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ABSTRACT

The coronavirus disease 2019 (COVID-19) pan-
demic has prompted significant changes in

patient care in rheumatology and gastroen-
terology, with clinical guidance issued to man-
age ongoing therapy while minimising the risk
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of nosocomial infection for patients and
healthcare professionals (HCPs). Subcutaneous
(SC) formulations of biologics enable patients to
self-administer treatments at home; however,
switching between agents may be undesirable.
CT-P13 SC is the first SC formulation of inflix-
imab that received regulatory approval and may
be termed a biobetter as it offers significant
clinical advantages over intravenous (IV)
infliximab, including improved pharmacoki-
netics and a convenient mode of delivery.
Potential benefits in terms of reduced
immunogenicity have also been suggested.
With a new SC formulation, infliximab provides
an additional option for dual formulation,
which enables patients to transition from IV to
SC administration route without changing
agent. Before COVID-19, clinical trials sup-
ported the efficacy and safety of switching from
IV to SC infliximab for patients with rheuma-
toid arthritis and inflammatory bowel disease
(IBD), and SC infliximab may have been selec-
ted on the basis of patient and HCP preferences
for SC agents. During the pandemic, patients
with rheumatic diseases and IBD have success-
fully switched from IV to SC infliximab, with

some clinical benefits and high levels of patient
satisfaction. As patients switched to SC thera-
peutics, the reduction in resource requirements
for IV infusion services may have been particu-
larly welcome given the pandemic, facilitating
reorganisation and redeployment in over-
stretched healthcare systems, alongside phar-
macoeconomic benefits and a reduction in
exposure to nosocomial infection. Telemedicine
and contactless healthcare have been pushed to
the forefront during the pandemic, and a last-
ing shift towards remote patient management
and community/home-based drug administra-
tion is anticipated. SC infliximab supports the
implementation of this paradigm for future
improvements of healthcare value delivered.
The accumulation of real-world data during the
pandemic supports the high level of confidence,
with patients, physicians, and healthcare sys-
tems benefitting from its uptake.
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Key Summary Points

The coronavirus disease 2019 (COVID-19)
pandemic has caused a significant burden
on healthcare services, including chronic
inflammatory diseases such as rheumatic
diseases and inflammatory bowel disease
(IBD)

The first subcutaneous (SC) formulation of
infliximab, CT-P13 SC, offers several
advantages over its intravenous (IV)
formulation, in terms of an improved
pharmacokinetic profile and convenient
administration method

Recognition of these ‘biobetter’ qualities
of SC infliximab was growing among
physicians and patients prior to the
COVID-19 pandemic, tipping their
preferences in favour of the SC
formulation

Real-world data from patients successfully
switching from IV to SC infliximab in
rheumatic diseases and IBD settings
during the pandemic have supported the
clinical findings from the pivotal studies
and demonstrated the benefits of SC
infliximab for patients, as well as
healthcare systems from resource
allocation and pharmacoeconomic
perspectives

The pandemic has pushed telemedicine
and contactless healthcare to the
forefront; self-administered biologics like
SC infliximab are an important element of
remote management of patients with
rheumatic diseases and IBD, with SC
infliximab expected to remain a
cornerstone therapy in the telemedicine
concepts beyond the pandemic era

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pan-
demic has caused a significant burden on
healthcare systems around the world, leading to
substantial changes to treatment settings for
patients with rheumatic diseases and inflam-
matory bowel disease (IBD) [1–4]. The highly
transmissible nature of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) increases
the risk of nosocomial infection [5, 6]; thus,
outpatient clinics and hospital attendance have
been reduced in order to improve physical dis-
tance for those patients who still need to attend
in person [3, 4, 7–9]. Minimised patient man-
agement via telemedicine has become an
important tool in the management of chroni-
cally ill patients [3, 4, 7–9]. However, ongoing
concerns about acquiring COVID-19 have
prompted some patients to avoid appointments
or stop the use of parenteral medication [10],
although continued treatments are needed to
avoid disease flares [4, 7–9].

In the current circumstances, clinicians
might particularly welcome novel therapeutic
options that are based on highly potent and
well-studied molecules, thereby expanding
treatment choices for patients with rheumatic
diseases and IBD [11, 12]. Recent technological
advances have driven the development of
innovation in biologics through other modifi-
cations, such as the first subcutaneous (SC)
formulation of infliximab, CT-P13 SC. Techno-
logical innovation has resulted in a biobetter
status for CT-P13 SC (and hence designation as
a value-added medicine or a biobetter), as it
offers significant clinical benefits including
improved pharmacokinetics (PK) and a more
convenient mode of delivery compared with
intravenous (IV) infliximab [13, 14]. Availability
of CT-P13 SC may have facilitated treatment
changes during the pandemic, allowing a shift
in administration route from IV to SC, and
correspondingly, from in-clinic to at-home
treatment, mitigating the risk of nosocomial or
commute-related SARS-CoV-2 exposure [15, 16].
Indeed, patients with rheumatic diseases and
IBD have successfully switched from IV to SC
infliximab during the pivotal studies and the
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COVID-19 pandemic [15–22]. With the renewed
interest in SC administration of biologics, we
discuss the clinical implications and advantages
of SC infliximab in the treatment of rheumatic
diseases and IBD during the pandemic and
beyond. This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

THE ADVENT OF SC INFLIXIMAB

Infliximab is an example of how innovation has
led to treatment evolution and improvements—
from the introduction of the reference product
in 1998, followed by the approval of the first
infliximab biosimilar (CT-P13) in 2013, and the
approval of CT-P13 SC in Europe in 2019 [13].
Infliximab is the most widely studied and used
anti-tumour necrosis factor (TNF) biologic for
therapy of chronic immune-mediated diseases
[23–25]. Before the introduction of these
biosimilar products, 50 manufacturing process
changes were recorded for reference infliximab
between European Union registration in 1999
and October 2014 [26]. Manufacturing changes
of a product may lead to a possible reduction in
side effects and immunogenicity [27, 28]. Since
such modifications can impact the clinical
attributes of a molecule, comparability exercises
are required to ensure quality, efficacy, and
safety after a manufacturing process change,
with experience of these assessments forming
the foundation for regulatory agencies to eval-
uate biosimilarity [29].

As well as being the first infliximab biosimi-
lar to receive regulatory approval from the
European Medicines Agency (EMA) and United
States (US) Food and Drug Administration
(FDA) [13], CT-P13 was recognised as the first
biosimilar monoclonal antibody in Japan and
South Korea [30, 31]. Global regulatory accep-
tance was based on the pivotal PLANETRA and
PLANETAS studies in patients with rheumatoid
arthritis (RA) and ankylosing spondylitis (AS),
respectively [32, 33]. Although not required for
the approval process, further indications were
supported by the randomised PLANETCD study
in the gastroenterology setting [34]. Following

pivotal studies conducted in patients with RA
and IBD [18, 19], CT-P13 SC received regulatory
approval from the EMA for RA in 2019 [35], and
for the other infliximab indications in adults,
comprising AS, psoriatic arthritis (PsA), psoria-
sis, Crohn’s disease (CD), and ulcerative colitis
(UC), in 2020 [36, 37]. In North America,
CT-P13 SC received approval for the RA indica-
tion in Canada in 2021 [38]. The FDA is con-
sidering CT-P13 SC under the new drug
pathway because of the difference in dose and
administration route, as well as PK benefits,
compared to its IV formulation [14, 39]. There-
fore, the FDA has requested that randomised,
placebo-controlled efficacy studies are con-
ducted. Studies are underway in patients with
moderately to severely active CD (ClinicalTri-
als.gov Identifier NCT03945019) and UC
(NCT04205643), with FDA approval anticipated
in the second quarter of 2022 [39]. Given the
new drug status, it is unclear whether the FDA
will allow extrapolation of use to all indications
or whether studies will be needed for each dis-
ease area [39].

For CT-P13 SC, two pivotal studies demon-
strated non-inferiority to CT-P13 IV in terms of
efficacy (in part 2 of the phase I/III CT-P13 SC
3.5 study in patients with RA) [18] and PK (in
part 2 of the phase I CT-P13 SC 1.6 study in
patients with IBD) [19]. CT-P13 SC provided a
more stable drug exposure than CT-P13 IV in
both trials, with levels consistently higher than
the target therapeutic concentration, repre-
senting a pharmacological advantage for
CT-P13 SC [11, 13, 18, 19]. While the pivotal
studies included CT-P13 IV dose loading prior
to week 6, predicted exposure and efficacy were
comparable between the CT-P13 SC and CT-P13
IV arms from week 6 onwards. The Committee
for Medicinal Products for Human Use recom-
mends that CT-P13 SC can be initiated without
IV dose loading in patients with RA [40], which
could potentially further reduce time associated
with drug administration, reduce healthcare
professional (HCP) time, and improve flexibility
for patients.

Since it is a chimeric antibody, infliximab can
induce the formation of anti-drug antibodies
(ADAs), contributing to a loss of response [41].
While a general perception exists that SC
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biotherapeutics are potentially more immuno-
genic than those administered via the IV route
[13, 42], the pivotal CT-P13 SC studies refuted
this, as similar, albeit numerically lower,
immunogenicity was observed for SC- versus IV-
administered CT-P13 [18, 19]. A post hoc analysis
of pivotal data in patients with RA and CD also
demonstrated significantly lower immuno-
genicity for patients receiving CT-P13 SC than
those receiving CT-P13 IV (p\0.0001) [43]. The
proportion of patients who converted to neu-
tralising antibody-positive status was also lower
for SC- versus IV-administered CT-P13 in the IBD
study [19]. From an immune mechanistic per-
spective, the higher trough concentrations
observed with CT-P13 SC may putatively induce
high-zone tolerance, resulting in immune
downregulation towards the agent and reduced
immunogenicity [13]. An alternative or comple-
mentary mechanism may be decreased forma-
tion of drug–antigen immune complexes in the
context of high drug levels, possibly leading to
lower immune activation towards the drug [44].

The enhanced pharmacological and clinical
outcomes observed with CT-P13 SC compared
with IV infliximab have, in part, promoted the
development of a new definition for biobetters.
An international Delphi consensus meeting
involving gastroenterologists and rheumatolo-
gists agreed that a ‘‘biobetter is a modified ver-
sion of a specific approved biologic that
enhances clinical outcomes (e.g., improved
efficacy) and/or drug pharmacology (e.g., PK
and/or pharmacodynamics)’’, citing CT-P13 SC
in support of the new definition [14]. Further to
the PK benefit discussed at the consensus
meeting [14], recent meta-analyses have sug-
gested that CT-P13 SC offers an improved ben-
efit-to-harm ratio in patients with RA,
compared with IV infliximab [45, 46].

CLINICAL EVIDENCE
AND IMPLICATIONS OF SC
INFLIXIMAB PRIOR TO THE
COVID-19 PANDEMIC

SC self-application of peptide/protein-based
medications is not new: pens for injection of

insulin in the therapy of diabetes mellitus have
been around for over 30 years [47]. In rheumatic
diseases and in the IBD setting, several thera-
peutic agents can be primarily administered by
SC injection [48–50]. However, the develop-
ment of SC infliximab has shifted the landscape
for anti-TNF therapy, among further advantages
(Table 1). In the past, physicians could use
infliximab for continuous IV therapy and adal-
imumab for continuous SC therapy in IBD [51],
with additional SC anti-TNF options (including
etanercept and golimumab) available for rheu-
matic diseases [42]. With only a few anti-TNF
biologics available with dual formulations, a
combination of IV loading and SC maintenance
dosing was not a readily available option,
although it may carry significant advantages for
patients (including high peak serum drug levels
with IV induction and constant serum drug
levels with SC maintenance) [35, 52].

Prior to the COVID-19 pandemic, SC anti-
TNF agents were employed depending on
patient preferences and physician recommen-
dations [51], with surveys suggesting that both
patients and physicians in rheumatology and
gastroenterology settings prefer SC to IV bio-
logics [53–55]. A survey of patients and HCPs
from rheumatology clinics in Denmark revealed
that 71% of patients currently self-injecting
their treatment at home, 77% of biologic-naı̈ve
patients, and 87% of HCPs preferred the SC
route of administration [53]. The majority of
patients in the survey who were currently
receiving SC anti-TNF agents had previously
received an IV biologic, providing a useful
insight into the perspectives of patients who
had switched administration route [53]. In
another study of 25 TNF inhibitor-naı̈ve
patients, 60% chose to receive an SC biologic
(adalimumab) over an IV biologic (infliximab)
for reasons related to the route of administra-
tion rather than the drug itself [54]. Similarly,
when TNF inhibitor-naı̈ve patients with CD
were asked to choose an anti-TNF therapy,
approximately two-thirds opted for a treatment
that was delivered by SC injection [55]. Patients
have cited ease of use, convenience, and time
taken for administration as important factors in
treatment selection [53–55]. In addition, SC
medications may offer more flexibility for
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patients wishing to travel—the availability of
medications abroad, particularly IV infusions,
can pose a major obstacle and requires advance
planning [56–58]. The availability of SC inflix-
imab now enables a change in administration

route from IV to SC with the same agent,
depending on the requirement for drug expo-
sure, safety of the administration environment,
and convenience.

Table 1 Clinical implications of SC infliximab before, during, and beyond the COVID-19 pandemic era

Clinical implications of SC infliximab

Before the COVID-19 pandemic

SC infliximab offers comparable efficacy and safety to IV infliximab, with an improved PK profile: these clinical

advantages mean SC infliximab has been recognised as an example of a biobetter

SC infliximab may also offer lower immunogenicity than IV infliximab in patients with either RA or IBD

The increased convenience of SC infliximab could provide a convenient and empowering alternative to IV infliximab,

which may be preferred by patients

The flexibility and convenience of SC infliximab may afford patients greater control over their treatment, potentially

improving adherence

During the acute COVID-19 pandemic

Successful outcomes after switching from IV to SC infliximab in pivotal studies have been reproduced in real-world

rheumatology and gastroenterology settings during the pandemic, with benefits in terms of PK, convenience, and

patient preference observed

SC infliximab facilitates a shift from hospital to home-based care as patients can transition from IV to SC administration

routes without changing therapeutic agent

Reduced hospital attendance due to uptake of SC biologics lowers the risk of nosocomial exposure to SARS-CoV-2 for

HCPs and patients

Healthcare resource requirements are reduced with patients switching from IV to SC infliximab, facilitating

reorganisation and redeployment during the surge in demand brought about by the pandemic, as well as offering cost

savings

Ongoing home-based self-administration of SC infliximab may be associated with substantial long-term cost savings for

healthcare systems

During the chronic threat of COVID-19 and beyond

SC infliximab is compatible with remote patient management via telemedicine and contactless healthcare approaches,

which are expected to become embedded in healthcare systems post-pandemic

Accumulating real-world data should improve confidence and uptake for SC infliximab

Patient education, combined with suitable remote monitoring of disease activity, drug levels, and compliance, will be

required to ensure safe and adherent long-term treatment with SC infliximab

COVID-19 coronavirus disease 2019, HCP healthcare professional, IBD inflammatory bowel disease, IV intravenous,
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, PK pharmacokinetic(s), RA rheumatoid arthritis, SC
subcutaneous
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CLINICAL IMPLICATIONS OF SC
INFLIXIMAB IN THE COVID-19
PANDEMIC ERA AND BEYOND

During the Acute COVID-19 Pandemic

During the initial phase of the COVID-19 pan-
demic, SC infliximab offered several benefits for
patients and healthcare systems, including
reducing hospital attendance and the health-
care resource burden. This provided potentially
positive impacts from a pharmacoeconomic
perspective, alongside clinical benefits for
patients when switching. In addition, SC
infliximab may have other positive effects on
COVID-19 infection through its mechanism of
action as an anti-TNF agent.

SC Infliximab Provides Opportunities
to Reduce Hospital Attendance Without
Changing Biologic
Several clinical societies and institutions devel-
oped clinical recommendations and guidelines
in response to the pandemic, providing guid-
ance on patient management while reducing
potential nosocomial exposure to SARS-CoV-2
for both HCPs and patients through minimising
hospital visits (Table 2) [4, 7–9, 59–64]. While
patients were advised to continue taking their
medications [4, 7–9, 59–64], some guidelines
recommended prioritising the use of SC bio-
logics above IV formulations [9, 60, 62] or to
consider the route of administration when
making treatment decisions [61]. Other guide-
lines advised against treatment changes from IV
to SC biologics solely because of the pandemic
situation [4, 8, 65]. However, it was recognised
that a switch to SC biologics might be needed if
it was not possible to continue infusion services
safely [8]. The availability of IV and SC formu-
lations of CT-P13 allows patients who receive IV
infliximab to switch to the SC route without
changing biologic, in compliance with these
guidelines. This avoids a potentially undesired
switch of therapeutic agent from IV infliximab
to SC adalimumab, which has been associated
with an increased risk of a flare in patients with
CD [66], as noted in European Crohn’s and
Colitis Organization guidelines [8, 65]. In

addition to the uptake of SC formulations,
efforts to avoid nosocomial infection included
the use of telemedicine for consultations and
reducing the frequency of blood monitoring
[4, 7–9, 59–61, 63, 64]. For patients with IBD,
non-emergency endoscopies were postponed
[4, 8, 63, 64]. As real-world data accumulated
during the pandemic, it was clear that disease
management was evolving rapidly, highlighting
the importance of shared clinical decision-
making between physician and patient.

Switching from IV to SC Infliximab During
the COVID-19 Pandemic
The pivotal studies evaluating CT-P13 SC
demonstrated that efficacy was comparable for
patients with UC, CD, or RA who received
CT-P13 SC throughout (after dose loading) or
who switched from CT-P13 IV to CT-P13 SC
from week 30 [18, 19]. Other than an antici-
pated increase in local site pain following the
switch to CT-P13 SC (the extent of which
reduced with repeated injections), safety was
similar between treatment arms in both studies.
These results suggested that switching from CT-
P13 IV maintenance treatment to SC infliximab
was feasible during established remission. In
addition, trough drug concentrations increased
in the CT-P13 IV groups following the switch to
CT-P13 SC, becoming similar to concentrations
maintained in patients receiving CT-P13 SC
throughout.

During the COVID-19 pandemic, switching
patients to SC therapies offered several potential
benefits and successful approaches have been
shared [22, 67, 68]. For SC infliximab, real-world
experience (or expert opinion) has been accu-
mulating to support switching from IV to SC
formulations. Reports of pandemic-driven ini-
tiatives have demonstrated that switching from
IV infliximab to CT-P13 SC has been well tol-
erated and clinically favourable in patients with
IBD [16, 17, 22, 69]. In response to the pan-
demic, a programme in which stable patients
with IBD were switched from IV infliximab to
CT-P13 SC was initiated in two UK hospitals
[16, 70]. The most recent report noted that 172
patients had switched to CT-P13 SC since April
2020, with high levels of patient satisfaction
[70]. Of 88 randomly selected patients surveyed,
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Table 2 Selected key messages of clinical guidelines in rheumatic diseases and inflammatory bowel disease in the
COVID-19 pandemic era, with an emphasis on treatment changes and switching to SC therapies

Guideline Key messages for patients not known or suspected to be infected with SARS-CoV-2 References

Rheumatic diseases

ACR Ongoing treatment (hydroxychloroquine/chloroquine, sulfasalazine, methotrexate, leflunomide,

immunosuppressants [e.g. tacrolimus, cyclosporin A, mycophenolate mofetil, azathioprine],

biologics, JAK inhibitors and NSAIDs) in patients with stable rheumatic disease may be

continued. Denosumab may still be given, extending dose intervals if necessary to no longer

than every 8 months

Measures such as reduced frequency of laboratory monitoring, use of telemedicine, and increased

dosing intervals for IV therapies may be reasonable to reduce healthcare encounters and

potential exposure to SARS-CoV-2

[59]

AFLAR Medications for rheumatic diseases should be continued as normal as there is no evidence of

increased SARS-CoV-2 infection risk in patients with RMDs or receiving DMARDs

Limit hospital attendance by considering use of SC formulations of bDMARDs and bsDMARDs

instead of IV infusions

The following should be considered by physicians to reduce patients’ hospital attendance: less

frequent blood monitoring (for stable patients), longer prescription periods, and virtual clinics

[9]

EULAR Treatments should be continued unchanged (such as NSAIDs, glucocorticoids, sDMARDs,

bDMARDs, osteoporosis medications, and analgesics)

Regular blood monitoring and face-to-face rheumatology consultations can be postponed for

stable patients, and remote consultations can be used where necessary

[7]

NICE NSAIDs and denosumab do not need to be stopped. Treatment with zoledronate can be

postponed for up to 6 months. Prednisolone should not be stopped suddenly. Use oral

corticosteroids where possible

Consider switching patients receiving IV biologics to an SC formulation of the same treatment; if

this is not possible, discuss changing to an alternative SC treatment with the patient

Assess whether the frequency of IV immunoglobulins can be reduced

Minimise face-to-face contact by avoiding non-essential face-to-face consultations, offering

telephone or video consultations, using medication delivery services, and expanding community-

based blood monitoring

Consider increasing intervals between blood tests for drug monitoring (where safe)

[60]

SFR Maintain effective and well-tolerated treatments (such as methotrexate, leflunomide, sulfasalazine,

bDMARDs) to avoid potential disease flares

There are no contraindications to initiating or maintaining NSAIDs or JAK inhibitors

Minimise dose of oral corticosteroids to B 10 mg per day if possible

Consider switching patients receiving IV biologics to their SC formulations to avoid hospital

attendance, for patients who can self-administer treatment

[62]
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Table 2 continued

Guideline Key messages for patients not known or suspected to be infected with SARS-CoV-2 References

Inflammatory bowel disease

AGA To avoid relapse (due to non-adherence), patients should maintain their current regimens

Elective switching of IV medications (e.g., infliximab) to SC therapies (e.g., adalimumab) or home

infusions for IV medications is not recommended

Only urgent and emergent endoscopic procedures should take place

[64]

BSG Patients should continue their current medications. Access to injectable treatment (infliximab,

vedolizumab, ustekinumab, adalimumab, certolizumab and golimumab) should be maintained.

Corticosteroids should be avoided if possible but not stopped suddenly

Access to and home care provision of SC medicines should be prioritised, with infusion suite

services maintained to prevent disease flares and hospital admission; enforced switching from IV

to SC therapies is not recommended

Monitor disease activity remotely using virtual clinics, with blood tests conducted at non-hospital

sites; routine blood monitoring may be deferred

Non-emergency endoscopy should not take place; routine elective operations and complex

surgeries should be deferred where possible

[4]

ECCO Continue treatment with immunomodulators, biologics, and JAK inhibitors

Do not switch stable patients from IV infliximab to SC adalimumab unless it is not possible to

provide IV infusions; switching to SC therapies may be considered where it is not possible to

run an infusion service safely

Implement telemedicine and remote monitoring; only conduct appointments for decision-making

Postpone non-urgent endoscopic procedures and limit hospitalisation and surgery to life-

threatening situations

[8]

IOIBD Patients should not reduce the dose or discontinue anti-TNF therapies, thiopurines,

5-aminosalicylic acid, budesonide, methotrexate, vedolizumab, ustekinumab, or tofacitinib.

Patients taking prednisone therapy (C 20 mg/day) should reduce the dose of therapy to

prevent SARS-CoV-2 infection

Postpone elective surgery and non-essential endoscopic procedures

[63]
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85% agreed they were happier on SC infliximab
than IV infliximab, and 92% and 86% reported
that SC infliximab was easy and felt safe to use,
respectively [70]. A previous report after 163
patients had switched found that trough drug
concentrations were similar or higher after the
switch than before [16]. Mean infliximab levels
were significantly higher 3 months post-switch
than at baseline, and were maintained
6 months post-switch [70]. SC infliximab was
well tolerated with low rates of adverse events
[16, 70]. A further observational study evaluated
switching from CT-P13 IV to CT-P13 SC in 17
patients with IBD who were in clinical remis-
sion [22]. Serum drug concentrations were sig-
nificantly higher 6 months post-switch than at
baseline, with decreased clinical Mayo scores
and faecal calprotectin levels also observed.
Taken together, these findings suggest that
results from the pivotal studies, such as the
improved PK profile following the switch to
CT-P13 SC, are reproducible in real-world set-
tings, demonstrating the reliability of the piv-
otal data for CT-P13 SC.

In addition, on the basis of our own clinical
experiences, rheumatologists are also reporting
successful switching to CT-P13 SC in individual

patients with AS, RA, and PsA; CT-P13 SC is well
tolerated, with no indications of an increase in
disease activity, and patients appreciate the
reduction in hospital visits during the pan-
demic [20]. For patients, homecare-based man-
agement can increase independence, which can
have a positive impact on quality of life, making
everyday activities easier and providing a sense
of freedom [71–73]. By allowing patients to take
charge of their own therapy with self-adminis-
tration, we believe SC therapeutics may also
give patients a sense of empowerment that
provides comfort in this era of insecurity.

Self-Administered Therapies Reduce
the Healthcare Resource Burden During
the Pandemic
Minimising hospital visits per clinical guideli-
nes reduced both the infection risk for patients
[16] and the burden on overstretched medical
facilities. The reduction in healthcare resources
concomitant with reduced administration of IV
therapies could facilitate reorganisation and
redeployment as required during the unprece-
dented demand on medical services [2, 11, 42].
Experts have agreed that SC biobetters could
play an important role during health

Table 2 continued

Guideline Key messages for patients not known or suspected to be infected with SARS-CoV-2 References

NICE Continue existing courses of treatment to minimise the risk of disease flares but consider whether

any changes are needed to minimise face-to-face contact during the COVID-19 pandemic,

including to the route of administration and mode of delivery

When deciding whether to start a new treatment, consider factors including whether there is a

route of administration that could make hospital attendance or admission less likely

Minimise contact by avoiding face-to-face consultations that are not essential, offering

consultations via telephone or video, using medication delivery services, and expanding

community-based blood monitoring

[61]

ACR American College of Rheumatology, AFLAR African League Against Rheumatism, AGA American Gastroentero-
logical Association, (b/bs)DMARD (biologic/biosimilar) disease-modifying anti-rheumatic drug, BSG British Society of
Gastroenterology, COVID-19 coronavirus disease 2019, ECCO European Crohn’s and Colitis Organization, EULAR
European Alliance of Associations for Rheumatology, IOIBD International Organization for the Study of Inflammatory
Bowel Diseases, IV intravenous, JAK Janus kinase, NICE National Institute for Health and Care Excellence, NSAID non-
steroidal anti-inflammatory drug, RMD rheumatic and musculoskeletal disease, SARS-CoV-2 severe acute respiratory syn-
drome coronavirus 2, SC subcutaneous, sDMARD synthetic disease-modifying anti-rheumatic drug, SFR French Society of
Rheumatology, TNF tumour necrosis factor
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emergencies, such as the COVID-19 pandemic,
although decisions to switch must be shared
between patient and physician [14].

SC Infliximab Offers Potential
Pharmacoeconomic Benefits
Switching from IV to SC infliximab can also
have a beneficial pharmacoeconomic impact—
an important consideration for healthcare
facilities given the pandemic-related surge in
demand. A UK analysis in RA and IBD found
that the annual costs for SC infliximab treat-
ment could be approximately 50% lower than
those for IV infliximab (£1457 versus £2867)
[74]. The study also identified savings for
patients through reduced hospital parking
charges and lost personal time, and increased
productivity [74]. Given that the shift to com-
munity/home-based drug administration is
likely to be maintained in the future, SC bio-
logics may be more economically sustainable
than IV treatments: with up to 15% of the cost
of an IV therapeutic coming from the infusion
itself, long-term savings could be substantial
[39]. A budget impact analysis from the UK
payer perspective estimated that, over 5 years,
the introduction of CT-P13 SC could result in
nearly £40 million of cost savings, which could
enable an additional 4466 patients to receive SC
infliximab [75]. Since patients can lose response
to IV infliximab over time and, consequently,
may need to receive higher or more frequent
doses, the cost savings with SC administration
could be even higher [39].

Other Potential Clinical Benefits of Anti-TNF
Treatment for Patients with COVID-19
Initially, the impact of COVID-19 on patients
with chronic autoinflammatory diseases was
unknown [76], including the SARS-CoV-2
infection risk of patients receiving
immunomodulatory/immunosuppressive treat-
ments [77, 78]. Meta-analyses have indicated a
higher prevalence of COVID-19 in patients with
autoimmune diseases compared with control
patients or the general population, without an
increased risk of hospitalisation, intensive care
unit admission, or death [77, 79]. When anal-
ysed by disease, the prevalence of COVID-19

was higher in RA (0.009) than IBD (0.003), with
higher prevalence associated with glucocorti-
coid use [77].

The immunosuppressive effects of anti-TNF
therapy were initially hypothesised to put
patients at high risk of SARS-CoV-2 infection
and for development of severe forms of the
disease; however, this was by and large refuted
by ensuing evidence that rates of severe infec-
tion were not increased, with an inverse rela-
tionship suggested between anti-TNF treatment
and hospitalisation or mortality due to
COVID-19 (Table 3; 76–84]). Evidence from the
SECURE-IBD registry showed a lower risk of
severe COVID-19 with anti-TNF agents versus
corticosteroids (adjusted odds ratio 0.9 versus
6.9) [78]. Moreover, the COVID-19 Global
Rheumatology Alliance physician-reported reg-
istry reported an inverse association between
anti-TNF treatment and hospitalisation with
COVID-19 and a higher risk of hospitalisation
with moderate to high glucocorticoid use versus
no glucocorticoid use [82]. These results were
supported by a meta-analysis in patients with
rheumatic diseases, which reported a lower
hospitalisation risk for patients receiving anti-
TNF agents (odds ratio 0.38) [79]. Registry
findings have also linked corticosteroid/thiop-
urine use with severe COVID-19, and identified
an increased risk of severe COVID-19 in patients
receiving both thiopurines and anti-TNF agents
versus anti-TNF monotherapy [76, 78]. This
may make SC infliximab especially appealing
during the pandemic given its efficacy in the
pivotal IBD study, in which two-thirds of
patients were not receiving concomitant corti-
costeroids [19]. Furthermore, a recent analysis
demonstrated comparable clinical efficacy and
PK for patients who received SC infliximab with
or without concomitant oral immunomodula-
tors (azathioprine, 6-mercaptopurine, or
methotrexate) [85]. Since combination therapy
appears to exert its effect through improving
the PK profile of infliximab, concomitant
immunomodulators may not be required to
achieve clinical targets if higher exposure can be
delivered with the biologic itself [86]. Such
potential benefits may be realised with SC
infliximab owing to its improved PK profile.
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The potentially protective effect of anti-TNF
agents against COVID-19 may be related to
their effects on the entry receptor angiotensin-
converting enzyme 2 (ACE2) and reductions in
circulating TNF levels [80, 81]. Patients with IBD
taking TNF inhibitors have significantly lower
gut ACE2 expression than do patients on no
medication [87]. Anti-TNF agents may also help
to neutralise the high serum TNFa concentra-
tions that have been associated with more sev-
ere COVID-19 [81]. Indeed, evidence from a
case series of patients with COVID-19 (but
without IBD) has suggested that infliximab may
help to combat severe COVID-19-induced
cytokine storm syndrome by reducing systemic
inflammation [83]. In addition, an observa-
tional study of Italian patients with IBD has
reported that non-gut-selective agents (such as
anti-TNF therapies) were associated with a lower
incidence of SARS-CoV-2 infection, symp-
tomatic COVID-19, and hospitalisations than
were gut-selective biologics [88]. Consequently,
there have been calls to investigate anti-TNF
therapies as treatments for COVID-19 in clinical
trials [89]: infliximab has recently been
announced as one of three agents to be tested in
hospitalised patients with COVID-19 in the
World Health Organization’s Solidarity PLUS
trial [90].

Clinical trials and cohort studies have also
assessed the potential benefits of various other
biologic therapies for the treatment of
COVID-19 [91, 92]. Immunotherapeutic

approaches have aimed to improve patient
outcomes through combatting the SARS-CoV-
2-induced cytokine storm, with tocilizumab
(targeting interleukin [IL]-6) and anakinra
(targeting IL-1) among the biologics evaluated
[91]. Janus kinase (JAK) inhibitors are another
important class of agents demonstrating effi-
cacy against COVID-19 [93, 94]; however, a
pooled analysis of data from registries for
inflammatory arthritis, IBD, and psoriasis
found that patients receiving JAK inhibitor
monotherapy had higher odds of hospitalisa-
tion or death associated with COVID-19 than
those receiving monotherapy with anti-TNF
agents [95]. Neutralising monoclonal antibod-
ies targeting the SARS-CoV-2 receptor binding
domain have also been developed, directly
inhibiting viral entry into human cells [92].
Such agents include casirivimab, imdevimab,
bamlanivimab, etesevimab, and regdanvimab
(CT-P59), which have received full or emer-
gency use authorisations from regulatory
authorities for the treatment of patients with
COVID-19 [92, 96].

Protective immunity and vaccination will be
critical to ending the COVID-19 pandemic, and
a global vaccination programme is underway.
Some evidence suggests TNF inhibitors may
impair immune responses to pneumococcal,
influenza, and viral hepatitis vaccinations [97];
thus, it is important to understand their impact
in the context of COVID-19. The UK-based
CLARITY study has shown that infliximab

Table 3 Clinical impact of anti-TNF treatment on SARS-CoV-2 infection

Clinical impact of anti-TNF treatment References

No increase in rates of severe SARS-CoV-2 infection identified in patients with RA or IBD treated with

anti-TNF agents

[79–81]

Inverse relationship between anti-TNF therapy and hospitalisation or mortality due to COVID-19 suggested

by meta-analyses and registry studies for patients with rheumatic diseases or IBD

[76–79, 82]

The anti-inflammatory effects of infliximab may help to combat the severe COVID-19-induced cytokine

storm and therefore help to treat COVID-19

[83]

Seroconversion occurs in most infliximab-treated patients after two SARS-CoV-2 vaccine doses [84]

COVID-19 coronavirus disease 2019, IBD inflammatory bowel disease, RA rheumatoid arthritis, SARS-CoV-2 severe acute
respiratory syndrome coronavirus 2, TNF tumour necrosis factor
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attenuated the serological response after natural
infection, finding an inverse relationship
between infliximab trough levels and serocon-
version [84, 97]. Lower seroconversion rates in
infliximab-treated patients were also noted after
a single SARS-CoV-2 vaccine dose, which could
increase the likelihood of recurrent SARS-CoV-2
infection in affected patients [97]. However, it is
important to view these findings in the context
of the similar or reduced risk of severe
COVID-19 with anti-TNF treatment, as dis-
cussed previously [76–81]. Furthermore, inflix-
imab- and vedolizumab-treated patients who
had received their second SARS-CoV-2 vaccine
dose (as recommended by health authorities) or
were vaccinated following natural infection had
comparable seroconversion rates (85% and
86%, respectively) [84]. By comparison, 79% of
anti-TNF-treated patients with psoriasis sero-
converted after one dose of a SARS-CoV-2 vac-
cine, compared with only 47% of patients
receiving methotrexate [98].

Chronic Threat of COVID-19 and Beyond

While we have discussed SC infliximab in con-
text of the COVID-19 pandemic in this article, it
is important to note that many of its benefits
will continue to positively impact patients and
healthcare systems beyond the pandemic era.
This includes the clinical benefits of SC inflix-
imab, such as the improved PK profile, the
pharmacoeconomic benefits for healthcare sys-
tems, and the improved convenience of treat-
ment for patients. In addition to this, it is
important to consider the role SC infliximab
could play in healthcare systems as they evolve
for the future.

While remote patient management systems
were already being evaluated in rheumatic dis-
eases and IBD, the pandemic has accelerated
their uptake and pushed telemedicine (often
termed telerheumatology in the rheumatic dis-
ease setting) to the forefront, allowing both
HCPs and patients to become more familiar
with the concept [2, 69, 99–103]. Before the
pandemic, home-based automated systems and
web-based services were developed to encom-
pass telemonitoring, teleconsulting, and tele-

education for patients with IBD [104], with
patient acceptance of virtual monitoring
increasing in rheumatology and gastroenterol-
ogy settings [104, 105]. One systematic review
found telerheumatology to be met with high
rates of patient satisfaction [106], although
potential barriers, such as accessibility and
acceptance of telemedicine by older patients,
must be considered [107]. Indeed, rheumatol-
ogy patients receiving SC biologics have been
managed successfully via telemedicine during
the pandemic [2, 108]. In Italy, a retrospective
study of patients receiving SC or oral therapies
for RA, PsA, or AS reported no significant dif-
ferences in outcomes between those monitored
remotely or attending hospital visits [108].
Similarly, US surveys revealed that medication
interruptions were more common in patients
who avoided the clinic and did not have access
to telemedicine [10, 109]. In IBD, significantly
improved medication adherence and reductions
in outpatient visits and hospitalisations were
reported with telemedicine versus standard care
prior to the pandemic [110, 111]. During the
pandemic, a UK survey reported that telephone
consultations replaced 86% of face-to-face clin-
ics for patients with IBD [112]; in one unit, 92%
of patients who had a consultation via tele-
phone rather than in person were satisfied with
their experience [102]. Gastroenterologists have
also reported patient preferences for virtual
management approaches during the pandemic
and have described the value of SC biologics,
including CT-P13 SC, in delivering home care-
based management [71].

In the future, the management of patients
receiving SC biologics, including CT-P13 SC,
should be accompanied by remote patient
monitoring where digital tools (such as mobile
applications or wearables tracking patients’
physiology and physical behaviour) are used to
monitor disease activity status, inflammatory
burden, and drug exposure to inform clinical
care [113]. In IBD, new applications that can
complement the transition from symptom-
based disease management to inflammation-
based care are anticipated [114]. Faecal calpro-
tectin measurements could be used as part of
tight control or treat-to-target strategies for
anti-TNF dose optimisation in patients with CD
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[115], with digital tracking potentially used to
assess disease activity and escalate therapy if
needed [114]. Digital therapeutic drug moni-
toring (TDM) for anti-TNF therapy could also
benefit patients; TDM enables dosage adjust-
ments based on serum drug and ADA concen-
trations to maintain therapeutic target drug
levels [116, 117]. The more stable serum drug
levels seen with SC administration could
potentially allow for any day sampling, unlike
the strict pre-dose sampling required for IV-ad-
ministered biologics: studies with SC-adminis-
tered adalimumab support this theory
[118, 119]. This may make blood test scheduling
easier and more convenient for patients. Cost
savings have also been identified with TDM of
infliximab treatment in patients with IBD
[120, 121].

Telemedicine and contactless healthcare are
expected to continue to grow post-pandemic as
key concepts of future healthcare systems
(Table 1) [2, 69, 99–102]. Indeed, acceptance of
digital tools increased during the pandemic
[105]. Although long-term administration of
medications can lead to a lack of adherence,
which can be challenging to monitor for drugs
that are self-administered at home [122],
patient education can improve compliance with
SC anti-TNF therapy [123]. While some physi-
cians may be concerned about patient adher-
ence to SC therapies, high adherence rates with
SC anti-TNF agents have been reported in a
Canadian analysis of patients with RA, AS, or
PsA [124]. Combined with the IV formulation,
CT-P13 SC may afford patients more control
over their treatment [125], with increased flex-
ibility and convenience [13]. In turn, this could
improve adherence: a Spanish observational
study in RA concluded that compliance could
be increased with less complex regimens [126].
HCPs must ensure that patients receive suffi-
cient information and guidance to safely con-
tinue to self-administer SC therapeutics,
including CT-P13 SC, over the long-term. CT-
P13 SC administration, when combined with a
good monitoring tool for TDM and appropriate
patient education, is suitable for remote usage
and is compatible with this future paradigm.
This article is based on previously conducted
studies and does not contain any new studies

with human participants or animals performed
by any of the authors.

CONCLUSION

The advent of SC infliximab marks an innova-
tion in the treatment landscape for rheumatic
diseases and IBD, offering patients and physi-
cians numerous benefits that have been partic-
ularly welcome during the COVID-19 pandemic
(Table 1). As accumulating real-world data
improve confidence in the use of SC infliximab,
its benefits are expected to be realised far
beyond the pandemic as SC infliximab contin-
ues to be integrated into the healthcare systems
of the future.
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