
Vol.:(0123456789)

BioDrugs (2020) 34:395–404 
https://doi.org/10.1007/s40259-020-00409-y

ORIGINAL RESEARCH ARTICLE

Effectiveness of Switching from Reference Product Infliximab 
to Infliximab‑Dyyb in Patients with Inflammatory Bowel Disease 
in an Integrated Healthcare System in the United States: 
A Retrospective, Propensity Score‑Matched, Non‑Inferiority Cohort 
Study

Stephanie L. Ho1 · Fang Niu2 · Suresh Pola3 · Fernando S. Velayos4 · Xian Ning1 · Rita L. Hui5 

Published online: 26 February 2020 
© © The Author(s) 2020, corrected publication 2020

Abstract
Purpose The aim was to compare outcomes in adult patients with inflammatory bowel disease (IBD) who switched to 
infliximab-dyyb with those who remained on reference product (RP) infliximab in the United States (US) in a retrospective, 
propensity score-matched, non-inferiority cohort trial.
Methods This study was a retrospective, non-inferiority study conducted within a US integrated healthcare system and 
included adult patients with a confirmed diagnosis of Crohn’s disease or ulcerative colitis. A 1:1 propensity score matching 
was utilized to match patients who switched to infliximab-dyyb during the period April 2016–March 2018 to patients who 
remained on RP infliximab. The non-inferiority margin was set at + 10% of the upper limit. The primary outcome was a com-
posite measure of disease worsening requiring acute care after the index date of switching to infliximab-dyyb or continuing 
RP infliximab. Disease worsening requiring acute care was defined as any IBD-related emergency room visit, hospitalization, 
or surgery. The secondary outcome was the composite measure of disease worsening requiring acute care or treatment failure. 
A switch to another biologic or tofacitinib was a proxy for treatment failure. All patients were followed for up to 9 months.
Results After propensity score matching, the matched cohort included 1409 patients in the infliximab-dyyb group and 1409 
patients in the RP infliximab group. The overall mean age (± standard deviation) was 47.7 ± 17.0 years, 50.9% of patients 
were of male gender, and 51.8% of patients had Crohn’s disease, while the remainder of the cohort had ulcerative colitis. 
There were 144 patients (10.2%) in the infliximab-dyyb group and 245 patients (17.4%) in the RP infliximab group who 
experienced disease worsening requiring acute care (P < 0.01 for non-inferiority). There were 347 patients (24.6%) in the 
infliximab-dyyb group who experienced disease worsening requiring acute care or treatment failure compared to 375 patients 
(26.6%) who remained on RP infliximab (P < 0.01 for non-inferiority).
Conclusion There was no increased risk of (1) disease worsening requiring acute care or (2) disease worsening requiring 
acute care or treatment failure in patients with IBD who switched from RP infliximab to infliximab-dyyb when compared 
to patients who remained on RP infliximab in this US population. Infliximab-dyyb is an option for patients with IBD who 
need to use RP infliximab.
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Key Points 

The indication for use of infliximab-dyyb in inflam-
matory bowel disease (IBD) was approved based on 
extrapolation of data from reference product (RP) inflixi-
mab by the US Food and Drug Administration.

This study evaluated the outcomes of patients with IBD 
who switched from RP infliximab to the biosimilar, 
infliximab-dyyb.

Comparing patients in the infliximab-dyyb group to a 
matched group of patients with IBD who remained on 
RP infliximab, the study demonstrated that infliximab-
dyyb was non-inferior to RP infliximab in a real-world 
setting in the United States.

The biosimilar infliximab-dyyb is another treatment 
option for patients with IBD as it has similar effective-
ness to RP infliximab.

1 Introduction

It was estimated that 1.3%, or 3 million, of Americans were 
suffering from inflammatory bowel disease (IBD) in 2015 
[1]. The incidence of Crohn’s disease (CD) and ulcera-
tive colitis (UC) in North America was 3.1–20.2 cases 
per 200,000 person-years and 2.2–19.2 cases per 100,000 
person-years, respectively, and was believed to be higher 
than in other countries [2]. Most patients have disease onset 
around the age of 30–40 years and require medication for 
long-term management in order to achieve and maintain 
remission [1, 3]. Patients with IBD may experience relapses 
and accrue high healthcare costs due to frequent hospitaliza-
tions and surgeries. A recent study reported an additional 
mean annual medical expenditure of US$23,000 per patient 
diagnosed with IBD between 2007 and 2016 [4], and there 
was a trend of increasing annual costs of care between 2014 
and 2019 [5]. Mild to moderate disease is typically managed 
by aminosalicylates [3, 6]. It was estimated that 1–2% of 
UC patients have severe disease, while 11% of CD patients 
have chronically active disease [7]. These severe patients 
are typically managed by costly agents, such as anti-tumor 
necrosis factor agents like infliximab [3, 6]. Infliximab refer-
ence product (RP) (Remicade™, Janssen Biotech, Horsham, 
PA, USA) [8] was approved in 1999 for use in CD and was 
later approved for UC based on efficacy demonstrated in 
pivotal trials [9, 10]. Infliximab has been recommended by 
the American College of Gastroenterology for use in severe 

IBD to induce remission [11, 12]. A reduction in hospitali-
zations and surgical interventions has been demonstrated in 
patients with IBD who were treated with infliximab [13]. 
Since infliximab is a long-term maintenance therapy for 
these patients, it is often a cost burden for these patients. The 
recently approved biosimilar infliximab-dyyb  (Inflectra®, 
Pfizer, NY, NY) [14] in the United States (US) is a less 
costly alternative to RP infliximab and may help alleviate 
some of this burden for patients with IBD.

Biosimilars have been used for over a decade in Europe; 
the first biosimilar approved by the European Medicines 
Agency (EMA) was somatropin  (Omnitrope®, Sandoz 
GmbH, Austria) in 2006 [15]. However, the first biosimi-
lar, filgrastim-sndz  (Zarxio®, Sandoz, Princeton, NJ, USA), 
was not approved by the US Food and Drug Administration 
(FDA) until 2015 [16]. Biological products (or biologics), 
such as RP infliximab, are a growing class of therapeutic 
agents for various disease states. According to the FDA, bio-
similars are highly similar to and have no clinically mean-
ingful differences from the existing FDA-approved RPs [17]. 
Consequently, biosimilars have the potential to increase 
patient access to these therapeutic options at reduced costs 
as a result of competition.

Infliximab-dyyb, a monoclonal antibody biosimilar, 
received approval from the EMA in 2013 [15] and from 
the FDA in 2016 [16]. Its label carried all adult indica-
tions of the RP infliximab. The indication of use in IBD 
was approved via extrapolation, which implied infliximab-
dyyb was approved for an indication of the RP infliximab 
even if it was not directly studied for that indication. The 
FDA states that extrapolation is based on all available data 
from analytical, animal, and clinical pharmacology studies, 
previous findings of safety and efficacy for other approved 
indications, and scientific justification [18]. The absence 
of regulatory trial data for infliximab-dyyb use in IBD has 
created concerns regarding safety and efficacy amongst gas-
troenterologists and patients in the US [19]. More specifi-
cally, there has been more hesitance surrounding switching 
patients who were stable on RP infliximab to infliximab-
dyyb, as opposed to initiating patients on infliximab-dyyb 
for IBD. Two prospective randomized controlled non-inferi-
ority studies on switching RP infliximab to infliximab-dyyb 
have been published. In the NOR-SWITCH study, patients 
who switched from RP infliximab to infliximab-dyyb were 
compared to those who remained on RP infliximab in study 
centers in Norway. The study enrolled 482 patients with CD, 
UC, rheumatoid arthritis, psoriatic arthritis, and chronic 
plaque psoriasis. The authors concluded switching to inf-
liximab-dyyb was non-inferior to patients who remained on 
RP infliximab [20]. The second trial, by Ye et al., reported 
interim results (at 30 weeks) of a study which enrolled 220 
patients with CD from 16 countries who were randomly 
assigned to initiate either RP infliximab or infliximab-dyyb 
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[21]. The study demonstrated that the two therapies were 
non-inferior to each other at week 6, 14, and 30 on clinical 
efficacy and safety. Half of the patients in each arm would 
have the therapy switched at week 30, but the results have 
not been presented yet. Recently, more studies have been 
published regarding the experience of patients with IBD who 
switched to infliximab-dyyb from RP infliximab [22–34]. 
These included one meta-analysis [22], many single group 
observational studies [23–32], and two studies with com-
parison groups [33, 34]. The length of follow-up ranged 
from 4 months [23] to 5 years [24]. Patients with IBD were 
recruited from Europe [25–34] and Asia [23, 24]. All except 
one study [34] have demonstrated no differences or non-
inferiority in effectiveness and safety between RP infliximab 
and infliximab-dyyb.

Due to the lack of US-based data and a lack of inde-
pendent comparison groups in most of the published studies 
[23–32], the aim of the current study was to compare the 
real-world effectiveness of switching from RP infliximab 
to infliximab-dyyb versus remaining on RP infliximab in 
patients with IBD within a US integrated healthcare system 
using a non-inferiority propensity score-matched cohort 
design.

2  Methods

2.1  Study Design

This was a retrospective, non-inferiority cohort study 
conducted within Kaiser Permanente Northern California 
(KPNC) and Southern California (KPSC) regions. Kaiser 
Permanente is a national integrated healthcare system that 
serves over 12 million members in the US; among them, 9 
million members are in the KPNC and KPSC regions in Cal-
ifornia. Members receive hospital, ambulatory, pharmacy, 
and ancillary care services within the same network, and 
data are captured for all services in an electronic medical 
record system. This study was approved by the KPNC and 
KPSC institutional review boards, and a waiver of informed 
consent was received.

2.2  Study Population

Electronic databases were used to identify eligible patients 
who received RP infliximab or infliximab-dyyb during the 
period January 1, 2013 through March 31, 2018, the cohort 
identification period. The index date was defined as the first 
date of infliximab-dyyb infusion for patients who switched 
from RP infliximab to infliximab-dyyb during the time 
period, while the index date for the RP infliximab group 
was a randomly selected infusion date during the cohort 
identification period. Patients were included if they were 

age 18 years or older, had a diagnosis of either CD or UC 
within 6 months prior to the index date, and had received RP 
infliximab for at least 3 months. IBD diagnosis was identi-
fied based on the International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM 555.x 
and 556.x) or the International Classification of Diseases, 
Tenth Revision, Clinical Modification (ICD-10-CM K50.x 
and K51.x).

Each patient who switched from RP infliximab to inflix-
imab-dyyb was matched to a unique patient who remained 
on RP infliximab using propensity score at a 1:1 ratio. Pro-
pensity score matching [35] was used to minimize the dif-
ference of each confounding variable between patients who 
switched to infliximab-dyyb and patients who remained on 
RP infliximab, by using a nearest-neighbor matching method 
without replacement. The score was calculated using the fol-
lowing variables: age within 2 years of index date, gender, 
white race, type of IBD (UC or CD), IBD-related surgery 
within 2 years of index date, Charlson Comorbidity Index 
(CCI) calculated using data from 12 months prior to index 
date, dose of RP infliximab or infliximab-dyyb on the index 
date, and use of IBD medications including immunomodula-
tors, non-infliximab biologics, or tofacitinib within 6 months 
prior to the index date. IBD-related surgeries that were 
evaluated included colectomy, colostomy, hemicolectomy, 
ileostomy, ileocolectomy, and proctocolectomy. Immu-
nomodulators included azathioprine, basiliximab, cyclo-
sporine, hydroxychloroquine, mercaptopurine, methotrexate, 
mycophenolate, sirolimus, and tacrolimus. Non-infliximab 
biologics included abatacept, adalimumab, belatacept, beli-
mumab, certolizumab, etanercept, glatiramer, golimumab, 
natalizumab, tocilizumab, ocrelizumab, ustekinumab, and 
vedolizumab. Patients without continuous enrollment and 
drug benefit for at least 6 months immediately before the 
index date were excluded. Patients were followed until a 
switch in RP infliximab or infliximab-dyyb therapy, end of 
membership, death, or up to 9 months, whichever occurred 
first. A follow-up period of 9 months was selected because 
the data collection concluded on December 31, 2018. Other 
covariables were collected on the cohort, including length 
of IBD history, length and frequency of RP infliximab usage 
prior to the index date, history of tobacco use, and recent or 
concomitant usage of aminosalicylates and systemic steroid, 
defined as in excess of 1800 mg prednisone dose equivalents 
within 6 months prior to the index date (more than 10 mg 
prednisone dose equivalents per day for 6 months).

2.3  Outcome Measures and Definitions

The primary outcome was a composite endpoint of disease 
worsening requiring acute care during study follow-up and 
was defined as IBD-related emergency room visits, hos-
pitalizations, or surgeries. The secondary outcome was a 
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composite endpoint of disease worsening requiring acute 
care or treatment failure. Treatment failure was defined as 
a patient switching to tofacitinib or other biologics, which 
included abatacept, adalimumab, belatacept, belimumab, 
certolizumab, etanercept, glatiramer, golimumab, natali-
zumab, tocilizumab, ocrelizumab, ustekinumab, vedoli-
zumab, and RP infliximab (study group only).

2.4  Statistical Analysis

Based on results from the NOR-SWITCH study [20], we 
assumed 36% of patients with CD and 12% of patients 
with UC would experience disease worsening; 485 patients 
with CD and 222 patients with UC in each group would be 
required to detect a 10% non-inferiority upper limit mar-
gin. While the NOR-SWITCH study used a 15% margin, we 
chose a smaller non-inferiority upper limit margin at 10% 
because of the retrospective nature of the study. To compare 
baseline characteristics, Chi-square tests were used for cat-
egorical variables and t tests were used for continuous vari-
ables. If non-inferiority in either the primary or secondary 
outcome between the two groups was met, two-tailed testing 
using Chi-square tests would be used. Conditional logistic 
regression was performed to estimate the adjusted odds ratio 
(OR) for both primary and secondary outcomes compar-
ing patients who switched to infliximab-dyyb and patients 
who remained on RP infliximab. The regression adjusted 
for age, gender, white race, CCI, tobacco use, Kaiser Per-
manente region (KPNC vs. KPSC), type of IBD, length of 
IBD history, RP infliximab or infliximab-dyyb dose on index 
date, number of RP infliximab infusions within the prior 
3 months, disease worsening requiring acute care within the 

prior 6 months, and use of aminosalicylates, immunomodu-
lators, biological products, and systemic steroids (exclud-
ing oral budesonide) in excess of 1800 mg prednisone dose 
equivalents within the prior 6 months, which was a proxy 
for a patient requiring prednisone as maintenance therapy.

In addition, subgroup analysis was repeated for all 
the outcomes against the matched patients who were 
not exposed to systemic steroids, defined as in excess of 
1800 mg prednisone dose equivalents within 6 months prior 
to index date. The analysis was performed because patients 
exposed to steroids were more likely to be in the RP inflixi-
mab group, and we were unable to balance the difference 
by propensity score matching. All statistical analyses were 
performed using SAS statistical software version 9.4 (SAS 
Institute, Cary, NC). A significance level of 0.05 was used 
for all analyses.

3  Results

3.1  Patients

After applying eligibility criteria, 4188 patients were identi-
fied for the study cohort (Fig. 1). Among them, there were 
1409 patients who switched to infliximab-dyyb and 2779 
patients in the RP infliximab group. The patients in the 
infliximab-dyyb group were older (mean age ± standard 
deviation, 47.8 ± 16.9 vs. 42.6 ± 16.9 years old, P < 0.01), 
had a higher proportion of male patients (52% vs. 48%, 
P = 0.04), a lower rate of recent or concomitant use of immu-
nomodulators (29% vs. 32%, P = 0.01), and more patients on 
a higher dose of infliximab-dyyb on index date (P < 0.01) 

Fig. 1  Cohort flow diagram. RP 
reference product Eligible pa�ents 

n=4,332

Study cohort
n=4,188

infliximab-dyyb before propensity score matching
n=1,409

infliximab-dyyb a�er propensity score 
matching (1:1)

n=1,409

RP infliximab before propensity score matching
n=2,779

RP infliximab a�er propensity score 
matching (1:1)

n=1,409

Excluded pa�ents without con�nuous enrollment of 
benefits for at least 6 months before index date 

n=144
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when compared to the RP infliximab group. The baseline 
characteristics of the pre-matched cohort are summarized 
in Table 1.

After propensity score matching, the matched cohort 
included 1409 patients in the study group and 1409 patients 
in the control group. There were no differences between 
the two groups in the matched variables, which included 
age, gender, race, CCI, type of IBD, recent IBD-related 
surgeries, recent or concomitant IBD maintenance medica-
tions, and dose of infliximab on index date (Table 1). The 
overall mean age for the final study cohort (n = 2818) was 
47.7 ± 17.0 years, and 50.9% of patients were male. In terms 
of the type of IBD, 51.8% of patients had CD, while the 
remainder of the cohort had UC. The patients were generally 
healthy, with an overall median (interquartile range) CCI of 
0 (0–1), with 2.2% who had prior IBD-related surgery. How-
ever, there were differences in baseline characteristics for 
variables that could not be matched (Table 1). Patients in the 
infliximab-dyyb group had been using RP infliximab longer 

(3.3 ± 2.4 vs. 2.2 ± 2.0 years, P < 0.01) and had a longer his-
tory of IBD disease (8.1 ± 5.8 vs. 7.0 ± 5.6 years, P < 0.01). 
A greater proportion of patients in the RP infliximab group 
had a history of tobacco use (39% vs. 34%, RP infliximab vs. 
infliximab-dyyb, P = 0.01), previous use of steroids as main-
tenance therapy (14% vs. 4%, P < 0.01), and previous use of 
aminosalicylates (25% vs. 21%, P < 0.02). Approximately 
93% of the patients were followed for the entire 9-month 
follow-up period.

3.2  Primary Outcome

There were 144 patients (10.2%) in the infliximab-dyyb 
group who experienced disease worsening requiring acute 
care compared to 245 patients (17.4%) in the RP infliximab 
group (P < 0.01 for non-inferiority). Non-inferiority was 
met, as the difference in the proportion of patients with the 
composite endpoint for disease worsening requiring acute 
care (defined as patients who experienced IBD-related 

Table 1  Comparison of baseline characteristics for patients with inflammatory bowel disease (IBD) in the infliximab-dyyb group versus refer-
ence product (RP) infliximab group before propensity score matching (PSM) and after PSM

Values are n (%) unless otherwise stated
Immunomodulators included azathioprine, basiliximab, cyclosporine, hydroxychloroquine, mercaptopurine, methotrexate, mycophenolate, siroli-
mus, and tacrolimus
Non-infliximab biologics included abatacept, adalimumab, belatacept, belimumab, certolizumab, etanercept, glatiramer, golimumab, natali-
zumab, tocilizumab, ocrelizumab, ustekinumab, and vedolizumab
CCI Charlson Comorbidity Index, IQR interquartile range, SD standard deviation
a Use of steroids = a cumulative of > 1800 mg prednisone dose equivalents of systemic steroid within 6 months prior to index date

Baseline characteristic Infliximab-
dyyb (n = 1409)

Before PSM After PSM

RP infliximab 
(n = 2779)

P value RP infliximab 
(n = 1409)

P value

Matched variables Age, mean ± SD 47.8 ± 16.9 42.6 ± 16.9 < 0.01 47.5 ± 17.1 0.61
Male 727 (52) 1340 (48) 0.04 708 (50) 0.47
White race 940 (67) 1886 (68) 0.15 986 (70) 0.06
CCI, median (IQR) 0 (0.1) 0 (0.1) < 0.01 0 (0.1) 0.55
Crohn’s disease 728 (52) 1528 (55) 0.04 731 (52) 0.91
Ulcerative colitis 681 (48) 1251 (45) 678 (48)
Recent IBD-related surgery 35 (2.5) 56 (2.0) 0.33 28 (2.0) 0.37
Recent/concomitant IBD medication
 Immunomodulator 403 (29) 899 (32) 0.01 400 (28) 0.90
 Non-infliximab biologic or tofacitinib 18 (1) 133 (5) < 0.01 27 (2) 0.18

Dose at index date
 < 300 mg 29 (2) 113 (4) < 0.01 35 (2) 0.70
 300–500 mg 998 (71) 2059 (74) 1002 (71)
 > 500 mg 382 (27) 607 (22) 372 (26)

Unmatched variables Length of IBD history (years), mean ± SD 8.1 ± 5.8 5.7 ± 5.4 < 0.01 7.0 ± 5.6 < 0.01
Infliximab use (years), mean ± SD 3.3 ± 2.4 1.6 ± 1.9 < 0.01 2.2 ± 2.0 < 0.01
Currently or past history of smoking 481 (34) 988 (36) 0.36 544 (39) 0.01
Use of  steroida 60 (4) 916 (33) < 0.01 197 (14) < 0.01
Recent/concomitant use of aminosalicylates 299 (21) 1069 (38) < 0.01 359 (25) < 0.02
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hospitalizations, emergency room visits, or surgery) was 
− 7.2%, which fell within the prespecified non-inferiority 
margin of + 10%. In the two-tailed analysis, there was a 
significantly lower proportion of patients who switched to 
infliximab-dyyb that experienced disease worsening requir-
ing acute care compared to patients who remained on RP 
infliximab (P < 0.01) (Table 2). We further broke down 
the composite endpoints into each individual event. A sig-
nificantly lower proportion of patients who switched to 
infliximab-dyyb experienced IBD-related hospitalizations 
(1.4% vs. 3.4%, P < 0.01), emergency room visits (10.0% 
vs. 15.7%, P < 0.01), and surgeries (0.9% vs. 4.0%, P < 0.01) 
when compared to the RP infliximab group.

In the conditional logistic regression comparing 
patients who switched to infliximab-dyyb with patients 

who remained on RP infliximab, patients in the inflixi-
mab-dyyb group were 50% less likely to experience dis-
ease worsening requiring acute care (OR = 0.50; 95% CI 
0.36–0.68, P < 0.01) (Table 3). Significant positive predic-
tors of disease worsening requiring acute care in the study 
cohort included higher CCI (OR = 1.46; 95% CI 1.14–1.85, 
P < 0.01), use of acute care within 6 months before index 
date (OR = 2.28; 95% CI 1.40–3.72, P < 0.01), and steroid 
use in excess of 1800 mg of prednisone dose equivalents 
within 6 months prior to index date (OR = 3.29; 95% CI 
1.43–7.57, P < 0.01). There was no difference in disease 
worsening rate between UC and CD (OR = 0.93; 95% CI 
0.63–1.36, P = 0.70).

Table 2  Unadjusted outcomes: composite endpoint of disease worsening requiring acute care and composite endpoint of disease worsening or 
treatment failure

IBD inflammatory bowel disease, RP reference product
a Composite endpoint of IBD worsening requiring acute care was defined as patients who experienced IBD-related hospitalization, emergency 
room visit, or surgery
b Composite endpoint of IBD worsening requiring acute care or treatment failure was defined as patients who experienced IBD-related hospitali-
zation, emergency room visit, surgery, or switching IBD therapy

Infliximab-dyyb 
(n = 1409)

RP infliximab 
(n = 1409)

Non-inferiority 
test P value

Superiority 
test P value

Composite endpoint of IBD worsening requiring acute  carea, n (%) 144 (10.2) 245 (17.4) < 0.01 < 0.01
 Hospitalization 20 (1.4) 48 (3.4) < 0.01 < 0.01
 Emergency room visit 141 (10.0) 221 (15.7) < 0.01 < 0.01
 Surgery 12 (0.9) 57 (4.0) < 0.01 < 0.01

Composite endpoint of IBD worsening requiring acute care or treat-
ment  failureb, n (%)

347 (24.6) 375 (26.6) < 0.01 0.23

 Switching therapy 221 (15.7) 163 (11.6) < 0.01 < 0.01

Table 3  Adjusted odds ratio of composite endpoint of disease worsening requiring acute care (primary outcome) and composite endpoint of dis-
ease worsening or treatment failure (secondary outcome) using conditional logistic regression

Additional covariables in the conditional logistic regression included age, sex, race, smoking status, Kaiser Permanente region (KPNC vs. 
KPSC), length of IBD history, infliximab dose on index date, number of RP infliximab infusions within the prior 3 months, and use of aminosal-
icylates, immunomodulators, or biological products within prior 6 months
CCI Charlson Comorbidity Index, CI confidence interval, IBD inflammatory bowel disease, KPNC Kaiser Permanente Northern California, 
KPSC Kaiser Permanente Southern California, RP reference product
a Use of steroids = a cumulative of > 1800 mg prednisone dose equivalents of systemic steroid within 6 months prior to index date

Composite endpoint of disease worsening requir-
ing acute care (primary outcome)

Composite endpoint of disease worsen-
ing requiring acute care or treatment 
failure (secondary outcome)

Odds ratio, 95% CI P value Odds ratio, 95% CI P value

Infliximab-dyyb vs. RP infliximab 0.50 (0.36–0.68) < 0.01 0.95 (0.77–1.17) 0.63
CCI (reference = 0) 1.46 (1.14–1.85) < 0.01 1.11 (0.95–1.30) 0.19
Use of IBD-related acute care within prior 

6 months
2.28 (1.40–3.72) < 0.01 1.93 (1.33–2.78) < 0.01

Use of steroid within prior 6 monthsa 3.29 (1.43–7.57) < 0.01 2.22 (1.28–3.84) < 0.01
Ulcerative colitis (vs. Crohn’s disease) 0.93 (0.63–1.36) 0.70 0.94 (0.71–1.24) 0.64
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3.3  Secondary Outcome

There were 347 patients (24.6%) in the infliximab-dyyb 
group who experienced disease worsening requiring acute 
care or treatment failure compared to 375 patients (26.6%) 
who remained on RP infliximab (Table 2). In the non-infe-
riority analysis, the difference in the proportion of patients 
who achieved the primary outcome was − 2.0%, which 
was within the prespecified + 10% non-inferiority margin 
(P < 0.01). In addition, a two-tailed analysis was performed 
which showed no statistical differences between the two 
groups (P = 0.23). Although more patients in the infliximab-
dyyb group switched therapy to another biologic compared 
to the RP infliximab group (15.7% vs. 11.6%, P < 0.01), 77% 
of patients who switched to another biologic in the inflix-
imab-dyyb group switched back to RP infliximab, while 
100% of patients who switched to another biologic in the 
RP infliximab group switched to another non-infliximab 
biologic.

In the conditional logistic regression comparing patients 
who switched to infliximab-dyyb with patients who 
remained on RP infliximab, there were no differences in 
the odds of patients reaching the composite endpoint of 
disease worsening requiring acute care or treatment failure 
(OR = 0.95; 95% CI 0.77–1.17 P = 0.63) (Table 3). Signifi-
cant positive predictors of the secondary outcome in the 
study cohort included use of acute care within 6 months 
before index date (OR = 1.93; 95% CI 1.33–2.78, P < 0.01) 
and steroid use in excess of 1800 mg of prednisone dose 
equivalents within 6 months prior to index date (OR = 2.22; 
95% CI 1.28–3.84, P < 0.01).

3.4  Subgroup Analysis in Patients without Prior 
Chronic Steroid Use

There were 1192 matched pairs of patients (n = 2384) who 
had no chronic steroid use in the 6 months prior to the index 
date. For the primary outcome, 174 patients (14.6%) who 
received RP infliximab compared to 114 patients (9.6%) who 
switched to infliximab-dyyb experienced disease worsen-
ing requiring acute care (P < 0.01 for non-inferiority). A 
significantly lower proportion of patients who switched 
to infliximab-dyyb experienced emergency room visits 
(9.3% vs. 13.2%, P < 0.01) and IBD-related surgery (0.8% 
vs. 2.2%, P < 0.01) when compared to the RP infliximab 
group. There were no differences in hospitalizations (1.2% 
vs. 2.0%, P = 0.10) between the two groups. For the sec-
ondary outcome, 279 patients (23.4%) in the RP infliximab 
group compared to 283 patients (23.7%) who switched to 
infliximab-dyyb experienced disease worsening requiring 
acute care or treatment failure (P < 0.01 for non-inferiority). 
There was a greater proportion of patients who switched to 

another biologic (15.4% vs. 10.7%, P < 0.01) compared to 
patients who remained on RP infliximab.

4  Discussion

In this retrospective, non-inferiority cohort study, we evalu-
ated the effectiveness of switching from RP infliximab to 
infliximab-dyyb in patients with IBD. Non-inferiority for 
both the primary and secondary outcomes was demon-
strated; patients who switched to infliximab-dyyb had no 
increased risk of either (1) disease worsening requiring 
acute care or (2) disease worsening requiring acute care or 
treatment failure, when compared to patients who remained 
on RP infliximab. To our knowledge, this is the first study 
that reflects real-world practice in an integrated healthcare 
system within the US. Furthermore, our study is the largest 
study to date in the US regarding switching from RP inflixi-
mab to infliximab-dyyb in patients with IBD. The study was 
also conducted in an integrated health plan, which allowed 
for the opportunity to provide all healthcare services under 
one umbrella and a continuity of available data. The abil-
ity to use electronic data and propensity score matching to 
balance confounders and identify a comparison group in 
demonstrating non-inferiority was a strength of our study. 
Our study provided support with regards to the FDA’s uti-
lization of extrapolation to approve infliximab-dyyb for use 
in IBD. Our results were consistent with findings from pre-
vious studies in other countries, [20–33] which found no 
differences or non-inferiority between RP infliximab and 
infliximab-dyyb in various endpoints including the use of 
subjective measurement scales or electronic data. There 
was only one published study [34] which found unfavorable 
results in infliximab-dyyb. However, in this cohort study that 
compared patients who switched from RP infliximab to inf-
liximab-dyyb versus those who remained on RP infliximab, 
the patients were not matched and had baseline differences.

There were some key limitations of the study. First, due 
to the retrospective study design, there was a potential for 
selection bias. It was generally believed that patients who 
were selected to switch to infliximab-dyyb were more stable 
and had less risk of relapse. We utilized propensity score 
matching to control for some of these confounding variables, 
such as age, gender, race, disease burden, type of IBD, con-
comitant or recent IBD medication, and dose of infliximab 
on index date. For variables that we could not match, such 
as use of systemic steroid within the prior 6 months, we per-
formed a subgroup analysis, which showed the same result 
as the main cohort. In addition, the patients who switched 
to infliximab-dyyb had a significantly longer history of the 
disease and prior use of RP infliximab. This might be an 
indicator that they were more stable patients. However, 
unlike diabetes, the length of disease is not indicative of 
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severity of the disease. Moreover, since our study utilized 
electronic data and did not have patient-reported outcomes, 
it might underestimate the rate of disease worsening in situ-
ations where symptoms were not severe enough to require 
acute care. Although various events and outcomes were used 
to define disease worsening using electronic data, we did 
not perform chart reviews in this study to validate disease 
worsening. However, given that our findings were similar to 
the majority of reported studies that utilized patient-reported 
outcomes [20–33], the ability to use electronic data allowed 
us to capture data on a much larger cohort of patients in 
a timely manner. In our healthcare system, the decision 
to switch from RP infliximab to infliximab-dyyb required 
physician approval and patient agreement, but other patient-
specific factors were also considered. In some cases, phar-
macists followed up with patients and assisted in monitoring 
to help guide the switching process. With closer follow-up 
in the infliximab-dyyb group, this might potentially result 
in higher rates of remission in the infliximab-dyyb group.

We defined treatment failure as switching to another 
biologic because chart review was not done to confirm if 
patients were not responding to or failing the therapy. We 
observed that 77% of patients who switched therapy in the 
infliximab-dyyb group were switched to RP infliximab. 
Since the reason for switchback may not be an indicator 
for disease worsening but rather a patient preference, the 
switch from infliximab-dyyb to RP infliximab might be a 
nocebo effect [36, 37], which could have inflated the treat-
ment failure rate in the infliximab-dyyb group. Lastly, the 
follow-up period of the study was only 9 months, and it 
might not be long enough to evaluate disease worsening or 
the full effect from the therapies. Longer follow-up would 
be needed for future studies.

5  Conclusion

This study examined the effectiveness of switching from RP 
infliximab to infliximab-dyyb in patients with IBD. When 
defining disease worsening as any IBD-related emergency 
room visit, hospitalization, or surgery, we found that there 
was no increased risk for patients who switched to inflixi-
mab-dyyb compared to patients who remained on RP inflixi-
mab. This was the largest study reported to date in the US 
population regarding switching patients with IBD from RP 
infliximab to infliximab-dyyb, and it demonstrated that inf-
liximab-dyyb could be another option in patients with IBD.
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