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a  b  s  t  r  a  c  t

Second-generation  biosimilars  (i.e.  monoclonal  antibodies  or  proteins  generated  by  fusion  of  antibody
and  receptor  moieties)  differ  in several  respects  as compared  to first-generation  ones  (e.g. epoetins,
bone  marrow  stimulating  factors,  somatotropins).  In this  respect,  as second-generation  biosimilars  are
endowed  with much  greater  structural  and molecular  complexity,  which  might  translate  into  a number
of  pharmacological  and therapeutic  issues,  they  raise  new  challenges  for manufacturers  and  regulatory
authorities  as  well  as new  concerns  for  clinicians.  Based  on  these  arguments,  the  present  article  was
intended  to review  information  on  the main  differences  between  first-  and  second-generation  biosimilars
for  treatment  of immune-mediated  inflammatory  diseases,  as well  as  their impact  on immunogenicity,
the  design  of  clinical  trials  and  the  critical  issue  of extrapolation  of  therapeutic  indications.  The  positions
taken  by  relevant  medical  associations  and  the  crucial  role  of pharmacovigilance  are  also  reviewed.
According  to current  knowledge,  the initial  post-marketing  clinical  experience  with  second-generation
biosimilars  is providing  encouraging  results,  though  their  long-term  safety  and  efficacy  as  well  as  the
scientific  basis  underlying  the  extrapolation  of  therapeutic  indications  are  still matter  of  discussion.

There is some  consensus  that  marketing  applications  should  rely  on  studies  supporting  the  clinical  use
of  biosimilars  in their  different  target  diseases  and  patient  populations.  In parallel,  clinical  safety  must
be  ensured  by  a strict  control  of the manufacturing  processes  and  a solid  pharmacovigilance  program.
It  remains  then  a  responsibility  of  the  physician  to drive  a  proper  use  of second-generation  biosimilars
into  clinical  practice,  in  accordance  with  guidelines  issued  by scientific  societies.

©  2017  Published  by  Elsevier  Ltd.
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. Introduction

Over the last two decades, biotechnological drugs, commonly
esignated as biologics, have revolutionized the therapeutic man-
gement of patients, not only in the field of hormone deficiencies
s well as solid and hematologic malignancies, but also in the
rea of immune-mediated inflammatory diseases (IMIDs), and
ave become blockbusters for healthcare systems worldwide. After
ata protection or patents covering biopharmaceutical agents have
egun to expire, several biosimilar drugs have been developed and
pproved for use in different clinical conditions. The term ‘biosim-
lar’ was first introduced by the European Medicines Agency (EMA)
o describe biologic medicines developed as ‘copies’ of innovative
iologics (commonly designated as originators). However, unlike
he generic products of small-molecule drugs, identical copies of
iologics cannot be obtained. This limitation depends mainly on
he circumstance that biologics are produced by living cell sys-
ems, whose biosynthetic processes are subjected to intrinsic and
navoidable factors on biological variability, and partly on their
igh degree of complexity in terms of both molecular structure and
anufacturing procedures. Therefore, the term biosimilar refers to

 sort of ‘copy’ of an authorized branded biologic originator that has
emonstrated similarity to the originator throughout the various
teps of a rigorous comparative procedure designated as ‘compara-
ility exercise’ [1,2]. While acknowledging the potential favorable

mpact of biosimilars on the pharmaceutical market, in terms
f both cost saving and drug accessibility, the Italian Medicines
gency (AIFA) has taken the position that originators and biosim-

lars cannot be considered as interchangeable medicinal products,
hus excluding the practice of automatic substitution and switch-
ng and, in accordance with the concept of biosimilarity issued by
he EMA, emphasizing the principle of the dominant role of clin-
cians in choosing whether patients should be prescribed with an
riginator or its biosimilar [3].

Biosimilars, as all biopharmaceuticals, are endowed with highly
omplex proteic structures and large molecular weight. They are
roduced through biosynthesis by genetically manipulated liv-

ng cell systems [e.g. Escherichia coli and Chinese hamster ovary
ells], which, depending on growth conditions and other factors,
an generate mixtures of related molecules that are quite diffi-
ult to extract, purify and characterize. Even having access to the
xact DNA sequence coding for the originator biologic, it is very
ifficult to replicate exactly its end-structure (i.e. tertiary and qua-
ernary structures), including post-translational changes, such as
lycosylation, and to reproduce exactly the manufacturing pro-
ess. Accordingly, each biosimilar, even though closely similar to
he reference originator, will never reach the level of identity.
n this regard, particular attention must be paid, in a regulatory
erspective, to the possibility that a biosimilar might display dif-

erent patterns of immunogenic activity, with a consequent risk of
ncreased propensity to stimulate the production of anti-drug anti-
odies (ADAbs), as compared with the originator [4–6]. Thus, to
ope with the above issues, some regulatory authorities have devel-
ped a specific biosimilar approval pathway, first implemented by
Please cite this article in press as: C. Blandizzi, et al., Transitioning from
and post-marketing challenges, Pharmacol Res (2017), https://doi.org

MA in 2005, which requires the demonstration of similarity with
he respective originator in terms of physico-chemical properties,
harmacology, efficacy and safety, on the basis of a comprehen-
ive head-to-head comparability exercise. If comparison fails at
 . . . .  . .  .  .  . . .  . .  .  . . . . . . .  . . . . .  . . .  . .  . . . . . .  . .  .  . . .  .  .  . .  . . .  .  .  .  . .  .  .  .  .  . . . .  . . . . .  .  . .  .  .  .  . .  00

any level, the biologic product is no longer eligible as a biosimi-
lar. Therefore, only the biologic products that display substantial
similarity with their respective originators throughout all steps
of the comparability exercise can be designated as ‘biosimilar’ by
the regulatory authority and approved for clinical use [7,8]. In this
context, an important point of novelty, which has been matter of
much debate, pertains to the possibility for a biosimilar product
of getting approval for multiple extrapolated therapeutic indica-
tions (ideally all those previously granted to the originator), in the
face of a clinical development based on a single phase III compar-
ative trial, documenting its similarity with the originator for only
one specific therapeutic indication. This is regarded as an issue of
high clinical relevance, since it raises the question of whether data
obtained with a biosimilar from patients affected by one specific
disease are sufficient to allow the use of such a biosimilar in patients
with other diseases, for which a direct demonstration of therapeu-
tic equivalence has not been provided by specific clinical trials. In
this respect, most experts agree that it is possible that a biosimi-
lar, demonstrated to be effective for one therapeutic indication, is
not effective in other indications for which the originator had been
previously approved [9–11].

Notably, second-generation biosimilars (i.e. monoclonal anti-
bodies, mAbs, or proteins obtained by fusion of antibody and
receptor moieties) differ in several respects as compared to first-
generation ones (e.g. epoetins, bone marrow stimulating factors,
somatotropins), and therefore they raise new challenges for man-
ufacturers and regulatory authorities as well as new concerns for
clinicians. Based on this background, the present article was con-
ceived to review current information on main differences between
first and second-generation biosimilars for treatment of IMIDs, as
well as their impact on immunogenicity, the design of clinical tri-
als and the critical issue of extrapolation of therapeutic indications.
The positions taken by relevant medical associations and the crucial
role of pharmacovigilance have been reviewed as well.

2. First-generation biosimilars

The first biosimilars approved by the EMA  Committee for Medic-
inal Products for Human Use (CHMP) were follow-on products
of originator biologics endowed with a relatively low molecular
weight, including two  biosimilars of somatropin, five erythropoi-
etin biosimilars, and seven biosimilars of filgrastim. Since 2006,
more than 20 biosimilar products have been introduced into the
European market [12]. Filgrastim and epoetin-alpha were the first
biosimilars produced for use in hematology-oncology that over-
came the strict quality controls and regulatory requirements for
approval by the European agency, and have been used for sev-
eral years as supportive therapy of patients undergoing anticancer
chemotherapy [13].

The regulatory pathway for biosimilars introduced into the
European market one decade ago has been taken as a reference
by other regulatory authorities, including the US Food and Drug
Administration (FDA). According to such a pathway, after a bio-
logic product is generated and intended to be highly similar to an
 first- to second-generation biosimilars: An appraisal of regulatory
/10.1016/j.phrs.2017.10.015

originator, similarity has to be demonstrated in both non-clinical
(i.e. in vitro and animal testing) and clinical studies. The design of
these studies by the proprietary of the biosimilar product is often
subjected to preliminary discussion and agreement with the reg-

https://doi.org/10.1016/j.phrs.2017.10.015
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latory authorities, such as the EMA  or FDA. In all instances, the
eneral background principle underlying the overall approval pro-
edure of biosimilars is that the higher the level of similarity, in
erms of structural and in vitro biological/pharmacological prop-
rties, the less clinical evidence is needed to demonstrate clinical
imilarity [14–16]. Moreover, in order to gain long-term evidence
n the efficacy and safety of biosimilar products, rigorous pro-
rams of post-marketing pharmacovigilance, aimed at confirming
he initial patterns of efficacy and safety as well as to minimize
nd properly manage any risk of unexpected safety issues, are then
equired by the regulatory authorities [17,18].

The high strictness imposed by regulatory agencies on post-
arketing pharmacovigilance programs is widely justified also in

he light of some lessons learned from the occurrence of seri-
us adverse events caused by immunogenic reactions against
rst-generation biologics. The most representative episode in the
uropean area dates back to 2002, when a report described a
eries of patients affected by chronic renal failure, who  had devel-
ped severe anemia associated with pure red cell aplasia (PRCA)
pon treatment with human recombinant epoetin alpha. All these
atients tested positive for neutralizing anti-erythropoietin anti-
odies, the induction of which was ascribed to changes in the
iologic product resulting from variations of the manufacturing
rocess [19]. Subsequently, additional cases of PRCA were reported

n patients treated with epoetin beta and darbopoetin alpha [20]. Of
nterest, cases of PRCA occurred also in the setting of a registration
linical trial on biosimilar epoetin alpha. As a consequence, this
tudy was discontinued and the manufacturer of biosimilar epo-
tin undertook an investigational program aimed at unravelling
he underlying causes of this issue [21].

Despite the strictness of regulatory procedures underlying
iosimilar development and approval, in the European Union the
se of epoetin and filgrastim biosimilars in the clinical practice has
een rather slow, possibly due to an initial lack of trust by patients
nd physicians in the efficacy and/or safety of biosimilars, and in
heir interchangeability with the originator product [18]. However,
here is now more than a decade of clinical experience accumu-
ated with these ‘first-generation biosimilars’, and the outcomes,
n terms of both effectiveness and safety in the clinical practice,
ncluding those concerning the extrapolated therapeutic indica-
ions, have been well reassuring. Accordingly, it can be reasonably
tated that for these first biologic products the biosimilar approach
rawn by the EMA, at both pre- and post-marketing level, has been
roven to be successful.

. Second-generation biosimilars

A second wave of biosimilar medicinal products has started to
nter the clinical use since 2013 following the patent expiration of
riginator biologics with highly complex molecular structures, such
s mAbs or proteins generated by fusion of antibody and recep-
or moieties, approved for treatment of cancer or IMIDs. It is quite
lear that these ‘second-generation’ biosimilars represent a distinct
herapeutic class in several respects as compared to epoetins, bone

arrow stimulating factors and somatropins. Indeed, the structure
nd molecular complexity of an immunoglobulin far exceeds that of

 first-generation biosimilar. To appreciate the significance of such
 difference, it is just enough to consider that the molecular weight
f hematopoietic growth factors falls in the range of 15–20 kDa,
hile that of mAbs is about 150 kDa.

The entry of mAbs and fusion proteins among biosimilars is
Please cite this article in press as: C. Blandizzi, et al., Transitioning from 

and post-marketing challenges, Pharmacol Res (2017), https://doi.org

oing to have a significant clinical impact, since the majority of their
espective originators are currently regarded as safe and effective
rugs available for large numbers of patients as disease modify-

ng therapies in the fields of inflammation and oncology [22–24].
 PRESS
Research xxx (2017) xxx–xxx 3

However, second-generation biosimilars raise significant new chal-
lenges when compared with their first-generation counterparts,
which are employed as replacement therapies or treatments for
supportive care. A central issue is that mAbs and fusion pro-
teins are approved for very different therapeutic indications, thus
making the extrapolation of their efficacy and safety to other ther-
apeutic indications particularly difficult. In this respect, several
experts have claimed that similarity testing between originator
and biosimilar mAbs or fusion proteins is more difficult than that
required for first-generation biosimilars [25,26]. In keeping with
these positions, the EMA  and FDA have recognized the difficulty of
assessing similarity between mAb  products, and EMA, in particu-
lar, issued distinct guidelines for biosimilar mAbs in 2012. While
the regulatory path for comparability exercise has remained sim-
ilar to the overarching guidelines, the updated guidelines on mAb
biosimilars require more stringent clinical testing and immuno-
genic assessment [1]. Indeed, there might be relevant differences
between a second-generation biosimilar and its respective origi-
nator that cannot be detected until extended clinical studies have
been carried out. Nevertheless, despite such a cautious approach,
further scrutiny and discussion are necessary to understand fully
the potential impact of second-generation biosimilars on clinical
outcomes in the post-marketing setting.

It has been estimated that eight therapeutic mAbs will undergo
patent expiration in the European Union and US before 2020, mean-
ing that the pharmaceutical market will be opened to the entry of
a wide array of second-generation biosimilar products. The first
biosimilar mAb, CT-P13 (having infliximab as the reference origi-
nator) was authorised for clinical use within the European Union
in September 2013 [27], and it is now available in more than 70
countries worldwide [28]. A substantial pipeline of biosimilars is
currently under development, including several mAbs and some
fusion proteins, with over 700 products reported to be in the pre-
clinical or clinical phase [28,29]. In particular, the number of mAbs
or fusion proteins currently under development as biosimilars for
treatment of IMIDs is being greatly growing. Consequently, as a
relatively new phenomenon in rheumatology, over 80% of com-
parative studies (phase III) for biosimilars have been planned to
be started from 2013 onward [30,31]. At present, in the setting of
IMIDs, biosimilars of adalimumab, etanercept, infliximab and rit-
uximab have reached the stage of clinical development, and the
available data have been published or presented at international
scientific meetings [32]. While the potential pharmacoeconomic
benefits and cost-effectiveness of second-generation biosimilars
seem quite clear, several points of concerns still remain pending,
and deserve careful consideration.

3.1. Immunogenicity

Unwanted immunogenicity of biologics is a major safety
concern during the drug development phase. This issue is acknowl-
edged by health agencies and therefore they strongly recommend
assessing the immunogenicity of biologics in clinical trials as well
as to monitor patients after drug approval [33]. The EMA  recog-
nizes that “immunogenicity of mAbs is complex and there are a
number of often poorly understood factors, which make it difficult
to predict with any certainty whether a therapeutic or diagnostic
mAb  is likely to provide a clinically relevant immune response” [1].
Current evidence supports the view that the incidence, characteris-
tics, and clinical consequences of immunogenicity, vary greatly and
that such heterogeneity depends on many different factors [34–37].
Indeed, several product quality attributes have been shown to
first- to second-generation biosimilars: An appraisal of regulatory
/10.1016/j.phrs.2017.10.015

be of importance as determinants of mAb  immunogenic activity
[38,39], such as the primary aminoacidic sequence, the propensity
to generate macromolecular aggregates, the presence of host-cell
impurities in the final product, and the glycosylation process. Fur-

https://doi.org/10.1016/j.phrs.2017.10.015
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hermore, small fluctuations in the manufacturing process, such as
inor changes in cell culture pH, temperature and media ingredi-

nts, may  impact significantly on the molecular properties of the
nal product, through the introduction of micro-heterogeneities

40–42]. Even the smallest changes in the molecular shape of a ther-
peutic protein can modify its solubility or its biological functions,
r can even increase its immunogenicity by uncovering antigenic
omains over its molecule [43–45]. Owing to all these reasons, the

mmunogenicity of biologics and, consequently, the immunogenic-
ty of mAb  biosimilars, in comparison to their originators, is actually
npredictable and, as such, it must be always subjected to careful

nvestigation before approval as well as to adequate follow-up over
he post-marketing phase [6]. However, it must be acknowledged
lso that the assessment of immunogenicity in clinical studies is
ampered by a number of issues, with particular regard for the
ypes of assays employed and the clinical meaning of the results
n terms of safety and/or therapeutic efficacy of the biologic drug
46]. Therefore, great caution must be exercised when comparing
he immunogenicity patterns of different mAbs on the basis of dif-
erent assay methodologies, since this comparison could lead to

isleading conclusions.

.2. Design of clinical studies

Phase III clinical trials comparing biosimilars with their respec-
ive reference originators are clinical studies designed to assess
herapeutic equivalence, at variance with conventional random-
zed controlled trials that are designed to demonstrate superiority
f one treatment compared to another. In the setting of biosimilar
evelopment, the appropriate design of therapeutic equivalence
tudies is faced with a number of methodological challenges.

hen implementing an equivalence study, the classical rigor-
us ‘intention-to-treat’ approach – relying on the concept that
ore patients leaving an intervention arm due to the occurrence

f adverse events would represent a bias in favor of the other
reatment, if the analyses were limited only to the patients that
ompleted the protocol – would on the contrary bias toward the
onclusion that the biosimilar is equivalent. For this reason, it is rec-
mmended that equivalence studies for biosimilars should perform

per protocol’ analyses and present their data with 95% confidence
ntervals for a difference, rather than with a single p value. In par-
icular, equivalence could be declared, according to the generally
ccepted standard, if the confidence intervals of the comparator
ompound (the biosimilar product) lie within ±15% of those esti-
ated for the reference compound (the originator product) [47].

The primary therapeutic indication selected for the comparative
valuation of biosimilars is usually the one considered as suffi-
iently sensitive, or even the most sensitive for such evaluation.
ommonly, this is the therapeutic indication that, in the case of the
riginator product, demonstrated the greatest effect size. However,

t has been appreciated that using the most sensitive therapeu-
ic indication is not necessarily the optimal choice if investigators
re not willing to use the originator product to treat that indica-
ion [7,12,14]. Moreover, in his own guidelines, the World Health
rganization (WHO) suggests that, if extrapolation to other ther-
peutic indications is being considered for a biosimilar [48], the
atient population selected for the comparative study of equiva-

ence should be the one that carries the highest risk of developing
mmunogenic responses, which may  not be necessarily the most
ensitive population in terms of effect size.

Another issue that deserves careful consideration in compar-
tive studies for the approval of biosimilars is the appropriate
Please cite this article in press as: C. Blandizzi, et al., Transitioning from
and post-marketing challenges, Pharmacol Res (2017), https://doi.org

election of endpoints, since some regulatory authorities recom-
end the use of sufficiently sensitive endpoints [7,12,14]. A very

mportant point of interest is that, in equivalence trials for biosim-
lars, primary endpoints do not have to be necessarily identical to
 PRESS
 Research xxx (2017) xxx–xxx

those used for the registrative clinical trials of the originator prod-
uct. Indeed, based on recommendations by regulatory authorities,
different ad hoc primary endpoints can be implemented to facilitate
the detection of relevant differences between the originator and the
proposed biosimilar. In particular, to better assess the therapeutic
equivalence of biosimilars, primary endpoints based on continu-
ous versus dichotomous measures have been suggested to be more
sensitive. For instance, in the setting of rheumatoid arthritis (RA),
the use of 28-joint disease activity score (DAS28) appears to be
preferable to response rates based on 20% improvement in Ameri-
can College of Rheumatology (ACR) criteria (ACR20), and likewise,
in patients with psoriasis, the mean Psoriasis Area and Severity
Index (PASI) is regarded as more convenient than the 75% PASI
response rate [49,50]. However, it is noteworthy that, while com-
parisons and therapeutic use of first-generation biosimilars as well
as second-generation biosimilars for IMIDs can rely on the assess-
ment of relatively fast and objective clinical responses, in other
fields, and particularly in oncology, the evaluation of clinical out-
comes to second-generation biosimilars is a major point of concern.
Indeed, in the setting of anticancer therapy, including neoadjuvant
treatments, clinical responses may  take months before allowing
objective evaluations, and they do not always correlate with actual
improvements in progression free or overall survival [51].

An additional point deserving consideration is the magnitude of
margins set out to determine the equivalence of efficacy between
the proposed biosimilar and the reference originator product. Of
note, the FDA has issued a guidance for advising on the statistical
calculation of equivalence margins, which appears to be accept-
able also to the EMA  [52]. Accordingly, the statistically estimated
margins should be based on available data for the originator in com-
parison with placebo or standard of care therapy rather than an
active control.

With regard for the assessment of immunogenicity, it is note-
worthy that several patient- and treatment-related factors can
affect immunogenic responses against therapeutic proteins dur-
ing the implementation of clinical studies [34]. Therefore, when
starting a clinical comparative trial aimed at measuring immuno-
genicity, amongst the other endpoints, the optimal study design
should be selected depending on the biosimilar product under
investigation. First, validated assays to detect ADAbs are needed,
and, when ADAbs are detected, their neutralizing capacity should
be tested, as well. The EMA  guideline on immunogenicity assess-
ment of mAbs intended for in vivo clinical use suggests assays
based on competitive ligand binding as the best choice for ADAb
detection in patients’ sera [34]. Second, the best patient popula-
tion for assessing immunogenicity should possibly be the same
enrolled in a pharmacokinetic study or, for some mAbs, it could
consist of healthy volunteers, who are known to develop a lively
immune response following a single dose of biologic within a
few days [34,39]. Third, it is crucial to choose the optimal dose
of the originator and biosimilar mAb  employed for clinical stud-
ies, in order to maximise the probability to detect ADAbs. The
EMA  guideline on mAb  biosimilars states that “some mAbs inhibit
ADAb formation when administered at high doses, and in these
cases studies conducted with low doses can be more sensitive
to compare immunogenicity of the mAb  biosimilar and original
product” [34]. The guideline stresses also the concept that clinical
studies on immunogenicity are particularly important when the
biosimilar mAb  is produced using a different expression cell sys-
tem as compared to the originator product, recommending that “in
some instances, IgE testing prior to clinical administration needs
to be considered for patients if the mAb  contains non-human
 first- to second-generation biosimilars: An appraisal of regulatory
/10.1016/j.phrs.2017.10.015

carbohydrate structures (e.g. �-Gal), in order to prevent severe
anaphylaxis” [34].

Finally, seeking engagement with regulatory authorities early
and often is essential to streamline a biosimilar development path-

https://doi.org/10.1016/j.phrs.2017.10.015
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ay, and it is recommended in both the EMA  and FDA guidance
ocuments [7,12,14].

.3. Extrapolation of therapeutic indications

The intrinsic complexity of mAb  and fusion protein structures,
he heterogeneity introduced by small changes in the manufac-
uring process and the complications that might arise with the
ntroduction of second-generation biosimilars into the pharmaceu-
ical market are matter of intensive debate among the experts, with
articular regard for the issue of extrapolated therapeutic indica-
ions. It is well known that monomeric growth factors/hormones
r cytokines, endowed with a relatively simple polypeptidic struc-
ure, are typically equipped with a single active site that binds the
ame receptor or family of receptors for each therapeutic indica-
ion (in the majority of cases the same receptor, and thereby the
ame mechanism of action, is involved across all therapeutic indi-
ations). On the other hand, mAbs, besides their primary binding
ites that interact with specific ‘antigenic’ molecular targets, are
ndowed also with additional binding sites, located in their differ-
nt molecular domains (mainly the Fc region), known to interact
ith different receptors (e.g. FcRn and Fc�R) and to elicit a variety

f different ‘ancillary’ effects [53–55]. Of note, the net contribution
f each mode of action in humans, including antibody-dependent
ell-mediated cytotoxicity (ADCC), complement-dependent cyto-
oxicity (CDC) and apoptosis, remains presently unknown, even
hough there is convincing evidence that such ancillary effects con-
ribute at different extents to the efficacy (or tolerability) of mAbs
cross their different therapeutic indications [56,57]. Furthermore,
t must be considered that, particularly in the field of IMIDs, treat-

ent regimens of the same mAb  or fusion protein can vary across
he different therapeutic indications in terms of dose strength, dos-
ng time and possible combination with traditional small-molecule
rugs (particularly immunosuppressants) [6,58].

When addressing the issue of extrapolation of therapeutic indi-
ation, the 2012 EMA  guideline on similar biologic medicinal
roducts containing mAbs suggests that, if different mechanisms
f action are considered or suspected to be relevant, “applicants
hould provide relevant data to support extrapolation to all claimed
linical indications”, including discussion of published data on anti-
en receptors and mechanisms of action, potency assays, in vitro
ssays demonstrating the functionality of the molecule, and any
elevant clinical data [1]. Notably, it has been commented that
xtrapolation should be considered not as a “bonus” for the man-
facturer of the biosimilar, but rather as a commitment to provide
igorous scientific evidence [59]. In a recent review, it appears that
he majority of biosimilars developed for different IMIDs are evalu-
ted comparatively for efficacy, safety and immunogenicity against
he originator in only one therapeutic indication, with RA being
he most common condition, followed by psoriasis [30]. Several
xperts have raised concerns about the oversimplification of clin-
cal biosimilar development. In particular, they claim that, given
hat mAbs have complex mechanisms of action that in most cases
re poorly or only partly understood, and that treatment regimens,
tudy endpoints and study populations often vary among therapeu-
ic indications, granting of extrapolation of therapeutic indication
y regulatory authorities should not be straightforward [58–60]. It

s therefore not surprising that, in the case of the infliximab biosim-
lar CT-P13, subjected to clinical evaluation in AR and ankylosing
pondylitis, granting of marketing authorization for inflammatory
owel diseases (IBDs) by the EMA  and other regulatory agencies
hrough a mere extrapolation of therapeutic indication has led to
Please cite this article in press as: C. Blandizzi, et al., Transitioning from 
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ively discussions questioning the scientific basis supporting such a
ecision [10,11,61–63]. Reassuringly, the NOR-SWITCH trial, aimed
t examining efficacy, safety and immunogenicity following the
witch from originator to biosimilar infliximab in patients with
 PRESS
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different IMIDs, including Crohn disease, has shown a lack of signif-
icant changes in the parameters of therapeutic effectiveness along
with a similar incidence of ADAbs detected during the study: (17
[7.1%] with the originator and 19 [7.9%] with the biosimilar) [64].

3.4. Pharmacovigilance

The limited experience with second-generation biosimilars in
terms of efficacy, safety and immunogenicity at the time of reg-
ulatory approval makes rigorous pharmacovigilance programs a
public health concern that needs to be addressed and well imple-
mented, in order to acquire information about long-term patient
safety and outcomes, as well as to reassure physicians in their
clinical practice. For instance, if subtle, but of potential clinical rele-
vance, differences in the patterns of immunogenicity are unlikely to
be detected during the development of biosimilar mAbs, the reg-
ulatory authority may  require additional post-marketing studies,
specifically designed to detect small differences in immunogenic-
ity. Accordingly, a program of active pharmacovigilance should
be ensured by means of patient registries supported by sponsors
and/or interested scientific societies. Additional post-marketing
safety assessment tools might include also targeted questionnaires,
phase IV studies, and long-term follow-up programs [65–67]. The
importance of a robust pharmacovigilance plan is emphasized also
by the lack of a guidance on whether and how product divergence
over time should be regulated. Indeed, post-marketing changes
introduced by manufacturers into an originator and/or its biosim-
ilar may  lead to a long-term loss of similarity (divergence) in their
quality attributes as well as pharmacological and immunogenic
properties [68], which in turn may  result in a loss of equivalence
[69,70].

Overall, pharmacovigilance is of critical importance while using
biosimilars in clinical practice and it is necessary to collect safety
data across the different countries to detect all safety signals. How-
ever, at present there is a substantial lack of consensus on how
to implement and maintain an adequate and effective system of
pharmacovigilance on biosimilars [71].

3.5. Other issues: naming, traceability and costs

An important challenge to healthcare professionals is to avoid
confusion among originators and biosimilars, as well as among
different biosimilars of the same originator, to ensure appropri-
ate prescribing and accurate reporting of adverse events in the
post-marketing phase. In this respect, experts and clinicians are
increasingly claiming that, in order to achieve an adequate use of
biologics in the clinical practice, the international non-proprietary
name (INN) should not be employed as the only mean for their
identification. Indeed, relying on a common naming system of origi-
nators and biosimilars makes it difficult to impute adverse events to
a specific medicinal product, with an unavoidable negative impact
on adequate regulatory actions and safe management of patients
[72]. This issue is fostering much discussion, and several solutions
are being proposed, including the use of the brand name, the INN
in combination with the brand name, or the use of codes, based on
letters and/or numbers as a prefix or suffix to the INN, allowing a
unique identification of the product. In 2012, the European Com-
mission released the Directive 2012/52/EU, which, for all biologics,
including biosimilars, establishes the use of brand names to ensure
an unambiguous identification of biologic medicinal products [73].
Despite acknowledging that biosimilars are similar, but not iden-
tical, to their originators, in 2013 EMA  confirmed that biosimilars
first- to second-generation biosimilars: An appraisal of regulatory
/10.1016/j.phrs.2017.10.015

must share the same INN with their originators, while differenti-
ations, with particular regard for pharmacovigilance, should rely
solely on the use of brand names [74]. Since this position is not
shared unanimously by other Countries, possible alternatives to the

https://doi.org/10.1016/j.phrs.2017.10.015
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ole use of INN are being considered by a committee of the World
ealth Organization, and one proposal has been that a 4-digit code
ight be adopted to differentiate biosimilars from their respective

riginators [72].
With specific regard for post-marketing surveillance, what-

ver be the solution taken for biologic naming, it is important to
onsider that appropriate reporting of adverse events for origi-
ators and biosimilars cannot rely solely on their brand names.

ndeed, adverse events might stem from inadvertent changes in
he manufacturing processes or storing conditions, and therefore
t is strongly recommended that, when reporting to the regulatory
uthority, the batch number should be always provided in addi-
ion to the brand name [75]. However, current evidence suggests
hat the majority of physicians may  not comply fully with these
ecommendations. For instance, in a survey on European and US
harmacovigilance databases, Vermeer et al. [76], when assessing
he reports of adverse events to biologics, observed that, while the
arge majority of physicians had provided appropriate information
n brand names, very few of them had taken care of indicating batch
umbers, thus hampering the possibility of going back to specific
ata on production and storing of those specific medicinal products.

Another important issue on the development and clinical use
f biosimilars pertains to their economic impact on healthcare
ystems. Currently, world expenditure for medicines has been esti-
ated to reach 1.4 trillion US dollars by 2020, with up to 60% of

his payment burdening on governments. A number of cost-saving
easures have been then implemented worldwide to restrain drug

osts, including incentives to generic drug use. However, since a
ubstantial portion of global drug expenditure results from ther-
pies with biologics, biosimilars offer the promise of helping to
chieve substantial cost savings, which might be reinvested to
xpand the access of patients to treatments with innovative biolog-
cs or to improve the quality of other healthcare facilities. Indeed,
onsistently with this expectation, in the European area savings
rom 2.3 to 11.7 billion Euros have been estimated for United King-
om, Germany and France over the period from 2007 to 2020 as a
onsequence of first-generation biosimilar marketing [77,78].

Based on current knowledge, it is expected that even higher
avings could be achieved with second-generation biologics in
he area of IMID therapies. At present, one-year treatment of RA
ith biologics is quite more expensive than methotrexate (in USA:

0,000–30,000 US dollars for biologicss against about 3000 US dol-
ars for conventional disease modifying anti-rheumatic drugs). In
his respect, it is noteworthy that, following approval of the first
nfliximab biosimilar, some budget-impact evaluations have esti-

ated that, in the United Kingdom, Germany, France and Italy,
ccording to three scenarios of 10%, 20% and 30% discounts, cost
avings of about 96, 233 and 433 Euros might be achieved, respec-
ively, after switching RA patients to the infliximab biosimilar
77,79].

. Position statements of medical associations

Several medical societies and other organizations have issued
osition statements on biosimilars. The Italian Society of Rheuma-
ology (SIR) has published two position papers [11,80], one of
hich was issued jointly with the Italian Society of Dermatology

SIDeMaST) and the Italian Group of Inflammatory Bowel Disease
IG-IBD). In both papers, the SIR has pointed out a number of criti-
isms pertaining to the approval of second-generation biosimilars:
) clinical data are currently available only for RA and ankylos-
Please cite this article in press as: C. Blandizzi, et al., Transitioning from
and post-marketing challenges, Pharmacol Res (2017), https://doi.org

ng spondylitis, referring to a relatively small number of patients,
nd thus providing insufficient information concerning long-term
fficacy as well as safety and frequency of rare adverse events; 2)
onversely, direct evidence on efficacy, safety and immunogenic-
 PRESS
 Research xxx (2017) xxx–xxx

ity of biosimilars is still lacking in psoriasis, psoriatic arthritis and
IBDs as well as pediatric patients; 3) with regard for immuno-
genicity, longer observation periods are required, since ADAbs may
develop after several administrations and sometimes even after one
year of treatment; 4) when considering the extrapolation of ther-
apeutic indications, there is a lack of sufficient scientific evidence
supporting automatic translation of indications from an originator
to its biosimilar, particularly because of the complex and different
pharmacological mechanism(s) of action in the different approved
clinical indications. Overall, the SIR concluded that, given the lim-
ited knowledge on efficacy and safety of second-generation mAbs,
it is mandatory to set rules, perform ad hoc clinical trials and imple-
ment appropriate drug surveillance programs.

The ACR, in its position statement, recommended that long-
term post-marketing registry-based data collection be established
to monitor for less common, but potentially important, adverse
events, and that the decision of substituting a second-generation
biosimilar product should not be taken without support by the
knowledge of prescribing physicians [12].

In 2013, the European Crohn’s and Colitis Organization (ECCO)
released a position statement on the use of biosimilars in the treat-
ment of IBD, stating that “a biosimilar proven effective and safe for
one indication may  not necessarily be effective and safe for a second
indication for which the reference biologic has been shown to be
safe and effective”. Furthermore, the organization requested spe-
cific studies in patients with IBD, in order to establish efficacy and
safety for this indication, stating that the experience with biolog-
ics has shown that efficacy in IBD does not necessarily correlate to
efficacy in other indications, such as RA [10]. However, it is worth
mentioning also that, based on early post-marketing experience,
the opinion of some scientific societies, such as the ECCO, has grad-
ually changed towards a more confident position on the use of
second-generation biosimilars [81].

5. Conclusions

Second-generation biosimilars, namely mAbs and antibody-
receptor fusion proteins, differ in several respects as compared
to first-generation ones, such as epoetins, bone marrow stimulat-
ing factors and somatotropins, having much greater structural and
molecular complexity, thus raising new challenges for manufac-
turers and regulatory authorities, and new concerns for clinicians.
Despite some issues remain matter of discussion, with particular
regard for long-term safety and efficacy and the scientific basis
underlying the extrapolation of therapeutic indication, the initial
post-marketing clinical experience with infliximab biosimilars is
showing encouraging results [82–87]. The way  for biosimilar mAbs
and antibody-receptor fusion proteins is now open and paved, and
we have to comply with this new context. What really matters to
clinicians is to be assured that their patients’ treatment is based
on solid scientific evidence, obtained by the most sensitive and
advanced methodologies. Robust programs of clinical development
must be required for each new agent intended to be approved as
a biosimilar product. Each marketing application should include
studies supporting the use of the biosimilar drug in the different
target diseases and patient populations. Safety must be ensured
also by a strict control of the manufacturing process and a solid
pharmacovigilance program, with full traceability and avoidance
of substitution without medical decision. All the above actions will
help settling all controversies and increasing the confidence of both
physicians and patients in biosimilars.
 first- to second-generation biosimilars: An appraisal of regulatory
/10.1016/j.phrs.2017.10.015

We believe that it remains a responsibility of the physician,
according to scientific society guidelines, to drive the implementa-
tion of new biosimilars into clinical practice, while concomitantly
continuing to search for better therapeutic approaches. Biosim-

https://doi.org/10.1016/j.phrs.2017.10.015
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lars have certainly the potential of impacting positively on the
verall treatment scenario, allowing significant cost savings and
reater accessibility to valuable, effective treatments. However,
reat responsibility and caution is required by the healthcare com-
unity to ensure the appropriate development and clinical use of

iosimilars. Likewise, from a regulatory standpoint, less emphasis
hould be given to similarity at detriment of safety, and over-
eliance on comparative clinical data should be avoided. In the

eantime, additional clinical studies and the implementation of
ctive post-marketing surveillance will hopefully increase physi-
ians’ confidence in second-generation biosimilars.
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