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ABSTRACT

Introduction: To investigate the efficacy and
safety of anti-TNFa therapy in patients with
juvenile idiopathic arthritis associated uveitis
(JIA-U).
Methods: Embase, PubMed, Cochrane Library,
and Web of Science were systematically sear-
ched for studies reporting anti-TNFa treatment
in patients with JIA-U. The primary outcome
was the control of intraocular inflammation
(CII). The pooled proportion of CII was assessed
by the random-effects method when I2[50%,
otherwise, by the fixed-effect method. This
study was registered with PROSPERO
(CRD42020161749).

Results: Three randomized clinical trials
(RCTs), twelve case series, three retrospective
cohort studies, and three case reports were
identified. A total of 399 patients were receiving
anti-TNFa therapy, of which 201 patients were
treated with adalimumab (ADA), 139 with
infliximab (IFX), 36 with etanercept (ETA), 20
with golimumab (GLM), and 3 with cer-
tolizumab pegol (CZP). The pooled proportions
of CII on observational studies were 82% (95%
CI 63–96%) in patients receiving ADA, 56%
(95% CI 30–80%) in IFX, 38% (95% CI 8–73%)
in ETA and 65% (95% CI 42–86%) in GLM,
respectively. All three patients treated with CZP
reached improved activity. ADA therapy led to a
significantly higher proportion of CII compared
to IFX therapy (v2 = 26.24, P\0.001), or to ETA
therapy (v2 = 13.43, P\0.001); but no statisti-
cal difference was observed between IFX and
ETA (v2 = 0.13, P = 0.71). As to safety, most
reported adverse events were tolerable and two
cohort studies consistently showed that ADA
was safer than IFX.
Conclusions: The existing evidence suggests
that ADA is better than IFX regarding efficacy
and safety. The effectiveness of IFX is higher
than ETA with no statistical difference. GLM
and CZP may be proxies for ADA but the evi-
dence is limited.
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Key Summary Points

Why carry out this study?

Juvenile idiopathic arthritis(JIA) is the
commonest rheumatic disease in children
and uveitis is the commonest extra-
articular manifestation of it. JIA associated
uveitis(JIA-U) is still a big challenge for
pediatric rheumatologists and
ophthalmologists due to its insidious
onset, sight-threatening complications
and high refractory risk. In those who are
refractory to topical glucocorticoids and
methotrexate, anti-tumor necrosis factor a
(anti-TNFa) therapy is recommended by
guidelines nowadays. However, high
quality evidence of which anti-TNFa drug
to choose and whether the choice is safe is
still lacking.

Thus, a systematic review and meta-
analysis was conducted to evaluate the
efficacy and safety of anti-TNFa therapy in
the treatment of JIA-U.

What was learned from the study?

The existing evidence suggests that
adalimumab is the best anti-TNFa therapy
for JIA-U treatment. Adalimumab is
significantly better than infliximab and
etanercept in the control of intraocular
inflammation. Adalimumab is also better
than infliximab in improving visual acuity
and remaining in remission.

The efficacy of infliximab is higher than
etanercept but with no statistical
difference. Golimumab and certolizumab
pegol may be proxies for adalimumab, but
further evidence is needed.

Most reported adverse events of anti-TNFa
therapy were tolerable. Some severe
adverse events were reported but
malignancy wasn’t seen during the JIA-U
treatment.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13953848.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is one of the
commonest rheumatic diseases in children.
Uveitis is the commonest extra-articular mani-
festation of JIA and can develop even before the
onset of arthritis [1]. Among all etiologies of
uveitis in children, JIA accounts for a propor-
tion ranging from 15 to 67% in Europe, North
America, and Israel [2]. Uveitis can occur in
different subtypes of JIA. Female gender,
younger age of disease onset, oligoarthritis and
antinuclear antibody (ANA) positivity are the
main risk factors for the development of uveitis
[1, 3, 4]. Anterior uveitis is the commonest
(83%) anatomical type associated with JIA,
which includes acute anterior uveitis (AAU) and
chronic anterior uveitis (CAU). AAU is typically
associated with HLA–B27 and occurs in children
with enthesitis-related or psoriatic arthritis. It
often presents with overt symptoms, while
generally doesn’t need systemic treatment [5].
CAU is the commonest type of JIA-U and fre-
quently associated with oligoarticular and
rheumatoid factor negative polyarticular sub-
types of JIA. The onset of CAU is usually insid-
ious and mostly asymptomatic. Uncontrolled
CAU can result in sight-threatening complica-
tions such as cataracts, glaucoma and even
vision loss. In light of this, screening JIA
patients regularly for uveitis is currently
emphasized [6–8].

At present, a stepwise therapy strategy is
adopted for children with JIA associated CAU.
The initial treatment is topical glucocorticoids.
In those who are refractory to or dependent on
topical glucocorticoids, methotrexate is always
used, followed by anti-tumor necrosis factor a
(anti-TNFa) biologic therapy [9, 10]. For severe
active CAU and sight-threatening complica-
tions, the combination of methotrexate and
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anti-TNFa is conditionally recommended over
methotrexate monotherapy by the American
College of Rheumatology/Arthritis Foundation
[7]. ETA is the first approved anti-TNFa biologic
by the U.S. Food and Drug Administration for
the treatment of JIA. As a greater incidence of
new-onset uveitis is associated with ETA treat-
ment than is seen with either ADA or IFX
therapy [11], ETA is now generally not recom-
mended for the treatment of pediatric uveitis.
Instead, either ADA or IFX is recommended as
the preferred agent, but evidence is not con-
clusive [7, 10, 12–14]. And it’s still unclear
which drug is the best and whether the choice is
safety.

Thus, we herein performed a systematic
review and meta-analysis to evaluate the effi-
cacy and safety of anti-TNFa therapy in the
treatment of JIA-U.

METHODS

Information Sources and Search Strategy

This study was performed following a prede-
fined protocol registered with PROSPERO
(CRD42020161749) and fully complied with
PRISMA guidelines [15]. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors. A systematic search of Embase,
PubMed, the Cochrane Library, and Web of
Science was performed for relevant articles
published from the commencement to 1
November 2019. The keywords comprised ‘‘JIA’’
or ‘‘JRA’’ or ‘‘juvenile rheumatoid arthritis’’ or
‘‘arthritis and (child* or kid)’’ crossed with
‘‘uveitis’’ or ‘‘JIAU’’ or ‘‘juvenile idiopathic
arthritis associated uveitis’’, which were then
crossed with ‘‘anti-tumor necrosis factor-alpha’’
or ‘‘anti-TNFa’’ or ‘‘etanercept’’ or ‘‘Enbrel’’ or
‘‘adalimumab’’ or ‘‘Humira’’ or ‘‘infliximab’’ or
‘‘Remicade’’ or ‘‘golimumab’’ or ‘‘Symponi’’ or
‘‘certolizumab pegol’’ or ‘‘Cimzia’’. The search
strategies are shown in Supplementary Data S1.

Eligibility Criteria

To be eligible, studies were required: (1) to be
focused on JIA-U; (2) to report data on patients
with JIA onset at or before age 16; (3) to be
starting one of the available anti-TNFa treat-
ments for JIA-U with an inadequate response to
topical steroids and DMARDs; (4) to include
outcome measures assessing the efficacy or
safety of anti-TNFa treatment; (5) to have at
least a three-month follow-up; (6) to be pub-
lished in English.

Outcome Measures

The primary outcome measure was the CII
which mainly includes ‘‘improved activity’’ and
‘‘remission’’ according to Standardization of
Uveitis Nomenclature (SUN) Working Group
criteria [16]. Improved activity is a two-step
decrease in the level of inflammation or
decreases to grade 0. Remission means inactive
disease for 3 months after discontinuing all
treatments for eye disease. Besides, some studies
adopted other definitions, such as a 30%
reduction of inflammation on laser flare pho-
tometry, no relapse, etc. For a comprehensive
analysis, we included all of these studies. As for
secondary outcome measures, we considered
the control of visual acuity (VA), and corticos-
teroid-sparing. Improved visual acuity was
defined as a doubling of the visual angle in at
least 1 eye which equals three lines on a decimal
scale [17]. As for the definition of corticosteroid-
sparing, it was defined as a decrease by more
than 50%, or reductions to below B 0.1 mg/kg,
or cessation of daily corticosteroid use [18].
Safety was assessed by the occurrence of adverse
effects (AEs) and serious adverse effects (SAEs).

Study Selection and Data Collection

Firstly, two reviewers independently eliminated
duplicates and irrelevant studies by reading the
titles and abstracts. When abstract information
was not enough to make a decision, we
retrieved the full text further. For a compre-
hensive analysis, we not only included RCTs,
cohort studies but also included qualified case
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series and case reports. Review papers, meta-
analysis, editorial letters, and expert opinions
were excluded to avoid duplication. Discrepan-
cies in the process of study screening were
resolved by discussion or consulting a third
person. Data were extracted by one reviewer
according to a standard form, and checked by a
second reviewer.

Risk of Bias in Individual Studies

The Cochrane Collaboration risk of bias tool
[19] was used to evaluate RCT from seven
aspects: random sequence generation; alloca-
tion concealment; blinding of participants and
personnel; blinding of outcome; incomplete
outcome data; selective reporting and other
unclear bias. The Revman software (Version 5.3)
was used to visualize the results. The New-
castle–Ottawa Scale was applied to assess the
risk of bias in cohort studies [20, 21]. Studies
scoring C 5 and B 8 were designated as low risk
of bias, C 3 and B 4 as moderate and B 2 as
high. JBI critical appraisal checklists were used
to assess the quality of case reports and case
series [22].

Statistical Analysis

For the first outcome measure, we calculated the
pooled proportions and 95% confidence inter-
vals (CIs). Heterogeneity across studies was
measured by Cochrane’s v2 test and I2 statistics
[23]. I2[ 50%, p\0.1 was regarded as statisti-
cally significant, then the random-effects model
was used to present the pooled results, other-
wise, a fixed-effect model (Mantel–Haenszel
method) was used [19]. The pooled results were
visualized with forest plots. The funnel plots
were used to detect publication bias and
heterogeneity. A Chi-square test was performed
to determine whether there are statistical dif-
ferences between the efficacy of ADA, IFX, and
ETA. All the statistical analyses were conducted
by R software (version 4.0.2).

RESULTS

Study Selection and Characteristics

A total of 1175 articles were retrieved by a
computerized search. After 289 duplicates were
automatically identified by Endnote, we exclu-
ded a further 813 studies by screening titles and
abstracts. After assessing the full text of the
remained 73 studies, we excluded another 52
studies. Overall, 21 articles were eligible: 10 on
ADA, 7 on IFX, 3 on ETA, 2 on GLM, and 1 on
CZP therapy. The reasons why other articles
were excluded were shown in Fig. 1.

The majority of the included studies were
retrospective case series with 12 articles. The
rests were 3 RCTs, 3 retrospective cohort studies
and 3 case reports. Table 1 showed the main
characteristics of the 21 eligible articles. A total
of 531 patients were included and 399 patients
received anti-TNFa therapy. Of them, 201
received ADA, 139 received IFX, 36 received
ETA, 20 received GLM, and 3 received CZP. Two
articles did not reveal the patient gender
[24, 25], and there were 293 (61.6%) females in
the remaining studies. Most studies included
more women than men, except for one arti-
cle[26]. The patients were followed up from 6 to
42.4 months with an average length of follow-
up being 20.1 months.

Risk of Bias within Studies

Regarding three RCTs, a study conducted by
Ramanan et al. [27] had a low risk of bias in all
items. The other two studies [28, 29] had an
unclear risk of bias in allocation concealment
and blinding of outcome assessment. The study
conducted by Janine A. Smith et al. [29] had
another unclear risk of bias in randomization.
All the three cohort studies were regarded as low
risk of bias, of which two had a score of 8 out of
9 and the other one had a score of 7. As for case
reports and case series, all the studies were
considered qualified assessed by JBI critical
appraisal. A summary of the quality assessments
was presented in the Supplementary Table S1.
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Control of Intraocular Inflammation

After the analysis, the pooled proportion of CII
was 82% (95% CI 63–96%), 56% (95% CI
30–80%) and 38% (95% CI 8–73%) for the
treatment of ADA, IFX and ETA, respectively.
The results were shown by forest plots in Fig. 2.
Because of the obvious heterogeneity, we chose
the random-effects model to present the pooled
results. The funnel plots showed the possible
publication bias and heterogeneity in ADA, IFX
and ETA (Fig. 3). We performed the Chi-square
test to investigate the differences between ADA,
IFX, and ETA. As demonstrated in Table 2, the
CII proportion of ADA was much higher than
that of IFX (v2 = 26.24, P\0.001) and ETA
(v2 = 13.43, P\ 0.001), whereas no significant
difference was indicated between IFX and ETA
(v2 = 0.13, P = 0.71). For GLM, the pooled pro-
portion was 65% (95% CI 42– 86%). Only one
qualified article containing three patients was

retrieved for CZP treatment, and all three
patients reached the criteria of SUN improved
activity.

As for visual acuity, seven articles [30–36]
were available for the analysis. Improved or
stable VA was reported in 12 (92.3%) out of 13
patients with ADA treatment, 9 (90.0%) of 10
with IFX, 9 of 12 (75.0%) with ETA, 13 (100.0%)
of 13 with GLM. In addition, two studies
[29, 32] provided information regarding log-
MAR (logarithm of the minimum angle of res-
olution) and BCVA (best-corrected visual
acuity). Quartier et al. [29] reported that the
logMAR changed from 0.1 to 0.15 after ADA
therapy. Palmou-Fontana et al. [32] reported
that the BACV changed from 0.5 to 0.62 after
IFX treatment.

Information on corticosteroid-sparing was
extractable in nine of the eligible articles. The
steroid-sparing, even discontinuation, was
achieved in 26 (72.2%) of 36 patients with ADA
treatment, in 10 (100%) of 10 patients with IFX

Fig. 1 The flow diagram of literature identification. ADA adalimumab, IFX infliximab, ETA etanercept, GLM golimumab,
CZP certolizumab pegol
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Fig. 2 Forest plot on the pooled proportion of intraocular
inflammation control with the treatment of adalimumab
(a), infliximab (b), etanercept (c), respectively. As I2

statistic showed the obvious heterogeneity of the studies,
random-effects model were used to present the pooled
results
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treatment, in 0 (0%) of 2 patients with ETA
treatment, and in 5 (71.4%) of 7 patients with
GLM treatment, respectively.

Safety

RCT conducted by Ramanan, et al. [27] indi-
cated that the AE rate of ADA treatment (10.60
per Patient Year (PY), 95% CI 9.77 to 11.44 per
PY) was statistically different from that of the
control group (7.12 per PY, 95% CI 5.89 to 8.53
per PY) and the most common AEs of ADA were
infections and infestations (83%); while the rate
of SAEs was low (0.29 per PY). The five SAEs in
ADA were cataracts, injection site reactions,
glaucoma, arthralgia and arthritis. Two cohort
studies [26, 37] comparing ADA and IFX con-
sistently showed that the AE rate of IFX was
higher than that of ADA. In the cohort study
conducted by P. Tynjala et al. [25], the SAEs
were reported in 4/24(16.6%) patients during
etanercept treatment and in 3/21 (14.3%)
patients taking infliximab. The reported SAEs in
ETA were sight-threatening macular edema,
retinal ablation, unspecified abdominal infec-
tion and pneumonia. As for IFX, the reported
SAEs included peritonsillar abscess, pansinusitis
and alopecia with highly increased ANA and
DNA antibodies. In addition, Eachempati, S.B.
et al. [28] reported a rare SAE of IFX, transient
acute coronary syndrome and arrhythmias,
which reminded us to be wary of sudden chest
pain during or after the infusion of IFX.
Regarding GLM and CZP, there were no special
AEs and SAEs reported according to the

currently availab information. The specific AEs
and SAEs are listed in Table 1.

DISCUSSION

To the best of our knowledge, this is the first
meta-analysis exploring the efficacy and safety
of anti-TNFa therapy in JIA-U treatment.
According to the analysis, ADA is the best
choice. IFX is better than ETA but without sta-
tistical difference. GLM and CZP are effective for
JIA-U patients, but more evidence is needed.

JIA-U is still a big challenge for pediatric
rheumatologists and ophthalmologists due to
its insidious onset, sight-threatening complica-
tions and difficulties in treating concomitant
articular and ocular symptoms [38]. Patients
with oligoarticular JIA and especially positive
ANA are more prone to develop refractory
uveitis. For them, the arthritis is often treat-
able with intra-articular corticosteroids and
DMARDs, while the refractory uveitis needs
timely systemic therapy including biologicals.
Other subtypes, such as psoriatic and enthesitis-
related JIA, are rarely associated with refractory
uveitis, probably because they receive systemic
treatment early in the disease course. The key to
JIA-U treatment is early detection through reg-
ular screening and timely control of disease
activity. In children with JIA-U who don’t
respond to topical glucocorticoids and
methotrexate, anti-TNFa therapy is usually
added. Either ADA or IFX is recommended over
ETA, as ETA is reported to be ineffective and at

Fig. 3 Funnel plots on intraocular inflammation control in children with JIA-U regarding to adalimumab (ADA),
infliximab (IFX), etanercept (ETA)
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high risk of new-onset uveitis or flares
[25, 29, 39, 40].

In order to systematically evaluate the effi-
cacy and safety of anti-TNFa therapy in patients
with JIA-U, we performed a meta-analysis in this
study. After a stepwise process of literature
selection, three RCTs, twelve case series, three
retrospective cohort studies, and three case
reports were included. Based on the Cochrane
handbook, results from different study designs
are expected to differ systematically, leading to
increased heterogeneity, therefore, randomized
trials and non-randomized studies should not
be combined in a meta-analysis. Accordingly,
the three RCTs were not included for meta-
analysis in this study, and instead carefully
reviewed one by one. Their results are also in
line with those of the meta-analysis. Significant
efficacy was revealed for ADA treatment in two
RCTs [27, 28], but not for ETA in another
RCT[29]. There is no RCT exploring the efficacy
of IFX in the treatment of JIA-U so far. In the
meta-analysis, the pooled proportion of CII was
82%, 56% and 38% for ADA, IFX and ETA
respectively. ADA is significantly better than
IFX and ETA in the control of intra-ocular
inflammation, but no statistical difference was
found between IFX and ETA. ADA is also better
than IFX in improving or stabling VA. In addi-
tion, a cohort study [41] showed that uveitis
was more likely to remain in remission in those
receiving ADA than IFX during 40 months of
follow-up. Unlike our results, a meta-analysis
conducted in 2014 did not show any significant
difference between ADA and IFX in the treat-
ment of childhood autoimmune chronic uveitis
[42]. The difference of the two meta-analyses
may come from two aspects. One is that our
study focused on JIA-U patients but they
explored all the childhood autoimmune uveitis.

In addition, after their analysis in 2014, more
studies have been performed and more evidence
accumulated in recent years. Our results would
be closer to the real situation. As for GLM and
CZP, although good efficacy have been seen in
controlling intraocular inflammation, their
efficacy still needs further verification because
of the limited number of studies.

As for safety, most reported adverse events of
anti-TNFa therapy were tolerable, and some
SAEs were reported. The development of
malignancy wasn’t revealed during the JIA-U
treatment, which may be due to a paucity of
long-term follow-up studies. The risk of the
development of malignancies after anti-TNFa
therapy is still inconclusive. Meta-analysis in
other diseases showed that the risk of malig-
nancy did not increase in the short-term treat-
ment [43, 44]. However, in the registry of some
health authorities, the incidence of lymphoma
and melanoma has increased [45]. Clinicians
should still bear in mind the risk of the devel-
opment of malignancies, especially in patients
with previous malignancy or premalignant
status.

Several limitations have to be considered for
this meta-analysis. First, the majority of the
studies included are case series. Its inherent low
evidence strength makes our conclusion less
persuasive. There is an urgent need for high
quality studies. Second, the definition of out-
come measures was inconsistent. Clinical
remission [26, 37], no relapse [46, 47] or SUN
improved uveitis [24, 30, 48] were used as out-
come measures in different studies, which may
lead to obvious heterogeneity. Although the
SUN criteria have made a huge contribution to
standardizing outcome reporting, many clinical
trials still have not reached consensus nowadays
[42, 49]. The broad variety of outcome measures

Table 2 Differences in the pooled proportion of intraocular inflammation control between adalimumab, infliximab,
etanercept

Adalimumab Infliximab Etanercept Chi-square P

82% 56% 26.24 \ 0.001

82% 38% 13.43 \ 0.001

56% 38% 0.13 0.71
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makes the comparison of responses to different
treatments quite difficult. Third, the different
features of participants in different studies may
also lead to the obvious heterogeneity. In order
to improve the quality of meta-analysis in the
future, more studies with high quality, uniform
outcome measures and clear identification of
patients are warranted.

CONCLUSION

In conclusion, ADA is better than IFX for JIA-U
treatment with respect to its efficacy and safety.
The efficacy of IFX is higher than ETA but with
no statistical significance. In addition, GLM and
CZP may be proxies for ADA but more evidence
is needed.
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