness for use for their intended purpose and to 
interpret the data generated, taking into account their limitations.
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