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Review Article

Introduction

The proinflammatory cytokine, tumor necrosis factor (TNF-α) 
makes a great contribution to immune system regulation, being 
involved in cell growth and proliferation upon binding with its re-
ceptor.1,2 Improper TNF-α production has been seen in a variety 
of human diseases, including Alzheimer’s disease,3 cancer,4 major 
depression,5 psoriasis,6 and inflammatory bowel disease (IBD).7 

TNF-alpha (TNF-α) inhibitors can be widely used for all these 
disease conditions. TNF-α was declared, in 1975, as a circulating 
antitumorigenic cytokine produced from such immune cells as ac-
tivated macrophages and lymphocytes.8,9 On binding with recep-
tors, it controls the expression of inflammation and injury. It is a 
transmembrane protein with 212 amino acid sequence, existing in 
a homotrimer stable form that binds with two receptors, TNFR1 
and TNFR2.10

TNF signaling controls immune cell activation via regulation 
of gene expression of chemokines, cytokines, and toxic molecules, 
including the reactive oxygen species, transcription factor nuclear 
factor-kappa B (NF-κB) and mitogen-activated protein kinase 
(MAPK).11

Ligand binding induces the activation of TRAF 2/5 and TRAF 2 
through TNFR1 and TNFR2 in the membrane, respectively. Main-
ly, it controls three pathways through the TNFR1, inducing the 
proliferation of various kinases.12 Sequential NIK/IKK/NF-κB and 
TRADD/ FADD/caspase-8/10/caspase-3 are the central signaling 
chains for cell growth, proliferation and apoptosis. TAK1 is an 
ubiquitin-dependent kinase.13 Further, TAB2 and TAB3 recognize 
polyubiquitin chains and activate TAK1. TAK1 adaptor proteins, 
TAB2 and TAB3, link the signalosome to B-cell receptor-induced 
IKK activation.14,15 MKK3 and MKK6 are both involved in the 
activation of p38 kinase. Where, MKK3 and MKK4 selectively 
inhibit p38δ and p38γ isoforms, respectively. The p38α further ac-
tivates CCAAT/enhancer-binding protein β (C/EBPβ) resulting in 
cancer-related consequences, i.e. protein translation, cell differen-
tiation and cell growth.16
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CT-P13 from clinical trials in various diseases.
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TNFR2 is also involved in signaling of some major pathways, 
such as that of TNFR1. STAT5 protein, involved in cytosolic sign-
aling, is activated by TRAF2 through PI3K. NF-κB is another 
protein complex that is controlled by TRAF2 through both NIK 
and RIP. RIP is also involved in the phosphorylation of other ma-
jor kinase, MAPK, through the MKK3/p38 chain. All these three 
pathways significantly control transcription of DNA, cytokine 
production, and cell survival.17 API is an activator of extracel-
lular signal-regulated kinase. The signaling pathway is activated 
by MEK1/7/c-Jun N-terminal kinases (JNK). MKK4 and MKK7 
phosphorylate JNK on tyrosine and threonine, respectively. Inf-
liximab and its biosimilar CT-P13 neutralize TNF-α by forming 
a stable complex with TNF-α, thereby inhibiting the binding of 

TNF-α with its receptor. This results in blocking of the cell signal-
ing pathway (Fig. 1).18

TNF-α inhibitors as therapeutic agents

TNF-α can be inhibited with monoclonal antibodies, such as inflix-
imab (Remicade),19 adalimumab (Humira),20 certolizumab pegol 
(Cimzia),21 and golimumab (Simponi),22 or with a circulating re-
ceptor fusion protein, such as etanercept (Enbrel).23 Adalimumab 
is marketed with the name Humira and is the 150th most prescribed 
drug in the United States.24 It is used for the treatment of rheu-
matoid arthritis, psoriatic arthritis, ankylosing spondylitis, Crohn’s 

Fig. 1. Molecular mechanism of action of infliximab and infliximab biosimilar (CT-P13). Ligand binding of TNF-α with receptor TNFR1 and TNFR2 induces 
the activation of various cytokines and initiates cell signaling. Signaling through TNFR1 mainly follows various routes: one is, NIK/IKK/NF-κB and CCAAT-
enhancer-binding proteins activation by MKK3/6 through TRAF2/5. Caspase-3 direct activation occurs via TNFR1 through TRADD/FADD proteins. TNFR2 
induces the phosphorylation of kinases through TRAF2, involving the same pathway of NF-κB activation. MAPK activation occurs through MKK3, which is 
involved in cell survival and proliferation. TRAF2 activates PI3K/Akt/STAT5. Activator protein 1 is a transcription factor, regulating gene expression, involving 
TRAF2/MEKK1/7/JNK/AP1. Infliximab and its biosimilar (CT-P13) binds with TNF-α and inhibits this overall process of kinase proliferation and activation.
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disease (CD), ulcerative colitis (UC), psoriasis, hidradenitis sup-
purativa, uveitis, and juvenile idiopathic arthritis.25,26 In 2014, the 
adalimumab biosimilar was introduced in India, which was less 
expensive than the original. Certolizumab pegol (CDP870, trade 
name Cimzia) is also used for the treatment of CD,27,28 rheumatoid 
arthritis, psoriatic arthritis, and ankylosing spondylitis. It is a frag-
ment of a monoclonal antibody specific to TNF-α and manufac-
tured by UCB (a multinational biopharmaceutical company).29,30 
In 2008, Cimzia (certolizumab pegol) was approved by the US 
Federal Drug Administration (FDA). Cimzia biosimilar, with the 
product name PF688, is under clinical trial.31 Golimumab (CNTO 
148)32 is another human monoclonal antibody, marketed under the 
brand name Simponi, used to treat rheumatoid arthritis, psoriatic 
arthritis, ankylosing spondylitis, and UC. A proposed biosimilar of 
golimumab, named as BAT 2506, is under Phase I clinical trial for 
the treatment of autoimmune disorders and is being developed by 
Bio-Thera Solutions.33

Infliximab as a potential TNF-α inhibitor

Infliximab (sold under the name Remicade) is a chimeric monoclo-
nal antibody, having an approximate molecular weight of 149,100 
Daltons. Infliximab was first approved by the US FDA on Au-
gust 24, 1998, then approved by the European Medicine Agency 
(EMA) on August 13, 1999, Pharmaceuticals and Medicals De-
vices Agency of Japan on January 17, 2002, and China FDA on 
May 17, 2006. It was initially developed by Janssen (a member of 
Johnson & Johnson), then co-marketed as Remicade® by Janssen, 
Merck & Co and Mitsubishi Tanabe. It is used for the treatment 
of CD, UC, rheumatoid arthritis, ankylosing spondylitis, psoriasis, 
psoriatic arthritis, and Bechet’s disease by inhibiting TNF-α.34

Infliximab is a TNF-α blocker that binds with high affinity to 
the soluble and transmembrane forms of TNF-α in order to neu-
tralize it. It is indicated for the treatment of patients with CD, UC, 
rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis, 
plaque psoriasis, and Bechet’s disease. The primary mechanism 
of TNF-α involves downstream signaling controlling various im-
mune diseases. By forming a stable complex with both soluble and 
membrane forms of TNF-α, it inhibits the binding of TNF-α with 
its receptor and thereby blocks the cell signaling pathway (Fig. 1). 
Infliximab increases apoptosis and cell cycle arrest in the T-cell 
line via reverse signaling. While using infliximab, some precau-
tions are required to be taken because it may create some unwanted 
conditions, such as autoimmunity, malignancy, immunogenicity, 
and hypersensitivity conditions.35

Infliximab biosimilar (CT-P13) as a potential substitute for in-
fliximab

Genetic engineering produces infliximab antibody by fusing the 
variable regions of a murine antibody (25%) with the constant re-
gions of a human antibody (75%) at the hinge region. The crys-
tal structure of infliximab can be determined by the data obtained 
from MolProbity score, and two domains (Fab with heavy and 
light chain and Fc with only heavy chain) are considered. In the 
heavy chain, amino acid residues Glu-1 to Thr-226 are found, and 
in the light chain amino acid residues Asp-1 to Cys-214 are found. 
N-terminus linked with the heavy and light chain acts as the recep-
tor binding site.36

The marketed price of infliximab monoclonal antibodies is 
quite high. According to a report from London in 2016, the annual 

cost of infliximab was around £5,000-£10,000.37 In the UK, an 
estimated one person in 250 is suffering from IBD.38 To solve this 
problem, the biosimilar antibody concept was introduced, boasting 
equal potency, efficacy and safety but lower cost.39 Biosimilars–
biologics have high similarity but are price competitive with the 
originators, lowering medical costs.

All FDA-approved biosimilar undergo a rigorous evaluation to 
ensure that patients can rely on their efficacy, safety and quality. 
Development of these biosimilars involves a well-designed pro-
gram and must include data demonstrating biosimilarity to the 
original drug in terms of safety, purity and potency. Data obtained 
from analytical studies, animal studies and clinical studies (phar-
macokinetics and pharmacodynamics) of biosimilar are compared 
with the original drug and are taken into account while approv-
ing any biosimilar drug.40 In 2015, the US FDA began to approve 
biosimilars and up to July 2019 has granted a total of 16 antibody 
therapeutics.41 Ranbaxy Laboratories Limited (Ranbaxy), Gur-
gaon launched India’s first infliximab biosimilar at the Indian 
Rheumatology Association Conference in Chandigarh.42

After a consistent and methodical investigation, various coun-
tries declared the outcomes of their successful studies. The Eu-
ropean Congress of Rheumatology 2019 presented positive out-
comes of a subcutaneous formulation of CT-P13 (Remsima) by 
Celltrion Healthcare’s (Celltrion). They also discussed the results 
collected from clinical trials phase I/III studies from June 2018 to 
August 2018 in their entirity.43 Celltrion, a South Korean biotech-
nology company, conducted the research of one year and reported 
the pharmacokinetics, efficacy and overall safety data of subcuta-
neous form of CT-P13 in rheumatoid arthritis.44

Financial gains with the implementation of a biosimilar concept 
were noticed from the economic budget standpoint and have drawn 
the attention of economists. In The Netherlands, the total cost sav-
ing is €493 million over 5 years for IBD, similar to that for the 
Dutch population.45 Central and Eastern Europe offer a 20–70% 
price discount on biosimilars to improve biological therapy.46 Con-
sidering the cost, clinicians could switch to an infliximab biosimi-
lar. As per the definition of the EMA, switching is the exchange 
of one medicine with another medicine with the same therapeutic 
intent.47 With the switching of infliximab to infliximab biosimilar 
(CT-P13), expenditure becomes half of the original.48 According 
to the World Health Organization, a biosimilar is defined as “a bio-
therapeutic product which is similar in terms of quality, safety and 
efficacy to an already licensed reference biotherapeutic product”.49

Switching from an original to a biosimilar involves both medi-
cal and non-medical motives. Reasons for medical switching are 
linked to patient health, safety, efficacy, side effects, or adherence. 
Through years of trials of various therapies, drugs are finalized 
with the least amount of side effects. On the other hand, non-med-
ical switching is due to less cost or to increase the financial profits 
of companies.50 Many countries follow non-medical switching to 
maintain capital financial conditions.51

Result outcomes of various clinical studies on switching to inf-
liximab biosimilar (CT-P13)

Infliximab biosimilar (CT-P13) was authorized by India and South 
Korea for the treatment of autoimmune disease in 2012.52 The 
EMA approved the biosimilar of infliximab (CT-P13) as well.53 
Subsequently, CT-P13 was the first biosimilar monoclonal anti-
body to be approved in the US for IBD, in 2016.54 Various test 
studies have been conducted in many disease conditions and re-
ported in the literature. The data produced during the trials related 
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to switching from infliximab to the biosimilar CT-P13. To confirm 
efficacy and biosimilarity between CT-P13 and infliximab, various 
clinical efficacy studies have been conducted among the homog-
enous and susceptible population.55

A range of reports collected from various studies and trials con-
ducted by researchers to prove the non-inferiority and tolerability 
of infliximab biosimilar CT-P13 is given below:

Prospective role of CT-P13 in IBD

IBD is a chronic inflammatory condition that mainly affects the 
digestive tract. CD and UC are two forms of IBD. Where, CD most 
commonly affects the small intestine (ileum) and colon, UC affects 
the colon and rectum.56 According to Centers for Disease Control 
and Prevention, about 3 million people have IBD in the US.57 
This massive amount of disease condition can only be treated by 
switching to biosimilars featuring easy accessibility, low cost, and 
high tolerance.58

Biosimilarity of infliximab and CT-P13, without any significant 
change in efficacy, was observed for CD by the European Crohn’s 
Colitis Organisation in 2015.59 Research demonstrated that ex-
change of infliximab with CT-P13 is possible for CD and other 
inflammatory disorders.60 CT-P13 is well tolerated with the same 
dose as that of infliximab and without change in immunogenic-
ity.61 Because of its good cost-saving strategy, it received market-
ing authorization and easy accessibility.62 In the real-life study, 
improved disease condition was observed with the use of CT-P13. 
Other studies have shown more effectiveness and tolerability in 
patients with UC.63 The Peruvian Social Security (known as Es-
Salud) reported biosimilarity between infliximab and CT-P13, and 
according to financial analysis determined it is a cost-effective de-
cision.64

In 2013, Park and colleagues65 reported a Phase 1, double-
blind, parallel-group study of 22 and 30 weeks on 250 patients 
administered with either CT-P13 (n = 125) or infliximab (n = 125) 
(in two groups). To check the efficacy and safety profile, concen-
tration-time curve (AUC) at steady-state and observed maximum 
steady-state serum concentration (Cmax, ss) was evaluated. The ap-
proximately same effect was seen in the two groups, as observed in 
geometric mean AUC for CT-P13 (32,765.8 µgh/mL) and inflixi-
mab (31,359.3 µgh/mL). The geometric mean Cmax, ss gave almost 
similar results for infliximab (144.8 µg/mL) and biosimilar (147.0 
µg/mL). This indicated that CT-P13 is non-inferior option.65

In the year 2016, Jahnsen66 conducted a study with CT-P13 in 
IBD patients in South Korea. The study lasted 30 weeks and was 
conducted on a total of 95 CD and 78 UC patients. Ultimately, 
56.1% and 46.1% of patients showed clinical remission at the 14 
and 30th week, respectively. The investigators concluded that CT-
P13 is equally effective and well-tolerated as infliximab.66 In the 
same year, Park and colleagues67 reported another study’s data, 
after conducting 54 weeks of study on 250 patients, with an inter-
val of 2, 6, 8 up to 54 weeks. In total, 106 and 104 patients were 
on CT-P13 and infliximab, respectively. Pharmacokinetic (PK) pa-
rameters’ evaluation showed almost the same serum concentration 
for both the groups upon the completion of the study; also, minor 
adverse effects with the same percentage were seen in the patients 
taking CT-P13 and infliximab. All these results display good tol-
erability and safety profile of the biosimilar, which motivated to 
switch to CT-P13 from infliximab.67

A data report of IBD study on 210 patients, dividing 126 with 
CD and 84 with UC, was submitted by Gecse et al.68 in the same 
year. Data calculated for early clinical remission, response, early 

biochemical response and steroid-free clinical remission were 
quite similar between the infliximab and CT-P13 treatments evalu-
ated at week 14 and week 30. Clinical remission rates at week 14 
were more in the CD patients and the UC patients taking biosimilar 
as compared to reference. CT-P13 is more effective and safe, as 
infliximab treatment showed decreased response rates and more 
allergic reactions.68

Further, in 2017, Park and coworkers69 extended their study, 
involving PLANETAS extension. The study was conducted for 
102 weeks on the 174 patients who completed 54 weeks of treat-
ment. Maintenance and switch groups included 88 and 86 CT-P13 
and infliximab patients, respectively. At the end of 102 weeks, 
the remission rate, response rate, and minor adverse events were 
the same. This long-period study was deemed sufficient to justify 
switching from CT-P13 to infliximab.69

Further, in 2017, a study was conducted on 829 candidates, 
including both CD and ulcerative colitis patients. Results of the 
meta-analysis verified that CT-P13 is effective and tolerable. 
After the administration of CT-P13, the pooled rates of clinical 
response after 8–14 weeks were 0.79 (95% confidence interval 
(CI) = 0.65–0.88) and 0.74 (95% CI = 0.65–0.82), among CD and 
UC patients, respectively. Rates of sustained clinical response af-
ter switching from infliximab to CT-P13 among the CD and UC 
patients were 0.85 and 0.96, respectively, at 30–32 weeks and 
were 0.75 and 0.83 at 48–63 weeks, respectively.70 Veloz and 
collaborators71 carried out a study with a total of 98 patients with 
IBD, representing 67 CD and 31 UC patients. In the case of CD, 
83.6% (56/67) patients were relieved at the time of the switch 
and 62.7% were relieved after 12 months. Similarly, the UC pa-
tients showed 80.6% (25/31) remission at the time of the switch 
and 65.3% at 12 months. The authors suggested that switching 
from reference infliximab to CT-P13 does not make significant 
change.71

In another study, 143 IBD patients (involving 99 with CD and 
44 with UC) were treated by infliximab and CT-P13. In total, 130 
patients continued with the study up to 18 months. After the pro-
longed period of study, the similarity in disease activity was seen 
with 2% adverse effect events. The real-world data of 18 months 
gave satisfactory results with CT-P13.72 Similarly, Ratnakumaran 
with coworkers73 performed a trial, where among 210 IBD pa-
tients, 191 were switched to CT-P13 and 19 continued on the inf-
liximab. This pool of patients contains different proportions of fis-
tulizing CD, luminal CD, UC and IBD sufferers. After 12 months, 
120 students were in remission. Some adverse effects were seen in 
those who switched to CT-P13. At the end of the study, no signifi-
cant difference was seen between remission, response, secondary 
loss of response, or adverse events between those who switched 
to CT-P13 and those who stayed on infliximab originator.73 In the 
case of IBD, a trial was conducted on a large pool of patients for 12 
months. The evaluation was conducted by symptom-based scores 
and laboratory markers detected in blood samples. Finally, no sig-
nificant changes were seen in disease activity in the case of both 
infliximab and its biosimilar.74 Strik et al.75 report another study 
conducted between June 5, 2015 and April 6, 2016 on 120 patients 
divided almost in the same ratio for UC and CD. Serum level was 
checked at a specific interval of time, presenting the same level for 
both reference and CT-P13. Switching to CT-P13 was found to be 
effective and well-tolerated.75

Meyer et al.76 reported another study conducted between 1 
January 2015 and 30 June 2017 on 3,112 patients (1,434 and 1,678 
received reference and CT-P13, respectively). Ultimately, the data 
collected from 1,453 patients were subjected to multivariate analy-
sis of the primary outcome and demonstrated similar results be-
tween CT-P13 and infliximab. The effectiveness of CT-P13 was 
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deemed to be the same and side effects were less in UC.76 In the 
same way, Armuzzi and coworkers,77 in 2019, provided another 
proof with a study on 810 patients, where 754 patients participat-
ed in a mean follow-up of 329 ± 202 days. At 6 and 12 months, 
follow-up was completed by 628 (364 CD) and 360 IBD patients 
(222 CD), respectively. At 12 months, results of the clinical/endo-
scopic scores and inflammatory biomarkers showed effectiveness 
and safety of switching to CT-P13.77 Tursi and collegues78 studied 
the efficacy and safety of biosimilar infliximab. The reported study 
was conducted on an IBD out-patient population in IBD centers by 
Italian regulatory authorities. It was the first large study conducted 
in IBD centers with follow-up of 24 months. About 141 patients 
were signed up (96 UC and 45 CD). The collected data included 
comprehensive information on sex, age at diagnosis, smoking sta-
tus, disease extension, disease duration, previous immunosuppres-
sive and anti-TNF-α therapies, concomitant medications at base-
line, C-reactive protein (CRP) and fecal calprotectin levels, Mayo 
score and Mayo subscore for endoscopy for UC patients, and the 
Harvey-Bradshaw index for CD patients.78

Another study involved 308 CD patients and was conducted be-
tween August 2014 and February 2017, by Ye et al.79 in 2019. A 
total of 111 students were enrolled for CT-P13 and 109 for inflixi-
mab. Both groups showed almost the same results, indicating the 
non-inferiority of CT-P13 to infliximab.79

Recently Ebada et al.80 reported a study on a large pool of IBD 
patients (about 3,464). Thirty-two studies were conducted for CD 
and UC treated with CT-P13. The response rate at 8–14 weeks 
were 0.81 (95% CI = 0.72–0.87) and 0.68 (95% CI = 0.63–0.72), 
and at 48–63 weeks were 0.69 (95% CI = 0.48–0.85) and 0.54 
(95% CI = 0.45–0.63) for CD and UC, respectively. These rates 
were found to be 0.84 (95% CI = 0.57–0.96) and 0.96 (95% CI 
= 0.58–0.99) at 30–32, and 0.51 (95% CI = 0.22–0.79) and 0.83 
(95% CI = 0.19–0.99) at 48–63 weeks for CD and UC, respective-
ly, after switching from infliximab to CT-P13. Overall, the study 
shows tolerance of CT-P13 and referral for the treatment of IBD.80

In that same year, Bakalos and colleagues81 also mentioned the 
data of the meta-analysis. In 11 studies (78.6%), higher rates of 
biosimilar discontinuation were reported, and in 8 studies, subjec-
tive adverse events were reported.81

Prospective role of CT-P13 in rheumatoid arthritis

Rheumatoid arthritis is an autoimmune disease, where the patients 
mainly suffer from inflamed joints.82 Disease occurrence can be 
seen in all age groups, particularly affecting females as compared 
to males. According to the data, in the US, 2.1 million adults are 
suffering from this disease.83 The medical and surgical treatment 
equates to a huge financial loss annually.84 Regular trials and stud-
ies should be conducted to develop infliximab biosimilars (such 
as CT-P13), which will control the medical financial conditions of 
a country. Some data from the trials mentioned in the literature is 
given below:

In 2012, Yoo et al.85 performed a planetary study involving a 
Phase III randomized, double-blind, multicenter, multinational, 
parallel-group to evaluate the efficacy and safety of CT-P13 over 
infliximab for 30 weeks. The 302 and 304 patients were admin-
istered CT-P13 and infliximab along with methotrexate and folic 
acid, respectively. Different parameters and responses were cal-
culated at the end of the study. American College of Rheumatol-
ogy (ACR) 20 responses were 60.9% and 58.6%, CRP of 85.8% 
and 87.1%, drug-related adverse events of 35.2% and 35.9%, and 
anti-drug antibodies of 48.4% and 48.2% for CT-P13 and inflixi-

mab, respectively. Calculated values are quite comparable, which 
predicted similarity between safety and efficacy of CT-P13 and 
infliximab.85 In 2015, Takeuchi and coworkers86 reported a 54-
week study conducted on 104 patients. Among them, 51 patients 
were taking CT-P13 and 53 patients were taking infliximab along 
with methotrexate. A total of 3 patients (1 in the CT-P13 group 
and 2 in the infliximab group) departed from the inclusion criteria 
or matched the exclusion criteria but were included in the safe-
ty analysis set. At weeks 6–14, there was no major difference in 
PK parameters (Cmax, CAV, Cmin, PTF, Tmax, MRT, T 1/2, CL, and 
Vdss) between the CT-P13 and infliximab groups. At the end of the 
study, similarity in ACR20, ACR50, and ACR70 values was also 
observed.86

In 2016, Yoo with other coworkers,87 provided another set of 
data from a multinational phase III double-blind study, conducted 
on 606 randomized patients (455 for CT-P13 and 233 for inflixi-
mab) up to 54 weeks. At the end of the study, calculated values of 
ACR20, ACR50 and ACR70 response rates were measured which 
were found to be quite similar for CT-P13 and infliximab. Meas-
ured radiographic progression and antidrug antibodies showed 
comparable results.87

In next year, Yoo et al.88 again conducted a study of 102 weeks, 
where 302 out of 455 patients were selected for the study. The 
maintenance group containing 158 patients and the switch group 
containing 144 patients received CT-P13 and infliximab, respec-
tively. The response rate for ACR20, ACR50, ACR70, the propor-
tion of antidrug antibodies and adverse events were similar in both 
groups. This study stated comparable efficacy and tolerability of 
CT-P13.88

Recently, Anjum and colleagues89 conducted a long-standing 
study of 6 months on 30 patients, involving the variety of arthri-
tis conditions. No major difference was seen in Physician Global 
Assessment, bath ankylosing spondylitis disease activity index, 
ankylosing spondylitis disease activity score-CRP, disease activ-
ity score (DAS28)-CRP, DAS28- erythrocyte sedimentation rate, 
CRP, Bechet’s disease activity score, and Health Assessment 
Questionnaire-Disability Index. Retention rates were also com-
parable between inflectra and remicade; this study confirmed that 
CT-P13 is a safe and efficacious option.89

Rheumatoid arthritis study with various parameter calculations 
was given by Kim et al.90 in 2020, where DAS28-erythrocyte sed-
imentation rate, DAS28-CRP and ACR responses were analyzed 
for 199 rheumatoid arthritis patients with CT-P13 (n = 147) and 
reference infliximab (n = 52). However, some changes in treat-
ment were made, where CT-P13 demonstrated improvements over 
reference infliximab, as seen from the data. From this study, it 
can be concluded that CT-P13 had a comparable drug retention 
rate, similar efficacy and acceptable safety profile compared to 
infliximab.90

Prospective role of CT-P13 in psoriatic arthritis

Psoriasis is an autoimmune skin disease causing itchiness and ir-
ritation, sometimes painful. According to the data, 150,000 and 1 
million persons are suffering every year in the US and worldwide, 
respectively.91 The regulatory authority approved the anti-TNF-α 
biosimilars for psoriasis. Change from infliximab to CT-P13 pro-
vides a great opportunity for these patients to obtain a similar ther-
apeutic effect with lower prices.92 European studies on psoriasis 
and psoriatic arthritis highlight the positive response for CT-P13 
with patient stability.93 According to the members of an interna-
tional psoriasis council, biosimilars should be produced with ap-
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proval and in a standardized, high-quality manner.94

In 2016, a study was conducted by Dapavo and colleagues95 by 
dividing patients suffering from plaque psoriasis into two groups. 
One switched from infliximab to CT-P13 and the other was started 
with CT-P13. At the end of the induction period, the psoriasis area, 
severity index and visual analogue pain scale was measured. The 
results showed that 80% of patients in group one attained 75% 
improvement. Use of CT-P13 with the lesser cost was found to be 
better, as compared to infliximab.95

Further, in 2017, Jørgensen et al.96 reported a long-term study 
conducted on 482 patients, between Oct 24, 2014 and July 8, 2015, 
dividing patients equally into infliximab and CT-P13 groups, and 
excluding one person. A total of 408 were included in the per-pro-
tocol set. Various disease conditions were included in the study. 
The percentage of adverse events was almost the same in both 
groups. The authors claimed that CT-P13 is a non-inferior option 
over infliximab.96

Future directions

There is a regular increase in the expenditure on very common and 
dangerous disease conditions and also increment in patient num-
bers. Due to high cost and limited facility, maximum patients cut-
back their regular treatment, which leads to high mortality rates. 
Recently, South Korea and Europe have taken necessary steps to-
wards using the entrituximab biosimilar CT-P10 as an anticancer 
agent. At present, the US FDA has approved about 26 biosimilars, 
the latest one being Avsola (a remicade biosimilar). The European 
Society for Medical Oncology has also suggested that biosimilars 
are one way to obtain sustainability with optimum prices. Current-
ly, two biosimilars of infliximab are under Phase-III clinical trials 
and after 5–8 years may enter the market. In the present scenario, 
the biosimilar concept is not much disclosed but in the near future 
could become crucial and an avoidable requirement for therapeu-
tics. It could also bring forward a new and interesting era in the 
field of healthcare for making easy accessibility of all health ben-
efits to patients. Future directions involving long-term clinical tri-
als, re-evaluation of clinical samples for safety, effectiveness, and 
patient compliance will improve treatment strategies and financial 
conditions of every country.

Conclusions

Currently, monoclonal antibodies are continuously replaced by 
their biosimilars because of their drawbacks. One highly popular 
example discussed here is infliximab, which has been due to its 
adverse effects and high cost and which is now being replaced by 
its biosimilar, CT-P13. CT-P13 resembles the physicochemical 
and pharmacological profile of infliximab according to its simi-
lar mechanism of action, i.e. the anti-TNF-α effect. Along with 
non-inferiority and better tolerance, it helps to maintain econom-
ic conditions of a country. Pharmacists could create awareness 
among the common people so that they can take the benefit of 
biosimilar antibodies. However, switching should follow a well-
planned strategy for implementation based on detailed evalua-
tion. This review summarized various comparative studies of us-
ing infliximab and its biosimilar CT-P13 conducted on cohorts of 
patients. Globally, internationally prospective and retrospective 
studies have confirmed the satisfactory outcomes and enhanced 
evidences for switching from the original infliximab to its CT-
P13 biosimilar.
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