
Inflammatory Bowel Diseases, 2022, 28, 495–501
DOI: 10.1093/ibd/izab099
Advance access publication 20 May 2021
Leading Off

Received for publications: January 21, 2021. Editorial Decision: April 1, 2021
© 2021 Crohn’s & Colitis Foundation. Published by Oxford University Press on behalf of Crohn’s & Colitis Foundation.

Multiple Switches From the Originator Infliximab to 
Biosimilars Is Effective and Safe in Inflammatory Bowel 
Disease: A Prospective Multicenter Cohort Study
Jurij Hanzel, MD,*,†,  Jeroen M. Jansen, MD,‡ Rinze W. F. ter Steege, MD, PhD,§ 
Krisztina B. Gecse, MD, PhD,* and Geert R. D’Haens, MD, PhD*
From the *Department of Gastroenterology and Hepatology, Amsterdam University Medical Centre, Academic Medical Centre, Amsterdam, 
the Netherlands
†Medical Faculty, University of Ljubljana, Department of Gastroenterology, UMC Ljubljana, Ljubljana, Slovenia
‡Department of Gastroenterology and Hepatology, Onze Lieve Vrouwe Gasthuis, Amsterdam, the Netherlands
§Department of Gastroenterology and Hepatology, Martini Ziekenhuis, Groningen, the Netherlands
Conflicts of Interest: JH has received speaker’s fees from Biogen, Janssen, Pfizer, and Takeda. JMJ has served on advisory boards, or as 
speaker or consultant for Abbvie, Amgen, Ferring, Fresenius, Janssen, MSD, Pfizer, and Takeda. RWFS has nothing to declare. KBG has received 
consultancy fees and/or speaker’s honoraria fromfrom AbbVie, Boehringer Ingelheim, Celltrion, Ferring, Gilead, Immunic Therapeutics, Janssen, 
Pfizer, Sandoz, Samsung Bioepis, Takeda, and Tillotts. GRD has served as advisor for Abbvie, Ablynx, Alimentiv, Allergan, Amakem, Amgen, AM 
Pharma, Arena Pharmaceuticals, AstraZeneca, Avaxia, Biogen, Bristol Meiers Squibb, Boerhinger Ingelheim, Celgene/Receptos, Celltrion, Cosmo, 
Covidien/Medtronics, Ferring, DrFALK Pharma, Eli Lilly, Engene, Galapagos, Genentech/Roche, Gilead, Glaxo Smith Kline, Hospira/Pfizer, Immunic, 
Johnson and Johnson, Lycera, Medimetrics, Millennium/Takeda, Mitsubishi Pharma, Merck Sharp Dome, Mundipharma, Nextbiotics, Novonordisk, 
Otsuka, Pfizer/Hospira, Photopill, Prometheus laboratories/Nestle, Progenity, Protagonist, Salix, Samsung Bioepis, Sandoz, Seres/Nestle, Setpoint, 
Shire, Teva, Tigenix, Tillotts, Topivert, Versant and Vifor; received speaker fees from Abbvie, Biogen, Ferring, Johnson and Johnson, Merck Sharp 
Dohme, Mundipharma, Norgine, Pfizer, Samsung Bioepis, Shire, Millenium/Takeda, Tillotts, and Vifor.
Address correspondence to: Jurij Hanžel, Medical Faculty, University of Ljubljana, University Medical Centre Ljubljana, Ljubljana, Slovenia. 
E-mail: jurij.hanzel@gmail.com.

Background: Though a single nonmedical switch from the originator infliximab (IFX) to a biosimilar is considered effective and safe for most 
patients with inflammatory bowel disease (IBD), very limited data are available on multiple successive switches.
Methods: We performed a prospective multicenter cohort study of adult IBD patients who underwent 2 switches from the originator IFX to CT-P13 
to SB2 (group 1), 1 switch from CT-P13 to SB2 (group 2), and 1 switch from the originator IFX to CT-P13 (group 3). Patients were assessed at 4 and 
12 months since the most recent switch for remission using clinical (physician’s assessment) and biochemical (C-reactive protein [CRP], and fecal 
calprotectin [FC]) measures. Patients discontinuing treatment for ineffectiveness or adverse events before month 12 were imputed as nonremitters.
Results: One hundred seventy-six patients (Crohn’s disease 71%, ulcerative colitis 27.8%, IBD unclassified 1.2%; group 1, 69; group 2, 80; group 
3, 27) were included. At 12 months after the most recent switch 76.9% (40 of 52, group 1), 65.7% (46 of 70, group 2) and 76.9% (20 of 26, 
group 3) of patients were in clinical remission. Treatment persistence at 12 months was 85.0%, 87.0%, and 70.1%, respectively. There were no 
significant differences in the rate of clinical, CRP, FC remission, or treatment persistence at 12 months between the 3 groups. Infusion reactions 
occurred in 1.7% of patients (3/176), all in patients with antidrug antibodies from group 2.
Conclusions: Multiple successive switching and switching between biosimilars of IFX seemed to be effective and safe.
Key Words:  SB2, CT-P13, multiple switches
Abbreviations: CD, Crohn’s disease; CI, confidence interval; CRP, C-reactive protein; FC, fecal calprotectin; IBD, inflammatory bowel disease; IFX, infliximab; 
IQR, interquartile range; PY, patient-year; UC, ulcerative colitis.

Introduction
In recent years, biosimilar tumor necrosis factor (TNF) ant-
agonists have become available, and their use in treating in-
flammatory bowel diseases (IBD), Crohn’s disease (CD), and 
ulcerative colitis (UC) is increasingly common.1 The first 
infliximab (IFX) biosimilar to receive approval was CT-P13 
based on data from rheumatoid arthritis2 and ankylosing 
spondylitis,3 followed by extrapolation to other indications 
of originator IFX. The second IFX biosimilar, SB2, received 

authorization based on a pharmacokinetic study in healthy 
volunteers4 and a study in rheumatoid arthritis.5

The introduction of biosimilars in clinical practice has 
raised a number of concerns, namely the extrapolation from 
other indications to IBD and the potential for subtle differ-
ences in attributes and tertiary and quaternary structure to 
result in increased immunogenicity.6 Randomized trials7, 8 
and prospective cohort studies9–11 have not found convincing 
evidence for any of these reservations with single switches 
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from originator to biosimilar. This is reflected in the position 
statement of the European Crohn’s and Colitis Organization, 
which describes switching from an originator to a biosimilar 
as acceptable.12 Biosimilars are cost-effective and may expand 
patient access to biologics.1 The increasing number of avail-
able IFX biosimilars and changes in reimbursement policies 
inevitably lead to switching between biosimilars or multiple 
successive switches from originator to different biosimilars. 
Outcomes for these 2 groups of patients were only reported 
for small cohorts of no more than 43 patients.13, 14 It is un-
likely that an adequately powered randomized controlled 
trial on multiple switches will ever be performed due to high 
cost and marginal commercial benefit.

The aim of our study was to evaluate the effectiveness and 
safety of multiple successive switching from originator to a 
second IFX biosimilar compared with a single switch from 
originator to CT-P13 and a single switch between CT-P13 and 
SB2 in IBD patients.

Materials and Methods
Patients
This was a multicenter prospective cohort study. In the 2 
participating nonacademic hospitals (Onze Lieve Vrouwe 
Gasthuis, Amsterdam, the Netherlands and Martini 
Ziekenhuis, Groningen, the Netherlands), adult IBD patients 
underwent a switch from originator IFX to CT-P13 from 
August 2015 onward as part of routine care. This was fol-
lowed by a routine switch for economic reasons from CT-
P13 to SB2 from July 2018 onward. The dose and interval 
remained unchanged after the switch unless clinical need dic-
tated otherwise—trough concentrations <3 mg/L in the ab-
sence of antidrug antibodies prompted dosing adjustment. 
The switching procedures yielded 3 groups: patients who suc-
cessively switched from originator IFX to CT-P13 and finally 
to SB2, patients who switched from originator IFX to CT-
P13, and patients who switched from CT-P13 to SB2. Patients 
starting treatment with a different form of IFX more than 
4  months after the last exposure to the previous form (eg, 
upon disease flare after treatment discontinuation for stable 
remission) were excluded from the study. 

Study Design and Outcomes
The most recent switch was regarded as the index switch for this 
study (ie, the switch from CT-P13 to SB2 in patients undergoing 
multiple successive switching). Patient demographics, disease 
phenotype, and concomitant IBD medication were recorded at 
index switch. Patients were followed according to protocolized 
switch pathways with C-reactive protein (CRP) and fecal 
calprotectin (FC) measurements before the index switch and at 
4 and 12 months after the index switch. Measurements of IFX 
serum concentrations and antibodies to IFX were performed at 
the discretion of the treating physician, using a drug-sensitive 
assay (Sanquin, Amsterdam, the Netherlands).15 Clinical disease 
activity was assessed at baseline, at 4 months, and at 12 months 
per the physician’s global assessment. Infusion-related adverse 
events were prospectively recorded in infusion unit protocols. 
Information about IBD-related hospitalizations and other ad-
verse events was also recorded prospectively.

The primary efficacy outcome was clinical remission per 
physician’s assessment without concomitant steroid therapy 
12  months since the index switch. Secondary efficacy end 
points included CRP remission defined as CRP < 5 mg/L, FC 

remission defined as FC < 250 mg/kg, and time to treatment 
discontinuation for reasons other than long-term sustained 
remission. The primary safety end point was the occurrence 
of infusion reactions, with IBD-related hospitalization and 
other adverse events as secondary end points. Treatment dis-
continuation and switchbacks were recorded together with 
the reason for discontinuation. Patients with missing bio-
chemical measurements at a given time point, and patients 
discontinuing treatment for long-term sustained remission 
were censored. Patients discontinuing treatment due to ad-
verse events, nonresponse, or the presence of antidrug anti-
bodies before completing 12 months of follow-up were im-
puted as nonremitters at subsequent time points.

Statistical Analysis
Continuous variables were presented as medians with inter-
quartile ranges (IQRs) and categorical values as frequency 
and percentages. The Kruskal-Wallis test was used to compare 
medians in the 3 treatment groups, and the χ 2 test or Fisher 
exact test were used for categorical variables. Binary logistic 
regression was used to identify associations between baseline 
characteristics and clinical remission at 12 months after the 
index switch patients who discontinued treatment before that 
time point for adverse events or inefficacy were imputed as 
nonremitters. Kaplan-Meier estimates were used to plot treat-
ment persistence for the 3 groups, which was compared using 
log-rank tests. Cox proportional hazard models were used to 
evaluate the association between baseline characteristics and 
time to treatment discontinuation for inefficacy or adverse 
events. Patients discontinuing treatment for sustained remis-
sion were censored in survival analyses, as this was indicative 
of treatment efficacy. Variables with P < 0.1 in univariable 
analysis were subjected to multivariable regression. Median 
serum concentrations of IFX between time baseline and 
12 months were compared using the Wilcoxon signed-rank 
test. Statistical analyses were performed using SPSS, version 
26.0 (Armonk, NY, USA), and a 2-tailed P value < 0.05 was 
considered statistically significant.

Ethical Considerations
All patients provided consent for the switches and the col-
lection of routine clinical and biochemical data; the study 
was approved by the local ethical committees at both hos-
pitals.

Results
Patients
A total of 193 patients underwent switching, 16 were ex-
cluded because they had started a biosimilar after a drug holi-
day, and 1 was younger than 18 years, which yielded a final 
cohort of 176 patients (Table 1). Patients undergoing mul-
tiple successive switching had a longer disease duration and 
longer duration of exposure to IFX before the index switch. 
For the majority of patients (156 of 176; 88.6%), IFX was the 
first biological drug. At the time of the index switch, patients 
switching from CT-P13 to SB2 had a lower rate of clinical re-
mission than patients from the other 2 groups.

The total follow-up time for patients successively switching 
from the originator to CT-P13 to SB2 was 54.6 patient-years 
(PYs), 66.7 PYs for patients switching from CT-P13 to SB2, 
and 21.8 PYs for patients switching from the originator to 
CT-P13.
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Effectiveness
At 12 months after the index switch, 76.9% (40 of 52)  of 
patients successively switching from the originator to CT-P13 
and then to SB2, 65.7% (46 of 70) of patients switching from 
CT-P13 to SB2, and 76.9% (20 of 26) of patients switching 
from the originator to CT-P13 were in clinical remission. 
There were no significant differences in the rate of clinical, 
CRP, or FC remission at 12 months, although rates were nu-
merically lower in patients switching from CT-P13 to SB2 
(Fig. 1). There were no significant differences in need for 
dosing escalation between the 3 groups (2.9% [2 of 69] vs 
3.8% [3 of 80] vs 3.7% [1 of 27]; P = 0.956). On univariable 

logistic regression, only clinical remission at the index switch 
was associated with clinical remission at 12 months (Table 
2). In a sensitivity analysis with a patient group forced into a 
multivariable model together with clinical remission at index 
switch, the switching group was not significantly associated 
with clinical remission at 12 months (originator to CT-P13 
as reference; odds ratio [OR] for CT-P13 to SB2, 0.861; 95% 
confidence interval [CI], 0.298–2.764; OR for originator to 
CT-P13 to SB2, 0.880; 95% CI, 0.288–2.690). In a further 
sensitivity analysis including only patients in clinical remis-
sion at the most recent switch, the switching group was not 
associated with clinical remission at 12  months (originator 

Table 1. Patient Characteristics at Index Switch (Most Recent Switch for Patients Undergoing Multiple Successive Switches)

Variable Originator to CT-P13 
to SB2 (n = 69)

CT-P13 to 
SB2 (n = 80)

Originator to 
CT-P13 (n = 27)

P

Female, n (%) 37 (53.6) 43 (53.8) 13 (48.1) 0.87

Age (years), median (IQR) 44 (32–56) 39.5 (30–55) 34 (29–56) 0.22

Disease type, n (%)    0.60

 CD 49 (71) 54 (67.5) 22 (81.5)  

 UC 19 (28) 25 (31.3) 5 (18.5)  

 IBD-U 1 (1.4) 1 (1.3)   

Disease duration (years), median (IQR) 13 (8–23) 5 (2–9) 8 (6–17) <0.001

Disease extent, n (%)     

 CD    <0.001

  Ileal 12 (24) 26 (48) 5 (23)  

  Colonic 18 (37) 10 (19) 6 (27)  

  Ileocolonic 19 (39) 18 (33) 11 (50)  

  Upper GI 3 (6) 1 (2) 1 (5)  

  Perianal 19 (39) 18 (33) 7 (32) 0.827

 UC    0.224

  Proctitis 0  1 (20)  

  Left-sided 9 (47) 10 (40) 1 (20)  

  Extensive 10 (53) 15 (60) 3 (60)  

CD behavior, n (%)    0.51

 Inflammatory 34 (68) 36 (67) 16 (72)  

 Stricturing 12 (24) 10 (19) 5 (23)  

 Penetrating 3 (6) 8 (14) 1 (5)  

History of extraintestinal manifest-
ations, n (%)

10 (14) 8 (10) 7 (26) 0.12

Previous IBD-related surgery, n (%) 18 (26) 14 (18) 6 (22) 0.436

Combination therapy with immunosup-
pressant at most recent switch, n (%)

25 (36) 45 (56) 6 (22) 0.003

Systemic steroids at most recent switch, 
n (%)

0 1 (1.3) 0 NA

Previous exposure to biologics other 
than IFX, n (%)

7 (10) 10 (13) 3 (11) 0.99

Duration of IFX exposure before index 
switch (years), median (IQR)

6.8 (4.1–10.2) 1.9 (0.9–2.6) 3.2 (1.3–6.1) <0.001

Serum infliximab concentration at 
index switch (mg/L), median (IQR)

4.2 (1.9–6.5) 5.0 (1.7–7.1) 3.4 (1.8–6.5) 0.911

Clinical remission at index switch,  
n (%)

58 (84) 55 (69) 25 (93) 0.026

CRP at index switch (mg/L), median 
(IQR)

1.7 (0.6–5.4) 2.6 (0.7–6.1) 0.9 (0.6–3.2) 0.038

FC at index switch (mg/kg), median 
(IQR)

35 (15–150) 108 (41–381) 41 (10–198) 0.008
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to CT-P13 as reference; OR for CT-P13 to SB2, 1.281; 95% 
CI, 0.371–4.422; OR for originator to CT-P13 to SB2, 0.788; 
95% CI, 0.247–2.519).

Safety
Infusion reactions occurred in 3.8% (3 of 80)  of patients 
switching from CT-P13 to SB2, and 6.3% (5 of 80) of pa-
tients from this group had an IBD-related hospitalization; 
all hospitalizations were associated with disease flares. All 
3 patients with infusion reactions had antidrug antibodies; 
IFX was discontinued in these patients. No infusion reactions 
or IBD-related hospitalizations were recorded in the other 2 
groups. Other adverse events included worsening of eczema 
in 1 patient with previous exposure to the originator upon 
switching from CT-P13 to SB2, worsening headache in 3 pa-
tients switching from originator to CT-P13, and musculoskel-
etal pain in 1 patient from the same group. All these patients 
were switched back to the previously effective formulation 
of IFX, which led to the resolution of side effects with main-
tained efficacy. In 1 patient exposed to the originator and suc-
cessively switching to CTP13 and SB2, malignant melanoma 
was diagnosed during treatment, which was subsequently 
interrupted.

Treatment Persistence
At 12 months, the estimated treatment persistence was 85.0% 
for patients successively switching from originator to CT-P13 
to SB2, 87.0% for patients switching from CT-P13 to SB2, 
and 70.1% for patients switching from the originator to CT-
P13 (log rank P = 0.153; Fig. 2). On univariable Cox regres-
sion, clinical remission at the most recent switch and patient 
group (originator to CT-P13 to SB2 and CT-P13 to SB2) were 
associated with a reduced hazard of treatment discontinu-
ation for inefficacy or adverse events (Table 3). The same vari-
ables were significant on multivariable Cox regression. In the 
group of patients successively switching from the originator 
to CT-P13 to SB2, 8.7% (6 of 69) discontinued treatment for 
active disease, 8.7% (6 of 69) for long-term sustained remis-
sion, and 2.9% (2 of 69) for adverse events. In the group of 

Table 2. Variables Associated with Clinical Remission at 12 Months After 
Index Switch

Variable Univariable logistic regression

 Odds’ ratio 95% CI P

Disease duration 1.005 0.938–1.078 0.881

Duration of IFX exposure 
before index switch

1.044 0.957–1.140 0.330

Clinical remission at index 
switch

7.846 3.47–17.8 <0.001

Immunomodulator at 
index switch

1.376 0.705–2.681 0.350

UC versus CD 1.481 0.692–3.170 0.312

Patient group    

 Originator to CT-P13 1   

  Originator to CT-P13 
to SB2

0.730 0.253–2.104 0.560

 CT-P13 to SB2 0.516 0.185–1.441 0.207

Figure 2. Kaplan-Meier curves for treatment persistence in the 3 
treatment groups. Patients discontinuing treatment for long-term 
sustained remission were censored at discontinuation.

Figure 1. Rates of clinical remission (A), C-reactive protein 
(CRP) < 5 mg/L (B), and fecal calprotectin <250 mg/kg (C) across the 
treatment groups at switch, 4, and 12 months following the most recent 
switch. Patients discontinuing treatment for inefficacy, appearance of 
antidrug antibodies, or adverse events were imputed as nonremitters 
at subsequent time points. Patients with missing biochemical 
measurements were censored.
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patients switching from CT-P13 to SB2, 8.8% (7 of 80) dis-
continued treatment for active disease, 3.8% (3 of 80)  for 
adverse events, and 1.3% (1 of 80)  for long-term sustained 
remission. Among patients switching from the originator to 
CT-P13, 14.8% (4 of 27) discontinued treatment for active 
disease, 22.2% (6 of 27) for long-term sustained remission, 
and 14.8% (4 of 27) for adverse events.

Immunogenicity and Pharmacokinetics
At the moment of the index switch, antidrug antibodies were 
detected in 5.8% (4 of 69) of patients successively switching 
from the originator to CT-P13 and SB2, in 8.8% (7 of 80) of 
patients switching from CT-P13 to SB2, and in no patients 
switching from originator IFX to CT-P13. De novo antidrug 
antibodies were not detected in any of the patients successively 
switching from originator IFX to CT-P13 and SB2, in 3.8% 
(3 of 80) of patients switching from CT-P13 and SB2, and in 
3.7% (1 of 27) of patients switching from originator IFX to 
CT-P13. Infliximab was discontinued in these 4 patients.

In the group of patients successively switching from the ori-
ginator to CT-P13 to SB2, median IFX serum concentrations 
increased nonsignificantly from 4.2 mg/L (IQR, 1.9–6.5) to 
5.0  mg/L (IQR, 2.1–6.3) at 4  months and 5.3  mg/L (IQR, 
3.6–7.6) at 12 months (P = 0.429). In patients switching from 
CT-P13 to SB2, median IFX serum concentrations decreased 
nonsignificantly from 5.0 mg/L (IQR, 1.7–7.1) to 3.8 mg/L 
(IQR, 2.2–6.5) at 4 months and 3.3 mg/L (IQR, 1.9–5.8) at 
12  months (P = 0.084). In patients switching from the ori-
ginator to CT-P13, median IFX serum concentrations first 
increased nonsignificantly from 3.4 mg/L (IQR, 1.8–6.5) to 
4.0 mg/L (IQR, 0.7–7.3) at 4 months and then decreased to 
2 mg/L (IQR, 1.6–4.7) at 12 months (P = 0.593).

Discussion
This is the largest study evaluating the efficacy and safety 
of multiple successive switches between IFX originator and 
biosimilars in a real-world cohort of patients with IBD to 
date. We observed similar rates of clinical and biochemical re-
mission at 12 months in patients undergoing multiple succes-
sive switches, a single switch between biosimilars, or a single 
switch from the originator to CT-P13. No unexpected adverse 
events or de novo immunogenicity were observed in patients 
after multiple successive switches.

Virtually all studies on biosimilars in IBD have focused 
on a single switch between originator IFX and CT-P13. 

Available randomized controlled trials were not ideally de-
signed to address this question from a daily clinical practice 
viewpoint for IBD patients. The NOR-SWITCH study dem-
onstrated noninferiority of switching to CT-P13 compared 
with ongoing maintenance treatment with originator IFX as 
measured by the end point of disease worsening but was not 
powered to show this for each individual indication.7 The 
difference in disease worsening for CD was only just within 
the prespecified noninferiority margin of 15%. A subsequent 
randomized controlled trial in CD showed noninferiority of 
CT-P13 to originator IFX for induction and maintenance 
until week 30 but was not powered to assess noninferiority 
beyond week 30 when a quarter of patients switched from 
the originator to CT-P13—although clinical outcomes were 
numerically similar.8 Randomized controlled trials with mul-
tiple switching have only been conducted in psoriasis.16 These 
observations underscore the difficulty and limited interest 
in performing randomized controlled trials on this subject, 
which nonetheless remains highly relevant to clinical practice.

In the absence of data from randomized controlled trials, 
clinicians have relied on real-world cohort studies to support 
single switches from the originator to CT-P13. Recognizing 
the limitations of uncontrolled studies mostly reporting clin-
ical well-being, a single nonmedical switch from originator 
IFX to CT-P13 seems to be safe and effective in most pa-
tients.17 Shifting reimbursement policies and the availability 
of several IFX biosimilars have resulted in a situation where 
practice precedes the accumulation of evidence: multiple suc-
cessive switches from the originator to different biosimilars 
and switches between biosimilars. The efficacy of multiple 
successive switches was evaluated in a prospective study of 
24 patients with 16.2 PYs of follow-up, where the treatment 
persistence was 82.4% at 48 weeks.14 In an additional study 
published in abstract form, the treatment persistence in 58 pa-
tients at week 48 was 86%, and 92% of patients were in clin-
ical remission.18 These observations are broadly in line with 
our findings; the lower rate of clinical remission in our cohort 
may be a result of nonresponder imputation, which was not 
explicitly mentioned in the study cited previously. Our find-
ings are further corroborated by objective biochemical mark-
ers of disease activity, which also support the efficacy of mul-
tiple successive switches.

Switching from CT-P13 to SB2 was assessed in a study with 
43 patients with 28 PYs of follow-up,14 and an additional 
study of 133 patients followed for 16 weeks.19 Treatment per-
sistence at 48 weeks was 75.3%14 and 86.5% at 16 weeks, 

Table 3. Variables Associated With Treatment Discontinuation for Inefficacy or Adverse Event

Variable Univariable Cox Regression Multivariable Cox Regression

 Hazard Ratio 95% CI P Hazard Ratio 95% CI P

Disease duration 1.01 0.97–1.05 0.638    

Duration of prior IFX exposure 0.99 0.90–1.09 0.884    

Clinical remission at index switch 0.33 0.15–0.75 0.008 0.51 0.33–0.78 0.002

Immunomodulator at index switch 0.61 0.26–1.42 0.250    

UC versus CD 1.27 0.78–2.09 0.339    

Patient group       

 Originator to CT-P13 1   1   

 Originator to CT-P13 to SB2 0.39 0.14–1.11 0.077 0.33 0.11–0.94 0.038

 CT-P13 to SB2 0.42 0.16–1.12 0.083 0.27 0.10–0.78 0.015
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which is somewhat lower than the treatment persistence of 
87.0% at 52 weeks in our study. Our study was not powered 
or designed to compare differences in the rates of remission 
between different types of single switches and multiple suc-
cessive switches, nor were any adjustments made for base-
line differences between the 3 study groups. Nonetheless, nei-
ther remission rates nor treatment persistence at 12 months 
differed significantly between the 3 switching groups in our 
study. Although direct comparisons in treatment persist-
ence with other real-world studies examining the efficacy of 
switching from the originator to CT-P13 are confounded by 
differences in baseline characteristics, treatment persistence 
at 12 months for multiple successive switches and switches 
between biosimilars is within the range observed for a single 
switch from the originator (57%–85%).9,11,20–22 Importantly, 
our study re-emphasizes the strong association between re-
mission at the time of switching and subsequent maintenance 
of remission. Despite differences between groups in the dur-
ation of exposure to IFX at the time of the most recent switch, 
this factor was not associated with subsequent outcomes, sug-
gesting that switching may also be considered in patients in 
remission who started IFX more recently.

The incidence of infusion reactions in our study was 4.5 per 
100 PYs (3.8% of patients) in the group of patients switching 
from CT-P13 to SB2, as none were recorded in the other 2 
groups. The pooled rate for the entire study was 2.1 per 100 
PYs (1.7% of patients). The observed rate of infusion reac-
tions is within the range reported in real-world studies on 
switching from the originator to CT-P13.10, 11, 20, 22–24 The ad-
verse events profile was consistent with previous reports, no 
serious infections were recorded. Switchbacks to the previous 
formulation of IFX resulted both in maintaining effectiveness 
and the disappearance of side effects. The emergence of side 
effects after switching and their resolution after reverting to 
the formulation of IFX used previously may have been a result 
of the nocebo effect,25 although at least a subset of emerging 
adverse effects, such as hemolytic anemia,26 may also reflect 
incompletely understood immune-mediated mechanisms.

The potential of increased immunogenicity is one of the 
key concerns about multiple successive switches. Results of 
studies evaluating the development of antidrug antibodies 
should be interpreted with attention for and knowledge of the 
characteristics of the assay used for their detection. Studies on 
patients undergoing multiple successive switches, including 
ours, used drug-sensitive assays, which may have resulted in 
the underestimation of antibody development. In a French 
study of patients with immune-mediated inflammatory dis-
eases including IBD, the rate of antidrug antibody formation 
with multiple successive switches regardless of diagnosis was 
3 per 100 PYs compared with a single switch, and multiple 
switches were not found to be a risk factor for immunogen-
icity.13 No antidrug antibodies developed de novo in patients 
with multiple successive switches in our study; the rate was 
2.5 per 100 PYs in patients switching from CT-P13 to SB2. 
These estimates should only be regarded as the lower limit of 
immunogenicity because antidrug antibodies were not sought 
consistently and systematically in all our patients. An in vitro 
study using sera of patients who had developed antibodies 
to IFX after treatment with originator IFX, CT-P13, or both 
demonstrated full cross-reactivity with SB2.27 This observa-
tion, however, cannot be taken as evidence of interchange-
ability or equal rates of immunogenicity between biosimilars; 

it merely confirms that the negative consequences of antidrug 
antibodies cannot be overcome by switching to a different 
biosimilar. No statistically significant differences in serum 
IFX concentrations were observed in any of the switching 
groups in our study. This is in line with previous work that 
showed the noninferiority of switching from the originator to 
CT-P13 for the stability of serum concentrations.28

Our study is the first and largest to primarily focus on 
IBD patients undergoing multiple successive switches from 
the originator to biosimilars with clinical and biochemical 
end points at 12  months, together with the first report on 
pharmacokinetics in this particular patient group to date. 
Nonetheless, our findings should be interpreted within the 
context of the limitations of our study. It was an observational 
study based on routine clinical care, which may have resulted 
in the underreporting of adverse events that were perceived as 
less serious by the patient or the treating physician. Inevitably, 
the characteristics of patients within each group were affected 
by the timing of switches, with patients undergoing multiple 
successive switches having a longer disease duration than pa-
tients who switched from CT-P13 to SB2. Patients undergoing 
a single switch from the originator to CT-P13 either discon-
tinued treatment or were lost to follow-up beyond 12 months, 
as they would otherwise have undergone multiple successive 
switches due to mandatory switching after July 2018.

Conclusion
Our findings suggest that multiple successive switches from 
originator IFX to biosimilars are effective and safe, particu-
larly if patients are in remission at the time of the switch. 
The treatment persistence, remission rates, and adverse event 
profile were consistent with reports from studies of a single 
switch from the originator to CT-P13.
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