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Abstract

Background: Switching from originator infliximab (IFX) to biosimilar IFX is effective

and safe. However, data on multiple switching are scarce. The Edinburgh inflamma-

tory bowel disease (IBD) unit has undertaken three switch programmes: (1) Remicade

to CT‐P13 (2016), (2) CT‐P13 to SB2 (2020), and (3) SB2 to CT‐P13 (2021).

Objective: The primary endpoint of this study was to assess CT‐P13 persistence

following switch fromSB2. Secondary endpoints included persistence stratified by the

number of biosimilar switches (single, double and triple), effectiveness and safety.

Methods: We performed a prospective, observational, cohort study. All adult IBD

patients on IFX biosimilar SB2 underwent an elective switch to CT‐P13. Patients
were reviewed in a virtual biologic clinic with protocol driven collection of clinical

disease activity, C‐reactive protein (CRP), faecal calprotectin (FC), IFX trough/

antibody levels, and drug survival.

Results: 297 patients (CD n = 196 [66%], ulcerative colitis/inflammatory bowel

disease unclassified n = 101, [34%]) were switched (followed‐up: 7.5 months [6.8–

8.1]). This was the third, second and first IFX switch for 67/297 (22.5%), 138/297

(46.5%) and 92/297 (31%) of the cohort respectively. 90.6% of patients remained on

IFX during follow‐up. The number of switches was not independently associated

with IFX persistence after adjusting for confounders. Clinical (p = 0.77), biochemical
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(CRP ≤5 mg/ml; p = 0.75) and faecal biomarker (FC<250 µg/g; p = 0.63) remission

were comparable at baseline, week 12 and week 24.

Conclusion: Multiple successive switches from IFX originator to biosimilars are

effective and safe in patients with IBD, irrespective of the number of IFX switches.
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INTRODUCTION

Infliximab (IFX), a monoclonal antibody inhibiting anti‐tumour ne-

crosis factor (TNF), is a widely used biologic therapy whose originator

(Remicade®) was the first biologic drug approved for the treatment

of inflammatory bowel disease (IBD) in 1998.1

The first biosimilar of IFX approved by the US Food and Drug

Administration and the European Medicines Agency was CTP‐13 in

2013.2 This approval was based on data extrapolated initially from

the PLANETRA and PLANETAS studies in rheumatoid arthritis and

ankylosing spondylitis.3,4 Safety and efficacy data in IBD were pro-

vided by the NOR‐SWITCH5 and CT‐P13 3.4 randomised control

trials.6 This was reflected in an updated ECCO position stating that

switching from IFX originator to a biosimilar is acceptable with evi-

dence for safety and efficacy.7

The reason for the development of biosimilars was mainly eco-

nomic.8,9 Reducing costs has increased IFX availability worldwide

with many patients benefiting from it as growing evidence proves

early therapy is associated to better outcomes.10,11

Single and double switch appeared to be effective and safe in

some observational studies, but data regarding three or more

switches are lacking.12,13 In the present economic climate with mul-

tiple biosimilars available at competitive prices, data about multiple

biosimilar switches is of increasing importance.

In the Edinburgh IBDUnit, we previously implemented amanaged

switch programme guiding the transition from IFX originator to the

IFX biosimilar CT‐P13 which appeared to be safe and effective.14

Given a further price reductions of IFX biosimilars following successive

annual rounds of tendering by National Procurement Scotland, similar

switch programmes were implemented in q1 2020 (SB2) and q4 2021

(CT‐P13). In the present study we aimed to assess effectiveness and

safety of this third IFX biosimilar switch (SB2 to CT‐P13) including
patients who have had a single, double or triple switch.

METHODS

Study design and outcomes

We performed a prospective observational cohort study in the

Edinburgh IBD unit, a tertiary IBD referral centre in NHS Lothian

(Scotland), to investigate the effectiveness and safety of the third IFX

biosimilar switch (SB2 to CT‐P13) including patients who have had

single, double and triple switches. NHS Lothian provides universal,

free at point of care healthcare for a population of 912,490 people

(estimate mid 2020), including more than 8000 patients with IBD.15

Threemanaged switch programmes for IFX have been undertaken

in the Edinburgh IBD unit, including: (1) IFX originator to CT‐P13 in

2016,14 (2) CT‐P13 to SB2 (March–May 2020), and (3) SB2 to CT‐P13
in 2021 (6 October 2021–30 November 2021). All adult IBD patients

underwent an elective biosimilar switch in these programmes,

regardless of IBD phenotype, disease activity and IFX dosing. They

received correspondence from the unit informing them of the planned

biosimilar switch and that this process would be closely monitored as

part of their routine care. Dosing and interval remained unchanged

following the switch unless clinical need or subtherapeutic drug levels

dictated therapy adjustments. Patients were regularly reviewed in a

virtual biologic clinic as part of routine clinical care. At this time,

clinical disease activity scores (Harvey Bradshaw Index, HBI; partial

Mayo score), laboratory parameters (including C‐reactive protein

[CRP], IFX trough and antibody levels) and faecal calprotectin (FC)

were collected.

Patients

We identified all adult IBD patients receiving IFX biosimilar SB2 in

the Edinburgh IBD unit from our infusion suite records who

Key summary

Established knowledge on this subject:

• Data on single infliximab biosimilar switch has been

proved to be effective and safe.

• Multiple biosimilars are available and data on multiple

successive switches are scarce.

New findings:

• In our study we observed similar effectiveness, safety and

immunogenicity rates across different number of bio-

similar infliximab switches (single, double and triple).

• These results will help making decisions on multiple

switches as more and more biosimilars are becoming

available and therefore will help saving costs.
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underwent an elective switch to CT‐P13 (6 October 2021–30

November 2021). Patients who received three doses of SB2 (and

thus completed IFX induction therapy) were eligible for inclusion.

Exclusion criteria included microscopic colitis and checkpoint inhibi-

tor colitis.

Outcomes

The primary endpoint of this study was CT‐P13 drug persistence.

Secondary endpoints included clinical remission (CD: Harvey Brad-

shaw Index (HBI) <5; UC: partial Mayo <2),16 biochemical remission
(CRP ≤5 mg/L) and faecal biomarker remission (FC ≤250 µg/g)17,18 at
baseline (biosimilar switch), week 12 (�4 weeks) and week 24

(�4 weeks). Subgroup analysis for both drug persistence and effec-

tiveness were performed based on the number of IFX switches. In

addition we assessed immunogenicity parameters (IFX drug and

antibody levels) and safety parameters (adverse events).

Data collection

Patient demographics and IBD characteristics were extracted from

electronic medical health records. We collected the following data:

sex, smoking history, body mass index, IBD type, age at IBD diagnosis,

disease extent and behaviour according to the Montreal classification

and both previous and ongoing exposure to IBD‐related medical

therapies. IFX start date, dose, dose interval and previously used IFX

brands were recorded.

We prospectively collected clinical scores (HBI and partial Mayo),

CRP, FC and IFX drug and antibody levels at baseline, week 12

(�4 weeks) and week 24 (�4 weeks). Data were collected at the

infusion suite prior to infusion of IFX. If no recent value of calpro-

tectin was available within the 4 weeks prior to switch, patients were

given a stool sample kit at the infusion suite to submit at their GP the

same week. Given different IFX intervals, a 4‐week time margin was

used whilst collecting follow‐up data. Furthermore, we recorded IFX

dose adjustments as well as IFX stop dates and reason for treatment

discontinuation.

Primary non‐response was defined as lack of clinical and

biochemical response in the first 4 months since IFX was started

requiring treatment discontinuation. Secondary loss of response was

defined as clinical and biochemical relapse in patients who previously

responded. In patients with no detectable IFX trough levels and

detectable antibody levels who discontinued IFX, we considered

immunogenicity as the reason for treatment discontinuation. Thus,

secondary loss of response was considered in the absence of

immunogenicity.

All adverse events during follow‐up were documented. A serious

adverse event was defined as an adverse event leading to IFX sus-

pension or discontinuation, hospitalisation, or death. Adverse events

occurring in <5 patients are reported as ‘<5 events’ to avoid the use

of personally identifiable information which can be traced back to a

person.

Faecal calprotectin

All FC were measured in the Western General Hospital, Edinburgh,

with a standard enzyme‐linked immunosorbent assay (ELISA) tech-

nique (Calpro AS™) resulting in numerical values between 20 and

1250 μg/g.

Infliximab drug levels and antibody assay

Since January 2018, IFX trough levels have been analysed at the

Queen Elizabeth University Hospital, Glasgow, using Immundiag-

nostik monitor ELISA as per the manufacturer's protocol. The lower

and upper limits are respectively <0.3 and >14.4 μg/ml for IFX

through levels and �10 and 400 AU/L for IFX antibodies. Drug

tolerant anti‐drug antibody assays are used and antibody testing is

only performed when through levels are below 7 μg/ml or when IFX

antibodies have previously been detectable.

Statistics

All analyses were performed with IBM SPSS statistical software

package version 25.We used descriptive statistics to describe baseline

characteristics. Continuous variables are expressed as medians and

interquartile range or mean and standard deviation, depending on

distribution andwere analysedwith a Student t‐test orMann‐Whitney

U test as appropriate. Categorical variables were reported as fre-

quencies and were analysed with chi‐square/Fisher's exact test.
Kaplan‐Meier curves were calculated for drug survival. Time‐to‐

event was calculated from IFX switch until discontinuation of IFX

biosimilar CT‐P13. Patients were censored at the end of follow‐up,
which was defined as the last data collection point. We performed

explorative analyses with univariable and multivariable Cox regres-

sion analyses to identify factors independently associated with drug

survival. In case of a p‐value of <0.1 in univariable analysis, variables

were included in the multivariable analysis. A p‐value of <0.05 was

considered statistically significant.

Clinical, biochemical and faecal biomarker remission were ana-

lysed as categorical variables. We performed an intention‐to‐treat
analysis with the last observation carried forward. In addition, we

performed a sensitivity intention‐to‐treat analysis with only the last

observation carried forward for patients who discontinued IFX, not

considering patients with missing data, to provide a conservative

estimate of remission. Comparison of parameters at the three

different time points (baseline, 12 and 24 weeks) was done using

Freidman analysis and if significant pairwise comparison at each time

point was carried out using Wilcoxon signed rank test.

Ethics

This work was considered a service evaluation/audit as all data were

collected as part of routine clinical care. Therefore, no written
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consent or formal ethical approval was necessary as per depart-

mental policy and Health Research Authority.19 This piece of work

conforms to the ethical guidelines of the 1975 Declaration of Helsinki

as reflected in a prior approval by the institution's review board.

RESULTS

Study population

A total of 297 patients (CD n = 196 [66%], ulcerative colitis [UC]/

inflammatory bowel disease unclassified [IBDU] n = 101 [34%]) were

switched from SB2 to CT‐P13 and followed up for a median of

7.5 months (6.8–8.1) (Table 1). 183 patients (61.6%) were male with a

median IBD duration of 6.4 years (2.4–11.4). Most CD patients had

ileocolonic (L3) disease distribution (84/195, 43.1%), and 62/196

patients (31.8%) had perianal disease activity. Of 89 UC patients, 45

(50.6%) had extensive/pancolitis (E3).

This switch from SB2 to CT‐P13 was the third successive IFX

biosimilar switch for 67/297 patients (22.5%; previous treatment

with IFX originator, CT‐P13 and SB2 before switch to CT‐P13), the
second for 138/297 patients (46.5%; previous treatment with CT‐
P13 and SB2), and the first for 92/297 patients (31%; previous

treatment with SB2). Patients were treated with IFX for median

3.1 years (1.3–5.1) prior to current switch. Of 297 patients, 265

(89.2%) were biologic and small molecule naïve. Patients who un-

derwent multiple IFX biosimilar switches had more often Crohn's

disease (p = 0.0001) with perianal disease activity (p = 0.01), a

significantly longer disease (p = 0.0001) and IFX duration

(p = 0.0001), were less often on combination therapy with an

immunomodulator (p = 0.0001), and were more frequently biologic‐
naïve prior to IFX (p = 0.0001) (Table 1).

IFX persistence

Of 297 patients, 28 (9.4%) patients discontinued IFX treatment

during follow‐up. Median time to IFX discontinuation was

18.5 months (9–48) from IFX commencing and 2.8 months (1.5–4.5)

from switch. Reasons for IFX discontinuation included immunoge-

nicity (15/297; 5.1%), secondary loss of response (7/297, 2.4%),

adverse events (3/297, 1%), patient's choice (2/297, 0.7%), and pri-

mary non‐response (1/297, 0.3%). Of 297 patients, 269 (90.6%)

remained on IFX at week 24 (Figure 1).

Subgroup analysis based on number of IFX switches revealed

that IFX persistence was 82.6%, 92.8% and 97% in patients with in

respective one, two and three IFX switches (p = 0.003). However the

number of switches was not independently associated with IFX

persistence after adjusting for confounders (Table 2). Multivariable

analysis identified absence of biochemical remission (CRP >5 mg/L

(hazard ratio [HR] 3.21; 95% confidence interval [CI] 1.43–7.24); a

diagnosis of UC/IBDU (HR 2.69; 95% CI 1.19–6.06), detectable an-

tibodies against IFX at switch (HR 5.81; 95% CI 2.27–12.84) and time

on IFX (HR 0.77; 95% CI 0.62–0.95) as independent predictors for

IFX persistence rather than number of IFX switches.

Effectiveness

Clinical (p = 0.77), biochemical (p = 0.75) and faecal biomarker

(p = 0.63) remission rates were comparable at baseline, week 12 and

week 24. At baseline, 79.4%, 85.2% and 85.3% were in clinical,

biochemical and faecal biomarker remission respectively, versus 81%,

86.5% and 84.4% at week 24. Our sensitivity analysis providing a

conservative estimate of remission demonstrated a lower clinical

remission rate at week 24 (79%–4% vs. 20.5%; p = 0.004) (Figure 2).

Median HBI (baseline: 1; week 24: 1), partial Mayo (baseline: 1; week

24: 0), CRP (baseline: 2 mg/L; week 24: 1 mg/L) and FC (baseline:

76 μg/g; week 24: 50 μg/g) were comparable between baseline and

week 24 (Figure 3). Subgroups analysis of effectiveness based on the

number of IFX switches showed similar findings (Figure 2). Sixteen

patients required corticosteroids during follow‐up (one switch: 7/92,

7.6%; two switches 7/138, 5.1%; three switches: 2/62, 3%; p = 0.43).

Immunogenicity and pharmacokinetics

At baseline IFX antibodies were detected in 33/276 patients (12%;

one switch: n = 11 [4%], two switches n = 17 [6.1%], three switches:

n = 5 [1.8%]; p = 0.56) of whom 10 (3.6%) discontinued IFX during

follow‐up. Of 23 patients who remained on IFX, 14 (7.1%) patients

had persistent antibodies during follow‐up whereas 9 (39.1%) pa-

tients had a transient antibody response.

De novo IFX antibodies were detected in 14 (7.1%) patients

leading to IFX discontinuation in 5 (2.6%) patients. No differences

were found in de novo IFX antibody development between sub-

groups based on number of switches (one switch: n = 7 [3.4%]; two

switches: n = 7 [3.4%]; three switches: n = 0; p = 0.09).

IFX levels did not differ across different time‐points (baseline:

7.3 UI/ml; week 12: 6.5 UI/ml; week 24: 7.8 UI/ml, p = 0.06; Figure 3),

although it should be taken into account that dose adjustments were

allowed. Patients with fewer IFX biosimilar switches underwent dose

intensification more frequently (one switch: 20/92 [21.7%], two

switches: 14/138 [10.1%], three switches 4/67 [6%] p = 0.006). Four

(1.3%) patients were moved to the subcutaneous IFX formulation

during follow‐up.

Safety

Six adverse events were reported in five patients. Adverse events

included psoriatic reaction, squamous cell carcinoma of the tonsil,

arthralgia, severe COVID infection requiring ICU hospitalisation,

heart failure requiring ICU admission, and mild skin reaction. Of

these adverse events, three were classified as severe adverse events

leading to drug discontinuation.
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TAB L E 1 Baseline characteristics of inflammatory bowel disease patients on infliximab at switch from SB2 to CT‐P13

Variable

Total cohort

(N = 297)

Patients who had

3 switches (n = 67)

Patients who had

2 switches (n = 138)

Patients who had

1 switch (n = 92) p‐ value

Sex, male, n (%) 183 (61.6) 45 (67.2) 83 (60.1) 55 (59.8) 0.57

Current age, median (IQR) 37 (29–51.5) 40 (32–56) 37 (28.8–52.3) 35 (28–45.8) 0.08

BMI, kg/m2, median (IQR) 26.7 (23.7–30.3) 26.3 (24.5–31.1) 27.4 (23.8–30.7) 26 (23.1–29) 0.34

Disease duration, years, median (IQR) 6.4 (2.4–11.4) 11.4 (9.4–18.4) 6.3 (3.4–11.4) 2.3 (0.4–7.4) <0.0001

Disease type

–Crohn's disease, n (%) 196 (66) 61 (91) 86 (62.3) 49 (53.3) <0.0001

–Ulcerative colitis/IBDU, n (%) 101 (34) 6 (9) 52 (37.7) 43 (46.7)

Ulcerative colitis Montreal classification, n (%)

–E1 12 (4) 0 7 (5.1) 5 (5.4) 0.09

–E2 32 (10.8) 0 17 (12.3) 15 (16.3)

–E3 45 (15.2) 5 (7.5) 21 (15.2) 19 (20.7)

Crohn's disease location, n (%)

–Ileal (Montreal L1) 34 (11.4) 6 (9) 16 (11.6) 12 (13) 0.19

–Colonic (Montreal L2) 77 (25.9) 27 (40.3) 30 (21.7) 20 (21.7)

–Ileocolonic (Montreal L3) 84 (28.3) 29 (43.3) 38 (27.5) 17 (18.5)

–Upper GI (Montreal L4) 27 (9.1) 11 (16.4) 12 (8.7) 4 (4.3) 0.35

–Perianal disease 64 (21.5) 23 (34.3) 28 (20.3) 13 (14.1) 0.01

Crohn's disease behaviour, n (%)

–Non‐stricturing, non‐penetrating (Montreal B1) 143 (48.1) 45 (67.2) 60 (43.5) 38 (41.3) 0.8

–Stricturing (Montreal B2) 27 (9.1) 11 (16.4) 12 (8.7) 2 (4.2)

–Penetrating (Montreal B3) 25 (8.4) 6 (9) 12 (8.7) 7 (7.6)a

Extraintestinal manifestation, n (%) 85 (28.9) 23 (34.3) 41 (29.7) 21 (22.8) 0.27

Time on infliximab, years, median (IQR) 3.1 (1.3–5.1) 8.6 (6.7–10.5) 3.2 (2.6–4.1) 0.6 (0.3–1.2) <0.0001

Previous biologic/small molecules, n (%) 32 (10.8) 1 (1.5) 8 (5.8) 23 (25) <0.0001

–AntiTNF 25 (8.4) 0 8 (5.8) 17 (18.5) <0.0001

–Vedolizumab 7 (2.4) 0 1 (0.7) 6 (6.6) 0.002

–Tofacitinib 7 (2.4) 1 (1.5) 0 6 (6.6) 0.006

–Ustekinumab 4 (1.4) 0 1 (0.7) 3 (3.3) 0.154

Concomitant therapy

–Immunosuppressant, n (%) 163 (54.9) 12 (17.9) 69 (50.1) 82 (89.1) <0.0001

–Corticosteroids, n (%) 11 (3.7) 1 (1.5) 3 (2.2) 7 (7.6) 0.089

IFX dose and interval at switch, n (%)

–5 mg/kg q8w 167 (56.2) 25 (37.3) 68 (49.3) 74 (80.4) <0.0001

–5 mg/kg q6w 53 (17.8) 24 (35.8) 24 (17.4) 5 (5.4) <0.0001

–5 mg/kg q4w 10 (3.4) 1 (1.5) 5 (3.6) 4 (4.3) 0.60

–10 mg/kg q8w 46 (15.5) 10 (14.9) 30 (21.7) 6 (6.5) 0.008

–10 mg/kg q6w 18 (6.4) 6 (9) 9 (7.2) 3 (3.3) 0.32

–10 mg/kg q4w 2 0 2 (1.4) 0 0.32

–Other (5 mg/kg q10w) 1 (0.3) 1 (1.5) 0 0

Note: Bold values highlight statistically significant differences.

Abbreviations: CD, Crohn’s disease; CRP, C–reactive protein; FC, faecal calprotectin; IBDU, Inflammatory bowel disease unclassified; IFX, infliximab;

UC, Ulcerative colitis.
aTwo missing data.
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DISCUSSION

This is the first study evaluating the efficacy and safety of three

successive switches in IBD patients treated with IFX. In a large real‐
world cohort we showed that this approach is safe and effective with

similar clinical and biochemical remission rates over time, irre-

spective of the number of switches.

Data on multiple biosimilar switches are scarce with most studies

focussed on single switch and only three documenting double switch

outcomes. There are no randomised control trials on IBD testing a

F I GUR E 1 Kaplan‐Meier curves for infliximab treatment persistence. (a) Survival across the total cohort. (b) Survival stratified by number

of total infliximab switches. The start of follow‐up is defined as the time of switch.

TAB L E 2 Variables associated with infliximab persistence

Variable

Univariable Cox regression Multivariable Cox regressiona

Hazard ratio 95% CI p Hazard ratio 95% CI p

Disease duration 0.79 0.56–1.11 0.17

Duration of IFX treatment 0.514 0.35–0.76 0.001 0.77 0.62–0.95 0.015

UC/IBDU vs. CD 0.32 0.15–0.68 0.003 2.69 1.19–6.06 0.018

Perianal disease 1.61 0.56–4.66 0.38

Biologic/small molecule naïve 0.38 0.15–0.94 0.037

Number of switches 0.40 0.22–0.73 0.003

Clinical remission at switch 1.34 0.57–3.15 0.50

CRP >5 mg/L at switch 2.96 1.34–6.54 0.007 3.21 1.43–7.24 0.005

FC ≥250 μg/gr at switch 1.57 0.52–4.69 0.40

IFX antibodies at switch 5.44 2.47–11.99 <0.0001 5.81 2.63–12.84 <0.0001

Abbreviations: CD, Crohn's disease; CRP, C‐reactive protein; FC, faecal calprotectin; IBDU, inflammatory bowel disease unclassified; IFX, infliximab; UC,
ulcerative colitis.
aThe final model of the multivariable model is shown here. The following variables were included in the initial multivariable Cox regression model:

duration of infliximab treatment, ulcerative colitis versus. Crohn's disease, biologic or small molecule naïve, number of switches, CRP > 5 mg/L at switch

and infliximab antibodies at switch.
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multi switch approach. Single switch from IFX originator to CT‐P13 is
recognised as safe and effective in IBD patients as demonstrated in

clinical trials.5,6 For double switches the data comes from observa-

tional cohorts13,20,21 and no data on IBD an triple switch has been

reported yet. For this reason clinicians have relied on real‐world
cohort studies despite limitations. Our group previously published

the experience of the first biosimilar switch from originator to CT‐
P13.14 This new real‐world IBD cohort provides effectiveness and

safety data to support multiple switch approach.

The efficacy of double switch was recently published in a pro-

spective multicentre study (n = 176 patients) comparing a single

switch with a double switch group. Twelve months IFX persistence

was 87% and better IFX persistence was found in the double switch

group.13 These findings might be the result of selection bias since the

double switch patients had a relatively long IFX duration, which is

associated with a relatively lower IFX loss of response rate and a

different immunogenicity profile.22 Indeed, we identified IFX duration

rather than the number of IFX biosimilar switches as an independent

predictor for IFX persistence. IFX duration and number of switches

are correlated. This may explain their finding of better IFX persis-

tence in the double switch group since they did not adjust for IFX

duration. Furthermore, biochemical remission (CRP <5 mg/dl) at

switch was independently associated with better IFX persistence in

our study, rather than clinical or faecal biomarker remission (FC

<250 μg/g). This may be explained by the known disconnect between
symptoms and active inflammation in IBD and by collinearity in the

multivariable model.16,23

Multiple switch outcomes were investigated by the Sicilian

Network for IBD in a prospective study with 276 patients, of which

192 patients started IFX de novo, 60 patients underwent a single IFX

switch, and 24 had two IFX switches.20 No differences were observed

in safety or drug persistency across the different groups with drug

persistency at 48 weeks of 82.4%. These results are aligned with our

findings with drug persistency at 90.6% at 7.5 months.

F I GUR E 2 Clinical, biochemical and faecal biomarker remission compared at baseline, week 12 and week 24. Last observation carried
forward was used only for those who stopped infliximab during follow‐up. (a) Total cohort: clinical (p = 0.005 [baseline vs. 24 weeks,

p = 0.004]), biochemical (p = 0.18) and faecal biomarker (p = 0.14) remission rates. (b) Single switch group: clinical (p = 0.003 [baseline versus
24 weeks, p = 0.034 and 12 week versus 24 weeks, p = 0.008]), biochemical (p = 0.85), faecal biomarker (p = 0.16) remission rates. (c) Double
switch group: clinical (p = 0.70), biochemical (p = 0.26), faecal biomarker (p = 0.039 [baseline vs. 12 weeks, p = 0.046; baseline vs. 24 weeks,

p = 0.046]) remission rates. (d) Triple switch group: clinical (p = 0.63), biochemical (p = 0.67), faecal biomarker (p = 0.61) remission rates. CRP,
C‐reactive protein; FC, faecal calprotectin.

GROS ET AL. - 185



Further evidence that supports a comparable effectiveness of

double switching from originator to CT‐P13 to SB2, compared to a

single switch comes from a study involving 158 patients, 115 of

whom had two switches and 43 a single switch.21 All patients were at

the moment of switch in sustained steroid‐free clinical remission for

at least 6 months. IFX persistence was 94.9% after median 54 weeks

of follow‐up, which is slightly better compared to our findings (7.5‐
month IFX persistence: 90.6%). This might be explained by the in-

clusion of only patients in sustained steroid‐free clinical remission.

Indeed, clinical remission at switch was independently associated

with better drug persistence in previous studies.13

Real‐world studies regarding adalimumab biosimilars have re-

ported similar rates of effectiveness and safety in patients with one

switch or two switches.24,25 A phase III trial in psoriasis demon-

strated no differences between patients who underwent four adali-

mumab biosimilar switches versus those who underwent none.26

Immunogenicity has been a major concern regarding multiple

switches, although both our study and previous literature demon-

strated that this seemed to be not happening more often to patients

who had multiple switches compared to those who had less number

of switches or none. Our study found 14 (7.1%) patients who devel-

oped de novo antibodies; none of them underwent three switches.

This triple switch group may represent a selected cohort of patients

on relatively long term IFX with a low immunogenicity risk.27 A pre-

vious French study observed that antidrug antibody formation was

similar in patients with one switch or two IFX biosimilar switches.28

Moreover, IFX levels remained stable after switching.14,21

Our study has several strengths including its prospective nature

and the large sample size. Furthermore our study provides data for

patients with a single switch, double switch and a triple switches. The

prospective registrations of IFX start and stop dates, clinical scores,

biochemical parameters and therapeutic drug monitoring contributes

to completeness of the data by limiting selection bias during the

collection of follow‐up data.

Nonetheless there are some limitations to our study. First the

study design did not include a control arm that continued SB2,

impeding the comparison of effectiveness and safety between

groups. Although we were able to compare subgroups based on

F I GUR E 3 Harvey‐Bradshaw Index, partial Mayo score, CRP, faecal calprotectin and infliximab trough levels at baseline and at 12 and

24 weeks after switch.
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number of IFX switches, baseline characteristics were not compa-

rable between subgroups (i.e. different IFX duration). Therefore we

performed a multivariable analyses adjusting for these characteris-

tics to assess IFX persistence. Second there were some missing data,

although data were prospectively collected. This may have resulted

in a conservative estimate of effectiveness outcomes since last

observation was carried forwards for patients who discontinued IFX

whereas missing data were censored for those who continued IFX.

Third treatment optimisation was not standardised, but was per-

formed at the discretion of the clinician. This reflects real‐world
practice, allowing direct translation of results into clinical practice

but this may have impacted outcomes. Of note, scrutiny of data

collection during this study may have resulted into earlier dose

adjustments and IFX discontinuation. Finally the cohort was het-

erogeneous in terms of disease activity, IFX doses and combination

therapy.

CONCLUSION

Multiple successive switches from the IFX originator to biosimilars

appear effective and safe, irrespective of the number of switches.

These findings are of major socioeconomic importance, especially in

low and middle‐income countries where the access to healthcare may
be limited.
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