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Abstract

Background and primary objective: The first biosimilar of the tumor necrosis factor-alpha inhibitor 
infliximab has been approved in multiple countries. Indication extrapolation was a key area in which 
regulatory decisions differed. This review provides an overview of biosimilarity, and discusses approaches 
to indication extrapolation, issues relating to immunogenicity, and clinical implications for gastroenterologists. 
Procedures: This was a narrative review of regulatory guidelines related to biosimilar products with a 
focus on indication extrapolation, immunogenicity, and clinical implications for gastroenterologists. 
Discussion and conclusions: Biosimilarity is established with comprehensive quality comparisons followed 
by comparative nonclinical and clinical studies. Differences identified during the quality comparison may 
have clinical implications and must be investigated. Although comparative analytical data provide the 
foundation for use of a biosimilar for the specific indication(s) tested, additional factors must be considered 
when determining the appropriateness of indication extrapolation. Current abbreviated regulatory processes 
are facing challenges about the indication extrapolation of complex biologics such as monoclonal antibodies, 
particularly when there are potential differences in disease pathogenesis and safety and immunogenicity 
profiles between the target populations/indications. Particularly relevant to gastroenterologists is whether 
clinical study data in rheumatologic diseases, taken together with the analytical and preclinical data, form 
an adequate basis for approval of a biosimilar in inflammatory bowel disease-related indications. The results 
of ongoing studies of biosimilar infliximab in patients with inflammatory bowel disease are anticipated to 
help to better inform clinical decisions regarding this product. (IBD Rev. 2016;2:3-12)
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The ability to extrapolate from rheumatologic 
indications to gastrointestinal indications war-
rants closer examination16. This review will pro-
vide an overview of biosimilarity and will dis-
cuss approaches to indication extrapolation, 
issues relating to immunogenicity, and clinical 
implications for gastroenterologists.

What do biosimilarity  
and indication extrapolation mean? 

Biosimilarity

Definitions of “biosimilar” or “biosimilarity” 
from various world health/regulatory organiza-
tions are summarized in table 1. The European 
Commission put forth a consensus information 
document that describes how biosimilar prod-
ucts are developed to be highly similar to the 
originator products in three key steps: quality 
comparability, nonclinical comparability and 
clinical comparability17. Quality encompasses 
physicochemical and biological comparability 
(e.g. molecular structure and functionality)17. 
Comprehensive analytical data from orthogo-
nal, sensitive methods, including receptor 
binding studies and bioassays, are used for 
head-to-head comparisons of the biosimilar 
and the originator product17. Rigorous studies 
(nonclinical and clinical) directly comparing the 
biosimilar to the originator product are then 
required. 

The World Health Organization (WHO) simi-
larly describes a stepwise approach to the de-
velopment of biologics, starting with compre-
hensive characterization and comparison of 
quality followed by head-to-head nonclinical 
and clinical studies18. The WHO guidelines em-
phasize that differences found between the 
biosimilar and the originator product at any 
step must be investigated, explained, and jus-
tified because they may signal the need for 
additional data18. Figure 1 provides a summa-
ry of the components of a comprehensive 
quality comparison of a biosimilar product with 
an originator compound, as described in the 
WHO guidance, including key challenges and 

Introduction

The first biosimilar monoclonal antibody, a 
biosimilar of the tumor necrosis factor (TNF) 
alpha inhibitor infliximab, has been approved in 
several countries including European Union 
member states, multiple Latin American coun-
tries, Canada, Korea, and the USA1-7. As addi-
tional complex biological products approach 
patent expiration, it is anticipated that many 
new biosimilar products will require evaluation8. 
For the biosimilar infliximab, differences in the 
indications approved by various regulatory au-
thorities raise important clinical considerations 
regarding indication extrapolation (IE). The pub-
licly available clinical information for the biosim-
ilar infliximab included a single phase III equiv-
alence study versus the originator product in 
rheumatoid arthritis (RA) and a single phase I 
pharmacokinetic study in ankylosing spondylitis 
(AS)1,9,10. From these direct comparative pa-
tient data, regulatory authorities in Brazil, Eu-
rope, and Korea approved the biosimilar for all 
indications for which the originator monoclonal 
antibody had approval, including rheumatolog-
ic (RA, AS, psoriatic arthritis), dermatologic 
(plaque psoriasis), and gastrointestinal indica-
tions (Crohn’s disease [CD], pediatric CD, ul-
cerative colitis [UC], and pediatric UC)1,7,11. 
In contrast, regulatory authorities in other coun-
tries were more conservative: in Chile, approv-
al of biosimilar infliximab was for RA and AS 
only, while in Mexico, approval was restricted to 
rheumatologic and dermatologic indications7,12. 
In Canada, initial approval of biosimilar infliximab 
was for rheumatologic and dermatologic indica-
tions only, but this was later extended for inflam-
matory bowel disease (IBD) based on  similarity 
in product quality, mechanism of action (MOA), 
disease pathophysiology, safety profile, dosage 
regimen, and on clinical experience with the orig-
inator product2,11,13. In the USA, the Food and 
Drug Administration (FDA) approved biosimilar 
infliximab for all eight indications for which the 
originator is approved with the exception of pe-
diatric UC, which is anticipated after expiration 
of pediatric exclusivity in September 201814,15.
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types of differences that may be identified18. 
Once analytical similarity is demonstrated, this 
can provide a rationale for reducing the amount 
of nonclinical and clinical data required to es-
tablish biosimilarity18. The WHO guidance fa-
vors a “case-by-case” approach for each class 
of products and identifies several factors that 
help determine the amount of data needed, 
including the biological product/product class, 
extent of characterization using state-of-the-art 
analytical methods, observed/potential differ-
ences between the biosimilar and originator 
product, and clinical experience with the prod-
uct class (e.g. safety/immunogenicity concerns 
in a specific indication)18. Of note, the dosage 
form and route of administration of a biosimilar 
product must be the same as that of the orig-
inator product18-20.

The FDA also suggests a stepwise approach 
similar to the other regulatory agencies, noting 

that approval will be based on the totality of 
the evidence21. The requested evidence in-
cludes analytical studies demonstrating simi-
larity to the originator product “notwithstanding 
minor differences in clinically inactive compo-
nents,” animal studies (including toxicity), and 
comparative clinical study(ies) that “demon-
strate [similarity in] safety, purity, and potency” 
in ≥ 1 indication approved for the originator 
product21. The type and extent of animal and 
clinical studies needed are influenced by the 
ability to detect differences between a biosim-
ilar and an originator product using state-of-
the-art assays22. Of note, the manufacturer of 
an originator product will have extensive knowl-
edge/information about the product and as-
pects of the process such as the established 
controls and acceptance parameters, whereas 
the biosimilar manufacturer will be using a dif-
ferent process without direct knowledge of 

Quality comparability 
Comprehensive physicochemical/biological characterization using 
state-of-the art analytical methods
– Details on primary and higher-order structure, post-translational 
   modifications (eg, glycoforms), biological activity, purity, impurities, 
   product-related (active) substances (variants), and, where relevant, 
   immunochemical properties (specificity, affinity, binding kinetics, 
   Fc functional activity) 
– Assessment of potency 
– Development of antidrug antibodies (ie, neutralizing activity/impact 
   on biological activity) 

Types of differences identified and the impact on next steps 

Differences in impurities 
and excipients
– Assess for potential 
   impact on clinical 
   safety and efficacy 
– Justification for allowing 
   such differences 
   must be based on study 
   data from internal 
   investigation(s) 
   or the literature 

Clinical significance 
unknown
– May require 
   additional    
   premarketing 
   or postmarketing 
   study if safety 
   concerns arise  

Potential impact 
on clinical activity
– May preclude 
   a biosimilar designation 
– Example: if glycosylation 
   patterns alter 
   biodistribution, 
   dosing scheme 
   would be altered 

Challenges in quality assessment:
– lnherent heterogeneity of proteins 
– Limitations of certain analytical techniques 
– Unpredictability of clinical consequences 
   that may arise from minor differences 
   in protein structure and physicochemical 
   properties*

Potentially acceptable 
differences
– Lower levels of protein aggregates 
   (likely to improve safety) 
– Well-documented heterogeneity 
   in terminal amino acids of the 
   reference compound/similar 
   compounds known to have 
   no negative consequences 

Figure 1. Overview of quality comparability of biosimilars, challenges, and types of differences (WHO 2009 guidance)18.
*For example, the impact of oxidation of certain methionine residues varies among proteins and can range from no 
impact to substantial reduction in biological activity of the protein, or increased immunogenicity; if such differences are 
identified between a biosimilar and originator product, further evaluation would be needed. Fc: crystallizable fragment. 
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what processes are in place for the reference 
product22. 

In Latin American countries, regulatory au-
thorities are moving toward more established 
standardized pathways for approval of biosim-
ilars; however, there is much variability be-
tween countries and in some instances the 
regulatory processes regarding biosimilars may 
not be as strict as those in the EU and USA7,23. 
The nomenclature used by local authorities also 
differs between countries; biosimilars are referred 
to as “biological medicines” in Brazil, whereas 
the term “biocomparables” is used in Mexico7. 

Indication extrapolation

Indication extrapolation refers to the approv-
al of a biosimilar for treatment in indications for 
which it has not been clinically studied1. Im-
portant considerations and criteria for IE that 
have been identified by the European Medi-
cines Agency (EMA), FDA, and WHO are sum-
marized in table 1.

The scientific approach  
to indication extrapolation

A scientific approach to IE focuses on the 
MOA of the originator and the biosimilar prod-
ucts and potential differences between them, as 
well as potential differences in each of the indi-
cated diseases being considered24. The MOA 
of anti-TNF monoclonal antibodies is not fully 
understood24. Nonetheless, at minimum, even 
in the absence of “residual uncertainty” in the 
analytical data, a biosimilar product should have 
an MOA that is the same as that of the origina-
tor product to the extent that it is known24,25. 

In the case of the first approved biosimilar 
infliximab, the key contributor to differences in 
the regulatory decision making was the con-
cern raised by potential differences in the MOA 
in IBD-related indications versus the MOA in 
rheumatologic indications or the MOA in der-
matologic indications2,5,26. The MOA of inflix-
imab in IBD may involve crystallizable fragment 
(Fc)-mediated effector functions that are not, 

or at least not to the same extent, involved in 
the rheumatologic and dermatologic diseases 
for which the originator product is indicated5,24. 
During quality assessment, a difference in gly-
cosylation in the Fc portion of the biosimilar 
monoclonal antibody molecule was observed; 
this change was thought to produce the differ-
ence in antibody-dependent cellular cytotoxic-
ity (ADCC; an Fc effector-related function) ob-
served in a sensitive in vitro assay4.

The EMA based their decision to allow IE 
from rheumatologic to gastrointestinal condi-
tions based on the totality of the evidence pro-
vided, including a subsequent in vitro test 
model that did not detect the difference4. The 
justification for discounting the difference in 
glycosylation in the Fc portion included that (i) 
although the original assay detecting a differ-
ence was more sensitive, the subsequent 
model was considered more clinically relevant; 
(ii) ADCC may be a secondary MOA; (iii) other 
analytical data suggested that the specific Fc 
gamma receptor IIIa (FcγRIIIa) may not signifi-
cantly affect ADCC or monocyte/macrophage 
activity; and (iv) no published reports of anti-TNF 
monoclonal antibodies inducing ADCC in 
human patients were found4,24. Health Canada 
also considered the biosimilar manufacturer’s 
rationale for discounting the difference in Fc 
glycosylation and subsequent effect on ADCC 
in the more sensitive assay; they reviewed the 
literature and concluded that ADCC could not 
be ruled out as an MOA in IBD5. The rationale 
for Health Canada’s conclusion was that (i) 
another anti-TNF that lacks the ability to induce 
ADCC (certolizumab pegol) had minimal effica-
cy in patients with CD compared with other 
anti-TNFs, including infliximab, and (ii) there 
were notable differences in the safety profile of 
infliximab between the patient populations 
studied in the dossier (i.e. RA and AS) com-
pared with the IBD patient population. Namely, 
the risk of hepatosplenic T-cell lymphoma may 
be “uniquely associated” with adolescent and 
young adult patients with IBD5. Thus, Health 
Canada determined that potential differences in 
MOA (i.e. ADCC  may be an active MOA of 
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infliximab in IBD, but not in rheumatic disease), 
as well as pathophysiologic and safety profile 
differences between disease types, were of 
sufficient concern to prevent IE of biosimilar 
infliximab to IBD-related indications based on 
clinical data in rheumatic diseases5.

The clinical approach  
to indication extrapolation

The clinical approach to IE focuses on se-
lecting the most appropriate clinical model(s) 
to provide the greatest chance of detecting 
differences in efficacy and/or safety when 
comparing the biosimilar product to the orig-
inator product. The regulatory consensus is 
that clinical evaluation should be conducted 
in the most sensitive patient/disease popula-
tion among the potential indications being con-
sidered17,18,21,24. Key components for estab-
lishing the sensitivity of the clinical test model 
include (i) the population type (i.e. in relation-
ship to the treatment effect size), (ii) the end-
points being examined, (iii) the dosages used, 
and (iv) the time point(s) of assessments; spe-
cific details of these components have been 
reviewed in more detail elsewhere24. 

Notably, the most sensitive population for 
assessment of clinically meaningful differences 
in efficacy is not necessarily the most sensitive 
for assessing potential clinically meaningful dif-
ferences in safety and/or immunogenicity27.

The case of biosimilar infliximab illustrates the 
complexities inherent in IE for biosimilars. In 
natural killer cells from CD patients with geno-
types V/V and V/F at amino acid residue 158, 
the biosimilar bound less strongly to FcγRIIIa 
compared with the originator product; in con-
trast, in cells with genotype F/F (wild-type), 
binding was comparable between the biosim-
ilar and the originator product4. These differ-
ences in binding to FcγRIIIa among the geno-
types observed at a cellular level may translate 
to differences in patient response to treat-
ment24. Although it is impractical to have sepa-
rate clinical studies in each type of patient pop-
ulation, identifying the most sensitive population(s) 

is needed for accurate clinical comparison of 
key parameters24.

Immunogenicity

Antidrug antibodies (ADAs) do not typically 
form until 6-12 months after initiation of treat-
ment with a biological product; therefore, to 
make an appropriate assessment regarding 
the immunogenicity profile of a biosimilar prod-
uct, long-term (i.e. at minimum one year after 
treatment) comparative ADA data are needed 
for the indication being tested18,24,28,29. Critical-
ly, timing and incidence of ADA formation may 
differ between patient populations30. For ex-
ample, in patients with RA, ADAs to infliximab 
were reported to rise from 13% after the initial 
two infusions to 30% at three months and 44% 
at six months (the rise in ADAs was associated 
with lower infliximab trough levels)30,31. In a 
study of patients with CD, 14% of patients 
developed ADAs over approximately one year 
(54 weeks) of treatment with infliximab. The 
differences in ADA rates observed with inflix-
imab treatment in RA and CD populations im-
ply that the immunogenicity potential of a bio-
similar could also differ from the tested 
indication to other indications24. In addition, 
fully validated and highly sensitive assays are 
needed to accurately detect ADAs because 
methodologic issues (including nonspecific 
binding) may undermine the ability to make 
accurate assessments. In the CD study de-
scribed above, ADA assessments were ren-
dered inconclusive in almost half (46%) of pa-
tients because infliximab was detected in the 
serum samples and, because of limitations of 
the assay employed, could compete for detec-
tion of ADAs24,31. Further complicating the as-
sessment of immunogenicity potential is con-
comitant use of immunosuppressant treatments 
that may be common with certain indications24. 
Factors that can complicate the assessment 
and extrapolation of immunogenicity data are 
summarized in table 2. When considering ex-
trapolation of efficacy and safety data, it is 
important to investigate the immunogenicity of 
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Table 2. Factors complicating extrapolation of immunogenicity data

ADA formation may vary in different patient/disease populations24

Concomitant use of an immunosuppressant may impact ADA formation35-37

Immunogenicity may change with long-term exposure (induction of tolerance vs. increased ADAs)24

Methodologic issues with assays may lead to inadequate assessments24,31

ADA: antidrug antibody.

biosimilar products in the patients most likely 
to mount an immune response or to experi-
ence immune-related adverse events to better 
establish whether IE is feasible18. 

Clinical implications for 
gastroenterologists

In response to the approval of infliximab bi-
osimilar monoclonal antibodies, the European 
Crohn’s and Colitis Organisation (ECCO) has 
conducted web-based surveys of IBD special-
ists to assess their awareness of and readiness 
to use such biosimilar products32,33. The first 
such survey was conducted in 2013 (the year 
biosimilar infliximab was introduced) and a fol-
low-up survey was conducted in 2015 (after the 
biosimilar had been available for two years)32,33. 
A total of 307 and 118 ECCO members re-
sponded to the 2013 and 2015 surveys, re-
spectively32,33. While experience with the newly 
approved biosimilars could not be assessed in 
the 2013 survey, in the 2015 survey, most 
(82%) respondents reported that they had ac-
cess to biosimilar products and over half (60%) 
had prescribed them in the past year33.

Both surveys explored the views of respon-
dents on IE. When given a hypothetical scenar-
io of two randomized clinical trials (one each in 
rheumatology and CD patients) showing no 
difference between the biosimilar and originator 
products, approximately half (51%) of 2015 
survey respondents agreed that the biosimilar 
should be approved for all originator indica-
tions, whereas only about one-fourth (24%) of 
2013 survey respondents had concurred33. 

When considering one randomized clinical 
trial in CD patients that showed no differences 
between a biosimilar and an originator product, 
35% of the 2015 survey respondents would 
use the biosimilar in other IBD indications 
(including off-label uses)33. Furthermore, 
31% would use the biosimilar in CD and UC, 
25% would use it only in CD, and 9% would 
wait for more evidence in IBD33. In comparison, 
among 2013 respondents, relatively few (16%) 
would use the biosimilar in CD and UC, about 
half (53%) would limit use to CD, and almost 
one-third (30%) would not use the biosimilar 
for either CD or UC without further evidence32. 

Based on the results of these two surveys, it 
appears that concerns and uncertainties re-
garding use of biosimilars, including on IE, 
were prevalent in gastroenterology clinical 
practices in 2013, but declined in subsequent 
years. While these findings reflect shifts in per-
ceptions regarding biosimilars, it is important 
to note that participants in the original survey 
were not necessarily the same as those in the 
follow-up survey, and that the number of sur-
vey respondents was much lower in the fol-
low-up survey; therefore, statistical compari-
sons cannot be made33. In addition, although 
confidence in use of biosimilars and accep-
tance of indication extrapolation appear to 
have increased, it should be noted that most 
IBD specialists remain opposed to automatic 
substitution of an originator with a biosimilar by 
non-physicians32,33.

The 2013 ECCO position statement on the 
use of biosimilar medicines in the treatment of 
IBD generally advocates for “sound scientific 
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evidence” and a “patient first” approach as the 
chief drivers of clinical decisions16. While rec-
ognizing the potential cost savings associated 
with use of biosimilars, ECCO also recom-
mends rigorous evaluation of efficacy and safe-
ty of the biosimilar compared with the appro-
priate originator product within the IBD patient 
population16. Among the key guiding principles 
is the concept that a biosimilar proven effective 
and safe for one indication may not necessar-
ily be effective and safe for a second indication 
for which the originator product has been 
shown to be safe and effective16. Additionally, 
specific evidence from patients with IBD is rec-
ommended to establish efficacy and safety in 
this indication16. Particularly, the 2013 ECCO 
position statement notes that, for patients with 
IBD, decisions related to therapeutic equiva-
lence and interchangeability of biosimilars must 
be considered carefully16. However, the British 
Society of Gastroenterology (BSG) in 2016 rec-
ommended that stable patients can be 
switched to infliximab biosimilar, although rec-
ommended against automatic substitution 
without the endorsement of the prescribing 
physician34. This decision was based on ob-
servational studies in IBD and the premise that 
physiologic differences between the originator 
and the biosimilar were not considered to be 
“clinically meaningful”34. 

Conclusions and recommendations

Biosimilarity is established with comprehen-
sive quality comparisons followed by compar-
ative nonclinical and clinical studies. Differenc-
es identified during the quality comparison may 
have clinical implications and must be investi-
gated. The advent of biosimilar monoclonal 
antibodies raises important issues around IE. 
Although analytical data might provide the 
foundation for use of a biosimilar for the spe-
cific indication tested, additional factors must 
be considered when determining the appropri-
ateness of IE24. The current abbreviated regu-
latory processes are facing challenges regard-
ing IE of complex biologics, such as monoclonal 

antibodies, particularly when potentially differ-
ent MOAs and possible differences in disease 
pathogenesis and safety profiles are involved 
in the indications being considered24. In addi-
tion, immunogenicity may differ between pa-
tient/disease populations and have implica-
tions for IE24,30. Of particular relevance to 
gastroenterologists is whether clinical study 
data in non-IBD indications, taken together 
with the analytical and preclinical data, form an 
adequate basis for approval of a biosimilar in 
IBD-related indications. In the case of the first 
approved biosimilar infliximab, there were dif-
ferences in the decisions regarding IE among 
regulatory authorities. The current 2013 ECCO 
guidance examines this issue and recom-
mends rigorous evaluation of comparative effi-
cacy and safety within patients with IBD to 
establish that a biosimilar is effective and safe 
for this specific indication16. A key supportive 
argument for this approach is based on expe-
rience with currently licensed biological medi-
cines16. The results of ongoing studies of bio-
similar infliximab in patients with IBD are 
anticipated to help to better inform clinical de-
cisions regarding this product.
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