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Abstract CT-P13 (RemsimaTM; InflectraTM), a biosimi-

lar of reference infliximab (Remicade�), is approved by the

European Medicines Agency for use in all indications for

which reference infliximab is approved, including rheu-

matoid arthritis, ankylosing spondylitis, Crohn’s disease,

ulcerative colitis, psoriatic arthritis and psoriasis. Inflix-

imab is a chimeric human-murine monoclonal antibody

against the proinflammatory cytokine tumour necrosis

factor-a. The CT-P13 infliximab formulation is identical to

that of reference infliximab and it has similar physio-

chemical characteristics. The approval of CT-P13 was

based on the results of a rigorous, comparability exercise.

This article reviews the results of that exercise, focusing on

the clinical evaluation programme. In two well-designed

clinical trials, CT-P13 was equivalent to reference inflix-

imab in terms of pharmacokinetic properties in patients

with ankylosing spondylitis and in terms of efficacy in

patients with rheumatoid arthritis. In both studies, CT-P13

was generally well tolerated with a similar tolerability

profile to that of reference infliximab. Immunogenicity

evaluations demonstrated that the proportion of patients

developing anti-drug antibodies was similar with each

agent. Preliminary data from trial extensions demonstrated

that in patients who switched from reference infliximab to

CT-P13, efficacy was sustained and similar to those who

were treated continuously with CT-P13. As with all bio-

similar and generic agents, CT-P13 has the potential to

reduce treatment costs compared with those of reference

infliximab, and modelled analyses predict significant cost

savings compared with reference infliximab. In conclusion,

CT-P13 is an infliximab biosimilar that provides a useful

alternative to reference infliximab in patients requiring

infliximab therapy.

A summary of CT-P13: an infliximab biosimilar

The first biosimilar monoclonal antibody approved

by the European Medicines Agency.

Demonstrated similarity to reference infliximab in an

extensive comparability exercise, including

bioanalytical, preclinical and clinical analyses.

Approved for use in all indications in which

reference infliximab is approved.

Demonstrated an equivalent pharmacokinetic profile

to that of reference infliximab in ankylosing

spondylitis patients.

Demonstrated equivalent efficacy to that of reference

infliximab in rheumatoid arthritis patients.

Generally well tolerated, with a similar tolerability

profile to that of reference infliximab.

The immunological response to CT-P13 was similar

to that of reference infliximab.
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1 Introduction

CT-P13 (RemsimaTM; InflectraTM) is an infliximab bio-

similar. A biosimilar is a biotherapeutic agent that is sim-

ilar to an already licensed reference biotherapeutic agent in

terms of quality, safety and efficacy [1]. Unlike generic

medicines, which are chemical, small molecule drugs that

are structurally and therapeutically equivalent to the ref-

erence agent, biotherapeutics consist of relatively large,

complex proteins that are more difficult to replicate [1]. As

a result, biosimilars must undergo comprehensive and

rigorous nonclinical and clinical evaluation in order to

demonstrate similarity to the reference biological medicine

[1, 2]. The European Medicines Agency (EMA) stipulates

that nonclinical evaluation include pharmaco-toxicological

analysis, and the clinical evaluation programme include

pharmacokinetic, pharmacodynamic (if feasible) and

efficacy studies, as well as clinical safety studies with a

particular emphasis on the immunogenicity of the biosim-

ilar [2].

The CT-P13 infliximab formulation was developed to

closely replicate reference infliximab (Remicade�). It is

identical to the pharmaceutical form, composition and

strength of reference infliximab, with the same route of

administration [3]. CT-P13 received approval for the same

therapeutic indications as reference infliximab in Septem-

ber 2013, including rheumatoid arthritis, ankylosing

spondylitis, Crohn’s disease, ulcerative colitis, psoriatic

arthritis and psoriasis. These indications are chronic

inflammatory autoimmune disorders characterized by

tumour necrosis factor-a (TNF-a)-mediated inflammation.

This article reviews the results of the comparability exer-

cise that was required to demonstrate the biosimilarity of

CT-P13 to reference infliximab, on which EMA approval

of CT-P13 was based, with a focus on the clinical evalu-

ation programme.

2 Product Description and Nonclinical Evaluation

Infliximab is a chimeric human-murine monoclonal anti-

body (mAb) against the proinflammatory cytokine TNF-a
[3]. The drug binds with high affinity to the soluble and

transmembrane forms of TNF-a, thereby neutralizing the

biological activity of TNF-a [3]. Since the approval of ref-

erence infliximab in the EU in 1999, the pharmacodynamic

properties of the drug have been well described [4, 5].

The CT-P13 infliximab formulation is identical to that of

reference infliximab [3]. In extensive product character-

ization exercises, CT-P13 was found to be similar to ref-

erence infliximab in terms of primary, secondary and

higher order structure, including protein folding, and post-

translational glycosylation [3].

A series of qualitative and quantitative formulation

studies demonstrated that the CT-P13 formulation is ade-

quately robust in terms of product stability and quality, and

is similar in this regard to the reference infliximab for-

mulation [3].

In in vitro studies, CT-P13 and reference infliximab

demonstrated very similar binding affinities for soluble

monometric and trimetric forms of TNF-a and transmem-

brane TNF-a [3]. The equilibrium dissociation constants

(KD) for soluble monometric and trimetric TNF-a were

almost identical with both infliximab agents [3]. CT-P13

and reference infliximab also demonstrated similar binding

affinities for the Fcc receptors FccRI, FccRIIa and FcRN.

A difference in the relative binding affinities for FccRIIIa

was identified, but after further analysis using serum from

Crohn’s disease patients, it was determined that the dif-

ference would be unlikely to impact biological activity and,

therefore, would be unlikely to have any clinical relevance

for the efficacy and safety of CT-P13 [3].

Pharmacokinetic analyses comparing CT-P13 and ref-

erence infliximab and repeat-dose toxicity studies of

intravenous CT-P13 were performed in rats [3]. Overall,

the pharmacokinetics of CT-P13 and reference infliximab

at doses of 10 and 50 mg/kg in rats were similar. There

were no toxicity concerns with CT-P13 in off-target tox-

icity evaluations [3].

3 Clinical Evaluation

The clinical trial programme to demonstrate biosimilarity

between CT-P13 and reference infliximab consisted of a

phase 1 pharmacokinetic study in patients with ankylosing

spondylitis (Sect. 3.1) [6], and a phase 3 study primarily

evaluating efficacy in patients with rheumatoid arthritis

(Sect. 3.2) [7]. Both were randomized, double-blind, mul-

tinational, parallel-group trials [6, 7]. Results up to

30 weeks are fully published [6, 7], whereas data up to

54 weeks are available as abstracts [8–10]. Results of

subsequent open-label, 48-week extension phases, in which

patients receiving reference infliximab were switched to

CT-P13 are also available as abstracts [11, 12].

In the phase 1 pharmacokinetic study, patients with

active ankylosing spondylitis for C3 months prior to

screening, a Bath Ankylosing Spondylitis Disease Activity

Index (BASDAI) score of C4 and a visual analog scale

score for spinal pain of C4 were eligible for randomization

to 5 mg/kg of CT-P13 or reference infliximab (see Table 1

for treatment regimen details) [6].

Pharmacokinetic equivalence at steady state (after at

least 5 doses of study drug) between CT-P13 and reference

infliximab was the primary endpoint, as measured by area

under the concentration-time curve (AUC) and the
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observed maximum serum concentration (Cmax) [6].

Equivalence was demonstrated if the 90 % confidence

interval (CI) for the ratio of the mean of each agent was

inside the margin of 80–125 %.

The phase 3, efficacy trial recruited patients with active

rheumatoid arthritis for C1 year prior to screening despite

methotrexate therapy for C3 months [7]. Participants were

required to have C6 swollen and C6 tender joints and at

least two of the following: morning stiffness lasting

C45 min, serum C reactive protein (CRP) concentration

[2.0 mg/dL and erythrocyte sedimentation rate (ESR)

[28 mm/h. Oral corticosteroids and non-steroidal anti-

inflammatory drugs (NSAIDs) were permitted if doses had

been stable for C4 weeks prior to screening. Patients were

randomized to 3 mg/kg CT-P13 or reference infliximab

(see Table 3 for treatment regimen details).

The primary endpoint in the phase 3 trial was to dem-

onstrate equivalent efficacy with CT-P13 and reference

infliximab, as determined by the American College of

Rheumatology 20 % (ACR20) response at week 30 in the

intent-to-treat (ITT) population [7]. Equivalence was

demonstrated if the 95 % CI for treatment difference was

within ±15 %, based on historical clinical trial data.

3.1 Pharmacokinetic Properties

The pharmacokinetics (AUC and Cmax) of CT-P13 were

equivalent to those of reference infliximab, with the ratio of

geometric means close to 100 % for both AUC and Cmax at

steady state in patients with ankylosing spondylitis

(Table 1) [6]. In the subgroup of patients who were anti-

drug antibody negative, AUC and Cmax geometric means in

the two treatment groups were numerically greater than in

the total population, but the ratio of geometric means

remained close to 100 % (Table 1).

With regard to secondary pharmacokinetic endpoints,

values were also similar between CT-P13 and reference

infliximab at steady state (between weeks 22 and 30)

(Table 2) [6].

Pharmacokinetic parameters continued to be similar

with CT-P13 and reference infliximab during 8-weekly

administration up to 54 weeks in 213 ankylosing spondy-

litis patients [8]. The 90 % CI for the ratio of geometric

means continued to be inside the margin of 80–125 %. As

demonstrated at 30 weeks, at week 54 patients who were

anti-drug antibody negative had numerically greater AUC

and Cmax geometric means than those who were anti-drug

antibody positive [8].

In patients with rheumatoid arthritis currently receiving

methotrexate, values of pharmacokinetic endpoints after

each infusion throughout 30 weeks of treatment were very

similar for CT-P13 and reference infliximab (Table 2) [7].

Geometric mean Cmax values for doses 1–6 ranged from

Table 1 Pharmacokinetic analysis comparing CT-P13 and reference

infliximab in serum at steady state (after dose 5 between weeks 22 and

30) in patients with ankylosing spondylitis [6]

Treatmenta AUC (lg � h/mL) Cmax (lg/mL)

Overall population (n = 110–113)b

CT-P13 32,766 147

INX 31,359 145

Ratio [90 % CI] 104.5 [94.3–115.8] 101.5 [94.7–108.9]

ADA-negative subgroup (n = 84–86)

CT-P13 37,505 154

INX 36,267 147

Ratio [90 % CI] 103.4 [94.6–113.1] 104.7 [97.2–112.9]

All values are geometric means

ADA anti-drug antibody, AUC area under the concentration-time

curve, Cmax maximum serum concentration, INX reference infliximab
a Patients received CT-P13 or INX 5 mg/kg via 2-h intravenous

infusion at weeks 0, 2 and 6, and then every 8 weeks up to week 30
b Primary analysis

Table 2 Secondary pharmacokinetic endpoints comparing CT-P13 and reference infliximab in serum at steady state (after dose 5)

Treatmenta Cave (lg/mL) Cmin (lg/mL) Swing Degree of fluctuation Residence time (h) T1/2 (h) Tmax (h) CL (mL/h) V (mL)

In pts with AS [6] (n = 98–113)

CT-P13 26.0 4.2 102.9 6.2 353.7 292.5 3.0 12.7 3,830.8

INX 25.7 3.6 108.8 6.8 368.2 298.3 3.0 14.2 4,294.9

In pts with RA receiving MTX [7] (n = 240–258)

CT-P13 47.10 0.99 1.86 3.0

INX 44.37 1.02 1.90 2.25

All values are means except for median Tmax

AS ankylosing spondylitis, Cave average concentration, CL total clearance, Cmin minimum concentration immediately before the next dose, INX

reference infliximab, MTX methotrexate, pts patients, RA rheumatoid arthritis, T1/2 terminal elimination half-life, Tmax time to reach maximum

serum concentration, V volume of distribution
a Pts received CT-P13 or INX 5 mg/kg (AS pts) or 3 mg/kg (RA pts) via 2-h intravenous infusion at weeks 0, 2, and 6, and then every 8 weeks

up to week 30
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83.9 to 111.9 lg/mL for CT-P13 and 83.8 to 105.1 lg/mL

for reference infliximab [7]. In the subgroup of patients

who were anti-drug antibody negative, geometric mean

Cmax and Cmin values at steady-state in both treatment

groups were numerically greater than those recorded in

anti-drug antibody positive patients (i.e. &48 % of patients

at week 30).

3.2 Efficacy

The efficacy of CT-P13 was equivalent to that of reference

infliximab, with the CI for the treatment difference for

ACR20 response at week 30 falling well within ±15 % in

patients with rheumatoid arthritis receiving methotrexate

(ITT population) (Table 3) [7]. Similarly, results for

ACR50 (Table 3) and ACR70 response analyses at weeks

14 and 30 in the ITT and per-protocol (PP) populations

were very similar in the two treatment groups. At week 30,

the ACR70 response in the CT-P13 and reference inflix-

imab groups was 20.2 and 17.9 %, respectively, in the PP

population equating to a treatment difference of 2 % (95 %

CI -5 to 9 %) [7]. In a post-hoc analysis of ACR20

response rates based on baseline CRP levels, similar results

were demonstrated in the CT-P13 and reference infliximab

groups among those with CRP [2 mg/dL (58.7 and

58.6 %, respectively) or B2 mg/dL (61.9 and 58.5 %).

All additional secondary endpoints in the rheumatoid

arthritis study demonstrated similar results with CT-P13

and reference infliximab (most are summarized in Table 4)

[7]. Good or moderate European League Against Rheu-

matism (EULAR) responses (CRP) at week 30 were

recorded in 85.8 % of CT-P13 recipients and 87.1 % of

reference infliximab recipients [relative risk (RR) 0.98;

95 % CI 0.92–1.06]. The mean improvement in CRP levels

was -0.6 and -0.8 mg/dL, respectively, at week 14, and

these values were unchanged at week 30. The proportion of

patients in CT-P13 and reference infliximab groups

requiring salvage therapy [e.g. NSAID or disease-modify-

ing antirheumatic drugs (DMARDs)] throughout 30 weeks

of treatment was 3.2 and 4.0 %, respectively, and the

median time to the onset of an ACR20 response was 99 and

100 days [7].

Among 457 rheumatoid arthritis patients who contin-

ued 8 weekly therapy for 54 weeks, ACR20, ACR50 and

ACR70 response rates continued to be very similar in

groups receiving CT-P13 or reference infliximab [9]. For

example, an ACR20 response was achieved in 57.0 and

52.0 % of patients (ITT analysis) in each group,

respectively (95 % CI for treatment difference -0.03 to

0.13) [9]. In a health-related quality of life (HR-QOL)

assessment carried out at week 54, there were no sig-

nificant differences between groups receiving CT-P13 or

reference infliximab in the Health Assessment Question-

naire (HAQ) disability index or the Short-Form 36 (SF-

36), with both treatments leading to improvements of a

similar magnitude that were sustained over the treatment

period [10].

In the phase 1 study in patients with ankylosing spon-

dylitis (n = 250), efficacy was also very similar between

groups receiving CT-P13 or reference infliximab [6]. A

20 % response in the Assessment in Ankylosing Spondy-

litis (ASAS20) criteria was reported in 62.6 % of CT-P13

recipients and 64.8 % of reference infliximab recipients at

14 weeks (OR 0.91; 95 % CI 0.53–1.54), and values in

corresponding groups at week 30 were 70.5 and 72.4 %

(OR 0.91; 95 % CI 0.51–1.62). An ASAS40 response in

each of the respective groups was reported in 41.7 and

45.9 % of patients at 14 weeks (OR 0.85; 95 % CI

0.51–1.42), and 51.8 and 47.4 % at 30 weeks (OR 1.19;

95 % CI 0.70–2.00) [6].

All other efficacy evaluations in the phase 1 study

demonstrated a similar treatment response with CT-P13

and reference infliximab, including the BASDAI, Bath

Ankylosing Spondylitis Functional Index, Bath Ankylosing

Table 3 Efficacy of CT-P13 compared with reference infliximab in patients with rheumatoid arthritis receiving methotrexate [7]

Treatmenta Pt no. ACR20 (% of pts) ACR50 (% of pts)

Week 14 Tmt difference

(%) [95 % CI]

Week 30 Tmt difference

(%) [95 % CI]

Week 14 Tmt difference

(%) [95 % CI]

Week 30 Tmt difference

(%) [95 % CI]

Intent-to-treat population

CT-P13 302 60.9b 2 [-6 to 10] 35.1 NR

INX 304 58.6b 34.2

Per-protocol population

CT-P13 248 72.6 7 [-1 to 15] 73.4 4 [-4 to 12] 39.5 6 [-3 to 14] 42.3 2 [-7 to 10]

INX 251 65.3 69.7 33.9 40.6

ACR20/ACR50 American College of Rheumatology 20 or 50 % response, INX reference infliximab, NR not reported, pts patients, tmt treatment
a Patients received CT-P13 or INX 3 mg/kg via 2-h intravenous infusion at weeks 0, 2 and 6, and then every 8 weeks up to week 30
b Primary endpoint
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Spondylitis Metrology Index, chest expansion score, and

the Ankylosing Spondylitis Disease Activity Score asses-

sed according to baseline CRP levels [6]. HR-QOL

improved significantly from baseline and to a similar extent

in both treatment groups, as measured by the SF-36, in

which the physical component improved from baseline to

week 30 in the CT-P13 and reference infliximab groups by

a median of 7.6 and 8.5, respectively [6].

Among 213 ankylosing spondylitis patients who con-

tinued 8-weekly therapy for 54 weeks, response rates

continued to be similar in CT-P13 and reference infliximab

groups [8]. For example, an ASAS40 response was

achieved in 54.7 and 49.1 % of patients in each group,

respectively.

In both studies, the efficacy response in both treatment

groups was less robust in anti-drug antibody positive

patients than in anti-drug antibody negative patients

throughout 54 weeks of treatment [6–9]. There were no

statistically significant differences between treatment

groups in efficacy analyses at 30 weeks based on anti-drug

antibody status in either trial [6, 7].

3.2.1 Switching from Reference Infliximab to CT-P13

In the open-label, 48-week extension phases of both stud-

ies, efficacy was sustained and similar in patients who

continued CT-P13 treatment and those who switched from

reference infliximab to CT-P13 at the end of the first year

[11, 12]. At week 102 in the phase 3 study in rheumatoid

arthritis patients (n = 302), ACR20 response rates were

72.2 and 71.8 % in each group, respectively [12]. At week

102 in the phase 1 study in ankylosing spondylitis patients

(n = 174), ASAS40 response rates were 63.9 and 61.5 %

in each group, respectively [11].

3.3 Immunogenicity

The detection of anti-drug antibodies was similar in CT-

P13 and reference infliximab treatment groups in both trials

[6, 7]. The proportion of anti-drug antibody positive

patients did not increase markedly after 30 weeks of

treatment.

Among patients with ankylosing spondylitis, the pro-

portion with antibodies to infliximab in the CT-P13 and

reference infliximab groups was 9.1 % (n = 11) and

11.0 % (n = 13), respectively, at week 14, 27.4 %

(n = 32) and 22.5 % (n = 25) at week 30 [6], and 22.9 %

(n = 25/109) and 26.7 % (n = 28/105) at week 54 [8]. In

the extension phase (n = 174), the proportion of patients

who were anti-drug antibody positive at week 102 was

similar in those who continued CT-P13 therapy and those

who were switched from reference infliximab to CT-P13 at

the end of the first year (25.0 and 30.7 %, respectively)

[11].

Among patients with rheumatoid arthritis, the proportion

with antibodies to infliximab in the CT-P13 and reference

infliximab groups was 25.4 % (n = 69) and 25.8 %

(n = 70), respectively, at week 14, 48.4 % (n = 122) and

48.2 % (n = 122) at week 30 [7], and 52.3 and 49.5 % at

week 54 [9]. In the extension phase (n = 302), the pro-

portion of patients who were anti-drug antibody positive at

2 years was similar in those who continued CT-P13 ther-

apy and those who were switched from reference inflix-

imab to CT-P13 at the end of the first year (46.4 and

49.6 %, respectively) [12].

3.4 Safety

Overall, across both trials, the safety profile of CT-P13 was

similar to that of reference infliximab [6, 7]. The majority

of adverse events were mild to moderate in severity.

Throughout 30 weeks, treatment-emergent adverse

events were reported in 64.8 % of CT-P13 recipients and

63.9 % of reference infliximab recipients in the

Table 4 Secondary efficacy endpoints comparing CT-P13 with ref-

erence infliximab in patients with rheumatoid arthritis receiving

methotrexate (per-protocol population n = 499) [7]

Endpoint Treatmenta BL Week 14 Week 30

CDAI CT-P13 40.9 -23.5 -25.2

INX 39.3 -21.6 -23.6

SDAI CT-P13 42.8 -24.0 -25.8

INX 41.2 -22.4 -24.4

TJC 68 CT-P13 25.6 -14.6 -16.5

INX 24.0 -14.0 -15.7

TJC 28 CT-P13 15.9 -9.2 -10.1

INX 15.1 -8.4 -9.5

SJC 66 CT-P13 16.2 -10.9 -12.4

INX 15.2 -10.2 -11.4

SJC 28 CT-P13 12.0 -7.8 -8.8

INX 11.2 -7.2 -7.9

Pt pain CT-P13 65.9 -29.5 -29.5

INX 65.5 -27.2 -27.8

Pt DA CT-P13 65.7 -29.5 -28.1

INX 65.4 -25.5 -27.0

Phys DA CT-P13 64.7 -35.4 -35.6

INX 65.0 -33.7 -35.3

All values are means

BL baseline, CDAI clinical disease activity index, DA global assess-

ment of disease activity, INX reference infliximab, pain pain assess-

ment, phys physician, pt patient, SDAI simplified disease activity

index, SJC swollen joint count, TJC tender joint count
a Patients received CT-P13 or INX 3 mg/kg via 2-h intravenous

infusion at weeks 0, 2 and 6, and then every 8 weeks up to week 30

CT-P13: A Review 317



ankylosing spondylitis trial (n = 250) [6], and 60.1 and

60.8 %, respectively, in the rheumatoid arthritis trial

(n = 606) [7]. The most commonly reported treatment-

related adverse events were similar in both trials. In

patients with rheumatoid arthritis, the most commonly

reported treatment-related adverse events in CT-P13 and

reference infliximab groups were latent tuberculosis [TB;

i.e. patients who were initially negative according to the

interferon c-release assay using Quantiferon-TB Gold in

tube (QTF-TB-GIT) but became positive, and didn’t have

any clinical symptom or sign of active TB; 4.3 and 4.7 %,

respectively], raised ALT (4.0 and 3.7 %), raised AST

(2.7 and 2.7 %), urinary tract infection (1.3 and 2.3 %),

flare in rheumatoid arthritis activity (2.3 and 1.3 %),

nasopharyngitis (2.0 and 1.3 %) and headache (1.3 and

2.0 %) [7]. Infusion-related reactions occurred in 6.6 % of

patients in the CT-P13 group and 8.3 % of patients in the

reference infliximab group.

Serious treatment-related adverse events among patients

with rheumatoid arthritis occurred in 10.0 % of patients

receiving CT-P13 and 7.0 % of patients receiving refer-

ence infliximab [7]. Three cases of active TB occurred in

the CT-P13 group (one in the Philippines, Poland and

Mexico) and none in the reference infliximab group.

Patients with latent TB who received prophylactic TB

medication did not convert to active TB. Two patients in

the reference infliximab group withdrew from the trial

because of malignancy (breast and cervical) [7]. In patients

with ankylosing spondylitis, serious treatment-related

adverse events occurred in 4.7 % of patients receiving CT-

P13 and 6.4 % of patients receiving reference infliximab

[6]. There were no deaths in either treatment group of both

trials [6, 7].

3.4.1 Switching from Reference Infliximab to CT-P13

In the open-label, 48-week extension of the phase 3,

rheumatoid arthritis trial (n = 302) (total treatment period

102 weeks), the proportion of patients with at least 1

treatment-emergent adverse event in the group maintained

on CT-P13 and the group who switched from reference

infliximab to CT-P13 was similar (53.5 and 53.8 %,

respectively) [12]. Severe treatment-emergent adverse

events occurred in 7 (4.4 %) and 8 (5.6 %) patients,

respectively, and serious adverse events occurred in 12

(7.5 %) and 13 (9.1 %) patients [12]. Among patients who

continued CT-P13 or switched from reference infliximab to

CT-P13 in the 48-week extension of the phase 1, anky-

losing spondylitis trial (n = 174), the incidence of severe

[3 (3.3 %) and 5 (6.0 %) patients, respectively] and serious

[4 (4.4 %) and 4 (4.8 %) patients] treatment-emergent

adverse events was generally consistent with that reported

in the phase 3 trial [11].

4 Pharmacoeconomic Considerations

Because reference infliximab and similar agents have a

relatively high purchase price, it is hoped that the intro-

duction of biosimilars will lessen the burden on healthcare

budgets. It is also hoped that the improved affordability of

these agents will lead to improved access, particularly in

lower income European countries, where patients have less

access than those in higher income countries [13, 14].

Two recent modelled, budget impact analyses estimated

that introducing CT-P13 as a treatment option for patients

with rheumatoid arthritis in six central European countries

(Bulgaria, Czech Republic, Hungary, Poland, Romania and

Slovakia) [15] or in Ireland [16] could result in significant

cost savings (results are reported in abstracts and therefore

provide limited methodological details).

The analyses were modelled from the perspective of a

third party payer over a 3- [15] or a 5-year [16] time horizon

and estimated that the price of CT-P13 would be 25 [15] or

20 % [16] lower than that of reference infliximab. One model

estimated that if 80 % of rheumatoid arthritis patients in six

central European countries were gradually switched from

reference infliximab to CT-P13, a net benefit over 3 years of

€29,810,000 would result compared to the scenario of CT-

P13 not being available for use [15]. The Irish model pre-

dicted a cumulative cost saving over 5 years of up to

€5,313,184 if all existing and new patients eligible for inf-

liximab commenced CT-P13 in the first year [16].

As with all modelled pharmacoeconomic analyses, these

analyses are subject to limitations, with the potential for

input data to differ from real-life situations.

5 Dosage and Administration

Dosage and administration details for CT-P13 are the same

as those for reference infliximab. CT-P13 should be admin-

istered as an intravenous infusion over 2 h; shortened infu-

sion times (no less than 1 h) may be considered in selected

patients who have tolerated at least three initial 2-h infusions

[17, 18]. Patients should be observed for infusion-related

reactions for at least 1–2 h after the infusion. Emergency

equipment must be available, including adrenaline, antihis-

tamines, corticosteroids and an artificial airway. Pretreat-

ment with agents such as an antihistamine or hydrocortisone

may be considered [17, 18]. See Table 5 for a summary of

treatment regimen details in various indications.

As TNF-blockers are associated with an increased sus-

ceptibility to serious infections, patients receiving inflix-

imab should be monitored closely for bacterial infections

(including TB, sepsis and pneumonia) and invasive fungal

and viral infections (including hepatitis B) [17, 18]. The

risk of infection is greater in the elderly (aged C65 years)
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and in children than in adults, and care should be taken

with infliximab in these populations. The risk of develop-

ing lymphomas or other malignancies in patients treated

with TNF-blocking agents cannot be ruled out, and caution

should be used when infliximab is administered in patients

with a history of malignancy or who develop a malignancy

[17, 18]. Local prescribing information should be consulted

for comprehensive information regarding dosage, warn-

ings, precautions and contraindications.

6 Current Status of CT-P13

CT-P13 is the first biosimilar monoclonal antibody to be

approved by the EMA [3]. Such agents have been

developed in recent years as the first biological therapies

approach patent expiry; the patent for reference infliximab

will expire in the EU in August 2014. Due to the com-

plexities of replicating reference biological agents (sum-

marized by Dorner et al. [19]), a biosimilar must undergo

extensive, and highly regulated (by the EMA [2] and US

FDA [20]) comparability exercises, which include dem-

onstrating similar pharmacokinetics, efficacy and safety to

the reference agent in well designed, randomized, con-

trolled trials.

The approval of CT-P13 was based on the results of two

pivotal clinical trials, in which the pharmacokinetics (in

patients with ankylosing spondylitis; Sect. 3.1) and efficacy

(in patients with rheumatoid arthritis; Sect. 3.2) of CT-P13

were equivalent to reference infliximab. Clinical trials also

Table 5 Indications in which infliximab [CT-P13 (InflectraTM and RemsimaTM) and Remicade�] is indicated

Indications Usual regimena Primary

supporting clinical

trials

Adults

Rheumatoid

arthritis

In combination with MTX to reduce signs and symptoms and improve

physical function in pts with active disease when response to DMARDs,

including MTX, has been inadequate, and in pts with severe, active and

progressive disease not previously treated with MTX or other DMARDs

3 mg/kg on day 1 then at 2

and 6 weeks, then every

8 weeks

ATTRACT [21];

ASPIRE [22]

Crohn’s

disease

Moderate to severe, active disease in pts who have not responded despite a

full, adequate course of therapy with a CS and/or an immunosuppressant,

and in pts with fistulating active disease who have not responded to a full

adequate course of therapy with conventional treatment (including

antibiotics, drainage and immunosuppressive therapy)

In moderate to severe

disease, 5 mg/kg on day 1

then at 2 weeks. In

fistulating, active disease,

5 mg/kg on day 1 then at

2 and 6 weeks. Treatment

may be continued in

responding pts (see local

PI)

ACCENT-1 [23];

ACCENT-II [24]

Ulcerative

colitis

Moderate to severe disease in pts who have had an inadequate response to

conventional therapy including CS and 6-MP or AZA, or who are intolerant

to or have contraindications for such therapies

5 mg/kg on day 1 then at 2

and 6 weeks, then every

8 weeks

ACT-I and ACT-II

[25]

Ankylosing

spondylitis

Severe, active disease in pts who have responded inadequately to

conventional therapy

5 mg/kg on day 1 then at 2

and 6 weeks, then every

6–8 weeks

ASSERT [26]

Psoriatic

arthritis

Active and progressive disease in pts who have had an inadequate response

to DMARDs. Drug should be administered in combination with MTX or

alone in pts intolerant to MTX or for whom MTX is contraindicated

5 mg/kg on day 1 then at 2

and 6 weeks, then every

8 weeks

IMPACT [27];

IMPACT 2 [28]

Psoriasis Moderate to severe disease in pts who have not responded to, have a

contraindication to, or are intolerant of other systemic therapies including

cyclosporine, MTX or PUVA

5 mg/kg on day 1 then at 2

and 6 weeks, then every

8 weeks

SPIRIT [29];

EXPRESS [30]

Paediatrics (aged 6–17 years)

Crohn’s

disease

Severe, active disease in pts who have not responded to conventional therapy

including a CS, an immunomodulator and primary nutrition therapy, and in

pts intolerant to or have contraindications for such therapies

5 mg/kg on day 1 then at 2

and 6 weeks, then every

8 weeks

REACH [31]

Ulcerative

colitis

Severely active disease in pts who have had an inadequate response to

conventional therapy including CS and 6-MP or AZA, or who are intolerant

to or have contraindications for such therapies

5 mg/kg on day 1 then at 2

and 6 weeks, then every

8 weeks

[32]

AZA azathioprine, CS corticosteroids, DMARDs disease-modifying anti-rheumatic drugs, MTX methotrexate, PI prescribing information, pt/s

patient/s, PUVA psoralen combined with ultraviolet A, 6-MP 6-mercaptopurine
a Administered via intravenous infusion. See local PI for full prescribing details
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demonstrated that CT-P13 has a similar tolerability profile

to that of reference infliximab (Sect. 3.4), and immuno-

genicity evaluations demonstrated that the proportion of

patients developing anti-drug antibodies was similar with

each agent (Sect. 3.3). Preliminary data from trial exten-

sions demonstrated that in patients who switched from

reference infliximab to CT-P13, efficacy was sustained and

similar to those who were maintained on CT-P13 (Sect.

3.2.1). As required by regulatory authorities, post authori-

zation studies and registries will provide further valuable

long-term efficacy and safety data on CT-P13. In particu-

lar, serious infections, including TB, will be closely mon-

itored over the long term and in a larger population than

that included in clinical trials to date.

The overall comparability testing of CT-P13 to refer-

ence infliximab, including bioanalytical and preclinical

analyses, and clinical data from the two comparative trials

in rheumatology disorders, has enabled extrapolation of

CT-P13 approval to all other indications for which refer-

ence infliximab is approved, including Crohn’s disease,

ulcerative colitis, psoriatic arthritis and psoriasis (Table 5)

[3]. According to preliminary data based on modelled

analyses, if the price of CT-P13 is markedly lower than that

of reference infliximab, the use of CT-P13 instead of ref-

erence infliximab is likely to lead to cost savings (Sect. 4).

In conclusion, CT-P13 is an infliximab biosimilar with

proven pharmacokinetic and therapeutic equivalence to

reference infliximab and, thus, provides a useful alternative

in patients requiring infliximab therapy.

Data selection sources: Relevant medical literature (including

published and unpublished data) on CT-P13 was identified by

searching databases including MEDLINE (from 1946) and EM-

BASE (from 1996) [searches last updated 28 March 2014], bib-

liographies from published literature, clinical trial registries/

databases and websites. Additional information was also reques-

ted from the company developing the drug.

Search terms: CT-P13, biosimilar, infliximab, Remsima, In-

flectra

Study selection: Studies in patients who received CT-P13. When

available, large, well designed, comparative trials with appro-

priate statistical methodology were preferred.

Disclosure The preparation of this review was not supported by any

external funding. During the peer review process, the manufacturer of

the agent under review was offered an opportunity to comment on this

article. Changes resulting from comments received were made by the

author on the basis of scientific and editorial merit.
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