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Abstract
Objective
Paediatric non-infectious uveitis (NIU) is an important cause of significant long-term complications and blindness in
children. Infliximab (IFX) is a chimeric human/murine monoclonal antibody against TNF-a. that is effective in NIU
resistant to conventional therapies. In this study, we aimed to determine the efficacy and safety of an IFX biosimilar
(CT-P13) in paediatric patients with NIU.

Methods
This was a non-interventional and retrospective study that included paediatric patients with NIU who received
IFX biosimilar CT-P13 treatment between January 2016 and January 2020. Demographic data pertaining to patients
and their disease were collected. The efficacy and safety of the IFX biosimilar were evaluated.

Results
Twenty-six patients (44 eyes) were enrolled in this study. The median age (interquartile range) at the diagnosis of

uveitis was 941 (5-12.3) years. The most common site of involvement was anterior uveitis, and bilateral involvement
was more commonly seen in the older age group (p=0.32). The primary diagnosis of 16 patients was juvenile idiopathic
arthritis, three had Behget's disease, six had idiopathic disease and one had sarcoidosis. All patients were treated with
CT-P13 (22 patients were biologic-naive, and four switched from adalimumab). The median follow-up time on IFX was

14 months (range 4—48). Complete recovery was achieved in 95.4% of eyes with active uveitis, while inactive disease

was not achieved in two of them. We observed a reduction in the number of flares in all patients during the follow-up

period (4.5+2.2 vs. 0.89+1, p=0.01). Treatment-emergent adverse events occurred in 26.9% of patients.

Conclusion
To our knowledge, this is the first study to assess the impact of CT-P13 treatment adherence on disease activity in children
with NIU. The IFX biosimilar CT-P13 is remarkably safe and effective for the long-term treatment of paediatric NIU.
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Introduction

Uveitis is defined as inflammation of
the iris, choroid, and/or retina, which
are the uveal components of the eye
(1). Uveitis is less common in chil-
dren, who may constitute up to 14% of
all uveitis patients (2). Non-infectious
uveitis (NIU) is a significant cause of
blindness and long-term complications
in children.

Non-infectious uveitis may be associ-
ated with underlying systemic diseases
such as Behcget’s disease (BD), juve-
nile sarcoidosis/Blau syndrome, and
juvenile idiopathic arthritis (JIA). In a
significant number of patients, there are
no additional associated symptoms or
systemic diseases, and they are defined
as having idiopathic uveitis (3,4). Band
keratopathy, glaucoma, hypotonia,
synechiae, cataracts, cystoid macular
oedema, and vision loss are the most
common complications seen in patients
with NIU. Vision loss can occur in up to
75% of these patients (3, 5, 6).
Although no standardised treatment
approach has been established, early
diagnosis and immediate treatment are
required to maintain visual function.
Local steroid treatment is recommend-
ed initially. The early implementa-
tion of corticosteroid-sparing therapy,
mostly methotrexate, is recommended
both to improve visual outcomes and
prevent corticosteroid side effects due
to long-term administration (7, 8).
Biological treatments, such as anti-
TNF drugs, are effective in patients
with uveitis refractory to conventional
therapies (8-11). It has been shown that
some inflammatory cytokines, such as
TNF-o, may play a role in the occur-
rence of uveitis (12, 13). Infliximab
(IFX), a chimeric monoclonal antibody
against TNF-a, has been shown to be
effective for an average of 64.7% of
paediatric uveitis patients (95% CI:
59.8 t0 69.3%) (14).

Biosimilar drugs are reproductions of
their original counterparts and are usu-
ally less expensive (15). CT-P13 (Rem-
sima®, Inflectra®) is the biosimilar of
the reference medicinal product (RMP)
of IFX (Remicade®) and was the first
approved biosimilar monoclonal anti-
body by the European Medicines Agen-
cy. CT-P13 and its RMP have a uniform

amino acid sequence and extremely
comparable higher-order structures (16,
17). CT-P13 was found to be effective
and safe in clinical trials of rheumato-
logic diseases (the PLANETRA and
PLANETA studies) (18, 19).

In this report, we examined the demo-
graphic, anatomical distribution, under-
lying systemic diseases, treatment out-
comes and complications of children
with NIU treated with an IFX biosimi-
lar molecule.

Materials and methods

This non-interventional, retrospective,
single-centre analysis collected medi-
cal record data of paediatric patients
with NIU who received biosimilar IFX
treatment at the referral centre for pae-
diatric rheumatology between January
2016 and January 2020. The Local Eth-
ics Committee of Umraniye Training
and Research Hospital approved this
study, and consent was waived (approv-
al no: B10.1TKH.4.34. H.G.P.0.01).

Patients and data collection

Patients diagnosed with NIU aged <16
years and treated with an IFX biosimilar
were included in the study. All patient
examinations and follow-up visits were
performed by the same team, including
two paediatric rheumatologists and an
ophthalmologist. Demographic data of
patients, including age, sex, the time of
the first episode, delay from first symp-
toms to the diagnosis date, number of at-
tacks, number of visits, overall follow-
up duration, laterality and chronicity of
uveitis, underlying systemic diseases,
local and/or systemic treatment modali-
ties that were used, ocular surgeries that
performed and/or ocular complications,
were collected.

Patients with uveitis were first evalu-
ated in detail for infectious and auto-
immune diseases in terms of medical
history, exposure status and family his-
tory. Next, all the patients underwent a
comprehensive eye and laboratory ex-
amination. Human Leukocyte Antigen
(HLA) typing and autoantibodies such
as an antinuclear antibody (ANA) and
angiotensin-converting enzyme (ACE)
were studied during the evaluation of
autoimmune causes. Magnetic reso-
nance imaging (MRI) of the brain and
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chest x-ray were also performed when
needed. We used the “Standardization
of Uveitis Nomenclature” (SUN) cri-
teria to describe the improvement and
worsening of the condition in patients
(20). The diagnosis of JTA was made ac-
cording to the International League of
Associations for Rheumatology criteria
(21). Patients who met the diagnostic
criteria of the international study group
of BD were diagnosed with BD (22).
Additionally, patients were considered
to have suspected cases of sarcoidosis
when serum ACE levels increased, and
the diagnosis of sarcoidosis was con-
firmed with histological investigation
(23).

Patients diagnosed with NIU, after ex-
cluding infectious causes, were treated
with local steroids, disease-modifying
antirheumatic drugs (DMARDs) and/
or anti-TNF alpha therapies accord-
ing to current treatment protocols.
Our study group consisted of patients
diagnosed with NIU treated with an
IFX biosimilar due to the presence of
active uveitis under DMARDs and/or
other biological treatments. An inflixi-
mab biosimilar was administered as an
“off-label” treatment in cases of non-
responsiveness to standard immuno-
suppressive treatment with the consent
of patients and their legal guardians.
All the data of patients treated with an
IFX biosimilar were analysed.
Statistical Package for the Social Sci-
ences (v. 23.0, SPSS Inc., Chicago, IL,
USA) was used for statistical analysis.
Univariate, bivariate, and multivariate
analyses were performed. Univariate
analysis was carried out to analyse the
means and standard deviations of con-
tinuous variables and to report the dis-
tribution of frequency for categorical
variables. A p-value of less than 0.05
was considered statistically significant.

Results

Patients’ characteristics

Forty-four eyes of 26 patients treated
with an IFX biosimilar were enrolled in
this study. Twenty-two of the patients
were biologic-naive, and four were
switched from adalimumab. All these
patients had active uveitis findings at
the initiation of IFX biosimilar therapy.
The sex distribution was equal. The
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Table I. Demographics and baseline characteristics of paediatric patients treated with

infliximab biosimilar (CT-P13).

Demographics and clinical characteristic

Number of patients % of population

Gender
Female
Male

Systemic disease
JIA
Extended oligoarticular JTA
Enthesitis-related arthritis
Juvenile psoriatic arthritis
Behget’s disease
Idiopathic uveitis
Sarcoidosis

Serology
ANA positivity
HLA B27 positivity

Uveitis laterality
Bilateral
Unilateral

Uveitis location
Anterior
Intermediate
Posterior
Panuveitis

Previous treatments prior to IFX starting
Methotrexate (MTX)
Adalimumab (ADA)
Etanercept (ETN)
Oral prednisone
Azathioprine

13 50

13 50

16 61.5

1 68.7
4 25
1 63
3 1.5
6 23
1 4

15
1

18

8 (5 right, 3 left)

JIA: juvenile idiopathic arthritis; IFX: infliximab.

median age at admission to our clinic
was 9.7 years. The median age (inter-
quartile range (IQR)) at the diagnosis
of uveitis was 9.41 (5-12.3) years, and
at the diagnosis of primary (systemic)
disease, it was 7.8 years. The median
age at the initiation of the symptoms
of systemic disease was also 6.6 years.
The mean (+SD) number of uveitis epi-
sodes was 5.4+2.75. Bilateral involve-
ment was more commonly encountered
in the older age group (p=0.32). The
most common involvement observed
was anterior uveitis. Panuveitis, pos-
terior uveitis and intermediate uveitis
were the other types of presentations.

Of the 26 patients evaluated, the pri-
mary diagnoses of 16 were JIA, three
had BD, six had idiopathic disease and
one had sarcoidosis (Table I). Most JTA
patients had the oligoarthritis subtype
(68.7%) and enthesitis-related arthritis
(ERA) subtype (25%) of uveitis, and
the least common subtype was juvenile
psoriatic arthritis (JPsA) (6.3%). Seven
patients with JIA (n=16) had uveitis

prior to arthritis (44%), and uveitis first
emerged during JIA follow-up in nine
patients. The median age (IQR) at diag-
nosis was 7 (2—-17.1) years, with a medi-
an time from JIA diagnosis to uveitis of
3 (0-96) months. The mean age (IQR)
at diagnosis was 17.7 (12.9-17.7) years
in patients with BD and 8.2 (7.3-12.3)
years in patients with idiopathic uvei-
tis. Both the age at uveitis and primary
diagnosis were lower in the JIA group
than in the other groups (p=0.04).

Treatment characteristics

The median follow-up time on an
IFX biosimilar was 14 months (range
8—48). Patients underwent an average
of 18.7x12.5 (median 16) visits dur-
ing treatment with an IFX biosimilar.
Seven patients had a longer than 2-year
follow-up, and 16 patients had a longer
than one-year follow-up period prior
to IFX biosimilar initiation. The mean
induction dosage of an IFX biosimilar
was 5.74+2.7 mg/kg (median=5 mg/
kg) dosed every two weeks for the first
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four weeks and then every four weeks
thereafter for the whole population.
Dosing was increased in six (23%) and
maintained in 20 (77%) patients over
the follow-up period according to the
treatment response.

Twenty-one (80.7%) patients received
concurrent methotrexate (MTX) once
weekly (subcutaneous), five (19.2%)
received azathioprine (AZA) daily
(oral), and seven (27%) received my-
cophenolate mofetil (MMF) daily
(oral) in at least one interval in the
treatment period with an IFX biosimi-
lar. A total of 80.7% (n=21) of patients
were on MTX and 7.6% (n=2) were
on AZA before IFX biosimilar thera-
py started, and the remaining patients
were started after starting biosimilar
IFX therapy. Biosimilar IFX was initi-
ated after a median of 8 months (IQR:
3.7-28.2) following MTX or AZA in
these patients.

Vision outcomes

While the rate of eyes with controlled
uveitis was 95.4%, inactive disease was
not achieved in two eyes with IFX bio-
similar treatment. At presentation, there
was good visual acuity (VA) (LogMAR
VA <0.3, >20/40) in 72.7% of the eyes
and significant improvement in VA after
treatment in most eyes (95.4%). At the
most recent visit, 92.3% (24/26) of pa-
tients had no active uveitis without topi-
cal steroids. We observed a reduction
in the number of flares in all patients
during the follow-up period (4.5+2.2 vs.
0.89+1, p=0.01) (Table II).
Complications were identified in 38.5%
of the patients in the study population,
and most of them were JIA patients
(62.5% vs. 60%). We found that the
most common complications were pos-
terior synechiae and glaucoma (42.3%)
at presentation and until the last visit.
Posterior synechiae was significantly
more common in the younger age group.

Biosimilar drug side effects

Overall, 26 patients were treated with an
IFX biosimilar. Drug side effects were
similar in naive and switched patients.
Under IFX biosimilar treatment, even at
higher dosages, there was no opportun-
istic infection and no life-threatening
adverse events requiring hospitalisation
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Table II. Improvement of the course and complications of uveitis during IFX treatment.

Before IFX therapy

After IFX therapy

Frequency of uveitis episodes™

Good visual acuity (LogMAR <0.3)
Moderate visionloss (LogMAR 0.3-1.0)
Severe vision loss (LogMAR >.0)
Posterior Synechiae

Band Keratopathy

Cataract

Glaucoma

45+221 0.89 = 1.04
32 (72.7%) 42 (95.4%)
9 2
3 0
9 2
1 -

1 3
2 7

*mean+SD; IFX: infliximab.

during the follow-up period. Seven pa-
tients (26.9%) experienced treatment-
emergent adverse events (TEAEs) of an
IFX biosimilar, three of whom discon-
tinued therapy due to the emergence of
a lupus-like syndrome. Upper respira-
tory tract infection, influenza-like ill-
ness, and mild urticaria were the most
common TEAEs.

Discussion

In the present study, we report the four-
year follow-up results on the safety and
efficacy of an IFX biosimilar in children
with NIU. This is the first report on IFX
biosimilar (CT-P13) efficacy and safety
in paediatric patients with uveitis.

The prevalence of JIA uveitis varies
from 11.6 to 30.0% in the literature due
to differences in ethnic specificity and
type of studies (24, 25). Sixteen patients
had uveitis-associated JIA in our study.
We found that seven patients (44%)
with JIA had uveitis prior to arthritis,
and nine developed new-onset uveitis
during follow-up. Various researchers
have reported the sex distribution, with
slightly more affected girls, in previ-
ous studies (26-28). We found an equal
sex distribution in our cohort. There
was a predominance of anterior uveitis
(47.7%) followed by panuveitis (6.8%)
in our patients, as was also found in
previous studies (26, 29, 30).
Uveitis-related complications were re-
ported in 35.5 to 67% of children, and
these complications were present in
one-third of patients at the time of uvei-
tis diagnosis. In a report, a last visual
acuity of less than 20/200 was found in
12% and of less than 20/50 in 11 to 31%
of eyes. Additionally, blindness widely
appeared in 0 to 17.5% of the children
with NIU (14). Ten patients had com-

plications (nine had posterior synechi-
ae, two had glaucoma, one had band
keratopathy, and one had anterior sub-
capsular cataract) at presentation, and
10 patients developed complications
(two had posterior synechiae, seven
had glaucoma and three had cataracts)
during follow-up. In the literature, the
most prevalent complications included
synechiae (27 to 33%), band keratopa-
thy (15.7 to 29%), cataracts (8 to 31%),
glaucoma (8 to 19%), macular oedema
(6 to 25%), and macular fibrosis (4%)
(14). Al-Haddad ef al. noticed that ante-
rior segment complications were more
prevalent in younger children (p<0.05)
(27). Approximately 21.7% of eyes in
our cohort had anterior or posterior seg-
ment complications at admission.

The IFX response rate is variable in
paediatric uveitis. Simonnini et al. re-
ported an average response rate of 72%
in 2014 (31, 32). Recently, Jari et al.
observed an IFX response rate of 64.7%
in 476 patients based on a meta-analy-
sis (14). We found a high rate (95.4%)
of IFX biosimilar effectiveness in our
patient population. This result was not
lower than that in the studies with the
original molecule in the literature.

In some studies evaluating childhood
non-infectious uveitis, less favourable
results and/or the loss of effectiveness
in IFX treatment administered with
an interval of 6-8 weeks at a 5 mg/kg
dose after initial q2 week loading doses
were reported (33, 34). Previous studies
support that higher doses of IFX treat-
ment administered at 4-week intervals
may be required to effectively control
paediatric uveitis (35, 36). In our co-
hort, the median initial dosing of IFX
biosimilar was 5 mg/kg dosed every
two weeks for the first four weeks and
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then every four weeks thereafter for
the whole population. Dosing was in-
creased in six patients (23%) during the
follow-up period due to an insufficient
treatment response. The optimal dosage
and interval of IFX biosimilars have
been determined empirically for pae-
diatric NIU. The experience of Dincses
et al. showed that IFX biosimilars may
be a safe and effective alternative treat-
ment for patients with BD refractory
to conventional immunosuppressive
treatments. They treated six patients
with IFX biosimilars, and remission
was achieved in four of them (37). In
another adult study, Nikiphorou et al.
analysed 395 rheumatic patients receiv-
ing IFX therapy (a biosimilar or the
original molecule) and found that IFX
biosimilar therapy was well tolerated
and safe. Additionally, discontinuation
due to inefficacy was much lower for
biosimilars than the original IFX (38).
Similar to these studies, IFX biosimilars
were generally well tolerated and effec-
tive in our cohort. The drug was discon-
tinued due to adverse events (lupus-like
syndrome) in only three patients. In
addition to opportunistic infection, hos-
pitalisation or life-threatening adverse
events were not seen even in those on
higher dosages during the follow-up.
In conclusion, IFX biosimilar treatment
is clearly safe and effective for the
long-term treatment of children with
NIU. A higher IFX biosimilar dosage
and shorter intervals may be required
to achieve successful control of uvei-
tis in a certain percentage of patients.
The side effects of corticosteroids and
other medications and the emergence of
complications in the long term were re-
duced by IFX biosimilar treatment. To
our knowledge, this is the first study to
evaluate the efficacy of IFX biosimilar
(CT-P13) treatment on disease activity
in children with NIU. The limitations of
this study are that it was retrospective
in nature, consisted of patients with het-
erogeneous primary disease, and lacked
a control group. Prospective studies
with larger patient groups are required
to expand and verify these findings.
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