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Abstract
Objectives: The primary endpoint of the pivotal phase III study of infliximab (IFX) s.c. demonstrated non-inferiority of s.c. to i.v. IFX, based on 28-
joint DAS-CRP (DAS28-CRP) improvement at week (W) 22 (NCT03147248). This post-hoc analysis investigated whether numerical differences in
efficacy outcomes at W30/54 were statistically significant, using conservative imputation methods.

Methods: Patients with active RA and inadequate response to MTX received IFX i.v. 3mg/kg at W0 and W2 (induction) and were randomized
(1:1) to IFX s.c. 120mg every 2weeks or i.v. 3mg/kg every 8weeks thereafter (maintenance). Patients randomized to IFX i.v. switched to IFX s.c.
from W30–54. This post-hoc analysis compared efficacy outcomes for s.c. and i.v. groups pre-switch (W30) and post-switch (W54) using last ob-
servation carried forward (LOCF) and non-responder imputation (NRI) methods.

Results: Of 343 randomized patients, 165 (IFX s.c.) and 174 (IFX i.v.) were analysed. At W30, significantly improved outcomes were identified
with s.c. vs i.v. IFX for DAS28-CRP/DAS28-ESR/Clinical Disease Activity Index (CDAI)/Simplified Disease Activity Index (SDAI) scores (LOCF);
ACR/good EULAR responses, DAS28-CRP/Boolean remission, and DAS28-CRP/DAS28-ESR/CDAI/SDAI low disease activity and remission
(LOCF and/or NRI); and minimal clinically important difference in HAQ score (LOCF and NRI). After switching to IFX s.c. from IFX i.v., fewer signif-
icant between-group differences were identified at W54.

Conclusion: IFX s.c. showed improved efficacy at W30 compared with IFX i.v., and the reduced between-group difference in efficacy outcomes
at W54 after switching supports the results suggesting benefits of IFX s.c. compared with IFX i.v. at W30.

Trial registration: ClincialTrials.gov, http://clinicaltrials.gov, NCT03147248, https://clinicaltrials.gov/ct2/show/NCT03147248.
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Introduction

A s.c. formulation of infliximab (IFX), CT-P13 s.c., received
European Union approval for the treatment of adult RA in
2019; all other indications for the s.c. formulation of inflixi-
mab were approved in 2020 [1]. Approval of IFX s.c. fol-
lowed the pivotal phase III randomized controlled study [2]
that demonstrated that IFX s.c., in combination with MTX,
was non-inferior to IFX i.v. in patients with active RA and an
inadequate response to MTX [3]. While IFX s.c. and IFX i.v.
showed similar efficacy up to week (W) 22, numerically im-
proved efficacy was observed with IFX s.c. vs IFX i.v. at W30
in a number of outcomes [3]. Patients receiving IFX i.v.
switched to IFX s.c. at W30, and at the end of the mainte-
nance period (W54), and efficacy findings were similar be-
tween groups [3].

It is important to further assess whether there are differen-
ces in efficacy between the i.v. and s.c. formulations of IFX.
The potentially improved efficacy identified with CT-P13 s.c.
vs CT-P13 i.v. at W30 could be of particular relevance to
the management of patients with RA; per EULAR
recommendations, if the treatment goal is not reached after
W30, the treatment strategy should be adjusted, reflecting the
critical importance of rapidly achieving therapeutic goals [4].

Although the pivotal phase III study identified numerical
differences in efficacy outcomes between groups favouring

IFX s.c., the possibility has been raised that these favourable
results may have been caused by the early dropout of many
patients treated with IFX s.c. for reasons of worsening disease
or insufficient effectiveness.

Therefore, a post-hoc analysis of the pivotal study data was
conducted to investigate whether numerical differences be-
tween IFX s.c. and IFX i.v. at W30 and W54 were statistically
significant when conservative imputation methods for missing
data were applied.

Methods
Study design and procedures

A post-hoc analysis was conducted using data from the piv-
otal, randomized, double-blind, multicentre, phase III study
of IFX s.c. (NCT03147248) [3]. Detailed information regard-
ing study centres and study design is reported in the primary
publication [3] and summarized in Supplementary Fig. S1,
available at Rheumatology online. Briefly, following an i.v.
dose-loading phase (IFX i.v. 3 mg/kg via 2-h i.v. infusion at
W0 and W2), patients were randomized (1:1) at W6 to receive
IFX s.c., 120 mg every 2 weeks (q2w), or a 2-h i.v. infusion of
IFX i.v., 3 mg/kg every 8 weeks. Double-dummy placebos
were used to maintain blinding until W30, when patients re-
ceiving IFX i.v. were switched to IFX s.c. 120 mg q2w until
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Rheumatology key messages

• Infliximab s.c. was associated with improved efficacy vs infliximab i.v. in patients with RA.

• Conservative imputation methods showed significant efficacy improvements with infliximab s.c. vs i.v. at Week 30.

• Between-group efficacy differences decreased after patients switched from infliximab i.v. to s.c., suggesting a switching benefit.
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W54. All patients received MTX (12.5–25 mg/week; 10–
25 mg/week in the Republic of Korea) and folic acid (�5 mg/
week) throughout the study.

As previously reported [3], the study was performed in ac-
cordance with the Declaration of Helsinki and the
International Conference on Harmonization Good Clinical
Practice guidelines. Prior to study initiation, the study proto-
col was reviewed and approved by the independent ethics
committee/institutional review board at each site. All partici-
pants provided written informed consent.

Target population

Full eligibility criteria are reported in the primary publication
[3]. Briefly, participants were adults (aged 18–75 years) with
active RA for �30 weeks prior to first administration of study
drug (day 0), had an inadequate response to �3 months of
MTX, and had received a stable dose of MTX (12.5–25 mg/
week; 10–25 mg/week in the Republic of Korea) for �4 weeks
prior to day 0. Patients fulfilled the 2010 ACR/EULAR RA
classification criteria [5], and active RA was defined by the
presence of �6 swollen joints (28-joint count), �6 tender
joints (28-joint count), and a serum CRP concentration of
>0.6 mg/dl. Individuals who had previously received a bio-
logic agent for RA and/or a TNF inhibitor for another disease
were excluded.

Study endpoints

Primary and secondary study endpoints were previously
reported [3]. Efficacy outcomes assessed at W30 (�6 months)
and W54 (�12 months) in the present post-hoc analysis com-
prised mean and change from baseline in DAS28-CRP,
DAS28-ESR, Clinical Disease Activity Index (CDAI), and
Simplified Disease Activity Index (SDAI); ACR response rate;
EULAR response rate; remission and low disease activity
(LDA), including remission rate based on DAS28-CRP,
DAS28-ESR, CDAI, and SDAI; Boolean remission rate; ACR/
EULAR remission rate; and the proportion of patients achiev-
ing a minimal clinically important difference (MCID) in the
HAQ estimate of physical ability score [6]. Supplementary
Table S1, available at Rheumatology online, presents the defi-
nitions for the endpoints assessed in the current analysis.

Statistical analyses

Sample size calculations were previously described [3]. All
analyses were conducted in the efficacy population (see
Supplementary material available at Rheumatology online for
population details). Missing data for each visit were imputed
using the last observation carried forward (LOCF) method
for continuous and binary endpoints and non-responder
imputation (NRI) for binary endpoints (see Supplementary
material available at Rheumatology online). Statistical signifi-
cance was determined based on a two-sided significance level
of 5%. All statistical analyses were performed using SAS soft-
ware, version 9.4 (SAS Institute, Inc., Cary, NC).

Results
Patient disposition

Patients were enrolled to the IFX s.c. pivotal study from 30
October 2017, and the last patient’s last study centre visit was
on 15 April 2019 [3]. Of the 357 patients enrolled, 343 were
randomized to receive IFX s.c. (N¼ 167) or IFX i.v.

(N¼176) at W6. All patients received IFX s.c. treatment
from W30 (�6 months) to W54 (�12 months). This post-hoc
analysis included all patients in the efficacy population [IFX
s.c. (N¼ 165); IFX i.v. (N¼ 174)], of whom 284 [IFX s.c.
(N¼141), IFX i.v. (N¼ 143)] completed the study. As
previously reported [3], patient demographics and disease
characteristics were balanced between groups at W6 (all-ran-
domized population).

DAS28-CRP, DAS28-ESR, CDAI, and SDAI scores

At W30, mean DAS28-CRP and DAS28-ESR scores were sig-
nificantly lower with IFX s.c. vs IFX i.v. (LOCF: P< 0.05;
Fig. 1A–B). Mean changes from baseline were also signifi-
cantly improved with IFX s.c. vs IFX i.v. (P< 0.05 for both
DAS28-CRP and DAS28-ESR). Mean DAS28-CRP and
DAS28-ESR scores were maintained between W30 and W54
with IFX s.c., with between-group differences reduced at W54
(P> 0.05). However, the IFX s.c. group maintained a signifi-
cantly greater change from baseline in both DAS28-CRP and
DAS28-ESR scores vs the IFX i.v. group (P< 0.05).

At W30, mean CDAI and SDAI scores were significantly
lower and mean changes from baseline were significantly im-
proved with IFX s.c. vs IFX i.v. (P<0.05; Supplementary Fig.
S2, available at Rheumatology online). At W54, between-
group differences were decreased for both mean CDAI and
SDAI scores, although changes from baseline in CDAI and SDAI
scores remained significantly greater with IFX s.c. than IFX i.v.
(Supplementary Fig. S2, available at Rheumatology online).

ACR and EULAR responses

At W30, the proportions of patients achieving a 20%, 50%
or 70% response per ACR criteria (ACR20, ACR50 or
ACR70, respectively) were consistently higher with IFX s.c. vs
IFX i.v. (with both LOCF and NRI approaches; Fig. 1C–E).
These differences were significant for ACR20 with the NRI
approach, and for ACR50 and ACR70 with the LOCF and
NRI approaches (P< 0.05). Between-group differences were
reduced at W54 for the ACR20, ACR50 and ACR70 re-
sponse rates, which were numerically higher in the IFX s.c.
than in the IFX i.v. group, but not significantly different
(P> 0.05).

At W30, the proportions of patients achieving a good
EULAR-CRP and EULAR-ESR response were significantly
higher with IFX s.c. vs IFX i.v. (LOCF/NRI: P< 0.05;
Supplementary Fig. S3, available at Rheumatology online).
There was no significant between-group difference in the pro-
portion of patients achieving a moderate EULAR-CRP and
EULAR-ESR response (LOCF/NRI: P> 0.05), while a signifi-
cantly lower proportion of patients in the IFX s.c. group com-
pared with the IFX i.v. group achieved no response (LOCF/
NRI: P<0.05). At W54, between-group differences were re-
duced for both EULAR-CRP and EULAR-ESR responses
(Supplementary Fig. S3, available at Rheumatology online).

Remission and LDA outcomes

At W30, the proportion of patients achieving DAS28-CRP re-
mission was significantly higher in the IFX s.c. vs IFX i.v.
group (LOCF/NRI: P<0.05; Supplementary Fig. S4, avail-
able at Rheumatology online), and numerically higher for
DAS28-ESR, CDAI remission, SDAI remission, and ACR/
EULAR remission (LOCF/NRI: P> 0.05). A greater propor-
tion of patients receiving IFX s.c. than IFX i.v. achieved
Boolean remission (LOCF: P< 0.05; NRI: P> 0.05). At W54,
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a numerical advantage was observed in the IFX s.c. vs IFX i.v.
group for these outcomes, but between-group differences
were not significant (P> 0.05). In both groups, the propor-
tion of patients achieving DAS28-CRP/ESR clinical remission
was greater at W54 than at W30.

At W30, the proportions of patients achieving LDA, includ-
ing remission, were significantly higher with IFX s.c. than IFX
i.v. for DAS28-CRP, DAS28-ESR, CDAI, and SDAI (LOCF/

NRI: P<0.05) (Fig. 2). At W54, between-group differences
were reduced, with numerical advantages for the IFX s.c.
group observed across outcomes. Between-group differences
were not significant, except for DAS28-ESR and SDAI
(LOCF: P< 0.05), and for CDAI (LOCF/NRI: P< 0.05).
In both groups, the proportion of patients who achieved LDA
determined by DAS28-CRP/ESR was greater at W54 than
at W30.

Figure 1. Efficacy outcomes by treatment group (efficacy population). (A) Mean (S.D.) score and change from baseline in DAS28-CRP (LOCF approach),

(B) Mean (S.D.) score and change from baseline in DAS28-ESR (LOCF approach), (C) ACR20 response rate (LOCF and NRI approaches), (D) ACR50
response rate (LOCF and NRI approaches), and (E) ACR70 response rate (LOCF and NRI approaches). ACR20/50/70, 20%/50%/70% response per ACR

criteria; CDAI: Clinical Disease Activity Index; DAS28: 28-joint DAS; IFX: infliximab; LOCF: last observation carried forward; NRI: non-responder

imputation; SDAI: Simplified Disease Activity Index
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MCID in HAQ score

The proportion of patients achieving an MCID in HAQ score
was significantly higher with IFX s.c. than IFX i.v. at W30
(LOCF/NRI: P< 0.05; Supplementary Fig. S5, available at
Rheumatology online), and numerically higher at W54
(LOCF/NRI: P> 0.05).

Discussion

In this post-hoc analysis using LOCF and NRI conservative
imputation methods, IFX s.c. was associated with signifi-
cantly greater improvement in most clinical efficacy outcomes
compared with IFX i.v. at W30 in patients with active RA.
Following the switch to IFX s.c. after W30 in the IFX i.v.
group, between-group differences in efficacy parameters
appeared to be decreased at W54 compared with W30. Since
the efficacy of IFX s.c. was maintained between W30 and
W54, these findings may provide evidence suggesting that
patients in the IFX i.v. group experienced an improvement in
response after switching to IFX s.c.

In this analysis, conservative imputation methods were se-
lected to minimize any bias in determining the effectiveness of
IFX s.c. or i.v. Our findings complement those reported in the
primary study publication, which did not include statistical
analyses but reported greater mean changes from baseline in
DAS28-CRP, DAS28-ESR, CDAI and SDAI scores, and nu-
merical advantages for ACR and EULAR response rates, with
IFX s.c. vs IFX i.v. at W30 [3]. Considerations for handling
missing data will become ever more important, as real-world

evidence, including from registries, is increasingly recognized
in regulatory decision-making [7, 8]. Our findings are also
consistent with those of a network meta-regression of individ-
ual patient data from an IFX i.v. study (Study 3.1) and the
pivotal IFX s.c. study [9].

Recent EULAR recommendations for RA management sug-
gest that therapy should be adjusted if no improvement is ob-
served 3 months after the start of treatment, or if the target
has not been reached by 6 months, upon frequent monitoring
(every 1–3 months) [4]. In this light, the present findings could
be of practical importance in that the proportion of patients
who achieved DAS28-CRP clinical remission or LDA was
greater at W54 than at W30 (i.e. the nearest observation time
point to 6 months in the current study), suggesting that non-
responders or partial responders to IFX i.v. therapy after
6 months of treatment could potentially benefit from switch-
ing to IFX s.c., not only in terms of pharmacokinetic parame-
ters such as Ctrough [3], but also in terms of efficacy.

Improvements in efficacy outcomes in the IFX i.v. arm at
W54 relative to W30, reflected in the increased between-
group similarity, may be explained by the pharmacokinetic
profiles described in the primary publication [3]. While serum
IFX concentrations were well maintained in both groups
throughout the study, the current findings suggest that the
more constant exposure over time with IFX s.c. [3] may con-
tribute to improved clinical efficacy outcomes relative to IFX
i.v. The potentially improved pharmacokinetic and efficacy
profiles with IFX s.c. have led to its citation as a biobetter at
an international Delphi consensus meeting [10]. Taken

Figure 2. LDA including remission rates by treatment group (efficacy population; LOCF and NRI approaches). (A) DAS28-CRP LDA including remission

rate, (B) DAS28-ESR LDA including remission rate, (C) CDAI LDA including remission rate, and (D) SDAI LDA including remission rate. CDAI, Clinical

Disease Activity Index; DAS28, 28-joint DAS; IFX, infliximab; LDA, low disease activity; LOCF, last observation carried forward; NRI, non-responder

imputation; SDAI, Simplified Disease Activity Index
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together with the overall comparability of safety and immu-
nogenicity profiles between IFX s.c. and IFX i.v. [3], these
findings suggest that IFX s.c. may offer additional clinical
benefits for patients with RA in comparison with IFX i.v.

Our data should reassure patients and health-care pro-
viders when considering initiating treatment with or switching
to IFX s.c. Potential benefits of s.c. therapeutics include signif-
icant time savings for patients, as regular hospital visits for
i.v. infusions are not required: indeed, the greater convenience
and autonomy offered with s.c. biologics contribute to the
preferences of patients with RA for this route of administra-
tion [4, 11–13]. In addition, s.c. therapeutics can help to re-
duce the resource burden of health-care systems, as dedicated
infusion services are not required and staff time is not needed
for preparing or administering i.v. medications [4].
Furthermore, the availability of both i.v. and s.c. IFX formu-
lations may provide an enhanced choice of biologic treat-
ments of RA [14–19].

In conclusion, this analysis of pivotal study data with NRI
and LOCF methods—which are considered conservative im-
putation methods to avoid bias—confirms that IFX s.c. was
associated with greater improvement in most clinical efficacy
outcomes compared with IFX i.v. in patients with RA.
Switching from IFX i.v. to IFX s.c. was also associated with
some improvement in response, providing further evidence
for the efficacy of IFX s.c. The positive efficacy outcomes
following switching from IFX i.v. to IFX s.c. should provide
reassurance for stakeholders, including health-care professio-
nals and patients considering this treatment switch.

Supplementary material

Supplementary material is available at Rheumatology online.

Data availability

Available data and methodological information for this study
are included in this article and the accompanying supplemen-
tary materials.
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