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Abstract: Biologics are defined as active substances derived from living cells or organisms with 

the aid of biotechnology methods. A similar biological medicinal product, commonly referred 

to as a biosimilar, is a copy version of an approved original biological medicine whose data 

protection has expired. The main advantage of biosimilars is to lower prices and create financial 

savings for health care systems. Adalimumab (Humira) is a human recombinant monoclonal 

antibody against tumor necrosis factor-α, licensed for the treatment of several rheumatologic 

diseases and inflammatory bowel diseases. The original biologic agent has worldwide sales of 

approximately 12.5 billion US dollars, but the patent will expire in 2016 for the US and in 2018 

for Europe. Adalimumab biosimilar is already currently marketed and used in a clinical set-

ting in India, but many other companies are testing adalimumab biosimilars in order to request 

authorization from the European Medicines Agency and the US Food and Drug Administration 

at the time of patent expiry. In this gold rush, the long-term safety and immunogenicity of these 

drugs are an issue, but the striking rise of pharmaceutical expenses makes these drugs highly 

attractive for health care systems and pharmaceutical companies.
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Market review
Biological drugs have represented a revolution in the treatment of patients with rheu-

matologic conditions and inflammatory bowel disease (IBD) since their appearance, 

allowing physicians to set and achieve more ambitious therapeutic targets.

Biological medicinal products (or biologics) are defined as active substances derived 

from living cells or organisms with the aid of biotechnology methods (recombinant 

DNA, controlled gene expression, antibody technologies).1 A similar biological medici-

nal product, commonly referred to as biosimilar, is a copy version of an approved 

original biological medicine whose data protection has expired.2

In the European Union (EU), biological medicines need to be authorized by the 

European Medicines Agency (EMA). The EMA has established a specific legal pathway 

for biosimilars approval in 2005, in which it is recognized that biosimilars cannot be 

identical to the primary compound, but must be similar to the original EU-approved 

molecules in terms of quality, safety, and efficacy.3

A total of 19 biosimilar medicines have been evaluated and 14 authorized in the EU 

currently. All authorized biosimilars can be divided in three product classes: human 

growth hormones, erythropoietin, and granulocyte colony-stimulating factors.4

Nowadays, use of biological agents is increasing, with new indications and 

increased patient demand. In 2013, it was already estimated that six of the world’s top 
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ten selling drugs were biological drugs. Sales of biological 

drugs are expected to continue to grow at least twice the rate 

of sales of other molecules.5 All biologic drugs are expensive 

for the health care system, even though cost-efficacy analysis 

should take into account impact on patient, disease outcomes, 

and related expenses (ie, hospitalization, sick leaves).6

The main advantage of biosimilars is to create conditions 

for economic competition, and the latter notoriously means 

lower prices and financial savings for health care systems 

and might increase the number of patients in therapy. The 

size of the financial savings seems to depend on many 

factors, in particular the size of the market for biological 

drugs, and the price reduction that will be achieved. Both 

factors are difficult to estimate: nowadays, the market is not 

very large, but in the medium term, it could achieve many 

billions of euros. However, this figure is likely to be over-

estimated because patients in the meantime might move to 

new innovative medicines, or part of the savings could be 

turned into a wider usage. In addition, not for all biologic 

drugs, a biosimilar could be available. In the area of cost, 

it is problematic to make forecasts today, but certainly, the 

complexity and requirements of production for biosimilars 

(development, comparability exercise, clinical trials, etc) 

required for their access to the market probably will never 

permit a price reduction comparable to that of equivalent 

drugs (generics).

Chemically synthesized drugs are usually small mol-

ecules with well-known structures and low immunogenicity 

potential. Instead, biologic drugs are large molecules with a 

three-dimensional high complex structure. Biologic agents 

are engineered and produced by living cells, which define 

the structure and posttranslational modifications, and it is a 

major potential source of manufacturing heterogeneity; that 

is why, the production of biosimilars is associated with sev-

eral variables. Molecular heterogeneity of biologics results 

from the complex interplay of the primary, secondary, and 

higher order structures. In addition, intra- and intermolecular 

interactions and posttranslational modifications can result in 

millions of chemical forms. The type and the degree of glyco-

sylation have a strong influence on interaction with receptors, 

and such changes in the glycosylation pattern of biosimilars 

could have unpredictable effects on efficacy and safety (ie, 

immunogenicity).7 Moreover, the final biosimilar product 

is determined by the manufacturing process, but even after 

patent expiration, biosimilar companies do not have access to 

the manufacturing process of the original drug. Manufacture 

includes several steps: selection of the type of vector and the 

host cell expression system, the cell expansion procedure, the 

protein recovery mechanism, the purification process, and the 

formulation of the target protein into the drug.8

For these reasons, biosimilars are highly unlikely to be iden-

tical with their reference products and they require regulatory 

approval processes. Demonstration of comparability between 

biosimilars and the initial biologic drug product is therefore 

necessary.9 In contrast, given that the efficacy of the innovator 

biologic drug has already been established, the clinical studies 

required for approval of a biosimilar could be reduced compared 

with clinical trials required for approval of the first original 

biologic. In addition, the attraction of developing a biosimilar 

comes from the opportunity of getting the approval for all indi-

cations held by the original drug, the so-called extrapolation. 

These indications can be achieved with less extensive nonclinical 

data, and few clinical data related to only one or two indica-

tions. EMA, US Food and Drug Administration (FDA), and 

Health Canada have generally allowed the drug companies for 

extrapolation, based on a number of comparability exercises 

without clinical data for all indications.10

Anti-TNF agents in IBD
The most effective and used class of biologic drugs in IBD 

are anti-tumor necrosis factor (anti-TNF) agents with four 

biologics currently approved by the EMA and FDA. These 

are anti-TNF monoclonal antibodies: infliximab (IFX), adali-

mumab, golimumab, and certolizumab (the latter is approved 

only by the FDA). Other two biologics are anti-integrin 

antibodies: natalizumab, which has been authorized by the 

FDA for Crohn’s disease (CD) in 2008, and the new one, 

vedolizumab, recently approved in both Europe and US.

Regarding luminal inflammatory CD, a recent meta-

analysis of all controlled trials with anti-TNF agents indi-

cated that adalimumab, certolizumab pegol, and IFX are all 

efficacious for induction of remission.11 Adalimumab was 

superior to placebo in the induction of remission in CD 

patients naïve to IFX (Classic I: remission rate at 4 weeks: 

36% vs 12% placebo, P,0.05)12 and in CD patients with 

secondary failure to IFX (GAIN: remission rate at 4 weeks: 

21% vs 7% placebo, P,0.05).13 Patients with early CD 

(,2 years from diagnosis) had higher remission rates com-

pared to those with a longer disease duration (CHARM: 

60% vs 40%, P,0.05).

Although adalimumab was found to be superior to pla-

cebo in maintenance of clinical remission in CD patients 

at week 54 (CHARM: relative risk [RR] 3.28, 95% CI 

2.13–5.06; CLASSIC 2: RR 1.82, 95% CI 1.06–3.13), in 

two studies, adalimumab was not much better than placebo 

in preventing relapse of quiescent luminal CD.14
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Adalimumab is also licensed for the treatment of mod-

erate or severely active ulcerative colitis (UC) in Europe 

from 2012. There are two placebo-controlled trials that 

have evaluated the efficacy of adalimumab in patients with 

moderately active UC despite conventional therapy. In one 

of them, adalimumab has also shown benefit over placebo 

for the induction of remission in IFX-naïve patients with 

moderately active UC (remission rate at week 8: 18.5% vs 

9.2%, P=0.031).15 In the second trial,16 patients previously 

exposed to anti-TNF were also included; clinical remission 

was achieved significantly more with adalimumab than 

placebo at week 8 (16.5% and 9.3%, P=0.02) and week 52 

(17.3% and 8.5%, P=0.01), with an higher clinical remis-

sion rate in patients naïve to anti-TNF. Furthermore, there 

are small case series that reported benefit of adalimumab 

in patients with active UC previously exposed to IFX.17–19 

Finally, adalimumab allows steroid-free remission in 13.3% 

of patient at week 52.20

IFX biosimilar
In 2012, the first biosimilar agent of IFX CT-P13 (Inflectra – 

Hospira, Lake Forest, IL, USA; and Remsima – Celltrion, 

Incheon, South Korea) has been authorized for the treat-

ment of autoimmune diseases and IBD in India and South 

Korea.21 Data on efficacy and safety come from two trials. In 

the first (randomized, Phase II, double-blind) study, efficacy 

and safety of CT-P13 and IFX 5 mg/kg were compared in 

250 patients with ankylosing spondylitis. The pharmacoki-

netic profile of CT-P13 was judged to be equivalent to original 

IFX; in addition, the two agents also displayed comparable 

efficacy and safety profiles. Infusion reactions occurred in 

3.9% of CT-P13 patients group vs 4.9% in the IFX group, and 

27.4% of the CT-P13 patients developed antidrug antibodies 

vs 22.5% of those on IFX.22

In the second (Phase III, double-blind) trial, 604 patients 

with rheumatoid arthritis (RA) were randomized to CT-P13 

or IFX 3 mg/kg (both given with methotrexate). The two 

patient groups at the end of trial demonstrated an equivalent 

rate of responses, drug-related adverse events, and rate of 

antidrug antibodies.23

On the basis of these data, the EMA approved the bio-

similar of IFX for treatment of RA, ankylosing spondylitis, 

psoriatic arthritis, and IBD in September 2013.

The indications of the originator product IFX include 

autoimmune arthritis of various etiologies, psoriasis, and 

IBD. Although in the EU, like in Korea and Japan, all indica-

tions of the reference product were licensed, extrapolation to 

IBD was not granted in Canada.24

Adalimumab biosimilars
Adalimumab (Humira) is a human recombinant human 

IgG1 monoclonal antibody. It binds and neutralizes TNF-α, 

preventing it from binding with TNF receptors, which cause 

activation of the inflammatory reaction cascade. Moreover, 

it acts on cell surface expressing TNF by inducing apoptosis 

by a reverse intracellular signal. Adalimumab is licensed for 

the treatment of RA, juvenile idiopathic arthritis, psoriatic 

arthritis, ankylosing spondylitis, psoriasis, CD, and UC. 

The original biologic agent (AbbVie’s Humira) adalimumab 

was approved by the FDA in December 2002 and by the 

EMA in September 2003. In 2014, it had worldwide sales 

of ∼12.5 billions of US dollars, but the patent will expire in 

the US in December 2016, while in Europe, only in April 

2018. In Table 1, a summary of adalimumab biosimilars 

approved or in development is detailed.

The Indian generics maker Zydus Cadila Healthcare 

Ltd launched its adalimumab biosimilar (ZRC-3197) in 

India in December 2014 under the brand name Exemp-

tia (adalimumab). The company claims that it is the first 

company anywhere in the world to launch a biosimilar 

of adalimumab.25 Biosimilarity has been demonstrated with 

analytical techniques to characterize the physicochemical 

and functional properties of ZRC-3197 in comparison with 

the originator. Indistinguishable primary and secondary 

structures with similar level of purity and heterogeneity were 

showed by ZRC-3197 when compared to the original Humira 

product. Both ZRC-3197 and original adalimumab showed 

comparable key functional properties, which have been 

assessed by in vitro cell-based assay and surface plasmon 

resonance technique. ZRC-3197 exhibited a TNF-α neutral-

izing activity and a binding affinity for FcγRIIIa receptor 

similar to Humira.26 A randomized, parallel-group, active-

controlled, Phase III trial started in October 2013, conducted 

by Cadila Healthcare to evaluate efficacy, tolerability, and 

safety of their biosimilar compared to adalimumab in patients 

with rheumatoid arthritis. One hundred and twenty Indian 

subjects were enrolled with age 18–65 years, history of RA 

(as defined by American College of Rheumatology [ACR] 

Classification) for at least 6 months, and a moderate-to-severe 

active seropositive disease. Moreover, patients had a history 

of treatment with methotrexate, 10–25 mg per week for at 

least 12 weeks with stable dose in the last 4 weeks. Patients 

were randomized to receive 40 mg of adalimumab (AbbVie) 

or the same dosage of adalimumab biosimilar (Zydus) by 

subcutaneous injection every other week for 3 months. The 

primary end point was proportion of patient with an ACR 20 

response in both the treatment groups on day 84 as compared 
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to baseline. Secondary end points were change from baseline 

in Disease Activity Score 28 C-Reactive Protein, proportion 

of patient with an ACR 50 response in both the treatment 

groups, proportion of patient with an ACR 70 response in 

both the treatment groups, and percentage of subjects who 

develop detectable antidrug antibodies.27 In this trial, ZRC-

3197 seems to exhibit similar level of efficacy, safety, and 

tolerability of the originator adalimumab drug, but full data 

are not yet published. Based on these findings, Indian market 

authorization has been granted for ZRC-3197. It should be 

noted that this biosimilar product approved in India might not 

have been authorized in the EU due to a more strict regulatory 

process required by the EMA.28,29

Biotech company Amgen, and pharmaceutical company 

Sandoz, appear to be in pole position in the race to obtain bio-

similar adalimumab approval in Europe and in the US. Both 

companies are already carrying out Phase III trials with their 

candidate drugs. Sandoz, the generic drug division of Swiss 

drug giant Novartis, already sells some biosimilars of somat-

ropin (Omnitrope), epoetin α (Binocrit), and filgrastim (Zar-

zio) in some countries across Europe and US. It announced 

on December 2013 the start of a Phase III clinical trial for 

the biosimilar of adalimumab. The Sandoz trial will evaluate 

the safety, efficacy, and immunogenicity of the biosimilar 

adalimumab (GP2017) vs Humira (AbbVie) in patients 

with moderate or severe plaque-type psoriasis. The trial is 

a multicenter, double-blind, randomized, active-controlled, 

parallel-group study. The main objective of the study is to 

demonstrate equivalent efficacy of GP2017 with respect to 

Humira (adalimumab) in patients with plaque-type psoriasis. 

Four hundred and forty-eight patients from Bulgaria, France, 

Germany, Hungary, India, Poland, Romania, Russia, Slovakia, 

Spain, and US should be enrolled and randomized to receive 

GP2017 or Humira (adalimumab) with subcutaneous injec-

tions. The initial dose of 80 mg will be followed by 40 mg 

every other week, starting at week 1 and ending at week 33. 

Table I Biosimilars of adalimumab approved or in development

Product 
name

Company Location Phase Disease Stage of development

exemptia Zydus Cadila Ahmedabad, Gujarat, India iv (only india) Ankylosing spondyliti 
Rheumatoid arthritis Psoriatic 
arthritis Juvenile arthritis IBD

Biosimilar launched in India 
in December 2014.

GP 2017 Sandoz Basel, Switzerland iii Plaque psoriasis Expected to be completed 
in April 2016

ABP 501 Amgen Thousand Oaks, CA, US iii Plaque psoriasis Rheumatoid 
arthritis

Positive results announced 
in November 2014 and 
March 2015

BI 695501 Boehringer 
Ingelheim

Ingelheim am Rhein, 
Germany

iii Rheumatoid arthritis Expected to be completed 
in December 2016

CHS 1420 Coherus 
Biosciences

Redwood City, CA, US iii Plaque psoriasis Expected to be completed 
in December 2016

PF 06410293 Pfizer New York City, NY, US iii Rheumatoid arthritis Phase I completed in March 
2015. No results available. 
Phase III study currently 
recruiting participants.

FKB327 Fujifilm; Kyowa 
Hakko Kirin

Sagamihara, Japan iii Rheumatoid arthritis in progress

ONS 3010 Oncobiologics; 
viropro

Cranbury, NJ, US i Healthy subjects Pharmacokinetic study 
completed in February 2015.

LBAL LG Life Sciences; 
Mochida 
Pharmaceutical

Jongno-gu, Seoul, South 
Korea

i Rheumatoid arthritis Completed in March 2015. 
No results available.

SB 5 Merck; Samsung 
Bioepsis

Incheon, South Korea; 
Darmstadt, Germany

i Healthy subjects Completed, results 
presented in June 2015

M 923 Momenta 
Pharmaceuticals

Cambridge, MD, US Clinical trial Plaque psoriasis Start announced in 
October 2015

NA* AET BioTech; 
BioXpress 
Therapeutics

Gzira, Malta; Plan-les-
Ouates, Switzerland

NA* NA* These companies 
announced in October 
2012 that a biosimilar is in 
the pipeline

Note: *Detailed trial information not yet available.
Abbreviations: IBD, inflammatory bowel disease; NA, not available.
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The trial is expected to be completed in June 2015; currently, 

it is still ongoing, but patients recruiting is finished. This trial 

should be strong enough to support regulatory submissions 

in the US and EU.30,31 This study is the eighth Phase III trial 

that Sandoz has initiated across six biosimilar molecules. 

Sandoz is also currently conducting Phase II and III clinical 

trials for a biosimilar version of rituximab, filgrastim, and 

pegfilgrastim.

Amgen completed two multicenter, randomized, double-

blind, parallel-group, Phase III studies for its biosimilar 

adalimumab (ABP501). The first trial evaluated efficacy and 

safety of ABP501 compared to adalimumab in subjects with 

moderate-to-severe RA. Five hundred and twenty-six patients 

were enrolled from the US, Canada, UK, Russia, Poland, 

Spain, Romania, Mexico, Hungary, Germany, Bulgaria, 

Argentina, and Czech Republic. A solution for subcutaneous 

injection in prefilled syringe was administered in a dose of 

40 mg every 2 weeks for 22 weeks. The primary efficacy end 

point was 20% improvement in ACR core set measurements. 

Key secondary end points were Disease Activity Score 28 and 

50% or 70% improvement in ACR core set measurements. 

In this study, completed in November 2014, the biosimilar 

ABP501 hits its primary and key secondary end points.32,33 

The second study evaluated the efficacy and safety of ABP501 

compared to adalimumab in adults with moderate-to-severe 

plaque psoriasis. Three hundred and fifty patients from 

Australia, France, Canada, Poland, Germany, and Hungary 

were enrolled. Solution for subcutaneous injection in prefilled 

syringe was administered in a dose of 80 mg at week 1/day 1, 

and 40 mg at week 2 and every 2 weeks until week 14. At week 

16, subjects with a good response will remain on study for up 

to 52 weeks; subjects initially randomized to adalimumab will 

be re-randomized (1:1) to ABP501 or adalimumab treatment 

for weeks 16–48. This study was completed in March 2015, 

but results are not available yet.34

Finally, an open-label, single-arm extension study to 

evaluate long-term safety and efficacy of ABP501 in subjects 

with moderate-to-severe RA is still ongoing.35

ONS-3010 is the adalimumab biosimilar developed by 

Oncobiologics Inc.; the company recently announced that 

its candidate biosimilar drug met the primary end points in 

its first clinical study. A three-arm single-dose pharmacoki-

netic study was performed in healthy volunteers to compare 

ONS-3010 to Humira. All of the pharmacokinetic end points 

met the bioequivalence criteria of the geometric mean ratios 

within 90% confidence interval of 80%–125%. Safety and 

immunogenicity were similar across the three arms. An 

exploratory ex vivo pharmacodynamic study also showed 

good results between ONS-3010 and the reference products 

on TNF-α blockade and the induction of specific inflamma-

tory responses. This first clinical trial was conducted in the 

Netherlands, but no results are available.36

The biosimilar BI 695501 (Boehringer Ingelheim 

Pharmaceuticals, Ingelheim, Germany) was also compared 

in a clinical trial against adalimumab in healthy subjects. 

A randomized, open-label, single-dose, parallel-arm, active 

comparator clinical Phase I study was realized in 2012 in 

New Zealand. Primary end points were bioequivalence of 

the area under the concentration–time curve of the analyte 

in plasma over the time, and maximum measured concentra-

tion of the analyte in plasma in comparison with US-Humira 

and EU-Humira products. This trial is completed, but no 

data are available yet. Another pharmacokinetic trial with 

BI 695501 was completed in 2014, but again, data are not 

available in literature. Currently, a clinical trial of BI 695501 

and adalimumab, in patients with active RA, is started and 

still recruiting patients.37

Conclusion
The availability of biosimilars in the near future will be a 

challenge for physicians and patients. About the possibility 

to expand the indication of biosimilars to areas not directly 

researched, EMA recommendations are inconclusive. EMA 

leaves a door open to this possibility, for cases based on 

sound scientific reasoning. Although antecedent cases of 

biosimilar approved for multiple indications already exist, 

in other foreign drug agencies, there is nothing to suggest 

that the EMA should follow this way.

Several scientific rheumatologic and gastroenterological 

societies have raised concern to extrapolate results from one 

condition to all the others and have solicitated the promo-

tion and realization of specific trials for each indication. 

However, given the high cost of biologic therapy and the 

increasing number of patients in treatment, a rapid reduction 

in the price represents a priority for each health care system 

and government. In this complex situation, in the interest of 

patients and pharmaceutical companies alike, it is essential to 

maintain high safety standards and adequate testing. No com-

promise of health safety should be accepted in order to obtain 

economic advantages. Finally, we believe that the final deci-

sion on choice should be in the hands of physicians, without 

strong impositions and always made on individual basis.
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