Received: 18 February 2019

First decision: 20 March 2019

Accepted: 6 May 2019

DOI: 10.1111/apt.15323

APLT Alimentary Pharmacology & Therapeutics WILEY

The effectiveness and safety of infliximab compared
with biosimilar CT-P13, in 3112 patients with ulcerative

colitis

Antoine Meyer!?3

| Jérémie Rudant® | Jéréme Drouin! | Joé&l Coste* |

Franck Carbonnel>® | Alain Weill

ICaisse Nationale de I'Assurance Maladie
(CNAM), Paris, France

2Service de gastroentérologie, Bicétre,
Assistance Publique-Hopitaux de Paris, Le
Kremlin Bicétre, France

SUniversité Paris Sud, Le Kremlin Bicétre,
France

“Biostatistique et Epidémiologie, Hotel-
Dieu, Assistance Publique-Hopitaux de
Paris, Paris, France

Correspondence

Dr. Antoine Meyer, GIS-EPIPHARE, 42 Bd de
la Libération, 93200 Saint Denis, France.
Email: antoinemeyer@gmail.com

Funding information

This research was funded by French National
Health Insurance (CNAM). All authors are
employees of a French public organization.

Summary

Background: CT-P13, a biosimilar of the reference product infliximab, has been ap-
proved for the treatment of ulcerative colitis on the basis of the results of trials con-
ducted in patients with spondyloarthritis and rheumatoid arthritis.

Aim: To compare the effectiveness and safety of CT-P13 and the reference product
in infliximab-naive patients with ulcerative colitis

Methods: A comparative real-life equivalence cohort study was conducted using the
French nationwide health administrative database. Infliximab-naive patients with
ulcerative colitis over 15 years of age who started infliximab with no other indica-
tions for infliximab were included. The primary outcome was a composite endpoint
(death, ulcerative colitis-related surgery, all-cause hospitalisation and reimbursement
for other biologics). Equivalence was defined as a 95% ClI of the hazard ratio (HR)
of CT-P13 vs the reference product, in a multivariable marginal Cox model situated
within prespecified margins of (0.80-1.25).

Results: A total of 3112 patients were included between 1 January 2015 and 30
June 2017: 1434 received the reference product, 1678 received CT-P13. Overall, 710
patients in the reference product group and 743 patients in the CT-P13 group met
the composite endpoint. In multivariable analysis of the primary outcome, CT-P13
was equivalent to the reference product (HR 1.04; 95% Cl: 0.94-1.15). The number
of serious infections was lower in the CT-P13 group (HR 0.65; 95% Cl: 0.48-0.88).
There was no difference in the incidence of solid or haematologic malignancy (HR
0.81; 95% Cl: 0.41-1.60).

Conclusions: The effectiveness of CT-P13 is equivalent and the risk of serious infec-
tions could be lower than that of the reference product for infliximab-naive patients

with ulcerative colitis.
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1 | BACKGROUND AND AIMS

Infliximab is an anti-TNF monoclonal antibody approved for the treat-
ment of ulcerative colitis (UC), Crohn's disease, spondyloarthritis,
rheumatoid arthritis, psoriatic arthritis and chronic plaque psoriasis.
TNF inhibitors, including infliximab, have improved the management
of inflammatory bowel disease, either alone or in combination with
thiopurines.* A biosimilar is a copy of a biological reference product
(RP). The patent for the RP infliximab (Remicade, Janssen Biotech,
Horsham) expired in 2015 in Europe. Biosimilar infliximab CT-P13
(Remsima, Celltrion, Incheon, South Korea; Inflectra, Pfizer, New
York City, USA) was approved by the European Medicines Agency
(EMA) in 2013.

The phase 2 PLANETAS? study and the phase 3 PLANETRA®
study were conducted in infliximab-naive patients with ankylosing
spondylitis and rheumatoid arthritis, respectively. CT-P13 has been
approved for the treatment of these two diseases and this approval
has been extended to other diseases, including UC. The principle of
extrapolation has been questioned,* because of minor structural
differences between CT-P13 and RP and because of the possible
differences in the mechanisms of action of infliximab across indica-
tions.> Other prospective studies of CT-P13 in inflammatory bowel
disease patients have been published and provide reassuring results.
However, none of these studies,®*! except for a subgroup of one
study,'? directly compared CT-P13 and RP. In the light of these re-
sults, larger and longer-term studies are needed.

The study hypothesis was that CT-P13 and RP are equivalent. The
European Medicines Agency and the Food and Drug Administration
recommend equivalence trials to demonstrate biosimilarity.”‘14 The
study designs of randomised controlled trials conducted with CT-P13
in rheumatoid arthritis and spondyloarthritis are equivalence trials
(PLANETAS et PLANETRAZS). This is also the case for adalimumab
biosimilars.!®> The aim of the present study was to compare the effec-
tiveness and safety of CT-P13 and RP based on data from a large na-
tionwide observational cohort study of infliximab-naive patients with
UC. In our previous study devoted to Crohn's disease, we showed that
the effectiveness of CT-P13 is equivalent to that of RP in infliximab-
naive patients.'® We used the same methodology in the present study.

2 | MATERIALS AND METHODS

The methods have already been described in detail elsewhere. '

2.1 | Datasource

This study was conducted using the SNDS (Systéme National des
Données de Santé) French nationwide health administrative data-
base.'” This database covers more than 99% of the French popula-
tion (around 65 000 000 people). Patients with long-term diseases,
such as UC, are 100% reimbursed for their health expenditure, and
their diagnosis is recorded in the SNDS. Details are provided in the
appendix.
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2.2 | Study population

This study was designed as a real-life ¥/ comparative equivalence
cohort study. All patients diagnosed with UC before 30 June 2017
were identified in the SNDS. An individual was considered to have
been diagnosed with UC when he/she was eligible for long-term dis-
eases (since 1 January 2006) or had a hospital discharge diagnosis
of UC (since 1 January 2010)*® (Table S1). Infliximab-naive patients
with UC who started infliximab between 1 January 2015 and 31 May
2017 were included in the study. An infliximab-naive patient was de-
fined as a patient who had not been reimbursed for infliximab during
the previous 12 months. A diagnosis of UC had to be reported within
30 days after initiation of infliximab, to take into account longer
hospital stays or administrative delays related to long-term diseases
procedures.

Patients under the age of 15 years were excluded due to the very
small number of CT-P13 dispensings. Patients who did not receive
out-patient health care during the 3 years before initiating infliximab
were excluded. These patients may have lived outside of France or
may not have any out-patient data entered in the SNDS (less than
1% of the French population). Patients who received anti-TNF for
diagnoses other than UC prior to the first infliximab infusion were
also excluded (Table S1). Patients with a diagnosis of cancer during
the previous 5 years were excluded from the secondary outcome
cancer analysis.

2.3 | Exposure definition

The primary exposures of interest were infliximab: CT-P13 or RP.
The other infliximab biosimilar, SB2 was not studied, as it has been
marketed in France only since 2017. In France, infliximab is always
administered in either public or private hospitals. When the first
infliximab reimbursement corresponded to the RP, the patient
was included in the RP group, and when the first infliximab reim-
bursement corresponded to CT-P13, the patient was included in
the CT-P13 group. Follow-up started 30 days after the first infu-
sion. Patients were followed until onset of a predefined outcome
or censoring. A flare during treatment with infliximab reflects
treatment failure (event), but a flare after discontinuation of the
treatment reflects the natural history of the disease (censoring).
Patients were censored at study end (30 June 2017), switch from
RP to CT-P13 (or vice versa) plus 30 days, or discontinuation of in-
fliximab. In the secondary outcome cancer analysis, patients were
censored at study end (30 June 2017), or switch from RP to CT-
P13 (or vice versa) plus 30 days. Discontinuation of infliximab was
defined as the absence of drug dispensing for 56 days (theoretical

coverage) + 60 days = 116 days.

2.4 | Outcomes

The primary outcome was a composite endpoint including all causes
of infliximab failure, either due to inadequate efficacy or toxicity:
death, UC-related surgery, all-cause hospitalisation except childbirth
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(Table S1) for at least one night or reimbursement of another anti-
TNF (adalimumab/golimumab) or vedolizumab. Only the first event
was considered. UC-related surgery included colectomy and/or rec-
tal resection and intestinal stoma (Table S2). As adalimumab, goli-
mumab and vedolizumab are not co-administered with infliximab,
the use of these biologic therapies indicated failure or toxicity of in-
fliximab. This primary outcome assessed effectiveness, as it includes
all-cause hospitalisation.

Secondary outcomes were UC-related hospitalisation, UC-re-
lated surgery, or each individual item of the composite endpoint.
Serious infection (defined as infection requiring hospitalisation, ex-
)19

cept for intestinal or anorectal abscess or fistula)*” and solid or he-

matologic malignancies20 were also assessed (Table S1).

2.5 | Covariates

Covariates were time-fixed at cohort entry and included sociodemo-
graphic data: sex, age, Complementary Universal Health Insurance
status (free access to health care for people with low income) and
a deprivation index expressed in quintiles that was developed in
France as the first component of a principal component analysis of
four socioeconomic variables.?*

The interval since UC-related long-term diseases or hospi-
talisation was used as a proxy for UC duration. Proxies for UC
severity were defined during the 12 months before initiation of
infliximab and consisted of abdominal or pelvic CT scan, colo-
noscopy, cumulative duration of UC-related overnight hospi-
talisations (excluding UC-related surgery), UC-related surgery
(Table S2), exposure to antidiarrhoeal drugs, oral or topical ami-
nosalicylates, rectal corticosteroids, cumulative oral prednisone
equivalent dose of corticosteroids, thiopurines (azathioprine,
mercaptopurine), methotrexate or another biologic therapy.
Prior thiopurine exposure was defined by dispensing of thio-
purine during the 12 months before infliximab initiation except
for the last month. Thiopurine combination therapy was defined
by thiopurine dispensing between 1 month before and 1 month
after infliximab initiation. The last exposure to other biologic
therapies was based on dispensing of another anti-TNF (adali-
mumab/golimumab) or vedolizumab, as these drugs are usually
used in this order.

Cumulative duration of all-cause overnight hospitalisations with-
out UC-related surgery was used as a proxy for general health condi-
tion during the 12 months before cohort entry. The type of hospital
(university, general or private) in which the first infliximab infusion

was administered was also taken into account.

2.6 | Statistical analysis

Sample size was determined according to the formula proposed by

Chow et al??

based on the therapeutic equivalence of CT-P13 and
RP and an expected event rate of 40% in each group.18 A sample of
2173 patients was required, for a two-sided « level of 0.05, a power

of 90% and a two-sided equivalence margin of [0.8-1.25].
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In an equivalence trial, two treatments can be considered to
be equivalent when the treatment hazard ratio (HR) and Cl are sit-
uated within the predefined clinical equivalence margins: [A-1/A].
Equivalence margins in biosimilar arthritis trials were an absolute
difference of 15% and the non-inferiority margin in NOR-SWITCH
was also 15%.3122324 Equivalence margins of 10% were used in the
present study, because such margins can be considered to be more
clinically relevant. These 10% margins correspond to relative mar-
gins of [0.80-1.25]. The more stringent confidence interval (95%)
recommended by the European Medicines Agency25 was used (90%
Cl for the Food and Drug Administration?).

Descriptive analysis of covariates at cohort entry was performed:
median and interquartile range (IQR) for continuous variables and
proportions for dichotomous and class variables. Comparative sur-
vival analysis between CT-P13 and RP was then performed: cumu-
lative incidence plot, log-rank test and marginal Cox proportional
hazards regression model to estimate adjusted HR and their 95%
Cl. The marginal Cox model is a population average model used for
clustered events.?’ In this case, the cluster is the hospital, as the
choice between CT-P13 and RP is rarely decided by the clinician,
but corresponds to the hospital pharmacy's choice for all hospital
patients. This model was used for the primary and secondary out-
comes. Details are provided in the appendix.

Although the primary outcome corresponded to a two-sided
equivalence study, two-sided superiority analysis with an « level
of 0.05 was performed to test secondary outcomes. If the pri-
mary outcome was in favour of the equivalence of CT-P13 and
RP, the composite endpoint was analysed for heterogeneity ac-
cording to sex, age, UC duration and exposure to thiopurines by
an interaction test.

As the choice of the follow-up start date (day of first infliximab
infusion + 30 days) and end date (56 days + 60 days) was partly ar-
bitrary, various sensitivity analyses were conducted using alterna-
tive follow-up start (day of first infliximab infusion) and end dates
(56 days + 30 days, or 56 days + 90 days). Other sensitivity analy-
ses used the primary outcome analysis without a marginal model,
or excluding patients who received infliximab between 1 January
2009 and 12 months before initiation of infliximab, or with a more
specific definition of UC (excluding patients with eligibility for long-
term disease status or had at least one hospital discharge diagnosis
of Crohn's disease before initiation of infliximab), or with the inverse
probability of treatment weighting method.?-3! Details are provided
in the appendix.

We also calculated the E-value, which is the minimum strength
of association on the risk ratio scale that an unmeasured confounder
would need to have with both the treatment and the outcome, con-
ditional on the measured covariates, to explain away a treatment-
outcome association.>?

Our public institution has permanent access to SNDS data in ap-
plication of the provisions of articles R. 1461-12 et seq. of the French
Public Health Code, therefore ethical board approval was not re-
quired. All analyses were performed with SAS software version 9.2
(SAS Institute, Inc).
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FIGURE 1 Flow chart. RP, reference
product

—>

184 425 with no infliximab initiation
between 01/01/2015 and 05/31/2017

4981 with infliximab initiation between
01/01/2015 and 05/31/2017

ey 239 |ess than 15 years of age
4742
—_— 9 no prior usage of health care
4733 Other infliximab indication
Crohn’s disease 1362
Ankylosing spondylitis 221
Psoriatic arthritis 79
Rheumatoid arthritis 50
Juvenile rheumatoid arthritis 6
Psoriasis 10
Others 26
Included in the analysis Total (multiple diseases possible)| 1621
3112
|
| 1

CT-P13 group
1678 (53.9%)

RP group
1434 (46.1%)

3 | RESULTS

3.1 | Patient characteristics

A total of 189 406 individuals with UC were identified in the SNDS:
25.1% had a diagnosis of UC based on eligibility for long-term diseases
status, 43.4% had an UC-related hospitalisation and 31.5% were iden-
tified on the basis of both criteria. In this population, 4981 patients
initiated infliximab therapy between 1 January 2015 and 31 May 2017.
Patients were excluded from this sample for the following reasons: 239
were under the age of 15 years, nine had no prior usage of out-patient
health care during the 3 years before initiating infliximab and 1621 had
an additional indication for infliximab (Figure 1). Thus, 3112 individu-
als were included in the analysis; 1434 (46.1%) in the RP group and
1.678 (53.9%) in the CT-P13 group. Since January 2015, the propor-
tion of CT-P13 use over RP increased gradually over the study period:
during 2015, the RP was the most prescribed infliximab and during
2016/2017, it was CT-P13 (Table 1). This rise in prescription explains
that the median follow-up was 423 days (IQR 189-757) in the RP group
and 286 days (IQR 168-466) in the CT-P13 group.

Patient characteristics at cohort entry are shown in Table 1.
The cohort comprised 47.3% women with a median age of 40 years
(IQR 27-54) and a median UC duration of 2.0 years (IQR 0.5-5.3),
54.7% of patients had at least one overnight hospitalisation during
the previous 12 months and 40.0% initiated infliximab therapy
in combination with thiopurines. CT-P13 was more frequently

prescribed in university hospitals (university hospitals 46.0%, gen-
eral hospitals 31.7%, private hospitals 22.3%), while the RP was
more frequently prescribed in private hospitals (29.0%, 34.0%,
37.0% respectively). Patient characteristics at cohort entry were
well balanced, but with a trend towards more severe UC in pa-
tients who received CT-P13, who presented more pelvic or ab-
dominal CT scans (35.2% vs 32.9%), UC-related hospitalisations
(49.6% vs 43.2%) and biologic therapy (35.3% vs 31.5%) during the
12 months before inclusion.

During follow-up, 208 (14.5%) patients discontinued infliximab
in the RP group and 187 (11.1%) patients discontinued infliximab in
the CT-P13 group; in addition, 163 (11.4%) and 171 (10.2%) patients,
respectively, switched to the other form of infliximab (Table S3).

3.2 | Effectiveness

The primary outcome did not differ between the RP and CT-P13
groups (log-rank test; P = 0.20). The 12- and 24-month cumula-
tive incidence rates of the primary outcome were 43.0% (95% Cl:
40.5-45.6) and 57.5% (95% Cl: 54.9-60.0), respectively, in the RP
group and 45.1% (95% Cl: 42.7-47.5) and 59.8% (95% Cl: 57.5-62.1),
respectively, in the CT-P13 group (Figure 2). Overall, a composite
event was reported in 710 patients (49.5%), including 472 hospitali-
sations (32.9%) in the RP group vs 743 patients (44.3%) including
505 hospitalisations (30.1%) in the CT-P13 group (Table S3); 60.6%
of hospitalisations were UC-related (Table S4).
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*Time since first diagnosis.

TABLE 1 Demographic and baseline patient characteristics TABLE 1 (Continued)
RP CT-P13 RP CT-P13

N (%) 1434 (100.0) 1678 (100.0) Duration of all-cause hospitalisation®?

Sex 0 nights 697 (48.6) 713 (42.5)
Men 781 (54.5) 860 (51.3) < 3 nights 175 (12.2) 190 (11.3)
Women 653 (45.5) 818 (48.7) 3 nights - 1 wk 188 (13.1) 262 (15.6)

Age (y) 1-2 wk 199 (13.9) 277 (16.5)
15-29 406 (28.3) 535 (31.9) >2 wk 175(12.2) 236 (14.1)
30-44 427 (29.8) 468 (27.9) Duration of UC-related hospitalisation®¢
45-59 331(23.1) 374 (22.3) 0 nights 814 (56.8) 846 (50.4)
+60 270 (18.8) 301 (17.9) <3 nights 130 (9.1) 164 (9.8)

UC duration? 3 nights - 1 wk 188 (13.1) 240(14.3)
<6 mo 376 (26.2) 392(23.4) 1-2 wk 172 (12.0) 261 (15.6)
6 mo-2y 344 (24.0) 464 (27.7) >2 wk 130(9.1) 167 (10.0)
2-6y 411 (28.7) 468 (27.9) UC-related surgeryb 12 (0.8) 19 (1.1)
>6y 303 (21.1) 354 (21.1) Year of Infliximab initiation

CMUc status 142 (9.9) 150 (8.9) 2015 950 (66.2) 348 (20.7)

Deprivation index (quintiles) 2016 350 (24.4) 909 (54.2)
Missing 6 (4.6) 28 (1.7) 2017 (until May included) 134 (9.3) 421 (25.1)
1: Less deprived 242 (16.9) 364 (21.7) Hospital
2 288(20.1) 336 (20.0) General 487 (34.0) 532(31.7)
3 267 (18.6) 317 (18.9) University 416 (29.0) 772 (46.0)
4 266 (18.5) 304 (18.1) Private 531 (37.0) 374 (22.3)
5: More deprived 305 (21.3) 329 (19.6) Abbreviations: CMUc, Complementary Universal Health Insurance; RP,

Colonoscopy® 1193 (83.2) 1451 (86.5) reference product; UC, ulcerative colitis.

Ag.?(jsr:ai:sl or pelvic 472(329) 390(35.2) PAt least once during the 12 mo before cohort entry.

‘Cumulative prednisone equivalent corticosteroid dose during the

Antidiarrhoeal drugs® 729 (50.8) 798 (47.6) 12 mo before cohort entry.

Oral aminosalicylates® 941 (65.6) 1179 (70.3) dwithout UC-related surgery.

Topical aminosalicylates” 752(52.4) 943(56.2) In multivariable analysis of the primary outcome, CT-P13 was

Topical corticosteroids® 465 (32.4) 532(31.7)

equivalent to RP (HR 1.04; 95% Cl: 0.94-1.15) (Table 2 and Figure

. c
Corticosteroids S1). In this multivariable analysis, combination therapy with a thio-

0 324(22.6) 304 (18.1) purine with (HR 0.79; 95% Cl: 0.69 - 0.90) or without (HR 0.59; 95%
<2g 402 (28.0) 468(27.9) Cl: 0.51-0.68) prior use of thiopurine were inversely associated with
2-4g 348 (24.3) 428 (25.5) the primary outcome. Prior all-cause hospitalisations (more than
>4 g 360 (25.1) 478 (28.5) 2 weeks of hospitalisation vs no hospitalisation: HR 2.08; 95% Cl:
Thiopurine exposure 1.77-2.45), prior use of vedolizumab (HR 1.57; 95% ClI: 1.12-2.20)
None 649 (45.3) 713 (42.5) and UC-related surgery (HR 1.87; 95% Cl: 1.28-2.71) were associ-
Sty 249 (17.4) 256 (15.3) ated with the primary outcome. (Table S5).
Combination therapy 241 (16.8) 348 (20.7) As the log-linearity hypothesis was not verified for age, UC du-
Prior and combination 295 (20.6) 361 (21.5) ration, nights of UC-related hospitalisation (without UC-related sur-
therapy gery) and cumulative corticosteroid dose, these continuous variables
Methotrexate? 66 (4.6) 68 (4.1) were transformed into classes. There was no evidence against the

Last biologic therapy® proportional hazards hypothesis.

Multivariable analysis of secondary outcomes did not reveal any

None 983 (68.5) 1085 (64.7)

significant difference between CT-P13 and RP for the following
Adalimumab/Golimumab 441 (30.8) 556 (33.1) L

events: all-cause hospitalisation (HR 1.01; 95% Cl: 0.89-1.15), UC-re-
Vedolizumab 10(0.7) 37(2.2)

lated hospitalisation (HR 1.10; 95% ClI: 0.93-1.29), UC-related surgery
(HR 1.04; 95% CI: 0.74-1.45) and reimbursement of another biologic
(Continues) therapy (HR 1.03; 95% Cl: 0.89-1.19) (Table 2 and Figures S3-58).
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FIGURE 2 Cumulative incidence plot
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No heterogeneity of the primary outcome was observed on an 4 | DISCUSSION

interaction test according to sex (P = 0.61), age (P = 0.12), UC du-
ration (P = 0.18) or exposure to thiopurines (P = 0.42) (Figure S2).
Sensitivity analyses demonstrated the robustness of the results
(Table S6 and S7). The E-value was 1.3 to move the upper bound
of the Cl for the HR (1.15) of the primary outcome above the pre-
defined upper equivalence limit [1.25], and 1.5 to move the HR esti-
mate to greater than 1.25.%2

3.3 | Safety

A total of 157 (47.6/1000 PY) serious infections were identified.
There were 42 (12.7/1000 PY) gastrointestinal infections, including 14
(4.2/1000 PY) Clostridium difficile infections, 13 (3.9/1000 PY) cases of
cholecystitis or cholangitis and 10 (3.9/1000 PY) cases of Cytomegalovirus
colitis. Other serious infections included 32 (9.7/2000 PY) skin and sub-
cutaneous tissue infections and 28 (8.5/1000 PY) lung infections. There
were fewer serious infections in the CT-P13 group (42.4 vs 51.9/1000 PY)
including fewer skin and subcutaneous tissue infections (6.6 vs
12.3/1000 PY), fewer lung infections (7.3 vs 9.5/1000 PY) and fewer uri-
nary tract infections (4.6 vs 7.3/1000 PY) (Table S8). Multivariable analy-
sis demonstrated fewer serious infections in the CT-P13 group (HR 0.65;
95% Cl: 0.48-0.88; Table 3). Forty-one (8.8/1000 PY) solid or hemato-
logic malignancies were identified, including 13 (2.8/1000 PY) gastroin-
testinal cancers, nine (1.0/1000 PY) colorectal cancers, six (1.3/1000 PY)
breast cancers and five (1.1/1000 PY) skin cancers (Table S9). The me-
dian age at cancer diagnosis was 50 years (IQR 40-64). Multivariable
analysis did not demonstrate any significant differences in terms of solid
or hematologic malignancies between CT-P13 and RP (HR 0.81; 95% Cl:
0.41-1.60) (Table 3).

Approval of CT-P13 for UC was based on extrapolation of the
results observed in arthritis. This nationwide real-life cohort
study of infliximab-naive patients with UC demonstrates equiva-
lent effectiveness of CT-P13 and RP. The HR and 95% confidence
interval (HR 1.04; 95% CIl: 0.94-1.15) were situated within the
predefined equivalence margins [0.80-1.25]. The incidence of
serious infection was lower in the CT-P13 group (HR 0.65; 95%
Cl: 0.48-0.88), but there was no significant difference in the in-
cidence of solid or hematologic malignancies was observed be-
tween the two groups.

All-cause and UC-related hospitalisationrates were 38.1/100 PY
and 21.4/100 PY, respectively. These rates are similar to those
reported in a real-life Danish study (all-cause: 37.4/100 PY; UC-
related: 19.3/100 PY).33 Combination therapy with a thiopurine,
with or without previous exposure to thiopurines, was associated
with better outcomes. This is consistent with the results of a ran-
domised trial in which combination therapy was associated better
outcomes than infliximab monotherapy.! The incidence rates of se-
rious infections were 42.4 and 51.9 per 1000 person-years (PY),
with CT-P13 and RP, respectively. The incidence rate of serious
infections in UC patients treated with CT-P13 was similar to that
observed in a companion study of patients with Crohn's disease
treated with CT-P13 or RP (39.8 and 42.3 per 1000 PY) and within
the expected ranges of 20-80/1000 PY.161%3435 The incidence of
serious infections was higher with RP with greater numbers of skin,
lung and urinary tract infections observed in the RP group than in
the CT-P13 group. The reason for this difference remains unclear
and deserves further research. A true biological effect between
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TABLE 2 Effectiveness

Events/ N

RP CT-P13
Primary outcome: composite 710/1434 743/1678

endpoint?

All-cause hospitalisation® 507/1434 536/1678
UC-related hospitalisation® 299/1434 353/1678
UC-related surgeryd 70/1434 84/1678
Dispensing of other biotherapy® 359/1434 351/1678
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Incidence rate /1000 PY Multivariable Cox model

RP CT-P13 HR (95% CI) P

497.4 613.5 1.04 (0.94-1.15)

343.8 424.5 1.01 (0.89-1.15) 0.85

179.3 256.9 1.10(0.93-1.29) 0.27

37.8 55.1 1.04 (0.74-1.45) 0.82
201.4 240.0 1.03(0.89-1.19) 0.70

Abbreviations: Cl, confidence interval; CMUc, Complementary Universal Health Insurance; HR, hazard ratio; PY, person years; RP, reference product;

UC, ulcerative colitis.

@Multivariable marginal Cox model adjusted for: age, UC duration, CMUc status, topical corticosteroids, antidiarrhoeal drugs, thiopurines, last bio-

logic therapy, all-cause hospitalisations and UC-related surgery.

PMultivariable marginal Cox model adjusted for: age, UC duration, CMUc status, antidiarrhoeal drugs, thiopurines, last biologic therapy, all-cause

hospitalisations and UC-related surgery.

‘Multivariable marginal Cox model adjusted for: age, UC duration, CMUc status, antidiarrhoeal drugs, thiopurines, last biologic therapy, UC-related

hospitalisations and UC-related surgery.

dMultivariable marginal Cox model adjusted for: sex, age, UC duration, antidiarrhoeal drugs, thiopurines, last biologic therapy, all-cause hospitalisa-

tions and UC-related surgery.
“Multivariable marginal Cox model adjusted for:

TABLE 3 Safety analysis

corticosteroids, thiopurines, last biologic therapy and UC-related surgery.

Events/N Incidence rate /1000 PY Multivariable Cox model

RP CT-P13 RP CT-P13 HR (95% CI) P
Serious infection® 93/ 1434 64/ 1678 51.9 42.4 0.65(0.48 - 0.88) 0.005
Cancer® 25/ 1364 16/ 1609 9.4 7.9 0.81(0.41 - 1.60) 0.54

Abbreviations: Cl, confidence interval; HR, hazard ratio; PY, person years; RP, reference product; UC, ulcerative colitis.

#Multivariable marginal Cox model adjusted for: age, UC duration, all-cause hospitalisations.

bPatients with a diagnosis of cancer during the previous 5y were excluded from the cancer analysis. Patients were censored at study end (December
31, 2017), or switch from RP to CT-P13 or from CT-P13 to RP plus 30 d (no censoring after discontinuation of infliximab for the cancer analysis).
Multivariable marginal Cox model adjusted for: age, thiopurine exposure and UC-related surgery.

these two drugs (eg a more profound immunosuppression with ref-
erence product) cannot be excluded. However, this result can also
be explained by a residual confounding or even by chance alone.
The cancer incidence rate was 8.7/1000 PY, similar to the expected
range of 4 to 8/1000 PY.17:34-3¢

Over the last 40 years, new drug approvals have been based on
randomised, double-blind and placebo-controlled trials. However,
patients included in these trials are highly selected. One study
showed that only 26% of UC patients seen in clinical practice would
be eligible for inclusion in randomised trials.>” To our knowledge,
only one real-life effectiveness study has been conducted in UC. It
used Danish National Patient Registry data for 1719 anti-TNF-naive
UC patients and showed that the use of adalimumab as first-line bio-
logic over infliximab was associated with a higher risk of hospitalisa-
tion and serious infections.

We have previously conducted a study on the SNDS database in
infliximab-naive patients with Crohn's disease, treated with either
the RP or CT-P13. In this previous study, the effectiveness of CT-P13
was equivalent to that of RP and no difference was observed for

safety outcomes.'®

The present study has several strengths. First, the SNDS is a
comprehensive database for drug dispensing, hospitalisations and
surgery in France. Second, this study included a large sample of
3112, unselected UC patients. Third, the equivalence limits were
more stringent than those used in randomised controlled trials (10%
vs 15% absolute difference). Fourth, and most importantly, the indi-
cation bias was minimal; the two groups were well balanced (Table 1)
and the choice between CT-P13 and RP was made by the hospital
pharmacy, not by the physician. Additionally, the primary analysis
was performed with the inverse probability of treatment weighting
method, which did not modify the results.

This study also presents several limitations. First, the SNDS
does not contain all relevant clinical data allowing calculation of
indices such as Mayo score; additionally, it does not contain rele-
vant biologic data such as C-reactive protein or faecal calprotectin.
We therefore used proxies to estimate disease severity. Second,
an algorithm was used to identify UC patients. Other studies have
used the same algorithm,w’zo'38 based on the combination of hos-
pitalisation and long-term diseases UC codes. The present study

also used dispensing of infliximab (excluding other indications for
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anti-TNF therapy). Third, only infliximab-naive patients were in-
cluded. Further studies are needed to assess the switch from RP
to CT-P13 (or vice versa). Fourth, some hospitals only use the bio-
similar, while others only use the RP. This centre effect was taken
into account by a marginal model, but was probably minor, as sensi-
tivity analysis with a fixed Cox model (without the marginal model)
gave very similar results. Fifth, we observed some Crohn's disease
complications in our UC population (Table S4) probably because
UC, colonic Crohn's disease and indeterminate colitis may be dif-
ficult to differentiate. A sensitivity analysis with a more specific
definition of UC (excluding patients who had at least one hospital
discharge or long-term disease diagnosis of Crohn's disease before
initiation of infliximab) provided very similar results with almost
the same rate of Crohn's disease complications. Sixth, from SNDS
data, infliximab dose escalation could not be reliably assessed and
trough levels are not available. Seventh, this study did not identify
mild disease activity that would not require a new medical treat-
ment or surgery or hospitalisation; and this was true in patients
treated with the RP or with CT-P13. Eighth, an infliximab-naive

patient was defined, as in other infliximab studies, !

as a patient
who had not been reimbursed for infliximab during the previous
12 months. Despite this broad definition, only 1.8% of patients had
received infliximab since 1 January 2009. Moreover, the results of
a sensitivity analysis for the primary outcome excluding these pa-
tients were identical.

In conclusion, our observational study of real-life data suggests
that the effectiveness of CT-P13 is equivalent and the risk of serious
infections could be lower than that of the reference product in inflix-
imab-naive patients with UC. The choice between the two products
in patients with inflammatory bowel disease can therefore be mainly
based on cost alone.
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