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The Efficacy and Safety of Switching From 
Originator Infliximab to Single or Double Switch 
Biosimilar Among a Nationwide Cohort of 
Inflammatory Bowel Disease Patients
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Background:  Data on safety and efficacy of switching to Renflexis (SB2) from originator Infliximab (IFX) (single switch) or from originator 
IFX to Inflectra (CT-P13) to Renflexis (double switch) are limited.

Methods:  We conducted a retrospective cohort study in a nationwide cohort of patient with inflammatory bowel disease (IBD) in remission 
who were switched to SB2. The main exposure was the treatment course of SB2. There are 2 levels in this variable: single switch (IFX to SB2) 
and double switch (IFX to CT-P13 to SB2). The outcome is SB2 drug discontinuation rate and/or not being in remission after 1 year. Logistic 
regression was used to estimate the adjusted and unadjusted odds ratios with 95% confidence intervals to study the efficacy difference between 
single switch and double switch.

Results:  A total of 271 IBD patients were started on SB2. Among them 52 (19.2%) patients did not achieve remission at 1 year and 14 (5.1%) 
patients had to discontinue SB2 due to adverse events). In logistic regression analysis after controlling for covariates, there was no statistically sig-
nificant difference observed in regard to efficacy or safety of the single switch versus double switch to SB2 (adjusted odds ratio for double switch 
compared to single switch = 1.33 (95% confidence interval 0.74–2.41, P = 0.3432).

Conclusions:  Among IBD patients in remission, double switch was equally effective as compared to a single switch. This will help reassure the 
gastroenterologists who have concerns regarding the safety and efficacy of switching between multiple biosimilars for treating IBD.

Lay Summary
Almost 81% of patients remained in remission after switching to a biosimilar at the end of 1 year. A double switch was not associated with a worse 
outcome as compared to a single switch.
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INTRODUCTION
Inflammatory bowel disease (IBD), comprising of ul-

cerative colitis (UC) and Crohn disease (CD), is a chronic in-
flammatory disorder involving the gastrointestinal tract.1 The 
biologic agents [Infliximab (IFX) and other antitumor necrosis 
factor (anti-TNF) medications] were first introduced 2 decades 
ago for the treatment of moderate to severe IBD.2,3 These agents 
revolutionized the approach to the treatment of IBD and have 
proven their therapeutic efficacy over decades of follow-up.2,4–6 
Despite the clinical efficacy of biologics, there are various bar-
riers to their widespread use. Foremost among them is the cost 
associated with the use of these agents. This has led to criteria 
being developed for their use among healthcare systems across 
different nations.7–9 These economic considerations have led to 
the development and introduction to biosimilar agents because 
of their potential to reduce the financial burden on the health-
care systems.10

The first biosimilar agent CT-P13 (Remsima; Inflectra) 
was approved by the US Food and Drug Administration (FDA) 
in April 2016 and since then, there are few more biosimilars 
approved, such as other IFX biosimilars (Renflexis, Ixifi) 
and Adalimumab biosimilars (Amjevita, Cyltezo, Hyrimoz, 
Hadlima, Abrilada).11 Previous literature has predicted a wide-
spread use of biosimilars for IBD due to their efficacy and the 
cost saving.12,13 A  recent systemic review, identifying 70 pub-
lished studies and abstracts, revealed that there was no differ-
ence in terms of efficacy and safety between the IFX biosimilar 
and reference agents.14 Most of the studies were focused on 
patients with Rheumatoid arthritis, psoriasis, and ankylosing 
spondylitis and few studies were performed among patients 
with IBD.15 Nonmedical switching (ie, biosimilar switching 
in IBD patients in remission) from originator IFX to an IFX 
biosimilars has gained recent attention. Limited data focusing 
on nonmedical switching in stable IBD patients indicate that it 
is safe to switch with no efficacy, safety, and immunogenicity 
concerns.16,17 All the studies evaluated a “single switch” from 
original IFX to CT-P13 (Inflectra) and the data on efficacy and 
safety on switching to newer biosimilar, SB2 (Renflexis), are not 
enough.16,17

We decided to conduct a retrospective cohort study to 
determine the efficacy and safety regarding the switch from 
originator IFX to SB2 in the nationwide Veterans Affairs (VA) 
cohort of IBD patients focusing especially on patients with 
2 switches (double switch). The Veterans Affairs Healthcare 
System (VAHS) is the largest integrated healthcare system in 
the US serving approximately 9 million veterans every year.18 
The VA recommended that all IBD patients on CT-P13 and 
originator IFX should be evaluated for possible switch to SB2 
in view of cost saving. The final decision on the switch was 
left to the treating physician. A significant number of patients 
underwent the switch thus providing the ideal population in 
which to do the study. Our aim was to evaluate the efficacy 
of switching to SB2 and examine the difference, if  any, in the 

efficacy of single switch from IFX to SB2 versus double switch 
ie, from IFX to CT-P13 to SB2 at 1 year.

MATERIALS AND METHODS
We conducted a retrospective cohort study among the US 

national VAHS. To be included in our study, patients had to 
meet the following criteria: (1) followed in the VAHS with a di-
agnosis of IBD, which was based upon an algorithm outlined 
below, (2) had a Current Procedural Terminology (CPT) code 
for IFX before starting SB2, (3) started SB2 within the VAHS 
between January 1, 2000 to May 1, 2019, and (4) switched to 
SB2 following at least 3 months of stable IBD, defined as not 
requiring oral or intravenous steroids due to IBD reasons, 
not being hospitalized for disease flare, and not requiring an 
increase in drug dose or frequency for management of IBD.

IBD diagnoses were determined using a previously valid-
ated algorithm. Specifically, we obtained inpatient and outpatient 
International Classification of Diseases (ICD), Version 9 and 10, 
Clinical Modification (ICD-9-CM, ICD-10-CM) diagnosis codes, 
encounters, procedures, pharmacy, and demographic data for 
the study population. To create a source cohort, we applied our 
previously validated algorithm using the following criteria: (1) ≥1 
ICD-9 or ICD-10 diagnosis code for CD and/or UC, (2) ≥1 outpa-
tient visit in VA healthcare system, (3) at least 1 outpatient phar-
macy claim for any of the IBD medications [ie, 5-Aminosalicylic 
acid (5-ASA) and its derivatives, Thiopurines (TPs), anti-TNF 
agents, and Vedolizumab], (4) at least 2 prescriptions of 1 distinct 
medication in the following 5 IBD medication groups (ie, 5-ASA 
only, TPs, anti-TNF agents, a combination of TPs and anti-TNF, 
and Vedolizumab), and (5) the censor date could not be preceded 
by the date of the first prescription of IBD medication/pharmacy 
claim. The positive predictive value of this algorithm for IBD di-
agnosis was 94.5%, confirmed on chart review by 2 reviewers with 
100% concordance.19

Follow-up began on date of first SB2 infusion. Patients 
were censored if  they died, were lost to follow up, stopped SB2, 
were followed up for 1  year, or if  the study period ended on 
May 1, 2020.

Exposure
The main exposure was the treatment course of SB2. 

There are 2 levels in this variable: single switch (IFX to SB2) 
and double switch (IFX to CT-P13 to SB2).

Outcomes
The primary outcome is a composite outcome looking at 

SB2 drug discontinuation rate and/or not being in remission 
after 1 year. This outcome is set to “true” if  any of the following 
is true during the first year of follow-up: (1) patient required 
steroid use for disease control, (2) patient required hospitaliza-
tion or surgery for control of the disease, (3) patient required 
an increase in the dosing or frequency of SB2, or (4) patient 
stopped taking SB2.
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The secondary outcome breaks down the reason the pa-
tient was not in remission and/or stopped the drug, which will be 
used in a descriptive analysis. All the outcomes were confirmed 
via a manual chart review of the electronic medical records of 
the patients. More specifically, physician notes were evaluated 
to confirm the accuracy of all the outcomes reported. A patient 
was considered to have an adverse event (which led to drug dis-
continuation) only if  the physician, after a detailed evaluation, 
confirmed the adverse event in the electronic medical record.

Covariates
For all patients, we collected baseline data for the fol-

lowing covariates: sex, race (Caucasian, African American, 
other, and unknown), district (Continental, Midwest, North 
Atlantic, Pacific, and Southeast), type of IBD (CD and UC), 
disease duration, comorbid conditions based on the Charlson 
Comorbidity Index, body mass index (BMI), smoking status, 
and exposure to other medications (5-ASA or derivatives, com-
bination therapy of TPs or Methotrexate) within 3 months pre-
ceding the start of SB2.

Statistical Analysis
Patient baseline characteristics were compared between 

patients with the 2 treatment courses using frequencies and 

percentages for categorical variables and means for continuous 
variables. Differences were assessed using the chi-square test, 
Fisher exact test, or t test.

For the primary outcome, we first fit an unadjusted logistic 
regression model for the main exposure (treatment course). 
We then determined whether a covariate was a confounder by 
adding it to the unadjusted model. If  the regression coefficient 
for the main exposure changed more than 10%, we called the 
covariate as a confounder. All confounders were then added to 
the unadjusted model. Statistical significance was determined 
by a double-sided P value <0.05. For the secondary outcome, 
we only did a descriptive analysis.

RESULTS
We included 271 eligible patients. Table 1 presents the 

baseline characteristics of these patients stratified by the expo-
sure (single switch/double switch). The 2 groups of patients were 
significantly different in terms of race and BMI. Specifically, 
the single-switch group had a higher percent of Caucasian pa-
tients (85% vs 82%) and higher BMI (mean 30.4 vs 29.0).

In the unadjusted logistic regression, treatment course 
was not associated with poor outcome and the unadjusted odds 
ratio (OR) of double vs single switch was 1.13 [95% confidence 
interval (CI) 0.64–1.98, P = 0.6764]. In the next step, gender, 

TABLE 1.  Patient Characteristics of Our Study

Overall (N = 271) Single Switch (N = 101) Double Switch (N = 170) P

Age (mean ± SD)  53.00 ± 16.66 52.30 ± 15.72 53.41 ± 17.23 0.595
Gender Male 248 (92) 96 (95) 152 (89) 0.107

Female 23 (8) 5 (5) 18 (11)  
Race Caucasian 226 (83) 86 (85) 140 (82) 0.045

African American 27 (10) 11 (11) 16 (9)  
Others 14 (5) 1 (1) 13 (8)  
Unknown 4 (1) 3 (3) 1 (1)  

IBD type CD 149 (55) 58 (57) 91 (54) 0.533
UC 122 (45) 43 (43) 79 (46)  

Basal Metabolic Index (mean ± SD)  29.55 ± 5.33 30.40 ± 5.46 29.03 ± 5.20 0.036
Disease duration (mean ± SD)  13.20 ± 10.34 12.59 ± 10.03 13.57 ± 10.52 0.451
CCI* (mean ± SD)  0.66 ± 1.26 0.59 ± 1.01 0.69 ± 1.38 0.528
Smoking status Nonsmoker 177 (65) 66 (65) 111 (65) 0.892

Active smoker 40 (15) 16 (16) 24 (14)  
Prior smoker 54 (20) 19 (19) 35 (21)  

5-ASA† use Yes 38 (14) 14 (14) 24 (14) 0.953
No 233 (86) 87 (86) 146 (86)  

Combination therapy Yes 65 (24) 30 (30) 35 (21) 0.089
No 206 (76) 71 (70) 135 (79)  

Primary outcome Yes 71 (26) 25 (25) 46 (27) 0.676
No 200 (74) 76 (75) 124 (73)  

*Charlson Comorbidity Index.
†Amino salicylic acid.
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race, and disease duration were determined to be confounders 
for the association between treatment course and the outcome. 
In the model adjusted for all these confounders, the treatment 
course and outcome association were still insignificant with OR 
1.33 (95% CI 0.74–2.41, P = 0.3432). In the adjusted model, 
race (P  =  0.0133) and disease duration (adjusted OR  =  0.97 
per year increase, 95% CI 0.94–1.00, P = 0.0469) were found to 
be significant. The adjusted OR for the African Americans vs 
Caucasians was 3.45 (95% CI 1.48–8.07) (Table 2).

Within the single-switch group, 12.9% of patients dis-
continued SB2 within 1 year and 11.9% of patients continued 
SB2 but were not in disease remission after 1  year. Within 
the double-switch group, 17.6% of patients discontinued SB2 
within 1  year and 9.4% of patients continued SB2 but were 
not in IBD remission after 1 year. Detail regarding reasons for 
discontinuing SB2, as well as reasons patients were not in re-
mission, are also shown (Table 3).

DISCUSSION
In this large nationwide retrospective cohort study in the 

IBD population who had a stable disease activity at baseline, 
we found that there was no statistically significant difference 

observed in regard to efficacy or safety on evaluating the single 
switch from IFX to SB2 vs double switch to SB2 (IFX to 
CP-T13 to SB2). A total of  52 (19.2%) patients from our co-
hort who had switched to SB2 (single or double switch) did not 
achieve remission at 1 year and a total of  14 (5.1%) patients 
had to discontinue their SB2 due to adverse events.

Biosimilars are the alternate to reference agents because of 
their potential cost-saving option.11 Previous randomized con-
trolled trial and observational studies found that nonmedical 
switching from IFX to CT-P13 biosimilar in stable IBD patients 
is safe with no concerns regarding safety, efficacy, or immunoge-
nicity.16,17 However, none of the studies evaluated the efficacy of 
switching to SB2 in stable IBD patients. In the rheumatoid ar-
thritis population, there have been 2 studies that have evaluated 
the efficacy of SB2.20,21 A  randomized double blinded phase 3 
transition study by Smolen et  al demonstrated that the safety, 
immunogenicity, and efficacy profiles remained similar in pa-
tients who switched from originator IFX to SB2 vs patients who 
continued the IFX originator.20 A study by Fiorino et al in IBD 
patients showed that switching to SB2 has the same immunoge-
nicity.22 But the data on safety and efficacy on switching from 
originator IFX to SB2 in patients with IBD are not enough.

TABLE 2.  Adjusted Association Between Treatment Course and Drug Discontinuation Rate and/or Lack of Remission 
at 1 Year

Variable (Reference) Adjusted OR (95% CI) P

Treatment course (single switch) Double switch 1.33 (0.74, 2.41) 0.3432
Gender (male) Female 0.54 (0.18, 1.62)  
Race (Caucasian) African American 3.45 (1.48, 8.07) 0.0133

Others 0.44 (0.09, 2.06)
Unknown 3.43 (0.45, 26.23)

Disease duration (per year)  0.97 (0.94, 1.00) 0.0469

TABLE 3.  Reasons That the Patients Were Not in Remission and/or Stopped the Drug

Primary Outcome Reason

Single Switch Double Switch Total

N % N % N %

Discontinued SB2 within 1 year 13 12.9 30 17.6 43 15.9
  Loss of response 9 8.9 15 8.8 24 8.9
  Hypersensitivity reaction 2 2.0 6 3.5 8 3.0
  Refused treatment 0 0.0 3 1.8 3 1.1
  Secondary to infection 0 0.0 2 1.2 2 0.7
  Secondary to malignancy 1 1.0 3 1.8 4 1.5
  Other 1 1.0 1 0.6 2 0.7
Continued SB2, not in remission after 1 year 12 11.9 16 9.4 28 10.3
  Required dosage increase 8 7.9 9 5.3 17 6.3
  Steroids utilization 3 3.0 4 2.4 7 2.6
  Hospitalized for IBD 1 1.0 3 1.8 4 1.5
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observed in regard to efficacy or safety on evaluating the single 
switch from IFX to SB2 vs double switch to SB2 (IFX to 
CP-T13 to SB2). A total of  52 (19.2%) patients from our co-
hort who had switched to SB2 (single or double switch) did not 
achieve remission at 1 year and a total of  14 (5.1%) patients 
had to discontinue their SB2 due to adverse events.

Biosimilars are the alternate to reference agents because of 
their potential cost-saving option.11 Previous randomized con-
trolled trial and observational studies found that nonmedical 
switching from IFX to CT-P13 biosimilar in stable IBD patients 
is safe with no concerns regarding safety, efficacy, or immunoge-
nicity.16,17 However, none of the studies evaluated the efficacy of 
switching to SB2 in stable IBD patients. In the rheumatoid ar-
thritis population, there have been 2 studies that have evaluated 
the efficacy of SB2.20,21 A  randomized double blinded phase 3 
transition study by Smolen et  al demonstrated that the safety, 
immunogenicity, and efficacy profiles remained similar in pa-
tients who switched from originator IFX to SB2 vs patients who 
continued the IFX originator.20 A study by Fiorino et al in IBD 
patients showed that switching to SB2 has the same immunoge-
nicity.22 But the data on safety and efficacy on switching from 
originator IFX to SB2 in patients with IBD are not enough.

In our study, we found that switch to SB2 (either single 
or double switch) was not efficacious in 71 (26%) of patients. 
Of those 71 patients, 19.2% did not achieve remission, 5.2% 
discontinued SB2 due to adverse events (such as hypersensitive 
reaction, infectious or malignant complications), and 2% pa-
tients either refused to continue SB2 or discontinued SB2 for 
other reasons. This result was similar to the data from previous 
studies evaluating CT-P13 switch. Loss of response was seen 
in 13.2%, 12.4%, and 15.7% at 1 year when patients with IBD 
switched from IFX to CT-P13 biosimilar.23–25 Also, 15 patients 
ie, 4.8% of the total IBD patients had to discontinue CT-P13 
because of adverse effects.23

Due to a continuing trend in the invention of newer 
biosimilars since 2015 and the increasing utilization of these 
agents, the evaluation regarding the efficacy and safety of a 
double switch (from originator IFX to a biosimilar and then to 
another biosimilar) compared to a single switch is important. 
Currently, to the best of our knowledge, there have been very 
few studies which have evaluated the efficacy of a double switch 
as compared to a single switch among different biosimilars in 
the IBD population subgroup. A study by Mazza et al showed 
that the double switch strategy was noninferior to the single 
switch strategy in the IBD population subgroup. However, this 
study comprised of only 52 IBD patients.26 There have been 
a few studies in the past examining the effects of double and/
or cross switches in various inflammatory and skin diseases. 
Although these studies concluded that double/cross switching 
does not change the efficacy or immunogenicity, none of this 
study was done in the IBD population subgroup which makes 
our study the first of its kind.27,28 Our study demonstrated that 
in the IBD population subgroup, a double switch has the same 
efficacy when compared to single switch, after accounting for all 
confounding factors. Also, there was no difference in the safety 
of double switch when compared to a single switch. The other 
factors that impacted efficacy were disease duration and race. As 
expected, patients with longer disease duration were more like to 
continue the biosimilar and remain in remission. Surprisingly, 
African American race was associated with a higher failure rate; 
a finding which needs further evaluation. African American 
patients with CD have a higher frequency of perianal involve-
ment along with a higher proportion of penetrating and a lower 
proportion of nonpenetrating, nonstricturing disease.29 Genetic 
factors may also play a role as risk variants at ZNF649 and 
LSAMP were specific to those of African ancestry.30

The strengths of our study include a large retrospective 
cohort from the nationwide VAHS serving a geographically di-
verse population of more than 9 million veterans every year.18 
Furthermore, all the prescriptions filled inside the VAHS are 
recorded in the VA pharmacy records, which means that if  a 
patient switched various VA stations during his/her follow-up, 
the prescriptions were still recorded in the central VA pharmacy 
records, leading to accurate capturing of the prescriptions 
for the biosimilars, IFX medications, and IBD medications. 

Furthermore, the accuracy regarding the receipt of prescrip-
tions and the diagnosis of IBD was confirmed by a manual 
chart review of individual patient records minimizing the prob-
ability of misclassification to almost zero. However, our study 
is not without its limitations. Firstly, the data on potential 
confounders may be lacking due to the inherent retrospective 
nature of our study. Also, the prescriptions filled outside the 
VA may be missed by us, however the probability of this hap-
pening is very minimal as previous studies have shown that the 
veterans have a very good adherence to the VA pharmacy.31–34

CONCLUSIONS
This nationwide retrospective cohort study, which to the 

best of our knowledge, is the first study evaluating the efficacy 
of a double switch from IFX to 2 subsequent biosimilars in 
the IBD population subgroup demonstrated equal efficacy of 
a double switch as compared to a single switch. This study will 
potentially aid in reassuring the gastroenterologists who have 
concerns regarding the safety and efficacy of switching between 
multiple biosimilars for treating IBD owing to the lack of data 
on the subject.

DATA AVAILABILITY
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