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AbsTRACT 

Objective: To review current evidence concerning
phar macology of biosimilar candidates to be used in
rheumatology.
Methods: A PubMed search up to August 2013 was
performed using relevant search terms to include all
studies assessing pharmacological properties of biosi-
milar candidates to be used in rheumatology. Data on
study characteristics, type of intervention, pharmaco-
kinetics (PK), pharmacodynamics (PD) and bioequi-
valence ratios was extracted.
Results: Of 280 articles screened, 5 fulfilled our in-
clusion criteria. Two trials, PLANETAS and PLANETRA,
compared CT-P13 and infliximab in patients with acti-
ve ankylosing spondylitis and rheumatoid arthritis, res-
pectively. PK bioequivalence was demonstrated in the
phase 1 PLANETAS trial by highly comparable area un-
der the curve (AUC) and maximum drug concentra-
tions (Cmax), whose geometric mean ratios fell be -
tween the accepted bioequivalence range of 80-125%.
Equivalence in efficacy and safety was demonstrated in
the phase 3 PLANETRA trial. Two phase 1 trials com-
paring etanercept biosimilar candidates TuNEX and
HD203 in healthy volunteers showed a high degree of
similarity in AUC and Cmax, with respective geometric
mean ratios between PK bioequivalence range. The last

Araújo F1, Cordeiro I2, Teixeira F3, Gonçalves J4, Fonseca JE5

included trial referred to GP2013, a rituximab biosi-
milar candidate, which demonstrated PK and PD bio-
equivalence to reference product in three different do-
sing regimens in cynomolgus monkeys.
Conclusion: Infliximab, etanercept and rituximab bio-
similar candidates have demonstrated PK bioequiva-
lence in the trials included in this review. CT-P13 has
recently been approved for use in the European market
and the remaining biosimilar candidates are currently
being tested in patients with rheumatoid arthritis. 

Keywords: Biosimilar; Pharmacokinetic; Pharmacody -
namic; Infliximab; Etanercept; Rituximab

INTRODUCTION

The development of biotechnological medicines has re-
markably changed the treatment and prognosis of rheu-
matic patients1. However, these therapies represent a
significant economic burden to healthcare systems
worldwide: in 2009, the estimated global sales concer-
ning biotechnologicals reached 93 billion dollars2 and,
in 2012, the top three selling tumor necrosis factor
(TNF) alpha inhibitors reached 20 billion dollars of sa-
les. With some of these medicines approaching patent
expiry, many pharmaceutical companies are developing
biosimilar compounds which are expected to reduce
biotechnological-associated costs and improve drug ac-
cess3. Biotechnological drugs are produced in living
cells, have complex chemical structures (with tertiary
and quaternary protein folding) and undergo post-
-translational modifications (like glycosylation). This
renders impossible to precisely replicate the original
biotechnological structure, hence biosimilars are not
generics4. By definition, a biosimilar drug must be high-
ly similar in terms of quality, efficacy and safety to its
reference product. Efficacy and safety concerns were
legitimately raised due to this structural variability and,
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in 2005, the European Medicines Agency (EMA) is-
sued its first guidelines on similar biological medicinal
products5. In 2006, EMA approved Omnitrope®, a
biosimilar of somatotropin, as the first biosimilar to be
used in Europe, being rapidly followed by epoetin alp-
ha, epoetin zeta and filgrastim biossimilars6. However,
biopharmaceuticals used in rheumatology are incom-
parably more complex than these hormonal biosimi-
lars: they have a much more intricate structure with a
larger number of atoms and a heavier molecular
weight, rendering it even more difficult to replicate.
EMA guidelines were updated in 2012 for products
containing monoclonal antibodies and they establis-
hed all the non-clinical and clinical studies in which a
biosimiliar candidate must demonstrate equivalence
to the reference product, so that approval can be gran-
ted. In non--clinical studies, paramount in vitro biolo-
gical comparability essays include: binding to target, Fc
receptors (FcRn and Fc�) and C1q complement pro-
tein; neutralization of soluble ligands; complement ac-
tivation; and antibody and complement-dependent cy-
totoxicity. All dimensions of monoclonal antibodies
are required to be assessed in non-clinical studies, even
those that are not scientifically demonstrated to be im-
portant for the mechanism of action. In vivo compara-
tive studies include pharmacology, efficacy and safety
trials. Biosimilar guidelines state that if different me-
chanisms of action are considered or suspected to be
relevant, pharmaceutical companies should provide
relevant data to support similarity, including discus-
sion of available literature related to the involved an-
tigen receptors and mechanisms of action, potency as-
says, in vitro assays that describe the functionality of
the molecule, and any relevant clinical data7. The to-
tality of scientific evidence should be seen as a logical
consequence of the comparability exercise principle
with the original drug, which is founded in physio-
chemical and biological characterization.

Once non-clinical bioequivalence is demonstrated,
biosimilar candidates undergo a rigorous pharmaco-
kinetic (PK) and pharmacodynamic (PD) evaluation.
PK study design varies according to factors like clini-
cal context, safety and known PK characteristics of the
original biotechnological. In general, single-dose cross-
over trials in healthy volunteers are preferred, although
multiple-dosing trials in patients may be conducted in
specific circumstances. The primary parameter for
which bioequivalence must be demonstrated is the
area under the curve (AUC), which reflects total body
exposure after drug administration. Maximum drug

concentration (Cmax) is also a primary outcome, usual-
ly when the biosimilar candidate is administered sub-
cutaneously7. Although variability is expected with bio-
similars, regulatory authorities, including EMA, have
issued the acceptable variation boundaries: the 90%
confidence interval (CI) for the ratio of the test and re-
ference products should be contained within the in-
terval of 80-125%8. For secondary PK parameters, such
as time until maximum drug concentration (tmax),
half-life (t1/2) and volume of distribution, CI for ratio
or differences can be presented together with descrip-
tive statistics but no acceptance range needs to be de-
monstrated. PD parameters may contribute to compa-
rability of certain biosimilars, either as a support to pre-
vious PK data or as pivotal testing7. The glossary of the
assessed pharmacological parameters can be found in
Table I.

The purpose of this article was to review current eviden -
ce concerning pharmacology of biosimilar candidates.

METHODs

INClUsION CRITERIA
We included all trials investigating pharmacological
outcomes of biosimilar candidates intended to be used
in rheumatology, either involving humans (healthy vo-
lunteers or patients) or other animals.

sEARCH sTRATEgy
PubMed database was searched from inception to the
31st of August 2013. Although there were no langua-
ge restrictions in the search strategy, papers for which
no English, Portuguese, Spanish or French translation
was available were later excluded. Reference lists of in-
cluded studies were screened to identify any additional
studies. The website of pharmaceutical companies res-
ponsible for biosimilar development was also accessed
when convenient. The list of search terms and reasons
for trial exclusion are available in the online supple-
mentary appendix A.

TRIAl sElECTION AND DATA ExTRACTION
Titles and abstracts were assessed for inclusion suitabi -
lity by one author (FA) and all potentially relevant 
papers were assessed by full text review. Details about
the intervention (biosimilar vs reference product), 
study duration, number of participants included, PK
and PD outcomes, and bioequivalence ratios were ex-
tracted.
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REsUlTs

REsUlTs Of THE sEARCH
Of 280 articles that were screened, 121 studies were
excluded for wrong study population, 144 studies
were excluded for wrong study type and 3 studies were
excluded for wrong language. After exclusion of du-
plicates, 5 studies out of the 12 remaining were inclu-
ded in the review (online supplementary appendix A).
Two of these trials concerned an infliximab biosimilar
candidate9, 10, two trials concerned etanercept biosi-
milar candidates11, 12 and the last trial concerned a ri-
tuximab biosimilar candidate13. The characteristics of
the 5 included trials are summarized in Table II.

INflIxIMAb bIOsIMIlAR CANDIDATE
Two 2013 trials were found with pharmacological as-
sessment of an infliximab biosimilar candidate, CT-
-P13 The first one is the PLANETAS trial9, a phase 1
randomised, double-blind, prospective study in which
250 patients with active ankylosing spondylitis accor-
ding to 1984 modified New York criteria were treated
with either CT-P13 or original infliximab at 5 mg/kg
intra venously every 8 weeks, for 30 weeks. The pri-
mary endpoint was demonstration of PK equivalence
assessed between weeks 22 and 30 (AUC and Cmax at
steady state) and secondary endpoints included addi-

tional PK parameters, efficacy, immunogenicity and sa-
fety. Baseline demographics were similar in both
groups. Mean AUC and Cmax at steady state were si-
milar between CT-P13 and original infliximab, with a
ratio of geometric means of 104.5% and 101.5% (90%
CI), respectively. A subgroup analysis of the patients for
whom anti-drug antibodies (ADA) were negative re-
vealed higher mean values of AUC and Cmax for both
CT-P13 and infliximab, when compared to the overall
population. However, the ratios of geometric means
remained near 100% for both measures. Secondary PK
measures, including Cmax, Cmin and tmax for each
drug administration, as well as average concentration
at steady state, total clearance (CL) at steady state, vo-
lume of distribution (VD) at steady state and t1/2 were
also highly similar between CT-P13 and original infli-
ximab. No significant difference was found between
the two drugs in terms of clinical response or safety
assessment.

The second CT-P13 study, the PLANETRA trial10,
was a phase 3, randomized, double-blind, prospecti-
ve study in which 606 patients with rheumatoid arth-
ritis according to the 1987 American College of Rheu-
matology criteria, and with active disease despite
metho trexate (12.5-25 mg for ≥ 3 months) were trea-
ted with either CT-P13 or original infliximab at 3 mg/
/kg intravenously every 8 weeks, for 30 weeks. Since

TAblE I. glOssARy Of THE AssEssED pHARMACOlOgICAl pARAMETERs IN THE INClUDED TRIAls

Parameter Abbreviation Definition
Area under the curve AUC Measure of the extent of bioavailability for a drug given by a particular

route, reflecting total body exposure to that drug. The AUC is dependent
on the dose administered and the elimination rate of the drug

Clearance CL Factor that predicts the rate of drug elimination in relation to the drug
concentration, measuring the ability of the body to eliminate the drug

Half-life t1/2 Time required to change the amount of drug in the body by one-half
during elimination. It also indicates the time required to attain 50% of
steady state

Maximum drug concentration Cmax Maximum or "peak" concentration observed after drug administration
Minimum drug concentration Cmin Minimum or "trough" concentration observed after drug administration

and just prior to the administration of a subsequent dose
Peak-trough fluctuation PTF Variation between maximum and minimum drug concentration
Time until maximum drug tmax Time after drug administration when maximum concentration is 
concentration reached
Volume of distribution VD Relates the amount of drug in the body to the concentration of drug in

blood or plasma, measuring the apparent space available to contain the
drug in the body
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PK bioequivalence was demonstrated in the PLANE-
TAS trial, this study intended to prove clinical and sa-
fety similarity between the two biotechnologicals.
Howe ver, PK and PD parameters were included as se-
condary endpoints and were submitted to a compara-
bility exercise. Baseline demographics were similar in
both groups. Highly similar values were obtained for
CT-P13 and original infliximab concerning PK outco-
mes, namely mean Cmax, Cmin and tmax for each
drug administration, and average concentration at
steady state and peak-trough fluctuation between
weeks 22 and 30. Markers chosen to assess PD were 
C-reactive protein, erythrocyte sedimentation rate,
anti-cyclic citrullinated peptide (ACCP) and rheuma-
toid factor (RF), measured at weeks 14 and 30. All the
results were highly similar for CT-P13 and original in-
fliximab, except for ACCP at week 30 (189.8 vs 174.6
IU/mL) and IgG RF at week 14 (40.5 vs 33.4 IU/mL).
Regarding primary endpoints, equivalence of efficacy
and safety was demonstrated.

Both PLANETAS and PLANETRA trials assessed the
proportion of patients with ADA at the end of follow-
-up, and once again the percentages were highly simi-
lar for CT-P13 (27.4% and 48.4%, respectively) and
original infliximab (22.5% and 48.2%, respectively).

ETANERCEpT bIOsIMIlAR CANDIDATEs
Two trials with pharmacological assessment of etaner-
cept biosimilar candidates were retrieved. The first one
was published in 2011 and evaluated PK and tolera-
bility of the biosimilar candidate TuNEX11. This was a
phase 1 randomized, open-label, single-dose, crosso-
ver trial in which 25 healthy male volunteers were
admi nistered subcutaneously with 25 mg of TuNEX
or original etanercept and, after a one-week washout,
they would receive the other drug. Baseline demo-
graphics were similar in both groups. PK bioequiva-
lence was demonstrated between TuNEX and original
etanercept with highly comparable Cmax, AUC0-t and
AUC0-∞ mean values yielding geometric ratios of
99%, 95% and 95% (90% CI), respectively. Other PK
outcomes such as tmax, CL, VD, and t1/2, as well as
tolerability outcomes were also similar between the
two groups.

The second trial was published in 2012 and eva-
luated PK and tolerability of the biosimilar candidate
HD20312. Study design was very similar to the TuNEX
trial, except for the number of participants (42 instead
of 25), the double-blinding method and the washout
period (one month instead of one week). Once again,
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comparable Cmax, AUC0-t and AUC0-∞ results pro-
duced bioequivalent geometric mean ratios of 107.6%,
112.7% and 109.9% (90% CI), respectively. Other PK
outcomes such as tmax, CL, and t1/2 were also simi-
lar between the two groups. Although in each group a
similar number of patients reported adverse events, a
significantly higher number of total adverse events was
found in the original etanercept group (25 vs 38),
being the most frequently reported rhinorrhea, cough
and headache.

RITUxIMAb bIOsIMIlAR CANDIDATE
Only one pharmacology trial of a rituximab biosimi-
lar candidate was found. This 2013 study evaluated
post-translational modifications, in vitro biological ac-
tivity and pharmacological properties of the GP2013
molecule13. PK and PD were assessed in three groups
of cynomolgus monkeys: 14 monkeys were equally
distributed and administered intravenously with sin-
gle-dose of 5 mg/kg GP2013 or original rituximab; 16
monkeys were equally distributed and administered
intravenously with weekly 20 mg/kg of GP2013 or ori-
ginal rituximab, for 4 weeks; and 16 monkeys were
equally distributed and administered intravenously
with weekly 100 mg/kg of GP2013 or original rituxi-
mab, also for 4 weeks. Comparable AUCs were obser-
ved within each group of monkeys for GP2013 and
original rituximab. The 90% CI fell between the stan-
dard bioequivalence range of 80-125%. Regarding
Cmax, geometric mean was 13% lower with GP2013
when compared with original rituximab in the single-
-dose group. This difference was not considered rele-
vant and was attributed by the authors to serum sam-
pling heterogeneity. PD was assessed through B-cell
depletion and once again bioequivalence was de-
monstrated by 95% CIs of the area-under-the-effect
curves falling between 80 and 125%.

DIsCUssION

The present literature review aimed to ascertain the
pharmacology of biosimilar candidates to be used in
rheumatology. In the five included trials, biosimilar
candidates to infliximab (CT-P13), etanercept (TuNEX
and HD203) and rituximab (GP2013) showed com-
parable pharmacological properties to their reference
products. Furthermore, all four drugs demonstrated
PK bioequivalence since ratios of geometric means for
AUC and Cmax fell between the established range of

80-125%. PK values obtained for infliximab and eta-
nercept biosimilar candidates were also similar to tho-
se reported in previous infliximab and etanercept stu-
dies that used identical populations and dosing pat-
terns9, 14. It must be pointed out, however, that PK bio-
equivalence for GP2013 was assessed only in
non-human primates.

The demonstration of pharmacology, efficacy and
safety bioequivalence in the PLANETAS and PLANE-
TRA trials has granted the biosimilar candidate CT-P13
the authorization for use in the European Union from
September 2013 as branded names Inflectra®15 and
Remsima®16. This is the first biosimilar approved for
use in rheumatology and others will naturally follow.
A phase 3 trial to assess the efficacy and safety of Tu-
NEX is currently recruiting patients with rheumatoid
arthritis and is expected to be completed by the end of
201517. The current status of efficacy and safety tes-
ting of HD203 in patients with rheumatoid arthritis is
unknown since neither Clinicaltrials.gov nor the phar-
maceutical companie’s websites are updated with this
information18. GP2013 PK bioequivalence demons-
tration in cynomolgus monkeys does not guarantee PK
similarity of GP2013 and original rituximab in hu-
mans, although it supports progression of candidate
drug to human trials19. A phase 1 trial is currently un-
derway to assess the pharmacology and safety of
GP2013 in patients with rheumatoid arthritis20.

Immunogenicity assessment is addressed in both
the European and North-American biosimilar guide-
lines since protein aggregation in biosimilar candida-
tes, or even original antibodies, can lead to increased
production of ADA with meaningful loss of efficacy
and severe adverse events. The type of bioanalytical
assay to use, relevant parameters to evaluate and ac-
ceptable margin of equivalence are still a matter of de-
bate21. The proportion of ADA-positive patients in the
PLANETAS and PLANETRA trials was comparable for
CT-P13 and original infliximab. This proportion was
higher than observed in earlier studies but similar to
more recent ones, which might be explained by the in-
creased sensitivity of newly-developed analytical me -
thods10. Neither the TuNEX nor the HD203 trials as-
sessed Immunogenicity. Reasons stated were that eta-
nercept usually causes no relevant immunogenic res-
ponse and that the study design was inadequate to
accurately evaluate ADA. The authors emphasize the
need for this type of appraisal in multiple-dosing stu-
dies12. This also applies for future trials of GP2013.

This is a non-systematic review. It should also be



noted that some pharmaceutical companies do not pu-
blish the results of non-clinical and clinical testing of
biosimilars in scientific journals, hence other biosimi-
lars that were not captured by this review are in deve-
lopment.

CONClUsION

Published data concerning pharmacological asse s -
sment of biosimilar candidates to be used in rheuma-
tology has shown highly similar results to the original
molecules. Nevertheless, it is of the utmost importan-
ce that regulatory agencies maintain a stringent appro -

val policy with a comprehensive non-clinical and cli-
nical evaluation, followed by an active pharmacovigi-
lance plan, for the sake of patient benefit and biosimi-
lar success.
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ONlINE sUpplEMENTARy AppENDIx A 

pUbMED sEARCH TERMs (INCEpTION TO AUgUsT 31, 2013) AND REAsONs fOR ExClUsION

Wrong Wrong Wrong Detailed 
Total population study type language review

Biosimilar OR Pharmacology 204 95 105 1 3
biogeneric AND Pharmacodynamic 17 12 3 1 1

Pharmacokinetic 35 14 17 1 3
Infliximab 7 0 5 0 2
Etanercept 6 0 4 0 2
Adalimumab 3 0 3 0 0
Golimumab 0 0 0 0 0
Certolizumab 0 0 0 0 0
Rituximab 8 0 7 0 1
Abatacept 0 0 0 0 0
Anakinra 0 0 0 0 0
Tocilizumab 0 0 0 0 0
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