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Abstract

Objective We aimed to evaluate the efficacy and safety of infliximab biosimilar, CT-P13, for patients with inflammatory bowel
disease.

Methods We searched PubMed, Scopus, Ovid, and Web of Science for relevant clinical trials discussing CT-P31 administration
for IBD patients either naive to biological therapy or switched from IFX therapy. Data of the rates of clinical response, clinical
remission, and adverse events were extracted and pooled in a random effect model meta-analysis using CMA version 2.
Results Thirty-two studies with a total of 3464 IBD patients treated with CT-P13 were identified. The pooled rates of clinical
response among Crohn’s disease (CD) and ulcerative colitis (UC) at 8—14 weeks were 0.81 (95% CI=0.72 to 0.87) and 0.68
(95% CI=0.63 to 0.72), respectively, and at 48—-63 weeks were 0.69 (95% CI=0.48 to 0.85) and 0.54 (95% CI=0.45 to 0.63)
respectively. After switching from IFX to CT-P13, the pooled rates of sustained clinical response among CD and UC at 30—
32 weeks were 0.84 (95% CI=0.57 to 0.96) and 0.96 (95% CI =0.58 to 0.99), respectively, and at 48—63 weeks were 0.51 (95%
CI=0.22 t0 0.79) and 0.83 (95% CI=0.19 to 0.99) respectively. Moreover, adverse events were reported (CD =0.10, 95% CI
0.04 to 0.22; UC =0.18, 95% C1 0.05 to 0.15).

Conclusion CT-P13 is effective and well tolerated in short and long-term periods. Switching to CT-P13 is recommended for the
management of IBD.

Keywords CT-P13 - Infliximab - [FX - Inflammatory bowel diseases - Meta-analysis - Systematic review

Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory
disorder of the gastrointestinal tract including ulcerative colitis
(UC) and Cohn’s disease (CD) [1]. Physicians used biological
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treatment for the management of gastroenterological and rheu-
matologic immune-mediated inflammatory disorders such as
IBD [2]. Infliximab (IFX), a monoclonal antibody inhibiting
tumor necrosis factor o« (TNF-«), was the first drug approved
by the FDA [3]. IFX therapy is effective in patients with mod-
erate to severe luminal and fistulizing CD, moderate-to-severe
UC, and several extra-intestinal IBD complications in children
and adults [4]. Biosimilars are highly similar to their originator
biological drug or reference medicinal product (RMP).
However, biosimilars are not the same as generic versions of
small-molecule drugs. Biosimilars have relatively simple
chemical structures and can thus be created to be similar to
their originator drug while biological drugs are large,
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structurally complex proteins produced in living systems.
Therefore, it is not possible for biosimilars to be identical to
their RMP. Regulatory authorities require comprehensive and
extensive comparability programs to approve biosimilars.
This comparability assessment includes information on prod-
uct quality, as well as non-clinical and clinical data.
Biosimilars represent an opportunity to reduce health care
costs while offering a similar level of efficacy and safety to
that of their RMPs [5].

Biosimilars showed significant results in rheumatoid arthri-
tis [6]. Cohen et al. compared the biosimilar with adalimumab
in patients with theumatoid arthritis; biosimilar had the same
effect of adalimumab [7, 8]. Regarding ankylosing spondyli-
tis, biosimilar seems to be an excellent alternative to other
biochemical drugs [9], and biosimilars were useful in multiple
sclerosis; however, it is still debatable [10].

However, biological treatment is expensive and not avail-
able to patients in low-income countries; biosimilars are not
costly compared with IFX. Currently, the rising incidence of
IBD combined with the increasing use of biological agents has
resulted in a growing economic burden, especially in devel-
oping countries. Thus, biosimilar would be an excellent
choice for IBD patients.

In 2017, a systematic review was published in the Journal
of Alimentary Pharmacology and Therapeutics; they included
11 observational studies comprising 829 patients [11]. Recent
randomized clinical trials documented that switching from
IFX originator to CT-P13 had the same efficacy in maintaining
clinical response and remission rates; thus, in our systematic
review and meta-analysis, we aimed to provide an updated
overview of the literature regarding the effectiveness and safe-
ty of CT-P13 in IBD patients with the inclusion of additional
studies to assist with evidence-based clinical decision-making.

Methods

We reported this systematic review and meta-analysis based
on the preferred reporting items for systematic review and
meta-analysis (PRISMA) statement and performed all steps
according to the Cochrane handbook [12, 13]. The review
was registered in the PROSPERO 2018 (registration number:
CRD42017065922).

Literature search strategy

We performed a comprehensive search of four electronic
databases: PubMed, Scopus, Ovid, and Web of Science
with the following search terms: “biosimilar”, “anti-TNF-
a”, “Infliximab”, “Adalimumab”, “Etanercept”,
“Golimumab”, “Certolizumab Pegol”, “Inflammatory
bowel disease”, “Crohn’s disease”, and “Ulcerative colitis”

through January 2019.

@ Springer

Study eligibility

Studies satisfying the following criteria were included in our
review:

1. Population: studies whose population were adults’ pa-
tients diagnosed with IBD and received CT-P13 either
naive to biological therapy or switched from IFX therapy.

2. Study design: we selected studies that were described as
randomized controlled trials (RCTs), prospective studies,
and retrospective studies.

3. Outcome: studies reporting at least one of the following
outcomes: the clinical response rate, the clinical remission
rate, or adverse events.

We excluded animal experiments and non-English studies.

Study selection and data extraction

We screened the titles and abstracts of retrieved records,
followed by full-texts screening for eligibility. Any disagree-
ments were resolved by discussion, and if all authors stated
that a study did not meet the inclusion criteria, the study was
excluded. We selected RCTs, prospective studies, and retro-
spective studies evaluating the efficacy and safety of CT-P13
in patients with IBD.

Assessment of risk of bias

The quality of the retrieved RCTs was assessed according to
Cochrane handbook of systematic reviews of interventions
5.1.0 (updated March 2011). Risk of bias assessment included
the following domains: sequence generation (selection bias),
allocation sequence concealment (selection bias), blinding of
participants and personnel (performance bias), blinding of
outcome assessment (detection bias), incomplete outcome da-
ta (attrition bias), selective outcome reporting (reporting bias),
and other potential sources of bias. The authors’ judgments
were categorized as “Low risk”, “High risk”, or “Unclear risk”
of bias [14].

For the observational studies, we used the Newcastle-
Ottawa Scale [15]. Star rating of 0-9 was allocated to each
study based on three parameters (S, selection (0—4); C, com-
parability (0-2); O, outcome (0-3)). Good quality, 3 or 4 stars
(%) in selection domain AND 1 or 2 stars in comparability
domain AND 2 or 3 stars in outcome domain; Fair quality, 2
stars in selection domain AND 1 or 2 stars in comparability
domain AND 2 or 3 stars in outcome/exposure domain; Poor
quality, 0 or 1 star in selection domain OR 0 stars in compa-
rability domain OR 0 or 1 stars in outcome/exposure domain.
Studies receiving six or more stars were considered of good
quality [16, 17].
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Data extraction

We independently extracted the data from each included study
using a pre-specified uniform data extraction sheet. Extracted
data included the following domains: study ID, population,
intervention, comparator, outcomes, study design, and base-
line characteristics of the study population, quality assessment
domains, and effect estimates of the study outcomes.

Outcome measurement

The primary outcomes were the following: the rates of clinical
response, clinical remission, and adverse events among IBD
patients treated with CT-P13. The secondary outcome was
mucosal healing in naive UC patients.

Remission rate was defined as the percentage of patients
who experienced symptoms reduction and revealed while re-
sponse rate was defined as the percentage of patients who
healed and are free from the disease symptoms in patients
diagnosed with IBD and received CT-P13 either naive to bio-
logical therapy or switched from IFX therapy [18].

Statistical analysis

We independently analyzed for CD and UC. Statistical analy-
sis was performed using comprehensive meta-analysis V2
(CMA), and a random-effect model was used. A quantitative
measure of heterogeneity across studies was also calculated
using the F statistic where studies with 7 values of less than
25% were considered as having a low level of statistical het-
erogeneity, 25-75% were considered as having a moderate
level of statistical heterogeneity, and > 75% were considered
high heterogeneity. Moreover, a p value of less than 0.1 was
used as evidence of statistically significant heterogeneity [19].
For dichotomous data, event rate and 95% confidence interval
(CI) were calculated.

Results
Literature search results

We initially identified a total of 3100 non-duplicate studies by
the electronic literature search. Following title and abstract
screening, 49 articles were eligible for full-text screening
and were examined in detail. Finally, 32 studies were included
in the quantitative synthesis. The flow diagram of the literature
search and study selection is shown in Fig. 1.

Characteristics of the included studies’ population

A total of 3464 patients were included in our systematic re-
view. The patients were treated with CT-P13. The summary of

the baseline characteristics of the observational studies of a
biosimilar of IFX and the observational studies switching
from IFX to CT-P13 in IBD patients is shown in Tables 1
and 2.

Assessment of study validity

The quality of the two retrieved RCTs was relatively low, and
all domains were of a low or unclear risk of bias (Appendix
S1b). For the observational studies, we used the Newcastle-
Ottawa Scale, and the included studies were of a good quality
of methodology. The star rating score is shown in Table 1 and
Table 2.

Selection

We observed that all included studies demonstrated the way of
selection of the research question, and objective in the study
was clearly stated. The study population was specified and
defined, and all non-exposed groups were selected from the
same source population as the exposed group in all studies
except Jensen et al. [4].

Comparability and follow up of participants

Regarding comparability, all included studies were compara-
ble, based on the study design and analysis. Confounding
factors are controlled and the subjects selected from the same
populations, including the same period and the study controls
for the most critical factor. Rates of loss-to-follow-up ranged
from 3% to 15%, suggesting a low overall potential for attri-
tion bias and all included studies revealed it.

Exposure measurement and outcomes

The assessment of the outcome and outcome measures (de-
pendent variables) were clearly defined, valid, reliable, and
implemented consistently across all study participants except
four studies [4, 20, 21, 24]. Moreover, all included studies had
a follow-up period long enough for outcome assessment.

Measures of treatment effect

In naive patients, the respective included studies analyzed the
rates of clinical response and clinical remission at short term
(8-14 weeks), medium term (24-30 weeks), and long term
(48—63 weeks). Moreover, in patients who were switched
from IFX, the respective included studies analyzed the
sustained clinical response rate at medium term (30-32 weeks)
and long term (48—63 weeks) and the sustained clinical remis-
sion rate at short term (6—16 weeks), medium term (24—
32 weeks), and long term (48—63 weeks). The rates of the
adverse effects in naive and switched patients were analyzed

@ Springer
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Fig. 1 The flow diagram of PubMed SCOPUS Ovid
articles selection process

404 Citation(s) 1857 Citation(s) 1094 Citation(s)

Web of science

575 Citation(s)

3100 Non-Duplicate
Citations Screened

~\ /.

Inclusion/Exclusion
Criteria Applied

3051 Articles Excluded
After Title/Abstract Screen

\

4

49 Articles Retrieved

Inclusion/Exclusion
Criteria Applied

17 Articles Excluded
After Full-text Screen

0 Articles Excluded
Duplicates n (2) During Data Extraction

Irrelevant studies n (7)

Lack of data for outcomes n (8)

32 Articles Included

separately in the form of infection, infusion reaction, latent
TB, and overall adverse events.

Efficacy outcomes among CD patients

The clinical response and clinical remission rates among CD
patients

CT-P13 was associated with high clinical response rates at 8—
14 weeks (0.81, 95% CI [0.72 to 0.87]), 24-30 weeks (0.78,
95% CI[0.64 to 0.87]), and 4863 weeks (0.69, 95% CI [0.48
to 0.85]) (Fig. 2a). The pooled effect estimates were hetero-
geneous at 08—14 weeks and 4863 weeks (I2 =78%, P=
0.0001) and (* = 88.2%, P=0.0001) respectively.

On the other hand, the pooled rates for clinical remission at
6—16 weeks, 24-30 weeks, and 48—63 weeks were 0.61 (95%
CI[0.52-0.68]), 0.57 (95% C1[0.48-0.65]), and 0.55 (95% C1
[0.41-0.68]), respectively (Fig. 3a).

The sustained clinical response and remission rates
among CD patients switching from IFX to CT-P13

CT-P13 showed high rate of sustained clinical response at
30-32 weeks (0.84, 95% CI [0.57 to 0.96]) and 48—
63 weeks (0.51, 95% CI[0.22—-0.79]) (Fig. 4a). The pooled
effect estimates were heterogeneous at 48—63 weeks (I* =
76.4%, P=0.014).

@ Springer

Furthermore, the pooled rates for sustained clinical remis-
sion at the time of switching were (0.78, 95% CI [0.69 to
0.85]). At 6-16 weeks, 24-32 weeks, and 48-52 weeks, the
pooled rates were 0.65 (95% CI[0.47 to 0.79]), 0.68 (95% CI
[0.52 to 0.81]), and 0.71 (95% CI [0.57 to 0.81]) respectively
(Fig. 5a). The pooled effect estimates were heterogeneous at
06-16 weeks, 24-32 weeks, and 48-52 weeks (12 =74.7%,
P=0.008), (I =80%, P=0.001), and (I* =84.8%, P=
0.0001).

Efficacy outcomes among UC patients

The clinical response and clinical remission rates among UC
patients

The pooled rates for clinical response at 8-14 weeks (0.68,
95% CI [0.63 to 0.72]), 24-30 weeks (0.69, 95% CI [0.63 to
0.75]), and 48-63 weeks (0.54, 95% CI [0.45 to 0.63]); how-
ever, the analysis of 48-63 weeks included only two studies
(Fig. 2b).

The pooled clinical remission rates at 8—14 weeks, 24—
30 weeks, and 4863 weeks were 0.48 (95% CI [0.43 to
0.56]), 0.49 (95% CI [0.41 to 0.58]), and 0.47 (95% CI
[0.36 to 0.59]) respectively; however, the analysis of 48—
63 weeks included only two studies (Fig. 3b). Low to moder-
ate heterogeneity was observed at 08—14 weeks, 24-30 weeks,
and 48-63 weeks.
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Table 1 (continued)

Term of Newcastle—

Concomitant Patient numbers

medications

Age at Dosage and schedule

Name of Numbers of

Study design

Diseases Study, year

Ottawascale

(NOS)

study
(week)

of previous anti-

of biosimilar

study

biosimilar biosimilar Patients

(reference)

TNF-a agents

(enrolled numbers) (n) (year)

Immunosuppressive

therapy

Retrospective

observational

study
Multicenter

OE)
SEe)
n

=

61 54

Steroid and azathioprine
therapy

5 mg/kg

CT-P13 61

observational

cohort
Non-interventional

Balint et al. 2018
[46]

6(S:2,C:

36 30

Corticosteroid and

N.A.

41

36

CT-P13

Gheorghe et al.

immunosuppressive 2,0:2)

therapy

study

2018 [43]

Categorical variables are summarized as frequencies (1)

IBD Inflammatory bowel disease, CD Crohn’s disease, UC ulcerative colitis, SASA 5-Aminosalicylic acid, AZA azathioprine, /FX infliximab, ADA adalimumab, /M immunomodulators, N.A. not available

NOS, total score (selection, S (0-4); comparability, C (0-2); outcome, O (0-3)

The sustained clinical response and remission rates
among UC patients switching from IFX to CT-P13

CT-P13 was linked with high clinical response rates at
30-32 weeks (0.96, 95% CI [0.58 to 0.99]) and 48—
63 weeks (0.83, 95% CI [0.19 to 0.99]). However, the
analysis of 30-32 weeks and 48-63 weeks included only
one study (Fig. 4b).

The pooled rates for clinical remission at the time of
switching were (0.77, 95% CI [0.71to 0.83]). At 8-
16 weeks, 24-32 weeks, and 48-63 weeks, the pooled
rates were 0.62 (95% CI [0.47 to 0.75]), 0.84 (95% CI
[0.72 to 0.92]), and 0.77 (95% CI [0.69 to 0.84]) respec-
tively. However, the analysis of 24-32 weeks included
only two studies (Fig. 5b).

Safety outcomes among CD patients

Regarding naive CD patients, the pooled rates of infection,
infusion reaction, latent TB, and over all adverse events were
0.08 (95% CI1[0.03 to 0.23]), 0.11 (95% CI [0.05 to 0.23]),
0.02 (95% CI1[0.01 to 0.07]), and 0.1 (95% CI [0.04 to 0.22])
respectively (Fig. 6a). While for switched CD patients, the
pooled rates were 0.08 (95% CI [0.04 to 0.18]), 0.04 (95%
CI [0.02 to 0.09]), 0.03 (95% CI [0.01 to 0.12]), and 0.14
(95% C110.09 to 0.23]) respectively (Fig. 7a).

Safety outcomes among UC patients

In naive UC patients, the pooled rates of infection, infusion
reaction, latent TB, and over all adverse events were 0.03
(95% C11[0.01 to 0. 08]), 0.05 (95% CI [0.03 to 0.09]), 0.02
(95% CI [0.01 to 0.05]), and 0.09 (95% CI [0.05 to 0.15])
respectively (Fig. 6b). On the other hand, the pooled rates
among switched UC patients, were 0.06 (95% CI [0.02 to
0.15]), 0.09 (95% CI [0.05 to 0.15]), 0.05 (95% CI [0.01 to
0.19]), and 0.18 (95% CI [0.13 to 0.24]) respectively (Fig. 7b).

Mucosal healing in naive UC patients

Six studies reported data on mucosal healing among naive UC
patients, the pooled rates at 08—14 weeks, 30 weeks, and
54 weeks were (0.60, 95% CI [0.53 to 0.67]), (0.68, 95% CI
[0.45 to 0.85]), and (0.63, 95% CI[0.50 to 0.73]) respectively
(Appendix Sla).

Discussion
Infliximab (IFX), a monoclonal antibody inhibiting tumor
necrosis factor o« (TNF-x), was approved by the FDA,

and it is effective in patients with moderate to severe
luminal and fistulizing CD, moderate-to-severe UC, and
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Fig.2 a Forestplotof the clinical - g Clinical Response rates in CD patients

response rates in CD patients, b

forest plot of the clinical response

rates in UC patients gmrapwﬁnm Studyname Statistics for each study Event rate and 95% Cl

Ewent Lower U

rae  limit  limit  Z-Value p-Vaue
08-14 weeks Park2015"F" 0667 0268 0916 0800 0423 —_—
08-14 wecks Farkes 2015"L" 0333 0158 0571 -1386 0166 —_—
08-14 wecks Geces 2016"L" 0814 0725 080 5663 0000 ——
08-14 weeks Gonezi 017" 0861 087 0902 9124 0000 -
08-14 wecks Hiavaty 2016 "L" 0778 0421 0944 1562 0118 b e
08-14 weeks Jung 2015"L" 0906 0746 0969 3741 0000 —_—
08-14 wecks Keli 2016"L" 0500 0328 0672 0000 1.000 —
08-14 wecks Kdar 2016"L" 092 0846 092 6283 0000 —
08-14 weeks Park2015"L" 0872 0727 0946 4002 0000 —
08-14 weeks Yoonsuk2016 "L" 0913 0711 0978 3177 0001 —_—
08-14 wecks Sieczkonska 2015 "L" 0833 05283 0958 2078 0038 —_—
08-14 wecks Sieczkonska 2017 "L" 0861 0707 0941 378 0000 —
0814 weeks 0805 0716 0871 5641 0000 L
24-30 weeks Park2015"F" 0667 0268 0916 0800 0423 D S a—
24-30veeks Geces 2016"L" 0672 0543 0780 2570 0010 ——
24-0vecks Gonezi 2017 "L 0812 0750 0861 7891 0000 -
2430 veeks Hiavaty 2016 "L" 0875 0266 0998 1287 0198
240 veeks Jung 2015"L" 0955 0739 0994 2975 0003 —
24-30weeks Park2015"" 079% 0640 08% 3416 0001 —_—
24-30vesks Georghe 2018"L" 0710 0530 0841 2259 004 —
2430 weeks 0778 0643 0872 3698 0000 S
48-63 wecks Gonezi 017" 0654 0571 0729 3541 0000 @
48-63 weeks Kdar 2016"L" 0867 0780 0923 6036 0000 -
48-63 wecks Ratnekumeran2018"F" 0333 0111 0667 -0980 0327 —_—1
48-63 wecks 0691 0475 0847 1740 0082 ——
Owerall 0778 0701 0840 608 0000 L 4

-1.00 -050 000 050 1.00

b  Clinical Response rates in UC patients

Gre Studyname Statistics for each study. Event rate and 95%Cl
Subgroup within study

Event Loner Upper

rate limit  limit Z-Vaue p-Value
08-14 weeks Fales2015 0143 0047 0361 -2873 0004 —_—
08-14 weeks Geces 2016 0776 0651 08%5 394 0000 —
08-14 weeks Hiawety2016 0900 0326 0994 1474 0140
08-14 weeks Gonezi 017 0743 0686 0808 5588 0000 -
08-14 weeks Park2015 0741 0609 0840 3381 0001 —_—
08-14 weeks Jung 2015 0810 0663 0902 3682 0000 —_—
08-14 weeks Bdlint 2018 0279 0181 0403 -3330 0001 —
08-14 weeks Yoonstk2016 0878 0739 0948 413 0000 —_—
08-14 weeks Keli 2016 0545 0341 0735 0426 0670 —
08-14 weeks Kdlar 2016 088 0647 096 3191 0001 —_—
08-14 vesks 0679 0631 0724 6870 0000 <
24-30vedks Geces 2016 0800 0600 0914 2773 0006 —_—
24-30vesks Hiawety2016 0750 0238 0966 0951 0341 —
24-30vesks Gonezi 017 0667 0577 0746 353 0000 —o—
24-30veeks Park2015 072 0589 085 3145 0002 ——
24-30veds Jung 2015 0913 0711 0978 3177 0001 _—
24-30vedks Georghe 2018 0583 0419 0731 0995 0320 ——
24-30vesks 0691 0630 0746 5813 0000 <>
4863 weeks Gonezi 2017 0505 0405 0605 0104 0917 ——
48-63veeks Kdar 2016 065 0469 0803 1643 0100
48-63 wesks 0539 0450 0626 082 0389 <>
Owral 0660 0625 063 8510 0000 <

@ Springer



Int J Colorectal Dis (2019) 34:1633-1652

1645

a Clinical Remission rates in CD patients

Growpby Studyname Statistics for each study Event rate and 95% CI
Subgroup within study
Evert Lower Upper
rate lirmit limit Z-Vaue p-Value
06-16 wesks Park2015"F" 0333 0084 0732 -080 0423 _
06-16 wesls Ye2018"L" 0429 0306 0560 -1065 0287 — 1
06-16 weeks Park2015"L" 0692 0533 0816 2337 0019 —_—
06-16 wesks Hiavaty 2016 "L" 0778 0421 0944 1562 0118 B ]
06-16 wesls Farkas 2015"L" 0444 0240 0670 -0470 0638 —_—
06-16 weels Geces 2016 "L" 053 0437 0633 0710 0478 —t—
06-16 wesls Gonezi 2017"L" 0493 0426 0560 -0208 0836 —<4
06-16 wesls Jahnsen 2015"L" 0791 0644 0837 3546 0000 —
06-16 weels Jung 2015"L" 0844 0675 0933 3464 0001 _—
06-16 wesks Keli 2016"L" 0500 0328 0672 0000 1.000 —t
06-16 wesls Sieczlonska 2017 "L" 0667 0500 080 1961 0050 ———
06-16 weeks Harmarmeka 2016 0833 0369 0977 1469 0142 D ——
06-16 wesks Yoon suk2016"L" 0783 0572 0907 2534 00M _—
06-16 wesks 0608 0536 0676 2924 0003 <
24-30 weels Park2015"F" 0500 0168 0832 0000 1.000
24-30 wesls Ye2018"L" 0554 0423 0677 0800 0424 —F—
24-30 wesls Park2015"L" 0590 0432 0731 1115 0265 ———
24-30 wesks Hiavaty 2016 "L" 0875 0266 0993 1287 0198
24-30 wesls Gonezi 2017"L" 0534 0463 0604 0940 0347 -lo—
24-30 weeks Jung 2015"L" 0773 055 0902 2405 0.016 —_—
24-30 wesls Georghe 2018"L" 0516 0345 0683 0180 0857 —p—
24-30 wesls Geces 2016"L" 0534 0407 0658 0525 0600 —f—
24-30 wesks Argellesarias 2017"L" 0500 0225 0775 0000  1.000
24-30 weeks 0568 0480 0651 1514 0130 ==
4863 wesls Ye2018"L" 0625 04%2 0741 1851 0064 —o—
48-63 vieels Gonczi 2017"L" 0485 0402 0569 -0343 0732 o
48-63wesls Ratrekumeran2018"F" 0556 0251 0823 0333 0739 o————
48-63 weels 0548 0413 0677 06% 0487 S
Overall 0585 0534 0635 323 0001 <&
-1.00 -0.50 000 050 1.00
b Clinical Remission rates in UC patients
patient
Group b Study name Statistics for each stud Eventrate and 95% CI
Subgroup within study Event Lower unpor
rate limit limit ZValue p-Value Total
06-16 weeks Farkas 2015 0.476 0.279 0.682 -0.218 0.827 10/21 —
06-16 weeks Geces 2016 0.586 0.457 0.705 1.306 0.191 34/58 ———
06-16 weeks Goncz 2017 0.563 0.481 0.641 1.496 0.135 81/144 HO—
06-16 weeks Jahnsen 2015 0.563 0.390 0.721 0.705 0.481 18/32 ———
06-16 weeks Yoon suk 2016 0.317 0.194 0.473 -2.286 0.022 13/41 ——
06-16 weeks Balint 2018 0.557 0.432 0.676 0.894 0.371 347/61 —t—
06-16 weeks Hlavaty 2016 0.900 0.326 0.994 1.474 0.140 4/4
06-16 weeks Park 2015 0.481 0.353 0.613 -0.272 0.786 26/54 —
06-16 weeks Jung 2015 0.381 0.248 0.534 -1.528 0.127 16/42 — et
06-16 weeks Keli 2016 0.409 0.228 0.618 -0.848 0.396 9/22 ———
06-16 weeks Hamamaka 2016 0.455 0.203 0.732 -0.301 0.763 5/11 ———
06-16 weeks 0.497 0.433 0.560 -0.105 0916
24-30 weeks Geces 2016 0.680 0.478 0.831 1.758 0.079 17125 T—
24-30 weeks Goncz 2017 0.410 0.325 0.501 -1.931 0.054 48 /117 —.—
24-30 weeks Hlavaty 2016 0.750 0.238 0.966 0.951 0.341 3/4 e ——
24-30 weeks Park 2015 0.370 0.253 0.505 -1.883 0.060 20/54 —.—
24-30 weeks Jung 2015 0.478 0.288 0.675 -0.208 0.835 11/23 —_—
24-30 weeks Georghe 2018 0.556 0.393 0.707 0.665 0.506 20/36 —T—
24-30 weeks Argellesarias 2017 0.667 0.333 0.889 0.980 0.327 6/9 —
24-30 weeks 0.491 0.406 0.576 -0.208 0.835 <>
48-63 weeks Gonczi 2017 0.430 0.334 0.532 -1.344 0.179 40/93 -.'-
48-63 weeks Balint 2018 0.525 0.400 0.646 0.384 0.701 32/61
48-63 weeks 0.473 0.356 0.593 -0.436 0.663
Overall 0.491 0.444 0.539 -0.362 0.718
-1.00 -0.50 0.00 0.50 1.00

Fig. 3 a Forest plot of the clinical remission rates in CD patients, b forest plot of the clinical remission rates in UC patients
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Sustained Clinical Response rates in CD patients a

Group by Study name Statistics for each study Event rate and 95% Cl
Subgroup within study

Event Lower Upper

rate  limit limit Z-Value p-Value
3032 weeks Park 2015 F" 0750 0238 0966 0951 0.341 —1——
3032 weeks Park 2015L" 0871 0708 0951 3564 0.000 @
3032 weeks Havaty 2016 'L" 0857 0419 0980 1659 0.097 —o
3032 wesks 0843 0565 0967 2319 0.020 _
4863 vecks Havaty 2016 'L" 0714 037 0928 106 0273 e
4863 vecks Kang 2015 1" 080 0309 0973 1240 0215 e
4863 vecks Retrakumaran 2018'F" 0250 0.144 0397 -3156 0.002 o
4863 vecks 0510 0220 0783 0059 0.953
Overal 0697 0316 0920 1019 0308

-1.00 050 000 050 1.00
Sustained Clinical Response rates in UC patients b
Group by Study name Statistics for each study Event rate and 95% ClI
Subgroup within study
Event Lower Upper
e lmt lmt ZVaue pVaue
3032 wecks Pak2015 0958 0575 0997 2170 0080 —‘
3032 wecks 098 0575 0997 2170 0.0 )
4863 vecks Kang2015 0.8 0194 0990 1089 0299 —— @
4863 weeks 0833 019 0990 1039 029 —_
Overal 0919 0588 0989 2296 002 e 4
-1.00 050 000 050 1.00

Fig. 4 a Forest plot of the sustained clinical response rates in CD patients, b forest plot of the sustained clinical response rates in UC patients

several extra-intestinal IBD complications. Regulatory au-
thorities require comprehensive and extensive comparabil-
ity programs to approve biosimilars which are not costly
compared with IFX.

Currently, the rising incidence of IBD combined with the
increasing use of biological agents has resulted in a growing
economic burden, especially in developing countries. Thus,
biosimilar would be an excellent choice for IBD patients,
and it represents an opportunity to reduce health care costs
while offering a similar level of efficacy and safety to that of
their originator biological drug.

@ Springer

Summary of main results

We conducted an updated systematic review and meta-
analysis to investigate the safety and efficacy of CT-P13
in the treatment of IBD. All observational studies and
clinical trials studies showed statistically significant ef-
ficacy of the biosimilar of anti-TNF-a agents. We eval-
uated the rates of clinical response, clinical remission,
and adverse events in IBD patients treated with CT-P13.
This review included a total of 32 studies comprising
3464 patients.
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Sustained Clinical Remission rates in CD patients a

Group by Study name Statistics for each study
Subgroup within study
Event Lower Upper

rate limit limit ZValue
06-16 weeks Arguellas-arias 2017 0.627 0.506 0.734 2.054
06-16 weeks Jarzebick 2015 0.833 0.657 0.929 3.285
06-16 weeks Smits 2017 0.667 0.536 0.776 2.467
06-16 weeks Ye 2018 0.455 0.329 0.586 0.673
06-16 weeks 0.643 0.481 0.777 1.735
24-32 weeks Ye 2018 0.564 0.431 0.688 0.941
24-32 weeks Buer 2016 0.811 0.719 0.877 5.552
24-32 weeks Jorgensen 2017 0.526 0.415 0.633 0.453
24-32 weeks Bhandare 2018 0.731 0.595 0.834 3.194
24-32 weeks Kang 2015 0.917 0.378 0.995 1.623
24-32 weeks 0.682 0.534 0.800 2.381
48-63 weeks Ye 2018 0.600 0.467 0.720 1.473
48-63 weeks Plevris 2018 0.955 0.895 0.981 6.651
48-63 weeks Veloz 2019 0.677 0.552 0.781 2.731
48-63 weeks Bergqvist 2018 0.682 0.588 0.763 3.680
48-63 weeks Veloz 2018 0.672 0.582 0.752 3.635
48-63 weeks Ratnakumaran 2018 (fistulizing CD) 0.500 0.356 0.644 0.000
48-63 weeks 0.703 0.582 0.801 3.191
Overall 0.681 0.601 0.751 4.207

Event rate and 95% CI

p-Value Total
0040 42/67 —-@-
0001 25/30 —e-
0014 38/57 -9
0.501 25/55
0.083
0347 31/55
0000  77/95 -9
0651  41/78
0.001 38/52 -9
0.105 5/5
0.017 <>
0.141 33/55 —O—
0.000  105/110 @
0006  42/62 ——
0000  73/107 -@-
0000  78/116 -9
1.000 22144 ——
0.001 O
0.000 ‘
-1.00 -0.50 0.00 0.50 1.00

Sustained Clinical Remission rates in UC patients b

Subgroup within stud Study name Statistics for each study
Event Lower Upper
rate limit limit ZValue p-Value
06-16 weeks Arguellas-arias 2017 0.643 0.454 0.796 1.490 0.136
06-16 weeks Jarzebick 2015 0.571 0.230 0.856 0.377 0.706
06-16 weeks Smits 2017 0.615 0.421 0.779 1.166 0.244
0.622 0.491 0.738 1.833 0.067
24-32 weeks Buer2016 0.955 0.836 0.989 4.207 0.000
24-32 weeks Bhandare 2018 0.773 0.627 0.873 3.402 0.001
0.832 0.721 0.905 4.806 0.000
48-63 weeks Jorgensen 2017 0.830 0.695 0.913 4.081 0.000
48-63 weeks Bergqvist 2018 0.789 0.679 0.868 4.531 0.000
48-63 weeks Veloz2018 0.745 0.609 0.846 3.338 0.001
48-63 weeks Veloz2019 0.692 0.495 0.838 1.908 0.056
48-63 weeks Kang 2015 0.833 0.194 0.990 1.039 0.299
0.772 0.704 0.828 6.802 0.000
0.749 0.621 0.845 3.563 0.000

Fig. 5 a Forest plot of the sustained clinical remission rates in CD patients,

In CD patients, the pooled estimate demonstrated that
CT-P13 had high rates of clinical response at short-term
and long-term periods; moreover, low rates of overall ad-
verse events were observed with a rate of around 10% in
both naive and switched patients.

Eventrate and 95% Cl

Total

18728 -
16/26 —

+
ro——
-o—
<>
42/ 44 —@
34744 —.—
<>
39/47 —e—
56 /71 —@-
—e-
———
<&
<

38/51

181726

2/2

-1.00 -0.50 0.00 0.50 1.00

b forest plot of the sustained clinical remission rates in UC patients

Furthermore, in UC patients, the pooled rates showed that
CT-P13 was linked with high clinical response rates at short
term and long-term periods, and we observed low rates of
overall adverse events with a rate of 0.09 in naive patients
and 0.18 in switched patients.
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a Adverse events in Naive CD patients
Group by Studyname Statistics for each study Event rate and 95% CI
Subgroup within study

BEvent Lower Upper
rate limit limt Z-Vaue p-Value

infection jehansenetal 0022 0003 0139 -3765 0000 >—
infection jug eta 0015 0001 0201 -2929 0003 o
infection Hauyet a 0050 0003 0475 -2029 0042 e
infection YEetal 0429 0306 0560 -1.085 0287 —e1
infection perketal 0011 0001 0157 -3140 0002 b—
infection 0080 0025 0231 -3862 0000 <
infusion reaction Sieczkonskaeta 2017 0278 04156 0444 -2568 0010 —e—
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infusion reaction perket a "luinal” 0047 0012 0168 -4171 0000 -—
infusion reaction 0111 0051 0225 -485% 0000 <=
latent TB Sieczionskaeta 2017 0028 0004 0173 -3506 0000 o——
latent TB jehensenetal 0011 0001 0149 -3188 0001 p—
latert TB jug eta 0015 0001 0201 -2929 0003 ——
latent TB Hauyetal 0050 0003 0475 -2029 0042 fo———
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ower all adverse event jug eta 0015 0001 0201 -2929 0003 ——
ower all adverse event Hauyetal 022 00% 0579 -1562 0118
over al adverse event Sieczionska et al 2015 0167 0042 0477 -2078 0.038 —_——
ower all acherse event 0097 0039 0221 -4511 0000 <=
Overall 0070 0031 0149 -5965 0000 >
-1.00 -0.50 000 050 1.00

b Adverse events in Naive UC patients

Group by Study name Statistics for each study Event rate and 95% Cl
Subgroup within study
BEvent  Lower Upper

rate  limit  limit Z-Value p-Value

infection Siecziownska et a 0063 0004 0539 -18%4 0064
infection Buer eta 0023 0003 0144 -3718 0.000 >—
infection Kang etal 0100 0006 0674 -1474 0140
infection Hiavtyet al 0167 0010 0806 -1.039 029
infection Parketa 0063 0009 033 -262 0009 - o———
infection 0057 0020 0151 -5072 0.000 <
infusion reaction Siecziowska et a 0286 0072 0673 -10%65 0273 —_—
infusion reaction Bergquisteta 0042 0018 0098 -6823 0000 o
infusion reaction Kang etal 0250 0034 0762 -0951 0341
infusion reaction Hiadtyet al 0167 0010 0806 -1.039 029
infusion reaction Parketa 0125 0031 038 -2574 0010 —_——
infusion reaction Kolar et al 0026 0002 0310 -2519 0012 —
infusion reaction 0085 0047 0148 -7.382 0000 <
latent TB Kang eta 0100 0006 0674 -1474 0140
latent TB Hiavtyetal 0167 0010 0806 -1.039 029
latent TB Parketa 002 0002 0336 -2436 0015 o—
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Fig. 6 a Forest plot of adverse events in naive CD patients, b shows a forest plot of adverse events in naive UC patients
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a Adverse events in Switched CD patients

Gre __ Studyname: Statistics for each study Event rate and 95% CI
Subgroup within study Bt Lower Upper
rate  limit limit Z-Value p-Vaue
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b  Adverse events in Switched UC patients
patient
Gre Study name Statistics for each study Event rate and 95% CI
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Fig. 7 a Forest plot of adverse events in switched CD patients, b forest plot of adverse events in switched UC patients
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Agreement and disagreement with previous studies

A relevant meta-analysis involving 11 observational studies
by Komaki et al. [25] reported high rates of clinical response,
around 80%, in IBD patients treated with CT-P13. Despite the
various associated limitations such as the low number of ob-
servational studies included, the results reported in this 2017
meta-analysis were similar to our analysis.

Another published RCTs, Jorgensen 2017 et al. [26] and Ye
2018 et al. [27] showed that switching from IFX originator to
CT-P13 showed the same efficacy in maintaining response. At
week 30, CDAI-70, CDAI-100, clinical response rates, and
clinical remission rates were similar even after switching to
CT-P13 [27]. Furthermore, previous data were conducted on
patients switched from IFX originator to CT-P13 reported that
switching is safe and effective during the first 12 months, and
the loss of response was nearly 15.7%. However, in all these
studies, there was no assessment of mucosal inflammation or
fecal calprotectin as a biochemical measurement in patients
with IBD [23, 28, 29].

Strength points and limitations

Our meta-analysis has several strength points: (1) we deter-
mined search methods and performed a comprehensive search
using many electronic databases; (2) in our systematic review,
we followed PRISMA checklist when reporting this manu-
script, and all steps were done in strict correspondence with
Cochrane handbook of systematic reviews for interventions;
(3) we included large number of studies including observa-
tional and RCTs studies assessing the efficacy and safety of
the switching from originator IFX to CT-P13; and (4) long-
term follow-up was reported.

However, the main limitations of our meta-analysis were
that the majority of studies were not able to measure mucosal
healing or fecal calprotectin as a sign of remission in patients
with IBD [23, 30, 31]. And the limited number of the RCTs
which involved a little number of patients and some of the
papers did not include a control group that allowed a compar-
ison between originator and biosimilar infliximab [21, 22, 32].
Moreover, the included studies did not provide enough infor-
mation about the loss of response cause in IBD patients [23,
31]. Most of the included studies lacked the endoscopic mea-
surement after the used drug [33].

Despite the mentioned limitations, our results provide evi-
dence on the efficacy and safety of CT-P13 for IBD patients
by showing positive clinical outcomes in 1-year follow-up.

Authors’ conclusion In conclusion, our systematic review and
meta-analysis support that switching from infliximab origina-
tor to CT-P13 biosimilar was safe, well-tolerated, and effective
in IBD patients.

@ Springer
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