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Abstract 

 

Background: Switching from IFX originator to CT-P13 is safe; however, little data on 

immunogenicity exists. 

Research design and methods: Consecutive IBD patients on IFX originator were switched 

to CT-P13 and followed-up for 12 months. Clinical activity, infliximab trough levels (ITLs), 

anti-drug antibodies (ATIs) and adverse events were recorded at predefined timepoints 

(baseline, second CT-P13 infusion, 6 and 12 months). The outcomes investigated were 

immunogenicity, pharmacokinetics, effectiveness and safety. 

Results: 119 patients were switched to CT-P13 after a median time with IFX of 5.8 years. No 

changes in mean ITLs were observed. ATIs were detected in 30 patients (25.2%): 14 before 

and 16 after switch. Mean persistent ATIs were significantly higher compared to mean 

transient ones (109.74 ng/mL ±84.70 vs 18.22 ng/mL ±11.37, p<0.001), with significantly 

lower ITLs associated (mean 0.32 µg/mL ±0.6 vs 3.08 µg/mL ±3.22, p<0.001). A significant 

decrease of patients in steroid-fee clinical remission was observed after the switch (p=0.004), 

with subsequent improvement at 6 months (p=0.005). Eighteen patients (15.1%) discontinued 

IFX, only 6 (5%) for loss of response. 

Conclusions: Switching from infliximab originator to CT-P13 seems safe and effective, 

without differences in immunogenicity. A temporary reduction of clinical benefit after 

switching could be potentially explained by a “nocebo-effect response”. 

 

Key words: Inflammatory Bowel Disease, Infliximab, Pharmacokinetics, Immunogenicity, 

Trough levels, CT-P13 
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Introduction 

Inflammatory bowel diseases (IBD) are chronic conditions, characterized by a relapsing-

remitting course, requiring lifelong medications to maintain remission and prevent disease 

relapses and progression1,2. Biological drugs have significantly contributed to improve IBD 

management and patients ‘quality of life, but have induced a significant increase in healthcare 

costs, resulting as the main driver of treatment-related expenses3,4. The advent of anti TNF-α 

biosimilars, after expiration of originators’ patents, resulted in considerable cost-savings and 

increased patients’ access to these drugs5.  

Once a biosimilar has been approved for a specific clinical indication, all others can be 

extrapolated on a comprehensive comparability exercise6. Accordingly, after the registration 

trials PLANETRA7 and PLANETAS8 involving patients with rheumatoid arthritis and 

spondylarthritis respectively, biosimilar infliximab (IFX) CT-P13 has been progressively 

adopted for patients with IBD both anti TNF-α naïve and experinced9. With regard to 

switching from IFX originator to CT-P13, a randomized, double-blind, non-inferiority 

controlled trial revealed no efficacy, safety, or immunogenicity issues in a mixed cohort of 

patients with immune-mediated inflammatory diseases, but the study was underpowered to 

confirm data for each specific condition, including IBD. Moreover, the primary endpoint was 

a composite disease worsening endpoint, based on Harvey-Bradshaw Index (HBI)10 and 

Partial Mayo Score (PMS)10, never adopted previously11. 

Conversely, the phase 4 open-label non-inferiority SECURE  trial showed that the switching 

to CT-P13 was safe and well tolerated, with no changes in pharmacokinetics, in a cohort of 

remitting IBD patients on maintenance therapy with IFX originator for at least 30 weeks and 

followed-up for 16 weeks after switching12.  The same figures emerged from preliminary data 

ACCEPTED M
ANUSCRIP

T



of the ongoing SIMILAR trial presented by Volkers et al. at UEGW 2017 (NCT02452151), 

including patients in clinical remission on IFX therapy for at least 12 weeks prior to 

inclusion13. In the face of small number of RCTs, several real-life data have shown that 

switching from IFX originator to CT-P13 is also effective and safe for IBD patients and 

allows significant cost-saving14–16. With regard to immunogenicity, most studies included 

only the incidence of anti-drug antibodies (ADA), without reporting the titres and the direct 

effects on safety, pharmacokinetics and efficacy.  

Interestingly, it has been reported that the switch from an originator to a biosimilar drug can 

be associated with a nocebo effect. Nocebo effects are defined as “psychological, 

physiological, and neurobiological phenomena associated with actual or perceived harm that 

occur as a consequence of patients' negative expectancies, psychosocial context, and 

therapeutic environment, not the known pharmacologic actions of treatment”. Despite not 

being extensively studied yet, the nocebo effect might play a meaningful role in the success 

of a switching program, due to its impact on patients’ clinical outcomes.17  

The aim of our study was to investigate the immunogenicity, pharmacokinetics, effectiveness 

and safety of switching from infliximab originator to biosimilar CT-P13 in a real-life cohort 

of IBD patients. 

 

 

PATIENTS AND METHODS 

Consecutive IBD patients from 2 Italian referral centres, on maintenance treatment with IFX 

originator, were switched to CT-P13 at the time of inclusion and prospectively followed-up 

for 12 months or until treatment discontinuation, from March 2018 to November 2019. 

Inclusion criteria were age ≥ 18-years-old, established IBD diagnosis and being on treatment 

with IFX originator for at least 6 months.  

ACCEPTED M
ANUSCRIP

T



The collected baseline data included: gender, age, smoking habit, type and duration of 

disease, location of IBD according to the Montreal classification18, previous and concomitant 

medications, clinical activity, C-reactive protein (CRP) serum levels and the most recent 

endoscopic assessment (within maximum 3 months before inclusion), when available. Study 

visits occurred: one when patients received the second infusion of CT-P13 and then after 6 

and 12 months from baseline. At each time point, clinical activity, CRP serum levels and 

concomitant medications were recorded. Baseline and follow-up clinical activity was 

measured using Patient-Reported Outcomes (PRO) 2: for UC, stool frequency and rectal 

bleeding were calculated based on the 3 days before clinical evaluation, while for CD 

weighted soft stools number and abdominal pain score of the previous 7 days were used. 19,20 

Follow-up endoscopic assessments, whenever performed according to routine clinical 

practice, were reported. Simple Endoscopic Score for Crohn’s Disease (SES-CD) was used 

for patients with Crohn’s Disease (CD) and endoscopic Mayo subscore for those ones with 

Ulcerative Colitis (UC). 

Serum samples were collected at each study visit (last infliximab originator infusion, first 

CT-P13 infusion, 6 and 12 months) and used to determine IFX Trough Levels (ITLs) and 

antibodies Towards Infliximab (ATIs).  All serum samples were assayed by using enzyme-

linked immunosorbent drug-tolerant assay (ELISA, Lisa Tracker-Duo® Infliximab, 

Theradiag, Marne-la-Vallée, France).  

The therapeutic reference range for ITLs was established between 3-7 μg/mL. ATI were 

considered positive according to the pre-specified cut-off of 10 ng/mL and classified as 

transient, when undetectable in the subsequent sample, or persistent, when detected in two 

consecutive samples21.  

The investigated outcomes were: 1) immunogenicity, that is the incidence of ATIs, their titres 

and the direct effects on safety, pharmacokinetics and effectiveness  2) effectiveness, in terms 
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of persistence in therapy, steroid-free clinical remission and steroid-free biochemical 

remission at each time-point; and 3) safety of switching from IFX originator to CT-P13.  

Steroid-free clinical remission was based on PRO2 and defined as a rectal bleeding score of 0 

and a stool frequency ≤1 for UC19 or an abdominal pain score ≤1 and liquid to very soft stool 

frequency ≤1.5 for CD20, without corticosteroid use within the previous 3 months. Steroid-

free biochemical remission was defined as a composite outcome of steroid-free clinical 

remission with CRP< 5 mg/L. 

Endoscopic remission was defined as SES-CD ≤2 and as an endoscopic Mayo subscore ≤1 

for UC18. 

All adverse events that occurred during the study period were recorded and categorized as 

adverse events of interest (AEI), if requiring medical intervention/hospitalization and/or 

treatment discontinuation (temporary or permanent).  

 

Statistical analysis 

Statistical analysis was performed using IBM SPSS Statistics 26 software. Means with 

standard deviation (SD) or median with range were used for continuous variables, percentage 

for discrete ones. To compare continuous variables (TL, ATI, CRP), t-Student test was 

performed; whereas to compare dichotomous variables (steroid-free clinical remission and 

biochemical remission) McNemar test was used. Significance level was set at p < 0.05. 

Kaplan-Meier survival analysis was performed to estimate persistence in therapy. 

 

Ethical considerations 

The study protocol was approved by the Ethics Committee of the Fondazione Policlinico 

Universitario A. Gemelli IRCCS, Rome, Italy (ID1262, 21 Jul 2016). Every patient provided 

written informed consent. The study protocol conforms to the ethical guidelines of the 1975 
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Declaration of Helsinki (6th revision, 2008) as reflected in a priori approval by the 

institution’s human research committee. 

 

RESULTS 

 

Population 

One-hundred and nineteen IBD patients were enrolled (94 CD, 25 UC). Population’s 

characteristics are summarized in table 1. Median duration of disease and of IFX therapy at 

switch were 12.2 years (range 1.5-41) and 5.8 years (range 0.8-15.8), respectively. At 

baseline, most of patients was in steroid-free clinical remission (70 of 94 CD, 74.5%; 14 of 

25 UC, 56%).  Seven patients (5.9%) were on concomitant steroid therapy.  

 

Pharmacokinetics and immunogenicity 

Mean ITLs  were: 4.75 µg/mL (±  5.02) at baseline, 4.35 µg/mL (±  4.52) at the second CT-

P13 infusion, 4.87 µg/mL (± 4.51) at 6 months and 5.07 µg/mL (± 6.36) at 12 months, 

without significant differences (p>0.05 for all comparisons). (Figure 1)  

In the whole cohort: 30 (25.2%) patients had detectable ATIs: 11 persistent, 18 transient and 

1 had positive ATIs in 2 non-consecutive samples. Mean persistent ATIs were significantly 

higher compared to mean transient ones (109.74 ng/mL ± 84.70 vs 18.22 ng/mL ± 11.37, 

p<0.001). Patients with persistent ATIs had significantly lower ITLs (mean 0.32 µg/mL ±0.6) 

compared to transient ones (mean 3.08 µg/mL ±3.22, p<0.001).  

At baseline, 14 patients (11.8%) had positive ATIs (mean 85.88 ng/mL ± 88.87) with mean 

ITLs below therapeutic range (1.96 µg/mL ± 3.38). Among them, 7 patients had persistent 

detectable ATIs (mean 155.2 ng/mL ±76) at the second CT-P13 infusion and 7 transient 

(mean 16.55 ng/mL ± 11.06, p=0.003). Patients with persistent ATIs had barely statistically 
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significant lower ITLs (median 0.14 µg/mL ± 0.08) compared to transient ones (median 3.78 

µg/mL ± 4.13, p=0.058). Sixteen patients (13.4%) developed ATIs after the switch (mean 

ATIs 21,15 ng/mL ±17):  8 detectable at the second CT-P13 infusions, 6 at 6 months and 2 at 

12 months.  Of them, 11 patients had transient ATIs, 4 persistent and 1 patient had positive 

ATIs in 2 non-consecutive samples. No significant difference between mean transient and 

persistent ATIs was observed after the switch (18.54 ng/mL ± 3.54 vs 18.92 ng/mL ± 3.93, 

p=0.95). 

Figure 2 summarizes the outcomes of patients with detectable ATIs. 

During follow-up, 13 (10.9%) patients received a dose-escalation (i.e.: more than 5 mg/kg of 

infliximab at each infusion and/or interval of 4 or 6 weeks between infusions), based on their 

clinical activity. Notably, at baseline their mean ITLs (5.16 µg/mL ± 5.65) were within the 

optimal therapeutic range, with only a half of patients (7 out of 13) with ITLs < 3 µg/mL. The 

majority of patients (8 out of 13), had their therapy optimized between 6 and 12 months. By 

the end of the follow-up, their mean ITLs were 8.75 µg/mL (± 9.16) and 4 of them still had 

ITLs below the therapeutic cut-off. Finally, it is worth mentioning that in this sub-cohort, no 

patient had positive ATIs at baseline and only one of them developed persistent ATIs during 

the observation.  

 

 

Effectiveness 

Cumulative probability of persistence in therapy was 98.3% and 83.4% at 6 and 12 months, 

respectively. (Figure 3) Eighteen patients (15.1%) discontinued treatment, after a median 

time of 7.5 months from switch (range 4-12 months). CT-P13 was discontinued because of 

loss of response in 6 patients (5%; 3 ATIs-positive, 3 ATIs-negative), sustained clinical 
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remission in 9 patients (7.5%; 6 ATIs positive and 3 ATIs-negative), adverse event in 2 

patients (2.4%;  both ATIs-negative) and loss to follow-up in 1 patient (0.8%, ATIs negative).  

Eighty-four patients (70.6%) were in steroid free-clinical remission at baseline, 73 (61.3%) at 

the second CT-P13 infusion, 84 at 6 months (70.6% of the entire cohort, 73% of patients still 

on treatment) and 77 patients (64.7% of the entire cohort, 76.23% of patients still on 

treatment) at 12 months (figure 4). 

A significant drop in the proportion of patients in steroid-fee clinical remission was observed 

after the switch (70.6% vs 61.3%, p=0.004) and a nearly significant improvement was 

observed after 6 months (p=0.052), without the need for any dose-escalation. No other 

significant difference was observed. 

The cumulative probability of maintaining steroid-free clinical remission while on CT-P13 

treatment was 68.6% and 44.4% at 6 and 12 months, respectively. (Figure 5) 

Mean CRP levels were 3.10 mg/L (± 5.24) at baseline, 3.24 mg/L (± 7.29) at second CT-P13 

infusion, 3.37 mg/L (± 5.27) at 6 months and 3.56 mg/dL (± 6.71) at 12 months (p>0.05 for 

all comparisons).  

Steroid-free biochemical remission was observed in 66 (55.5%) patients at baseline, 63 

(52.9%) at the second CT-P13 infusion, 62 (52.1% of the entire cohort) at six months and 63 

(52.9) at 12 months (p>0.05 for all comparisons).   

As far as endoscopic remission is concerned, data are available for a subgroup of 69 of 119 

patients (58%), whose baseline and follow-up endoscopy data were available. Among them, 

38 patients (55.1%, 8 UC, 30 CD) were in endoscopic remission before switch and 45 

patients (65.2%, 8 UC, 37 CD; p>0.05) after the switch. The median time of endoscopic 

assessment after the switch was 8 months (range 5-12). Endoscopic worsening after switch 

was observed in 10 patients (14.5%, 2 UC, 10 CD). 
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Each of the 13 abovementioned patients who received dose escalation was not in steroid-free 

clinical remission at the time of therapy optimization. By the end of the observation period, 

steroid-free clinical remission was regained in 6 out of 13 (46.2%) patients.  

 

Safety 

In the entire study group, AEI were experienced by 24 patients, but only 3 discontinued 

treatment due to an AEI: 2 cancers and 1 infusion reaction (Table 2). Infections were the 

most common (50%): 6 respiratory infections, 3 urogenital and 3 herpes-simplex 

reactivations. Infusion reactions occurred in 5 patients (4.2%, 2 ATIs positive, mean 16.25 

ng/mL ± 4.24 and 3 ATIs negative) and five patients (4.2%, ATIs negative) experienced a 

flare of pre-existing psoriasis or arthritis. Two patients were diagnosed with cancer: a 66-

year-old man with prostate cancer and a 55-year man with rectum cancer.  

 

 

 

DISCUSSION 

Switching from IFX originator to its biosimilar CT-P13 is widely considered to be safe and 

effective for patients with IBD and has been routinely employed in clinical practice.22 

However, the majority of evidence comes from observational studies, most of which are 

limited by small sample size and relatively short follow-up period. Moreover, 

immunogenicity assessment included only the incidence of new ADA, without reporting the 

titres, the features (transient vs persistent) and the direct effects on pharmacokinetic, efficacy 

and safety.23–28.  
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Our study reported data of 119 IBD patients (94 with CD) on maintenance therapy with IFX 

originator (median duration 5.8 years, range 0.8-15.8) who were switched to CT-P13 and 

prospectively followed-up to 12 months.  

Therapeutic drug monitoring (TDM) was conducted along the study, showing substantial 

stability of mean infliximab ITLs throughout the observation period, always within the 

therapeutic range. In our cohort, the rate of immunogenicity was 25.2%, apparently quite 

higher compared to other previous studies12,23,24,28,29. However, almost half of our patients (14 

of 30, 46.6%) had detectable ATIs before switch and this could be explained by the fact that a 

routine proactive TDM approach is not performed in our hospital. Moreover, only 11 patients 

had persistent ATIs (7 from baseline and 4 after switch), while the remaining were transient 

and apparently not influencing pharmacokinetic, efficacy and safety. Conversely, persistent 

ATIs were associated with lower and more frequently below therapeutic range ITLs 

compared to transient ones (p<0.001). In our study, we adopted 10 ng/mL as reference cut-off 

for ATI-positivity, according to the manufacturer’s instructions and available therapeutic 

algorithms from current literature. Accordingly, in a scenario of loss response to IFX and 

concomitant undetectable ITLs, patients should be switched to a different anti-TNFα drug30–

32. However, in our cohort, we observed that most (16/19, 84.2%) of ATIs with a titre ranging 

from 10 and 40 ng/mL were transient and not detectable at the following assessments. Based 

on these observations, it could be suggested, also in the context of loss of response, to repeat 

the assessment in case of ATI levels between 10 and 40 ng/mL and subtherapeutic ITLs, in 

order to avoid inappropriate therapy discontinuation.  

In one patient with persistent baseline ATIs, we observed subsequent negativization at 6- and 

12-months assessments. Whether this negativization depends on some differences in the 

molecular structure of the two products or is just casual cannot be inferred.  
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Detection of nil ITLs ± ATIs in patients with long-term remission has been previously 

identified as a predictor of lower rate of disease relapse upon treatment discontinuation33,34.  

Overall, we decided to stop IFX only in 9 patients with long-term clinical remission: 6 CD 

with persistent positive ATIs and 3 UC patients with ATIs negative. As for the last group, 

mesalamine was chosen as maintenance therapy after IFX discontinuation, 5 out of 6 ATIs 

positive patients with CD, already exposed to thiopurines and with history of surgery, were 

switched to a second biological therapy (4 adalimumab and 1 ustekinumab). This can be 

explained by the habit in our hospitals to maintain long-term biological therapy in this 

category of patients. 

We did not adopt a pro-active TDM approach35 and did not increase the dose of IFX in case 

of subtherapeutic TL without ATIs for patients in stable clinical remission. During follow-up, 

dose-escalation was performed, according to clinical judgement, in 13 (10.9%) patients who 

were not in steroid-free clinical remission: this allowed to regain steroid-free clinical 

remission in 6 of these patients, in parallel with a raise in mean ITLs. The rate of 

optimizations registered in our cohort is considerably lower than those reported in other 

experiences.36,37 This could be potentially explained by the fact that those studies included 

patients who just started infliximab therapy, while our cohort had a long duration of 

infliximab therapy before enrolment (median 5.8 years), therefore some of our patients had 

already been optimized before baseline.  

In our cohort, the cumulative probability of persistence in therapy at 6 and 12 months after 

switch was 98.3% and 83.4%, respectively, in line with other experiences reported in 

literature38.  We recorded a rate of discontinuation for loss of response of 5% (6 patients, 3 

ATI-positive and 3 ATI-negative) at 1 year, which is congruent with that expected with 

IFX39. 
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The proportion of patients in steroid-free clinical remission significantly decreased (70.6% vs 

61.3%, p=0.004) after switch, but slightly improved 6 months later (61.3% vs 84%, p=0.052). 

Conversely, mean CRP levels remained stable throughout the observation period. In our 

opinion, this can be explained by a “nocebo-effect response”17,40. Most patients, in fact, 

especially those ones with durable clinical remission, can be afraid of switching from 

originator to biosimilar IFX and experience an unfavourable therapeutic effect. The definition 

of steroid-free clinical remission based on PRO2 allows a more comprehensive perception of 

patients’ insight and avoid physicians’ interpretation of data41. Anxiety associated with a 

perceived “change of therapy” might be held responsible for the observed symptomatic 

worsening5. Accordingly, the relation between patients and health-care providers is crucial 

for the management of the nocebo effect.42 Whether the nocebo effect can be reversed cannot 

be inferred based on our results, but it can be speculated that patients’ reassurance after 

switch might help preventing the main adverse outcomes associated with the nocebo effect 

(such as loss of response or adverse events leading to treatment discontinuation).43  

Twenty-four (20.2%) patients experienced an AEI during follow-up, 3 of whom had to 

withdraw CT-P13. These findings are in line with previous experiences with IFX switch,38 

without additional safety signals.  

CONCLUSIONS 

In our cohort of IBD patients, switching from IFX originator to CT-P13 did not have 

significant impact on safety, effectiveness and pharmacokinetics. Notably, we reported a 

slight worsening of clinical activity after the switch that could be ascribed to a transient 

nocebo effect. Moreover, this is, to the best of our knowledge, the first study to present ATIs 

titres after switch to infliximab biosimilar and discriminate between transient and persistent 

ones.  
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However, our study has some significant limitations: primarily it did not include a control 

arm. Second, we did not have data on faecal calprotectin levels, as its dosage is not routinely 

performed at our hospital. Third: endoscopic assessment was not available for each patient. 

At last, the study is underpowered to detect possible differences between CD and UC.  

Comprehensively, the findings of our study further support the suitability of the switch to 

CT-P13 and give new insights on the interpretation of ATIs titres when performing proactive 

TDM.  
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Table 1. Baseline characteristics 

 
CARATTERISTICHE DEI PAZIENTI AL BASELINE  
Number of patients, n           119
 Female, n (%)              43 (36.1)
Age, years, median 42 (18-75)
Smokers, n (%) 39 (32.8)
Duration of disease, years, median (range) 12.2 (1.5-41)
N° of CD patients (%)                                                 94 (79)
Localization (% in CD pts)                                                  
 L1                                                                            26 (27.7)
 L2                                                                           9 (9.6)
 L3 53 (56.4)
 L4 5 (5.3)
Behaviour (% in CD pts)                                                  
 B1 21 (22.3)
 B2 23 (33)
 B3 42 (44.7)
Perianal disease (% in CD pts)  39 (40.8)
N° of UC patients (%) 25 (21)
Localization (% in UC pts)  
 E1 2 (8)
 E2 3 (12)
 E3 20 (80)
Clinical activity CD (HBI), n (% in CD pts)  
 < 5  70 (74.5)
 5-7 22 (23.4)
 8-16 2 (2.1)
 >16 0 (0)
Clinical activity UC (PMS), n (% in UC pts)  
 < 2 15 (60)
 2-4 7 (28)
 5-7 3 (12)
 > 7 0 (0)
Previous immunosuppressive therapy (%) 69 (58)
Duration of Infliximab therapy, median, years (range) 5.8 (0.8-15.8)
Concomitant immunosuppressive therapy, n (%) 3 (2.5)
Concomitant steroid therapy, n (%) 7 (5.9)
CRP, mg/dl, mean (SD) 3.10 (5.24)
Pts: Patients; CD: Crohn’s Disease; UC: Ulcerative Colitis; HBI: Harvey-Bradshaw-Index; 
PMS: Partial Mayo Score; CRP: C-Reactive Protein; SD: Standard Deviation. 
 
 
 
 
 
 
Table 2. Adverse events of interest 
Adverse events, n (%) 24 (20.2)
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Infections 
 Respiratory   Urogenital  HSV reactivations 

12 (10)6 (5) 3 (2.5) 3 (2.5) 
Allergic/Paradoxical reactions 
 Infusion reactions  New-onset/Relapse arthritis 
 New-onset/Relapse psoriasis 

10 (8.4)5 (4.2) 3 (2.5) 2 (1.6) 
Neoplastic diseases 
 Prostate cancer  Rectum cancer 

2 (1.6)1 (0.8) 1 (0.8) 
HSV: Herpes-Simplex Virus.  
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