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BACKGROUND 

Adalimumab, a fully human anti–tumor necrosis factor α monoclonal antibody, is 
effective in the treatment of juvenile idiopathic arthritis (JIA). We tested the effi- 
cacy of adalimumab in the treatment of JIA-associated uveitis. 

METHODS 

In this multicenter, double-blind, randomized, placebo-controlled trial, we assessed 
the efficacy and safety of adalimumab in children and adolescents 2 years of age 
or older who had active JIA-associated uveitis. Patients who were taking a stable 
dose of methotrexate were randomly assigned in a 2:1 ratio to receive either adalimu- 
mab (at a dose of 20 mg or 40 mg, according to body weight) or placebo, adminis- 
tered subcutaneously every 2 weeks. Patients continued the trial regimen until treat- 
ment failure or until 18 months had elapsed. They were followed for up to 2 years 
after randomization. The primary end point was the time to treatment failure, 
defined according to a multicomponent intraocular inflammation score that was 
based on the Standardization of Uveitis Nomenclature criteria. 

RESULTS 

The prespecified stopping criteria were met after the enrollment of 90 of 114 pa- 
tients. We observed 16 treatment failures in 60 patients (27%) in the adalimumab 
group versus 18 treatment failures in 30 patients (60%) in the placebo group 
(hazard ratio, 0.25; 95% confidence interval [CI], 0.12 to 0.49; P<0.0001 [the pre- 
specified stopping boundary]). Adverse events were reported more frequently in 
patients receiving adalimumab than in those receiving placebo (10.07 events per 
patient-year [95% CI, 9.26 to 10.89] vs. 6.51 events per patient-year [95% CI, 5.26 to 
7.77]), as were serious adverse events (0.29 events per patient-year [95% CI, 0.15 
to 0.43] vs. 0.19 events per patient-year [95% CI, 0.00 to 0.40]). 

CONCLUSIONS 

Adalimumab therapy controlled inflammation and was associated with a lower 
rate of treatment failure than placebo among children and adolescents with active 
JIA-associated uveitis who were taking a stable dose of methotrexate. Patients who 
received adalimumab had a much higher incidence of adverse events and serious 
adverse events than those who received placebo. (Funded by the NIHR Health Tech- 
nology Assessment Programme and Arthritis Research UK; SYCAMORE EudraCT 
number, 2010-021141-41.) 
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UVENILE IDIOPATHIC ARTHRITIS (JIA) IS THE 
most common rheumatic disease in children. 
Children with JIA are at risk for inflamma- 

tion of the uvea (uveitis). Uveitis develops in ap- 
proximately 12 to 38% of patients with JIA within 
7 years after the onset of arthritis.1,2 Despite 
current screening and therapeutic options, visual 
impairment in both eyes may develop in up to 
15% of children with JIA-associated uveitis, and 
they may be certified as legally blind.3,4 

Experimental models of autoimmune uveitis 
have shown that tumor necrosis factor α (TNF-α) 
plays a pivotal role in the pathogenesis,5 findings 
that have been borne out in the treatment of 
uveitis in adults6-8 and in pediatric case series.9-17 

Adalimumab is a fully humanized anti–TNF-α 
monoclonal antibody. A multicenter, randomized, 
double-blind, parallel-group trial showed a sig- 
nificant benefit of adalimumab in children with 
active rheumatoid arthritis.18 We carried out the 
SYCAMORE trial to assess the role of adalimu- 
mab in the treatment of methotrexate-refractory 
JIA-associated uveitis. 

 

 
PROTOCOL AND TRIAL POPULATION 

In this multicenter, double-blind, randomized, 
placebo-controlled trial, the primary end point 
was the efficacy of adalimumab in children with 
active JIA-associated uveitis, as measured by 
various scoring systems. All the patients had 
been receiving a stable weekly dose of metho- 
trexate for at least 12 weeks. 

An independent ethics committee and the 
Medicines for Healthcare Products Regulatory 
Agency approved the trial protocol (available with 
the full text of this article at NEJM.org). Each 
parent or guardian provided written informed 
consent, and each child gave assent when ap- 
propriate. The authors vouch for the fidelity of 
this report and the trial to the protocol. AbbVie 
provided the active drug and placebo that were 
used in the trial. AbbVie had no part in the trial 
design, the collection or analysis of the data, or 
the preparation of the manuscript. AbbVie repre- 
sentatives reviewed the final draft of the manu- 
script. All the authors assume responsibility for 
the accuracy and completeness of the data and 
analyses. University Hospitals Bristol NHS Foun- 
dation Trust, as the sponsor of this trial, has a 
data-sharing agreement with AbbVie in support 
of regulatory purposes. 

Children and adolescents 2 years of age or 
older who had active JIA-associated uveitis were 
eligible to undergo randomization. Stable metho- 
trexate treatment meant that the dose (10 to 20 mg 
per square meter of body-surface area; maxi- 
mum dose, 25 mg) and the method of adminis- 
tration remained constant. Active uveitis was 
defined as a sustained grade (on at least two 
occasions) of cellular infiltrate in the anterior 
chamber of 1+ (indicating 6 to 15 cells in a 
1-mm2 area of the anterior chamber of the eye 
under a slit-lamp biomicroscope) or higher, ac- 
cording to the Standardization of Uveitis Nomen- 
clature (SUN) criteria,19 during the 12 weeks 
before screening despite receipt of methotrexate 
and glucocorticoid (systemic or topical) therapy. 
The SUN cell-activity score is proportional to the 
approximate number of cells per 1 mm2 in the 
anterior chamber of the eye under a slit-lamp 
biomicroscope, with a higher score indicating a 
greater number of cells.19 There are no interna- 
tionally agreed-on minimally important differ- 
ences for this scale. 

Key exclusion criteria were previous exposure 
to adalimumab, previous exposure to another 
biologic agent such that the estimated level of 
the drug in the patient’s blood was less than that 
predicted by 5 half-lives of the drug, receipt of 
more than six topical glucocorticoid drops per 
eye per day, and receipt of prednisone (or the 
equivalent) at a dose exceeding 0.2 mg per kilo- 
gram of body weight per day. The full inclusion 
and exclusion criteria and information regarding 
the concomitant medications that were and were 
not permitted are described in the trial protocol.20 

 
RANDOMIZATION AND TRIAL PROCEDURES 

Randomization was performed with the use of a 
Web-based system with random permuted block 
sizes of 3 and 6, stratified according to trial 

center. At enrollment, eligible patients were as- 
signed in a 2:1 ratio to receive adalimumab or 
placebo. Patients were followed for 2 years after 
randomization. Trial visits were scheduled at 4, 
8, and 12 weeks and then every 12 weeks until 
18 months or until patients stopped the trial 
regimen because of treatment failure, after which 
they were followed for another 6 months. 

Ophthalmic assessment of disease activity and 
ocular complications were measured throughout 
the trial with the use of slit-lamp biomicroscopy 
for uveitis activity, according to the SUN criteria19 

(Table S2 in the Supplementary Appendix, avail- 
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able at NEJM.org). The primary and secondary end 
points were assessed at each trial visit and at any 
unscheduled visits. 

 
TRIAL REGIMEN 

We recruited patients between October 1, 2011, 
and April 10, 2015. The first patient underwent 
randomization on October 27, 2011, and the 
final patient underwent randomization on March 
31, 2015. 

All the patients received a stable dose of week- 
ly oral or subcutaneous methotrexate (10 to 20 mg 
per square meter; maximum dose, 25 mg). No 
dose reduction or change in the method of ad- 
ministration was allowed. An increase in the 
dose was acceptable in response to somatic 
growth (so that the dose per square meter at 
trial entry was maintained throughout the trial) 
but not on clinical grounds. Participants received 
either adalimumab (at a dose of 20 mg in pa- 
tients weighing <30 kg or 40 mg in patients 
weighing ≥30 kg), or placebo, administered as a 
subcutaneous injection every 2 weeks. The volume 
(0.8 ml) was the same across all doses and 
groups. AbbVie provided the investigational me- 
dicinal product (adalimumab) and matching pla- 
cebo in identical, prefilled vials. 

 
PRIMARY END POINT 

The primary end point was the time to treatment 
failure (as assessed by means of a multicomponent 
intraocular inflammation score), which was de- 
fined as at least one of the following criteria 
being met: a two-grade increase from baseline 
in the SUN cell-activity score (anterior chamber 
cell count) over a period of two consecutive 
visits; no change in the SUN cell-activity score in 
patients with an entry grade of 3 or higher for 
two consecutive readings (apart from baseline); 
only partial improvement (decrease of one grade) 
or no change from baseline, with the develop- 
ment of another ocular coexisting condition that 
was sustained over a period of two consecutive 
visits; the worsening of an existing (on enroll- 
ment) ocular coexisting condition after 3 months; 
an entry grade of 1 or 2 that was still present 
after 6 months of therapy and that had been 
sustained over a period of two consecutive visits; 
the use of ineligible concomitant medications 
(medications not listed in the prespecified ac- 
ceptable criteria or those that were not allowed); 
or the intermittent or continuous suspension of 
the trial regimen for a cumulative period of more 

than 4 weeks. All the trial assessments were car- 
ried out by persons who did not have knowledge 
of the trial-group assignments. 

 
SECONDARY END POINTS 

All the secondary end points were assessed at 
each trial visit.20 These end points included the 
use of topical and systemic glucocorticoids; a 
flare of uveitis defined according to SUN crite- 
ria; control, remission, and duration of inactive 
disease (uveitis); health-related quality of life, as 
assessed by means of the Childhood Health As- 
sessment Questionnaire (CHAQ; scores range 
from 0 to 3, with lower scores indicating better 
outcomes; minimal clinically important differ- 
ences, −0.188 for improvement and 0.125 for 
worsening)21 and the Child Health Question- 
naire (CHQ; scores range from 0 to 100, with 
higher scores indicating better or more positive 
health states; no specific minimal clinically im- 
portant difference is recognized)22; flare of JIA; 
remission while taking medication and remis- 
sion while not taking medication23; minimal JIA 
disease activity (defined in patients with oligoar- 
ticular JIA as a physician’s global assessment of 

≤2.5 on a 10-cm visual-analogue scale, with 
higher scores indicating more disease activity, 
and no swollen joints; or defined in patients 
with polyarticular JIA as a physician’s global as- 
sessment of ≤3.4 on the 10-cm visual-analogue 
scale, the patient’s or parent’s global assessment 
of ≤2.1 on the 10-cm visual-analogue scale, and 
≤1 swollen joint)24; the Juvenile Arthritis Disease 
Activity Score (JADAS),25 which was defined as 
the linear sum of four components: a physician’s 
global assessment on the 10-cm visual-analogue 
scale, the patient’s or parent’s global assessment 
on the 10-cm visual-analogue scale, an active joint 
count as assessed in one of three ways (with any 
involved joints up to a maximum of 10 [JADAS 
10], with 27 joints including the cervical spine, 
elbows, wrists, the first to third metacarpopha- 
langeals, proximal interphalangeals, hips, knees, 
and ankles [JADAS 27], or with all 71 joints 
[JADAS 71]); and the erythrocyte sedimentation 
rate (ESR), which was normalized on a scale 
from 0 to 10 with the use of the following for- 
mula to avoid excessive weight in the overall 
index: (ESR [mm/hr] − 20) ÷ 10; minimal disease 
activity (defined as a JADAS score of 2 in patients 
with oligoarticular disease or 3.8 in those with 
polyarticular disease); and the standard Ameri- 
can College of Rheumatology (ACR) pediatric 
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Table 1. Characteristics of the Patients at Baseline.* 

 
Characteristic 

Adalimumab Group 
(N = 60) 

Placebo Group 
(N = 30) 

Affected eyes — no. (%) 

One eye 43 (72) 22 (73) 

Both eyes 17 (28) 8 (27) 

Weight <30 kg — no./total no. (%) 33/59 (56) 17/30 (57) 

Age — yr 9.07±3.94 8.56±3.79 

Female sex — no. (%) 47 (78) 23 (77) 

Ophthalmologic characteristics 

No. of eyes assessed 77 38 

LogMAR score† 0.04±0.15 0.07±0.12 

Anterior chamber cell count — no. (%)‡ 

1+ 52 (68) 24 (63) 

2+ 18 (23) 11 (29) 

3+ 6 (8) 3 (8) 

4+ 1 (1) 0 

Flare score — no. (%)‡ 

0 18 (23) 12 (32) 

1+ 49 (64) 23 (61) 

2+ 10 (13) 3 (8) 

Intraocular pressure — mm Hg 14.76±3.85 14.11±4.27 

Vitreous haze grade — no. (%)§ 

0 65 (84) 32 (84) 

0.5+ 8 (10) 4 (11) 

1+ 3 (4) 2 (5) 

2+ 1 (1) 0 

No. of topical glucocorticoid drops per eye per day 2.31±1.44 2.25±1.54 

Ophthalmic complications — no. (%) 

Central band keratopathy 2 (3) 0 

Synechia 18 (23) 6 (16) 

Iris bombé 0 0 

Membrane formation 2 (3) 0 

Neovascularization 0 0 

Rheumatologic characteristics 

Type of JIA — no. (%)¶ 

Extended oligoarthritis 14 (23) 7 (23) 

Persistent oligoarthritis 36 (60) 17 (57) 

Rheumatoid factor–negative polyarthritis 8 (13) 4 (13) 

Rheumatoid factor–positive polyarthritis 1 (2) 1 (3) 

Psoriatic arthritis 1 (2) 1 (3) 

Time since JIA diagnosis — yr 5.58±3.69 4.81 ±3.19 

Physician’s global assessment of disease activity  0.76±1.48 0.83±1.09 

Rheumatoid factor — no./total no. (%)** 1/47 (2) 3/23 (13) 

Antinuclear antibody — no./total no. (%)** 33/57 (58) 15/25 (60) 
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Table 1. (Continued.) 

 

Characteristic 
Adalimumab Group 

(N = 60) 
Placebo Group 

(N = 30) 

Median active-joint count (interquartile range) 0 (0–0) 0 (0–2) 

Median swollen-joint count (interquartile range) 0 (0–0) 0 (0–2) 

* Plus–minus values are means ±SD. 
† Scores for the log of the minimum angle of resolution (logMAR) are on a scale from 0.00 to 2.00, with higher values 

indicating poorer vision. 
‡ The anterior chamber cell count and flare score were assessed according to the Standardization of Uveitis 

Nomenclature criteria.19 Scores range from 0 to 4+, with higher scores indicating poorer vision. Grade definitions are 
provide in Table S2 in the Supplementary Appendix. 

§ Vitreous haze grade was assessed on a scale from 0 to 4+, with higher grades indicating poorer vision.19 

¶ The type of juvenile idiopathic arthritis (JIA) was classified according to the International League of Associations for 
Rheumatology criteria.28 

  The physician’s global assessment of disease activity was assessed on a 10-cm visual-analogue scale, with higher 
grades indicating more disease activity. 

** Data on rheumatoid factor and antinuclear antibody were not available in some patients because repeat blood testing 
for the purpose of data-set completion was not warranted on the basis of clinical needs. 

 

core outcome set variables.26 ACR responses of 
ACR 30, ACR 50, ACR 70, ACR 90, and ACR 100 
are defined as 30%, 50%, 70%, 90% and 100% 
improvement, respectively, in a minimum of three 
variables in the core set, with worsening of 
one variable by no more than 30%, as defined in 
the ACR criteria. The secondary end points and 
the post hoc analyses are provided in Table S8 
in the Supplementary Appendix. 

 
SAFETY 

All the participants who received at least one 
dose of adalimumab or placebo were included in 
the safety analyses. Adverse events were recorded 
at each visit and reported from the receipt of the 
first dose of the trial regimen. Adverse events 
are reported regardless of severity or perceived 
association with the trial intervention. Data on 
serious adverse events were collected from the 
time of informed consent. Adverse events were 
tabulated with the use of Medical Dictionary for 
Regulatory Activities, version 18.0, system organ 
class and preferred terms. 

 
STATISTICAL ANALYSIS 

We originally designed the trial with 90% power 
to detect a 50% relative difference in the rate of 
treatment failure (estimated at 60% with placebo 
vs. 30% with adalimumab) at a two-sided 5% 
significance level. In view of substantial chal- 
lenges in the early phases of recruitment, the in- 
dependent data and safety monitoring committee 
and the trial steering committee, with approval 
from the trial funders, advised the adoption of a 

protocol amendment that reduced the power to 
80%, required the recruitment of 114 patients 
(76 patients in the adalimumab group and 38 in 
the placebo group), and included a 5% inflation 
for missing data for the primary end point. 

In an intention-to-treat analysis of the pri- 
mary end point, we used the log-rank test to 
compare the two trial groups and Kaplan–Meier 
plots to show the distribution of time to treat- 
ment failure. Hazard ratios and 95% confidence 
intervals were estimated after fitting a Cox pro- 
portional-hazards model with the assumption of 
proportional hazards checked by means of the 
addition of a time-dependent treatment-effect 
variable to the model. A two-sided P value of less 
than 0.0001 was used for the Haybittle–Peto 
stopping boundary for the interim analysis, and 
a two-sided P value of less than 0.05 was consid- 
ered to indicate statistical significance for the 
final analysis.27 Prespecified sensitivity analyses 
tested the effects of missing data, participants 
who stopped their intervention early, and those 
who had been incorrectly identified as having 
treatment failure. The statistical analysis plan 
(see the protocol) includes the full details of the 
sensitivity analyses. Analyses were performed 
with the use of SAS software, version 9.3 (SAS 
Institute). 

 
TRIAL OVERSIGHT AND TRIAL STOPPING 

After the second interim analysis, the data and 
safety monitoring committee noted on March 
11, 2015, that the adalimumab group had evi- 
dence of a significantly lower risk of treatment 
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failure than the placebo group. On the basis of 
formal stopping boundaries,27 the data and safety 
monitoring committee recommended that recruit- 
ment to the trial should cease, that all partici- 
pants should be subsequently made aware of their 
trial-group assignment, that participants in the 
placebo group should cease taking the trial regi- 
men and enter trial follow-up, and that partici- 
pants receiving adalimumab should continue per 
the trial protocol. After consultation with the 
data and safety monitoring committee, the trial 
steering committee, and the co-chief investiga- 
tors (the first and last authors), a decision was 
made to implement this recommendation, with 
the support of the trial team (whose members 
had remained unaware of the trial-group assign- 
ments throughout) and with the agreement of 
the trial sponsor and funders. 

Patients were called in for a final assessment 
of response by investigators who were unaware 
of the trial-group assignments. Patients in the 
adalimumab group were asked to continue per 
the protocol for the duration of the trial in an 
open-label follow-up until the completion of their 
18-month treatment, the occurrence of an adverse 
event that was attributed to the drug and pre- 
cluded continued treatment, or treatment failure. 
All the patients who had received placebo stopped 
taking the trial regimen and completed the 
6-month follow-up phase of the trial. Open-label 
extension of the trial continues. 

 

 
PATIENTS 

Of 332 patients who underwent screening at 14 
sites in the United Kingdom, 242 did not undergo 
randomization because they did not meet the 
inclusion criteria. A total of 60 participants were 
randomly assigned to receive adalimumab and 
30 to receive placebo (Table 1, and Fig. S1 in the 
Supplementary Appendix). Data for the primary 
end point were available for all the participants 
who underwent randomization. 

Nine patients (15%) in the adalimumab group 
and seven (23%) in the placebo group discontin- 
ued the trial intervention for reasons other than 
treatment failure (Fig. S1 in the Supplementary 
Appendix). Seven of these patients in the adalim- 
umab group and six of those in the placebo 
group agreed to subsequent follow-up. 

TREATMENT FAILURE 

The addition of adalimumab to methotrexate sig- 
nificantly delayed the time to treatment failure, 
as compared with placebo (hazard ratio, 0.25; 
95% confidence interval [CI], 0.12 to 0.49; 
P<0.0001 by the log-rank test [the prespecified 
stopping boundary]) (Fig. 1A). During the 
18-month trial period, the median time to treat- 
ment failure was not reached in the adalimumab 
group and was 24.1 weeks (95% CI, 12.4 to 81.0) 
in the placebo group (Fig. 1A). Treatment failure 
occurred in a significantly lower percentage of 
patients in the adalimumab group than in the 
placebo group (16 patients [27%] vs. 18 [60%]; 

relative risk, 0.40; 95% CI, 0.22 to 0.73; P = 0.002) 
(Tables S3 and S4 in the Supplementary Appen- 
dix). Nine sensitivity analyses confirmed the con- 
clusion found in the primary analysis (Table S5 
in the Supplementary Appendix). 

 
SAFETY AND ADVERSE EVENTS 

Summary data of the adverse events are listed in 
Table 2, and serious adverse events are listed in 
Table 3. A total of 588 adverse events, including 
minor infections and respiratory disorders, were 
reported in 53 patients (88%) in the adalimumab 
group, and 103 adverse events were reported in 
25 patients (83%) in the placebo group. The rate 
of serious adverse events was 0.29 events per 
patient-year (95% CI, 0.15 to 0.43) in the adalimu- 
mab group, as compared with 0.19 events per 
patient-year (95% CI, 0.00 to 0.40) in the placebo 
group; the corresponding rates of adverse events 
per patient-year were 10.07 (95% CI, 9.26 to 10.89) 

and 6.51 (95% CI, 5.26 to 7.77). Full listings of 
all the adverse events are provided in Tables S6 
and S7 in the Supplementary Appendix. 

 
SECONDARY END POINTS 

A full summary of the analyses of the secondary 
end points is provided in Table S8 in the Supple- 
mentary Appendix. At randomization, six partici- 
pants (five in the adalimumab group and one in 
the placebo group) were taking systemic gluco- 
corticoids (permitted dose, <0.20 mg per kilo- 
gram per day; median dose, 0.14 mg per kilogram 
per day). Three of the participants in the adalimu- 
mab group stopped taking systemic glucocorti- 
coids (median duration of treatment, 18.1 weeks). 
The patient in the placebo group stopped taking 
systemic glucocorticoids after 5.6 weeks. 
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Of 63 participants who were taking two or 
more drops of topical glucocorticoids per day at 
randomization, a significantly greater percent- 
age of patients in the adalimumab group than 
in the placebo group had a reduction to less 
than two drops (23 of 45 patients [51%] vs. 3 of 
18 [17%]; hazard ratio for reduction, 3.72; 95% 
CI, 1.09 to 12.71; P = 0.04) (Fig. 1B). Of 74 par- 
ticipants who were taking one or more drops at 
randomization, a significantly greater percent- 
age of patients had a reduction to zero drops in 
the adalimumab group than in the placebo 
group (23 of 49 patients [47%] vs. 4 of 25 [16%]; 
hazard ratio, 3.58; 95% CI, 1.24 to 10.32; 
P = 0.02) (Fig. S2 in the Supplementary Ap- 
pendix). 

Patients in the adalimumab group had a sig- 
nificantly longer mean (±SE) duration of sus- 
tained inactive disease (zero cells) than did 
those in the placebo group (179.3±16.9 days vs. 
14.5±23.9 days; estimated treatment effect, 164.8 
days; 95% CI, 104.4 to 225.2; P<0.0001 [the pre- 
specified stopping boundary]). Patients in the 
adalimumab group took the trial regimen for 
twice as long as those in the placebo group 
(mean [±SD] duration, 315.9±173.8 days vs. 
151.6±150.3 days). 

Arthritis flare occurred in no patients in the 
adalimumab group during the trial period, as 
compared with three patients (10%) in the pla- 
cebo group (relative risk, 0.07; 95% CI, 0.00 to 

 
 
 

 
were only minimally affected (Tables S11 and 
S12 in the Supplementary Appendix). There was 
no significant difference between the two trial 
groups with regard to health-related quality of 
life, as assessed by means of the CHQ and 
CHAQ, across time (Tables S13 and S14 in the 
Supplementary Appendix). 

 

POST HOC ANALYSES 

An exploratory analysis of the time to treatment 
response showed a difference between the adali- 
mumab group and the placebo group in favor of 
adalimumab (hazard ratio, 3.15; 95% CI, 1.42 to 
7.00; P = 0.003 by the log-rank test) (Fig. S3 in 
the Supplementary Appendix). Another explor- 
atory analysis showed a difference in favor of 

 
adalimumab in the percentage of patients with a 
response at 3 months and at 6 months (P = 0.004 
for the comparison at each time point). A total 
of 34 patients (57%) in the adalimumab group 
and 5 (17%) in the placebo group were classified 
as having had a response (Table S15 in the 
Supplementary Appendix). 
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Table 2. Adverse Events Reported in at Least 5% of the Patients in the Adalimumab Group. 

 
Event 

Adalimumab Group Placebo Group 
(N = 60)  (N = 30) 

number (percent) 

Blood or lymphatic system disorder: lymphadenopathy 3 (5) 0 

Eye disorder: eye pain 4 (7) 0 

Gastrointestinal disorder 

Abdominal pain 3 (5) 0 

Diarrhea 8 (13) 1 (3) 

Nausea 5 (8) 2 (7) 

Vomiting 18 (30) 5 (17) 

General disorder or injection-site condition 

Injection-site erythema 3 (5) 1 (3) 

Injection-site mass 3 (5) 0 

Injection-site pain 5 (8) 2 (7) 

Injection-site pruritus 3 (5) 0 

Injection-site reaction 7 (12) 0 

Injection-site swelling 4 (7) 1 (3) 

Pyrexia 12 (20) 2 (7) 

Infection or infestation 

Ear infection 6 (10) 2 (7) 

Impetigo 3 (5) 1 (3) 

Lower respiratory tract infection 8 (13) 2 (7) 

Nasopharyngitis 15 (25) 7 (23) 

Oral herpes 3 (5) 1 (3) 

Paronychia 3 (5) 1 (3) 

Pharyngitis 4 (7) 0 

Tonsillitis 12 (20) 0 

Upper respiratory tract infection 4 (7) 1 (3) 

Urinary tract infection 9 (15) 3 (10) 

Varicella infection 3 (5) 0 

Viral infection 13 (22) 1 (3) 

Injury, poisoning, or procedural complication: fall 3 (5) 0 

Investigation 

Alanine aminotransferase increased 4 (7) 1 (3) 

Aspartate aminotransferase increased 3 (5) 1 (3) 

Intraocular pressure increased 4 (7) 0 

Musculoskeletal or connective-tissue disorder: arthralgia 12 (20) 2 (7) 

Neoplasms benign, malignant, or unspecified, including cysts 
and polyps: skin papilloma 

5 (8) 0 

Nervous system disorder: headache 12 (20) 4 (13) 

Respiratory, thoracic, or mediastinal disorder 

Cough 22 (37) 3 (10) 

Epistaxis 3 (5) 0 

Oropharyngeal pain 16 (27) 2 (7) 

Skin or subcutaneous-tissue disorder: rash 3 (5) 1 (3) 
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Table 3. Serious Adverse Events, According to Trial Group. 

Event Adalimumab Group (N = 60) Placebo Group (N = 30) All Patients (N = 90) 

no. of  no. of  no. of  no. of  no. of  no. of 
events patients (%) events patients (%) events patients (%) 

Any serious adverse event 17 13 (22) 3 2 (7) 20 15 (17) 

Eye disorder* 1 1 (2) 3 2 (7) 4 3 (3) 

Gastrointestinal disorder 2 2 (3) 0 0 2 2 (2) 

Infection or infestation 10 8 (13) 0 0 10 8 (9) 

Nervous system disorder 1 1 (2) 0 0 1 1 (1) 

Respiratory, thoracic, or 
mediastinal disorder 

1 1 (2) 0 0 1 1 (1) 

Surgical or medical procedure 2 2 (3) 0 0 2 2 (2) 

* One event in the adalimumab group and two events in the placebo group were a flare of uveitis that resulted in hospitalization and treat- 
ment. One event in the placebo group was worsening of vision with a flare of uveitis and macular edema. 

 

 
 

 

In this randomized, placebo-controlled trial in- 
volving patients with JIA-associated uveitis, treat- 
ment with adalimumab significantly delayed the 
time to treatment failure, as compared with 
methotrexate alone (hazard ratio, 0.25; 95% CI, 
0.12 to 0.49; P<0.0001 [the prespecified stopping 
boundary]). A significantly greater proportion of 
patients in the adalimumab group than in the 
placebo group had a reduction in their topical 
glucocorticoid dose (hazard ratio for reduction, 
3.72; 95% CI, 1.09 to 12.71; P = 0.04). A signifi- 
cantly greater number of patients in the adalimu- 
mab group than in the placebo group discontin- 
ued topical glucocorticoids (hazard ratio, 3.58; 
95% CI, 1.24 to 10.32; P = 0.02). 

However, there were many more adverse 
events and more severe adverse events in the 
adalimumab group than in the placebo group. 
The most common adverse events in the adalimu- 
mab group were minor infections, respiratory 
disorders, and gastrointestinal disorders. The 
rate of adverse events per patient-year was high- 
er in the adalimumab group than in the placebo 
group (10.07 vs. 6.51 events per patient-year). 
The number of serious adverse events was also 
higher in the adalimumab group than in the 
placebo group. The follow-up period during the 
course of the trial was not long enough for us to 
detect events such as cancers and demyelinating 

diseases. The sample size precludes commentary 
regarding rarer events. 

Limitations of the trial include the use of the 
anterior chamber cell count (SUN criteria) as a 
component of the primary end point. Although 
internationally recognized, the SUN criteria have 
not been validated for use in children. All the 
participating clinicians were instructed in the 
assessment of SUN criteria. 

In conclusion, adalimumab in combination 
with methotrexate was an effective therapy in 
children and adolescents with JIA-associated 
uveitis. However, the drug was associated with 
a higher incidence of adverse and serious ad- 
verse events than was placebo plus metho- 
trexate. 
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Abstract 

Objective. To summarize evidence regarding the effectiveness of MTX in the treatment of childhood 

autoimmune chronic uveitis (ACU). 

Methods. A systematic search of articles between January 1990 and June 2011 was conducted using 

EMBASE, Ovid MEDLINE, Evidence-Based Medicine Reviews—ACP Journal Club, the Cochrane Library 

and EBM Reviews. Studies investigating the efficacy of MTX as a single immunosuppressant medication in 

the treatment of ACU refractory to therapy with topical treatment and/or systemic treatment in children 

(416 years) were eligible for inclusion. The primary outcome measure was the improvement of intraocular 

inflammation, expressed as Tyndall, as defined by the Standardization of Uveitis Nomenclature working 

group criteria. The effect measure for each study was the proportion of people classified as responders. 

We determined a combined estimate of the proportion of children in the eligible studies responding 

to MTX. 

Results. The initial search identified 246 articles of which 52 were potentially eligible. Nine eligible articles, 

all retrospective chart reviews, remained in the analysis. The number of children in studies ranged from 

3 to 25, and the dose of MTX varied from 7.5 to 30 mg/m2. Altogether, 95 of 135 children responded to 

MTX. The pooled analysis suggested that MTX has a favourable effect in the improvement of intraocular 

inflammation: the proportion of responding subjects was 0.73 (95% CI 0.66, 0.81). 

Conclusion. Although randomized controlled trials are needed, the available evidence supports the use of 

MTX in the treatment of childhood ACU: approximately three-quarters of patients on MTX can expect 

improvement in intraocular inflammation. 

Key words: methotrexate, autoimmune chronic uveitis, childhood, refractory uveitis. 

 

 

Introduction 

Non-infectious uveitis in childhood, with an incidence and 

prevalence estimated at 5 and 30 per 100 000, respect- 

ively, is a serious disease, with the potential for signifi- 

cant long-term complications and eventually blindness. 
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Although frequently associated with an underlying sys- 

temic disease, e.g. JIA, Behc¸ et’s disease, sarcoidosis 

or tubulointerstitial nephritis, a significant number of 

cases are idiopathic. In case of refractory uveitis, early 

and aggressive immune-modulatory treatment, even in 

children, seems a reasonable approach to control inflam- 

mation, to achieve a CS-sparing effect and to decrease 

the risk of sight-threatening ocular damage [1]. However, 

there is much less experience and fewer cumulative 

data in treating children with uveitis or other inflammatory 

ocular diseases [2], and a lack of randomized controlled 

trials (RCTs) means that treatment with immunosup- 

pressive drugs is supported only at evidence level III: 

expert opinion, clinical experience or descriptive studies 

[3]. MTX, a folate analogue inhibiting the enzyme 
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dihydrofolate reductase, is the most frequently used im- 

munosuppressive in the paediatric uveitis population, but 

the lack of evidence from RCTs limits our understanding 

of effectiveness, the optimal time to start therapy and op- 

timal duration [2, 3]. Due to its common use as 

steroid-sparing treatment in children, the purpose of this 

review is to summarize the best available evidence to date 

regarding the effectiveness of MTX in childhood autoim- 

mune chronic uveitis (ACU). 

 

Methods 

Eligibility criteria 

The following criteria were used to select eligible studies: 

(i) patients had vision-threatening non-infectious autoim- 

mune uveitis; (ii) autoimmune uveitis was refractory to 

therapy with topical and/or systemic treatment, thus 

showing a chronic disease course with regard to steroid 

therapy according to the Standardization of Uveitis 

Nomenclature (SUN) criteria definition, that is persistent 

uveitis characterized by relapse within 3 months after dis- 

continuation of therapy; (iii) patients had disease onset at 

or before 16 years of age; (iv) patients received MTX as 

single immunosuppressant medication for the treatment 

of uveitis; (v) outcome measures to assess the effective- 

ness of MTX were collected according to the SUN criteria 

[4]. Intraocular inflammation was considered active or un- 

controlled if the inflammatory activity was grade 51+ at 

any examination. Uveitis was defined as improved, and 

MTX as successful, when its activity decreased by two 

steps in the level of inflammation (anterior chamber cells 

and/or vitreous haze) or decreased to grade 0 [4]. For 

studies not completely adherent to the SUN criteria and 

those performed before 2005, where possible, we retro- 

spectively applied the SUN activity terminology with 

regard to reported activity grading and only an activity 

grade of 0 was considered as improved; (vi) studies 

were published in English. Exclusion criteria were as fol- 

lows: (i) the concomitant use of other immunosuppressant 

agents in addition to MTX; (ii) starting time of MTX admin- 

istration after 16 years of age; and (iii) lack of applicability/ 

adherence to the SUN working group criteria definition of 

improvement in uveitis activity. 

 

Outcome measures 

The main outcome measure used to assess the effect of 

MTX was the improvement of intraocular inflammation as 

Tyndall (anterior chamber cells), according to the defin- 

ition of improvement of the SUN working group criteria 

[4]. As secondary outcomes, tapering and/or stopping 

systemic steroid administration, improvement in visual 

acuity post MTX treatment according to the SUN working 

group criteria, discontinuation of MTX, time to remission 

(the duration of MTX treatment needed to achieve 

remission-inactive disease), time on remission on therapy 

(the duration of on-going/persistent remission, while MTX 

treatment continued) and time on remission off therapy 

(the  period  with  on-going/persistent  remission  after 

discontinuing MTX treatment), and safety of administered 

drug were considered. 

Information sources 

Publications were retrieved using a computerized search 

of the following databases: EMBASE, Ovid MEDLINE, 

Evidence-Based Medicine (EBM) Reviews—ACP Journal 

Club, EBM Reviews—Cochrane Central Register of 

Controlled Trials, EBM Reviews—Cochrane Database 

of Systematic Reviews and EBM Reviews—Database of 

Abstracts of Reviews of effects. Publications between 

January 1990 and June 2011 were included. 

Search strategy 

Databases were searched with the key words chronic 

uveitis or chronic iridocyclitis or recurrent uveitis or refrac- 

tory uveitis or non-infectious uveitis or autoimmune uveitis 

or inflamma$ ocul$ or inflamma$ eye and were crossed 

with Metotrexate or Methotrexate or MTX. Of note, we 

did not include children, age or age limits in the search 

as MeSH terms because we may have been able to ex- 

tract, if possible, a subcohort of children from studies 

including both children and adults. No limitation with 

regard to the type of the study was entered. This strategy 

excluded records related to infectious and/or suppurative 

uveitis. 

Study selection 

Two reviewers (G.S., P.P.) independently screened the 

retrieved titles and abstracts and excluded duplicates 

and those obviously irrelevant. If the information in the 

abstracts was insufficient to make a decision, full papers 

were retrieved. Full papers of the selected articles were 

examined to determine whether they satisfied the criteria 

(G.S.) and then confirmed by a second reviewer (P.P.). The 

references of all eligible articles including reviews, expert 

opinion papers and systematic reviews were manually 

searched for potentially eligible publications. During con- 

sensus meetings (G.S., P.P., G.J., G.M.), disagreements 

of selections were resolved. In addition, we contacted au- 

thors of studies to determine whether data on an eligible 

subgroup were available. 

Data extraction and items 

Data were extracted by a single reviewer (G.S.) using a 

standard form, and checked by a second reviewer (P.P.). 

The data items extracted were as follows: study design, 

study start/end dates, length of follow-up, aim of the 

study, characteristics of participants (number of children, 

gender, age and associated conditions), dose of MTX and 

all outcome measures. 

Statistical analysis 

A meta-analysis was conducted to determine a combined 

estimate of the proportion of children in the eligible stu- 

dies responding to MTX. The effect measure for each 

study was the proportion of participants classified as re- 

sponders on MTX, with respect to intraocular inflamma- 

tion [p(i)], where i refers to study i. If not provided in the 

826 www.rheumatology.oxfordjournals.org 
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original manuscript, we calculated a 95% CI for the 

observed proportion. We tested for heterogeneity be- 

tween the effect estimates from studies by conducting 

Cochrane’s 2 test, which has k — 1 degrees of freedom, 

where k is the number of studies. In combining estimates, 

each study estimate was given a weight as the inverse of 

the proportion variance {i.e. n(i)/(p(i)[1 — p(i)] for study i}, 

where n(i) is the number of persons in study i. The com- 

bined estimate (p) and its standard error were then calcu- 

lated in order to provide a 95% CI for this combined 

estimate of the proportion of patients improving. 

 

Results 

A total of 246 articles were identified by searches of data- 

bases, and, from these, 194 were excluded by examin- 

ation of their titles and abstracts. Excluded studies were 

mainly studies not reporting paediatric cases, duplicates, 

studies on diseases other than autoimmune non- 

infectious uveitis, studies on overall mortality among 

patients receiving immunosuppressive treatment and stu- 

dies on drugs other than MTX. Full text of the remaining 

52 studies and 20 additional papers obtained by screen- 

ing of their references were scrutinized. From the selec- 

tion process, a total of nine relevant articles were deemed 

eligible. The other 63 potential eligible papers were 

excluded because they were reviews and/or expert opin- 

ion papers, they had no information regarding MTX effi- 

cacy as single immunosuppressive therapy, it was not 

possible to extract data on children from an overall 

study population and this was not available from authors, 

they did not include data on the principal outcome and/or 

were non-adherent to SUN criteria. 

Table 1 summarizes data items from each eligible 

paper. All of the included studies were retrospective chart 

reviews, with a median follow-up time of 22.5 months 

(range 1-96). The number of children in these studies 

ranged from 3 to 28, providing a total of 135 children. 

It was not possible to extract detailed childhood descrip- 

tive data from some of the included studies: regarding 

gender from three studies [6, 9, 11] and age at uveitis 

onset from one [11]. Twenty-three subjects were male, 

46 were female, and the median age of uveitis onset 

was 8 years (range 1.8-16). Chronic uveitis was asso- 

ciated with JIA (n = 121), early-onset sarcoidosis (n = 5) 

and tubulointerstitial nephritis (n = 3); the remaining were 

idiopathic. Six of the nine studies, with a total of 119 pa- 

tients, were exclusively in JIA patients. Four studies re- 

ported a MTX dose between 7.5 and 30 mg/m2, weekly, 

with 15 mg/m2 the most commonly used dose. Four stu- 

dies did not report the dose per m2 of body surface and 

the MTX dose varied from 7.5 to 40 mg/week (median 

dose/week 12.5 mg); in one study MTX was administered 

at a dose of 0.5-1 mg/kg, weekly [13]. 

All included studies reported our main outcome meas- 

ure: the improvement of intraocular inflammation as 

Tyndall (anterior chamber cells), according to the defin- 

ition of improvement of the SUN working group criteria. 

Altogether, 95 children out 135 included responded to the 

treatment. The pooled analysis suggested that MTX has a 

favourable effect in the improvement of intraocular inflam- 

mation: 0.73 (95% CI 0.67, 0.81) was the combined esti- 

mate of the proportion of subjects improving on MTX 

(Fig. 1), and there was no evidence of heterogeneity 

across studies (P = 0.5). In a subanalysis including only 

those studies exclusively on JIA the estimate was very 

similar (0.74, 95% CI 0.67, 0.82). 

Not all of the secondary outcome variables were pre- 

sent in each study and often were reported in diverse 

ways; thus we were not able to perform effect size ana- 

lyses on these. All eligible papers, except Samson et al. 

[11], which did not report separate childhood data, had 

information regarding MTX discontinuation: MTX was dis- 

continued in 35 (32.7%) out of 107 children, due to per- 

sistent remission in 21 (19.6%), lack of efficacy in 7 (6.5%) 

and adverse events in the remaining 7. Time to remission 

on MTX was described in 5 [5-7, 9, 12] out of 9 eligible 

papers: 45 (73.8%) out of 61 children obtained remission 

over a median time of 3.5 months (range 1-12). In add- 

ition, Foeldvari et al. [7] along with Weiss et al. [13] 

reported that 25/29 children remained on remission on 

MTX for a median time of 10.6 months (range 3-27). 

However, Heiligenhaus et al. [6] reported that remission 

as per SUN criteria was not obtained in any of the patients 

during a follow-up period of 27.6 months, and Foeldvari 

showed that, after MTX discontinuation, 2 of 6 children 

experienced uveitis flares 3 and 8 months later [7]. 

During MTX administration, tapering and/or stopping sys- 

temic steroid administration was possible in 22 of 23 chil- 

dren, but data were available from only four papers [5, 6, 

8, 12]. Data regarding visual outcome have been reported 

in three articles [6, 8, 10]: 11 of 13 children (84.6%) 

showed improvement or stable visual acuity post MTX 

treatment. We could not extract information from 

Heiligenhaus study [6] because some of their patients 

(7 of 35) received MTX along with other immune- 

modulatory drugs. Among 107 MTX exposed children 

(data regarding children were not available from Samson 

et al.’s study [11]), 21 (19.6%) experienced adverse events 

due to MTX administration: 10 children had 

gastrointestinal discomfort, mostly nausea, 6 showed ele- 

vation of liver enzymes, reversible in 3, the remaining 5 

children presented both nausea and increased liver func- 

tion tests. 

 

Discussion 

We have estimated that the overall probability of improve- 

ment of intraocular inflammation in children affected by 

refractory ACU treated with MTX is 73%. The estimates 

of response were similar across studies, in particular 

when we considered those studies (6 of 9) that included 

only patients with JIA. However, several caveats have to 

be discussed before drawing firm conclusions from our 

systematic review. We recognize RCTs as the gold stand- 

ard in assessing drug effectiveness; thus because none 

are available we acknowledge the generally poor quality of 

evidence. The majority of eligible studies only included 

patients with JIA, along with other diseases. However, 

the small number of the available studies meant we 
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TABLE 1 Main outcome measure and secondary outcomes entered for each of nine eligible studies 

 

 
Kalinina Ayuso et al. 3.1 years 22 (7/15) 8 (±4.0) JIA 10-15 mg/m2 Uveitis activity: Eleven patients: 

(2011) [5], The      Improved activity in 18 (82%) patients. Gastrointestinal 
Netherlands      Discontinuation of MTX: complaints in 7 

 One patient due to gastrointestinal side Elevated liver 
effects. enzyme in 2 

One patient due to elevated liver Combination of both 

enzymes. in 2 

 
 
 
 
 
 
 
 
 

 
Heiligenhaus et al. (2007) 

[6], Germany 

 
 
 
 
 
 
 
 
 

 

27.6 (11-89) 
months 

 
 
 
 
 
 
 
 
 

 

35 (15/20) 4.1 (1-7) onset 
arthritis; 
4.8 (2-10) onset 
uveitis 

Thirteen patients due to persistent 
remission. 

Steroid intake: 

Three of four patients on steroid stopped 
the intake within 2 months after the 
MTX treatment. 

Time for remission on MTX: 
Fifteen patients achieved remission within 

1 year (median = 0.5). 
Time on remission on MTX: 

1.5 years (1 month-3 years) 
JIA 15 mg/m2 Uveitis activity: 

Improved activity in 25 (71%) patients. 
Mean time for uveitis flares up after the 
treatment: 10.3 (3-25) months. 

Discontinuation of MTX: 
One patient due to nausea. 
Three patients due to lack of efficacy. 

Time for improvement on MTX: 

3.75 (2-11) months. 
Time on remission without MTX: 

None achieved remission. 
Steroid intake: 

All eight patients on steroid stopped the 
intake after MTX treatment. 

Visual acuity: 
Information available on 66 eyes out of 70 

eyes; 91% stable and/or improved. 
Uveitis complications: 

No new complication occurred in 20. 
Progression was observed in 15 others. 

 
 
 
 
 
 
 
 
 

 
Increased liver enzyme, 

2 patients, nausea, 1 
patient 

Foeldvari and Wierk 
(2005) [7], Germany 

2.2 years 25 (11/14) 7.9 (1.25-15.7) 
onset arthritis; 
8 (1.8-9) onset 
uveitis 

JIA 15.6 (10-25) mg/m2  Uveitis activity: 
Improved activity in 21 (84%) patients. 

Discontinuation of MTX: 
Six patients due to persistent remission 

for 12 months. 
One patient discontinued due to MTX 

adverse events. 
Time for remission on MTX: 

4.5 (1-12) months. 
Time on remission on MTX: 

10.3 months (3-27). 

One patient  
 
 
 
 
 
 
 
 

 
(continued) 
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TABLE 1 Continued 

 

 
Malik and Pavesio (2005) 

[8], UK 
22.5 (4-40) months 9 (2/7) 11.9 (7-16) Six patients with 

idiopathic uveitis 
and three with 
Sarcoidosis 

23.8 (17.5-30) mg/ 
m2 

Uveitis activity: 
Improved activity in 5 (55%) patients. 

Discontinuation of MTX: 
None. 

Steroid intake: 
All the seven children, taking steroid 

reduced intake after MTX treatment. 
Initial dose 18 (10-40) mg/die, final dose 

2.85 (5-7.5) mg/die. 
Visual acuity: 

Improved or stable in all patients. 

Nausea, 2 patients 

Kaplan-Messas et al. 
(2003) [9], Israel 

21.5 months 
(±12.6) 

10 3-16 JIA 10-15 mg/week Uveitis activity: 
Improved activity in 5 (50%) patients. 

Discontinuation of MTX: 
Three patients due to side effects. 
Two patients due to lack of efficacy. 
Two patients due to persistent remission 

after 20.9 (±9.2) months. 
Time for remission: 

2.4 (±0.8) months. 

Nausea/vomiting, 
elevated liver en- 
zymes, 3 patients 

Gion et al. (2000) [10], 
USA 

19.6 months (6-34) 3 (2/1) 13 (13-15) TINU 7.5-12.5 mg/week Uveitis activity: 
Improved activity in 2 (67%) patients. 

Discontinuation of MTX: 
One patient-due to lack of efficacy. 

Steroid intake: 
Discontinued in the two patients in whom 

activity improved. 
Visual acuity: 

Among patients who improved in activity: 
one stable. 
one improved. 

Abdominal pain, 
1 patient 

Samson et al. (2001) [11], 
USA 

16.4 months 

(1-96) 
21 - JIA 12.3 (7.5-40) 

mg/week 
Uveitis activity: - 

Improved activity in 12 (59%) patients. 
Shetty et al. (1999) [12], 

USA 
 
 
 
 
 

 
Weiss et al. (1998) [13], 

USA 

28.8 months 4 (1/3) 10.5 2 JIA 2 Sarcoidosis 7.5-12.5 mg/week Uveitis activity: 
Improved activity in two patients. 

Discontinuation of MTX: 
None. 

Steroid intake: 
Reduced intake in all patients. 
One patient stopped steroid within 30 

months of MTX and three reduced the 
dose up to 0.15 mg/die in 20 months. 

10 months (6-12) 6 (-/6) 7 (4-14) JIA 0.5-1 mg/kg/week Uveitis activity: 
Improved activity in five patients. 

Discontinuation of MTX: 
One patient due to lack of efficacy. 

Time for remission: 
3.5 (2.5-4) months (for four patients). 

Time on remission on MTX: 
11 (8-12) months available for four 

patients. 

No adverse events 
 
 
 
 
 
 

 
Reversible liver toxicity, 

2 patients 
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There are few cumulative data on treating children 
with chronic uveitis. 
MTX seems an effective therapy for childhood 
non-infectious uveitis associated with JIA and pos- 
sibly other conditions. 
Randomized clinical trials in childhood ACU treat- 
ment seem mandatory. 

 

Gabriele Simonini et al. 
 

 

 
FIG. 1 Proportion of children with refractory ACU responding to MTX in each study and the overall effect size showed by 

the pooled analysis, 95% CI are shown. 
 

 
 

 

could not consider results separately according to the 

underlying disease. We did not include studies when it 

was not possible extract information on eligible children 

from those studies (e.g. a study of Behc¸ et’s disease [14]). 

This affected several large studies on this topic—e.g. Yu 

et al. [15]. We contacted authors to determine whether 

information was specifically available on children to 

allow the study to be included, but this did not result in 

any additional study being eligible. The main outcome 

measure used in this systematic review might be con- 

sidered another limitation: the definition of improvement 

of the SUN working group criteria [4] is not assessed in 

childhood, and therefore not validated for childhood use. 

However, it is otherwise the only standardized measure 

available for assessing differences in uveitis inflammation, 

and thus to date, the only item able to compare different 

studies, across different decades and different childhood 

diseases. The different steroid use, as systemic adminis- 

tration rather than eye drop, significantly changed over the 

considered time period, might be an additional potential 

caveat. 

There are no clear recommendations for MTX use in 

childhood, even though it is largely used in chronic uveitis, 

mostly when associated with JIA [2, 3, 16-20]. The results 

of this review could be helpful for clinicians in judging the 

utility of this treatment and its effect size on visual prog- 

nosis, as well in making a therapeutic decision based on 

current available evidence. Our findings support the clin- 

ical use of MTX for refractory ACU in children. However, it 

needs to be considered in the context that all the current 

evidence is from retrospective chart reviews. The results 

of this meta-analysis should prompt the conduct of 

RCTs on this topic, involving paediatric rheumatologists, 

ophthalmologists and pharmaceutical companies, to pro- 

vide a higher quality evidence base. 

 

 

 
Disclosure statement: G.T.J. has received grants/research 

support from Pfizer Inc, NY, USA. All other authors have 

declared no conflicts of interest. 
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ABSTRACT 

Purpose: To analyze the efficacy of high dose (≥ 15mg/m2/week) methotrexate (MTX) versus low dose 
(<15mg/m2/week) MTX in relation to time to remission on medication. 

Methods: Retrospective observational cohort study of pediatric patients with auto-immune uveitis with or with- 

out underlying systemic disease treated with MTX at the University Medical Center Groningen (the Netherlands) 
between 1990 and 2014. Primary outcome was time to remission on medication, which was defined as an 
observable inactive disease in the affected eye for longer than 3 months without the use of systemic 
corticosteroids. 

Results: A total of 42 patients were included. Mean age at uveitis diagnosis was 6.5 years (range 1.7 – 14.4), 

and 22 (52.4%) patients were male. Bilateral disease was found in 33 patients. Most patients (n=25) had 
anterior uveitis. JIA was the underlying systemic disease in 21 patients. Overall, 28 (66.7%) patients reached 
remission on medication in (median) 22.5 months (IQR 10.4- 45). Time to remission on medication in the low 
dose group (median 35.2, IQR 20.5 – 72.1 months) was significantly longer than in the high dose group 
(median 16.6, IQR 7.8 – 22.5 months) (p= 0.01). No statistically significant differences in ocular complications, 
steroid-sparing effect, cumulative dosage and side effects of MTX were found between the high and low dose 
groups. 

Conclusion: In this retrospective study on pediatric auto-immune uveitis, high dose MTX was associated with a 

shorter time to remission on medication as compared to low dose MTX, while side effects were comparable in 
both groups. 

KEYWORDS: Pediatric auto-immune uveitis, high dose methotrexate, efficacy, side effects 

 

INTRODUCTION 

Uveitis is an inflammatory disorder of the eye, 
involving the uveal tract. It is classified as anterior, 
intermediate, posterior or panuveitis, depending on 
the part of the eye affected by the inflammatory 
process. Uveitis can be associated with a systemic 
auto-immune disease, can be caused by an infec- 
tion,  and  it  can  occur  as  an  isolated  ocular 

condition. In the developed countries, 87–89% of 
the pediatric uveitis cases are non-infectious and 
the majority (41.5%) are related to juvenile idio- 
pathic arthritis (JIA).1 

Pediatric uveitis is a potentially blinding disorder 
and accounts for 3.2–15.2% of all cases of legal 
blindness in the affected eye(s) in the United 
States.2,3 Many children with uveitis do not report 
any  symptoms.  4  This  may  lead  to  a  delay  in 
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diagnosis and treatment, resulting in complications 
such as band keratopathy, posterior synechiae, cat- 
aract, glaucoma and amblyopia, which give a 
guarded prognosis.5 Early detection and aggressive 
treatment of uveitis can prevent visual loss and 
ocular complications. 6 

The first line of treatment are local corticosteroids. If 
these are insufficient, local injections with corticoster- 
oids can be considered. Systemic prednisone is started 
in case of severe uveitis or in case of failure of the local 
therapy. In case of chronic uveitis, steroid sparing 
immunosuppressive therapy may be indicated. 
Because of its long track record and good safety pro- 
file, methotrexate (MTX) is the steroid sparing immu- 
nosuppressive agent of first choice in almost all cases 
of non-infectious pediatric uveitis. 7 

MTX is an efficacious drug, since remission on medica- 
tion is reached in about 70% of pediatric non-infectious 
uveitis cases. 8 However, MTX also has side-effects such 
as gastro-intestinal discomfort (nausea and vomiting), 
which are frequently reported, and the less common 
hepatic toxicity and bone marrow suppression. 9,10 Also, 
anticipatory nausea and needle phobia in case of subcu- 
taneous administration of MTX are common. 

In pediatric uveitis patients, evidence regarding 
optimal dosage of MTX is scarce. 8,11 Frequently used 
medication regimens start with low-dose MTX, with 
increasing doses at 2–6 monthly intervals in case of 
insufficient effectiveness. In the treatment of JIA there 
is evidence on the effectiveness of higher starting doses 
and faster dose-escalation schemes. 11–13 Therefore, it 
would be relevant to evaluate whether such schemes 
would also be more efficient in the treatment of pedia- 
tric uveitis. 

Optimizing the treatment of pediatric uveitis 
patients would be relevant because vision threatening 
complications are directly related to uveitis activity. 
6,14 Shortening the time to remission on medication 
will probably reduce or postpone long-term ocular 
complications and may improve visual prognosis. 
Also, it seems likely that a higher steroid sparing effect 
will be achieved with less side effects and complica- 
tions of systemic corticosteroids. The present retro- 
spective study aims primarily to evaluate the 
effectiveness of high-dose (≥15 mg/m2/week) and 
that of low-dose MTX (<15 mg/m2/week) in relation 
to time to remission on medication. Secondarily, the 
steroid sparing effect, cumulative dosage of MTX, side 
effects of MTX treatment, ocular complications and 
visual acuity are evaluated. 

 

PATIENTS AND METHODS 

We performed a retrospective observational cohort 
study on pediatric patients treated with MTX for 
uveitis between 1990 and 2014 at the University 
Medical Center of Groningen, The Netherlands. This 

 

 
study reflects the daily practice in a tertiary center. 
The Medical Ethical Committee of the University 
Medical Center of Groningen ruled that approval 
was not required for this study. Patients were iden- 
tified from the digital uveitis database of the 
University Medical Center of Groningen. All patients 
who were younger than 18 years of age at the start of 
their uveitis and who were treated with MTX for 
longer than 6 months were included. MTX treatment 
was classified as high (≥15 mg/m2/week, maximum 
of 25 mg/week/sc) or low (<15 mg/m2/week) dose, 
based on the MTX dose given before remission on 
medication was reached or medication was switched. 
Based on this classification, patients were divided into 
a high (≥15 mg/m2/week) or low (<15 mg/m2/ 
week) -dose group. Before 2007, most patients 
received low-dose MTX, and hereafter most patients 
were treated with high-dose MTX. This reflects evol- 
ving treatment strategies. Data collection was done 
from the pediatric and ophthalmological medical 
records. The diagnosis of uveitis was made by an 
ophthalmologist specialized in uveitis and dedicated 
to this patient group. During the follow up period 
two other ophthalmologists were occasionally 
involved in the ophthalmological care for these 
patients. Classification of uveitis was done according 
to the Standardization of Uveitis Nomenclature 
(SUN) criteria 15 and was based on the available 
information in the ophthalmological medical record. 
Children were evaluated for the presence of an 
underlying systemic disease by a pediatric rheumatol- 
ogist. When JIA was diagnosed, it was classified 
according to the ILAR (International League of the 
Association for Rheumatology) criteria. 16 

 

General Descriptives 

For each patient the following descriptives were 
recorded: age, gender, ethnicity, date of first diag- 
nosis of uveitis (further referred to as: uveitis 
onset), type of uveitis, laterality, date of onset of 
arthritis, diagnosis and subtype of underlying sys- 
temic disease, weight and length (at several time 
points during follow-up), anti-nuclear antibody 
(ANA) serologic status, HLA B27 status and 
ophthalmological findings at presentation. 
Prognostic signs for a worse outcome (young age, 
male gender, severity of uveitis at presentation, 
vitreous involvement and oligo arthritis) were 
recorded. 5 

 

Uveitis Diagnosis and Classification 

Uveitis was diagnosed when cells could be observed in 
the anterior chamber (AC) or in the vitreous. Activity 
of AC inflammation (cells) evaluated by standard slit- 
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lamp examination was recorded according to the 
recommendations of the SUN working group.15 Cells 
in vitreous humor were scored as being present or not. 
The diagnosis of posterior and panuveitis was made 
by fundoscopy and in some cases fluorescein angio- 
graphy (FA) was performed. 

 

Treatment 

MTX dosage and route of administration at the start was 
recorded as mg/m2/week/orally or subcutaneously. 
Indications (uveitis, arthritis or both) and date for MTX 
dosage changes were documented. The MTX dosage 
was related to body surface area (BSA) at the moments 
of dosage change. Body surface area was calculated by 
the Mosteller formula [BSA (m2) = (Height(cm) × Weight 
(kg)/3600)½].17 Measurements of length and weight 
were performed at the start of the treatment and during 
follow up. Length and weight values were plotted rou- 
tinely in the growth curves corrected for age, sex and 
race. When a value was missing the growth line was 
plotted between the two existing values. Cumulative 
dosages of MTX were calculated by multiplying the 
time (weeks) to remission on medication by the dose in 
mg/m2 of MTX. Route of administration (oral or subcu- 
taneous) and – in case the route of administration was 
switched – the indications for switch were noted. Side 
effects and indications to stop MTX were recorded. 
Initially, liver enzyme testing is done after four weeks, 
and thereafter every 3 months. In case of elevated liver 
enzymes, testing is more frequently performed. The ster- 
oid sparing effect of MTX was evaluated by calculating/ 
counting the number of weeks in which patients were 
treated with oral corticosteroids in a dosage of more than 
0.5 mg/kg/day. 

In case of cataract or glaucoma surgery (Baerveldt 
glaucoma implant), patients were given intravenous 
corticosteroids during surgery followed by a tapering 
dosage of oral corticosteroids in the period thereafter. 
In case of glaucoma surgery MTX was stopped for 
2 months prior to surgery and re-introduced after the 
Baerveldt implant was functional. During this period, 
patients were treated with oral corticosteroids. 

 

Remission on Medication 

Remission on medication was defined as an observable 
inactive disease in the affected eye for longer than 
3 months without the use of systemic corticosteroids or 
local steroid injections (subtenon or subconjunctival). 
During this period local steroid medication such as eye 
drops or ointment were allowed in a maintenance 
dosage of less than 4 drops per eye daily. With this 
treatment regimen, sufficient compliance-adherence 
was expected and it was regarded as being compatible 
with daily activities.18 Patients were advised to use the 

eye drops during mealtimes and – when necessary – 

before sleeping. A relapse was defined as a recurrence 
of the uveitis after a quiet episode described in the 
patient file. The total follow up time, time to remission 
on medication, time between dose adjustments and time 
to cataract and glaucoma surgery were documented. 

 

Visual Acuity 

The decimal equivalent of the Snellen visual acuity 
(VA) of the affected eyes was recorded at presentation, 
6, 12 and 24 months and at last follow-up. Snellen VA 
was converted to logarithm of the minimum angle of 
resolution units (LogMAR) VA for calculations. 

 

Ocular Complications 

The following ocular complications were scored per eye; 
band keratopathy, posterior synechiae, cataract and 
amblyopia. Ocular hypertension was defined as an 
intra-ocular pressure above 21 mmHg without treatment. 
15 Glaucoma was defined as glaucomatous changes to the 
optic nerve or visual field.15 Surgery for medically 
uncontrollable intra-ocular pressure was separately 
scored. 

 

Statistics 

Statistical analysis was performed by SPSS® software 
version 22 (SPSS, Inc., Chicago, IL) .A P < 0.05 was 
considered statistically significant. Descriptive statis- 
tics were used to present mean and standard deviation 
(SD) in normally distributed data or median and range 
if data were abnormally distributed. For the differ- 
ences between the nominal data in the high and low- 
dose groups we used the Chi-square test. In case of 
non-normally distributed linked samples, the 
Wilcoxon test for paired samples and the Mann- 
Whitney U test for independent samples were used. 
Analysis of VA at presentation compared to that at 6, 
12 and 24 months and at the end of follow up was 
done by the independent samples T-test. A Kaplan- 
Meier survival analysis with a log rank test was used 
to analyze survival curves and to compare the two 
treatment groups. Finally, a multiple regression 
model was used to assess the weight and influence of 
treatment groups, age, gender, underlying disease and 
anatomic location of the uveitis on the time to remis- 
sion on medication. 

 

RESULTS 

Patient, ocular and disease characteristics at uveitis onset 
are summarized in Table 1. A total of 44 (22 male) 
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TABLE 1. Patient characteristics. 

 

Total low high Difference high/low 
 

 

Number of patients 
Mean age at onset uveitis (yrs, SD) 

42 
6.5 (± 3.4) 

25 
7.6 (± 3.5) 

17 
5.0 (± 2.7) P 0.01¥ 

Median follow up (years, range) 5.6 (0.9 – 19.2) 6.9 (1.4 – 15.4) 4.0 (0.9 – 19.2) P 0.02¥ 
Male/female 22/20 13/12 9/8 P 0.95§ 
Anatomic location uveitis    P 0.64§ 
Anterior uveitis 25 15 10  

Intermediate uveitis 7 4 3  

Posterior uveitis 2 2 0  

Pan uveitis 
Bilateral disease 

8 
33 

4 
20 

4 
13 P 0.55§ 

Prognostic poor at presentation* 34 18 16 P 0.11§ 
Ethnicitiy    P 0.53 
Caucasian 32/42 19 13  

Other 10/42 6 4  

Underlying systemic disease 21/42 11 10 P 0.35§ 
Cogan’s syndrome 
JIA 

1/42 
21/42 

0 
12 

1 
9 P 0.55§ 

Mean age at onset JIA (yrs, SD) 4.1 (±2.2) 4.4 (±2.2) 3.5 (±2.1) P 0.38¥ 
Systemic 1 1 0  

Oligo articular persistent 10 4 6  

Oligo articular extended 5 4 1  

Poly articular RF-positive 1 1 0  

Poly articular RF-negative 4 2 2  

Lab characteristics     

ANA positive 23/42 15 8 P 0.53§ 

HLA-B27 positive 2/14 0 2 P 0.16§ 

* One or more of the following characteristics present: young age (< 6 years), male gender, severity of uveitis at presentation, signs of 
vitreous involvement, oligo arthritis 
¥ Mann-Whitney test 
§ Chi-square test. 
JIA = juvenile idiopathic arthritis, ANA = anti-nuclear antibody 

 
 

TABLE 2. Remission on medication, cumulative MTX dose and steroid use. 
 

 
 

Total 
 

Low 
 

High 
Difference 
high/low 

Patients (%) reaching remission on 28/42 (66.7%) 15/25 (60%) 13/17 (76.5%) P 0.27§ 
medication     

Time to remission on medication Median 22.5 Median 35.2 Median 16.6 P 0.01* 
(months, IQR) (10.4 – 45.0) (20.5 – 72.1) (7.8 – 22.5)  

Median cumulative dose MTX ¶ (mg/ Median 1329.3 Median 1597.4 Median 1213.1 P 0.29* 
m2, IQR) (n = 28) (604–2172.3) (693–2871.2) (n = 15) (538.9–1934.3) (n = 13)  

Patients with remission on oral 9/28 (32.1%) 8/9 (88.9%) 1/9 (11.1%) P 0.06§ 
administration     

Time to remission on oral Median 20.5 Median 24.4 (n = 8) 2.5 (n = 1) P 0.12* 
administration (months, IQR) (6.3 – 41) (n = 9) (8.4 – 44.5)   

Cumulative dose MTX¶ (mg/m2, Median 693 Median 821.2 282.1 (n = 1) P 0.25* 
IQR) (n = 9) (320.3 – 1484.6) (396.6 – 1567.7) (n = 8)   

Patients with remission on 19/28 (67.9%) 7/19 (36.8%) 12/19 (63.2%) P 0.01§ 
subcutaneous administration     

Time to remission (months, IQR) on sc Median 23.5 Median 62.6 Median 17.2 P 0.001* 
administration (12.5 – 50.4) (35.1 – 118.1) (8.6 – 23)  

Cumulative dose MTX¶ (mg/m2 IQR) Median 1597.3 Median 2871.2 Median 1276.6 P 0.05* 
(n = 19) (956.6 – 2875.5) (1597.3 −9606.1) (n = 7) (650.4 −2065.7) (n = 12)  

Steroid use‡ (weeks, IQR) (n = 26) ¥ Median 17.2 Median 18.3 Median 16 P 0.70* 
 (11.9 – 26.8) (10 – 29.2) (n = 13) (11.9 – 22.6) (n = 13)  

§ Chi-square test 

*Mann-Whitney test 
¶ Total dosage of MTX until remission on medication 
‡ Number of weeks on >0.5 mg/kg daily 
¥ Two patients in the low-dose group both with mild JIA related uveitis were not treated with systemic corticosteroids 

IQR = inter quartile range. Sc = subcutaneous administration 
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FIGURE 1. Kaplan-Meier curves showing the time to and chance of remission on medication. Cum = cumulative. 
1 = High dose (>15 mg/m2/week) methotrexate. 2 = Low dose (<15 mg/m2/week) methotrexate. The difference between the groups is 
statistically significant (P = 0.007, Log Rank test). HD = High dose, LD = Low dose 

 

patients were primarily identified, two of whom (both 
female, Caucasian JIA- patients with longstanding bilat- 
eral anterior uveitis) were excluded because of incom- 
plete data. In four patients with JIA-uveitis active 
arthritis (next to the uveitis) was the indication to start 
MXT. The 17 patients in the high-dose group were sig- 
nificantly younger (mean 5.0 ± 2.7 years) than the 25 
patients in the low-dose group (mean 7.6 ± 3.5 years, 
P = 0.01). The follow up time was statistically signifi- 
cantly shorter in the high-dose group (median 4.0 years, 
range 0.9–19.2) as compared to the low-dose group 
(median 6.9 years, range 1.4–15.4, P = 0.02). 

No differences were found between the high and 
low-dose groups regarding severity of the uveitis at 
presentation and the need for ocular surgery for catar- 
act or medically uncontrollable intra ocular pressure 
during follow-up (Table 1). 

The median starting dose and median maximum 
dose were both significantly lower in the low-dose 
group. The median starting dose in the low-dose 
group was 10.4 (min 5.7 – max 14.8) mg/m2/week 
and in the high-dose group 17.9 (min 11.8 – max 
24.6) mg/m2/week (P < 0.001). The median maximum 

dose in the low-dose group was 13.4 (min 10.9 – max 
14.9) mg/m2/week and in the high-dose group it was 
20.7 (min 16.7 – max 25.3) mg/m2/week (P < 0.001). 
The time to maximum dose of MTX was -although not 
statistically significant -shorter in the high-dose group. 
The median time to maximum dose in the low-dose 
group was 20.9 (min 2.1 – max 120.1) months versus 
median 9.1 (min 4.6 – max 21.7, P = 0.10) in the high- 
dose group. 

A total of 13 patients (76.6%) treated with high-dose 
MTX reached remission on medication after a median 
of 16.6 months (inter quartile range (IQR); 7.8–22.5). In 
the low-dose group 15 (60%) patients reached remission 
on medication in a median of 35.2 months (IQR; 20.5– 

72.1). The difference in time to remission on medication 
was statistically significant (P = 0.01) (Table 2, Figure 1). 

Patients (n = 12) treated with high-dose subcuta- 
neous MTX had a statistically significantly shorter 
time to remission on medication (median 17.2 months) 

than patients (n = 7) who reached remission on med- 
ication on low-dose subcutaneous MTX (median 

62.6 months; p = 0.001; Table 2). Of the 9 patients 
who reached remission on medication on oral MTX, 1 

 
TABLE 3. MTX-related side effects.     

 Total Low High P value§ 

 n = 41* n = 24* n  = 17 High vs Low 

Patients 25/41 14/24 11/17 P 0.74 
Nausea 13/41 7/24 6/17 P 0.43 
Needle phobia 7/41 3/24 4/17 P 0.33 
Elevated liver enzymes¶ 9/41 5/24 4/17 P 0.78 
Combination 4/41 1/24 3/17 P 0.14 

*1 missing in the low-dose group 
§ Chi-square test 
¶ Alanine aminotransferase (ALT) above 45 U/L and aspartate aminotransferase (AST) above 40 U/L 
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TABLE 4.  Ocular complications*. 

 Eyes Low dose High dose Difference¶ high/low 

Band keratopathy 18/75 10/51 8/24 P 0.22 
Posterior synechiae 34/75 23/51 11/24 P 0.49 
Cataract 38/75 23/51 15/24 P 0.42 
Cataract extraction 31/75 23/51 8/24 P 0.56 
Baerveldt glaucoma implant 30/75 20/51 10/24 P 0.84 
Amblyopia 12/75 7/51 5/24 P 0.26 

*Affected eyes at any moment during follow up. 
¶ Chi-square test between high and low dose 

 
LogMar visual acuity per eye 

0.4 

0.35 

0.3 

0.25 

0.2 

0.15 

0.1 

 
 

 <15 mg/week 

≥15 mg/week 

0.05 

0 

Presentation 6 months 12 months  24 months End FU 

 
FIGURE 2. Visual acuity in the high MTX dose group is better at all time points (lower LogMAR visual acuity corresponds to higher 
Snellen visual acuity) and the difference is statistically significant at 6 and 12 months. 
*FU=follow up;  §=Independent Samples T-Test 

 

 

was treated with high-dose and 8 with low-dose MTX. 
By using a multivariate linear regression model time to 
remission on medication was analyzed. Within this 
model; age, gender, anatomic location of the uveitis, 
presence of juvenile idiopathic arthritis and the two 
treatment groups were taken into account. With this 
model (R2 = 0.4, P = 0.05, B = 68.6 (CI 24.8 – 112.4)) we 
found that treatment with a higher dose MTX was 
associated with a statistically significantly shorter 
time to remission on medication (P 0.008) (Table 4). 

The cumulative dose of MTX, in the 28 patients 
reaching remission on medication, was lower in the 
high-dose group as compared to the low-dose group, 
but this difference was not statistically significant 
(Table 2). MTX related side effects were reported by 
25 out of 41 patients (Table 3). No statistically signifi- 
cant differences regarding side effects were found 
between the high- and low-dose groups. 

On average, patients used more than 0.5 mg/kg/ 
day of oral corticosteroids for 17.2 weeks (Table 2); no 
statistically significant differences in steroid use were 
seen between the two groups (Table 2). The high-dose 
group  had  a  better  visual  acuity  at  presentation 

(Figure 2), but this difference was not statistically sig- 
nificant. At 6 and 12 months, visual acuity in the high- 
dose group was significantly higher than in the low- 
dose group. At later time points, this difference was no 
longer statistically significant (Figure 2). 

 

DISCUSSION 

This study of 42 pediatric patients with non-infectious 
uveitis shows that patients who were treated with a 
high dose of MTX (≥15 mg/m2/week, maximum of 
25 mg/week/sc) reached remission on medication 
sooner compared to patients who were treated with a 
low dose of MTX (<15 mg/m2/week). The data also 
indicate that an MTX dose of ≥15 mg/m2/week admi- 
nistered by subcutaneous injection is the most effective 
in establishing rapid remission on medication. With 
regard to visual acuity measurements at 6 and 
12 months the data suggests a favorable outcome in 
the high-dose group. High- and low-dose groups were 
comparable with regard to severity of uveitis, inci- 
dence of ocular complications and surgery, steroid 
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sparing capacity of MTX, cumulative dose of MTX and 
side effects. 

In our study, we found an overall success rate of 
67% of MTX in the treatment of uveitis, which is 
similar to the effectiveness of 70% described in the 
literature. 8 More patients reached disease remission 
on subcutaneously administered MTX when compared 
to oral administration. Time to disease remission on 
medication did not significantly differ between 
patients on oral and subcutaneous administration. 
Patients treated with high-dose MTX had a signifi- 
cantly shorter time to remission on medication than 
the patients treated with low-dose MTX. A shorter 
time to remission on medication may be favorable for 
the prognosis of an inflammatory disease as was 
shown for rheumatoid arthritis (RA) in several studies. 
19–22 By analogy, it would be plausible to assume that 
achieving early remission on medication will help to 
prevent or delay secondary complications of uveitis 
and to preserve visual function. 14,23 

Our retrospective study did not find statistically 
significant differences in the prevalence of ocular com- 
plications at any time point between high and low- 
dose groups, including complications already present 
at presentation. Therefore and because high-dose MTX 
was mainly given from 2007 onwards, we assume that 
MTX dose was mainly based on evolving treatment 
strategies and not primarily on the severity or compli- 
cations of the uveitis. We did find a statistically sig- 
nificantly better visual acuity in the high-dose group at 
6 and 12 months, which is suggestive of a better out- 
come favorable for the daily functioning and develop- 
ment of a child. However, there may be some inclusion 
bias, since the high-dose group had a better, though 
not statistically significantly better, visual acuity at 
presentation. 

A faster remission reached by a predefined quick 
dose escalation scheme is probably more rewarding 
and motivating for a patient than a slow escalation 
scheme based on dose adjustments because of persist- 
ing disease activity. Also, the frequently reported MTX 
intolerance after longer use of MTX, might be pre- 
vented if remission on medication is sooner reached.- 
24,25 Finally, MTX failure will be apparent after a 
shorter time interval when a faster dose escalation 
scheme is used, thus enabling an earlier switch in 
therapy. Our high-dose group is comparable to the 
intermediate MTX dose group of Ruperto et al. 12 
who evaluated the effectiveness and side effects of 
MTX in JIA. They found a better effect of an intermedi- 
ate (15 mg/m2/week) MTX dose as compared to a low 
MTX dose (10 mg/m2/week). In addition, they 
observed that increasing the MTX dose to 30 mg/ 
m2/week (with a maximum of 40 mg/week by intra 
muscular or subcutaneous administration) was not 
associated with any therapeutic benefit and resulted 
in more adverse events.12 In line with that study, our 
maximum MTX dose is 25 mg/week by subcutaneous 

administration. Our findings indicating a positive 
effect of higher MTX dosages in pediatric non-infec- 
tious uveitis are in line with the results of a systematic 
review8 that showed that the proportion of children 
responding to MTX is the highest in the studies with 
an MTX dosage of ≥15 mg/m2/week.26–29 

No significant differences were found in steroid 
sparing effect, cumulative MTX dosage until remission 
on medication and side effects of MTX between our 
two study groups. The first is possibly explained by 
our reluctance to use systemic steroids in children, 
since they were mainly given in case of severe uveitis 
at presentation and peri-operatively. The second 
reflects that remission on medication is reached sooner 
in the high-dose group as compared to the low-dose 
group. And the latter may be explained by the lower 
cumulative MTX dosage in the high-dose group. 

The results of the current study are limited by the 
fact that the study is retrospective, the numbers of 
patients are small and there is a large variability in 
follow up time. The better outcome in the high-dose 
group is possibly influenced by positive developments 
in treatment options and improved screening pro- 
grams for JIA uveitis. The reporting of side-effects is 
influenced in an uncertain way because of the retro- 
spective study design and variability in follow up 
time. All patients were included from a tertiary center 
and two patients had to be excluded because of miss- 
ing data, therefore this study does not represent the 
total spectrum of pediatric non-infectious uveitis. Also, 
personal experience or preferences of ophthalmologists 
and pediatric rheumatologist may have influenced the 
choice of treatment. The strengths of this study are the 
systematic way in which data were collected, its 
adherence to the SUN classification system and guide- 
lines for publications and the dose adjustment for 
body surface area. 

Based on our findings, we would recommend an 
MTX starting dose of ≥15 mg/m2/week with a max- 
imum of 25 mg/week by subcutaneous administra- 
tion in the treatment of pediatric non-infectious 
uveitis. After reaching remission on medication a 
lower (10–15 mg) – possibly oral – maintenance 
dosage can be considered to maintain remission. 
Earlier publications about the efficacy of low-dose 
MTX in rheumatoid arthritis are supporting this.30– 
33 Because of the lower and varying bioavailability of 
oral MTX when compared to subcutaneous 
administration34–36 the effect of switching from sub- 
cutaneous to oral administration is difficult to pre- 
dict. Ayuso et al.29 described a higher relapse rate 
after withdrawal of MTX in pediatric non-infectious 
uveitis. Their results indicate that the period of inac- 
tivity before withdrawal should be preferably longer 
than 2 years.29 They do not describe a dose reduction 
after remission on medication is reached. By sharing 
our treatment experiences and advising on steps to 
optimize treatment regimens, we hope to make a 
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contribution to the improvement of care for children 
with non-infectious uveitis. 

In conclusion, children with non-infectious uveitis 
can benefit from early treatment with high-dose MTX 
(≥15 mg/m2/week, maximum 25 mg/week/sc) pre- 
ferably by subcutaneous administration. Such a strat- 
egy may lead to a shorter time to remission on 
medication, a higher rate of remission on MTX and 
similar rates of side effects as in low-dose MTX treat- 
ment strategies. Future studies, most preferably rando- 
mized controlled trials, are needed to confirm these 
findings. 
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Abstract 

Objective—Systemic immunosuppressive treatment of pediatric chronic anterior uveitis (CAU), 

both juvenile idiopathic arthritis (JIA)-associated and idiopathic varies, making it difficult to 

identify best treatments. The Childhood Arthritis and Rheumatology Research Alliance (CARRA) 

developed consensus treatment plans (CTPs) for CAU for the purpose of reducing practice 

variability and allowing future comparison of treatments by comparative effectiveness analysis 

techniques. 

Methods—A core group of pediatric rheumatologists, ophthalmologists with uveitis expertise, 

and a lay advisor comprised the CARRA uveitis workgroup who performed literature review on 

pharmacologic treatments, held teleconferences, and developed a case-based survey administered 
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to the CARRA membership to delineate treatment practices. We utilized 3 face-to-face consensus 

meetings using nominal group technique to develop CTPs. 

Results—The survey identified areas of treatment practice variability. We developed 2 CTPs for 

the treatment of CAU, case definitions, and monitoring parameters. The first CTP is directed at 

children naïve to steroid-sparing medication, and the second at children initiating biologic therapy 

with options for methotrexate, adalimumab and infliximab. We defined a core dataset and outcome 

measures with data collection at 3 and 6 months after therapy initiation. The CARRA membership 

voted acceptance of the CTPs with a >95% (N = 233) approval. 

Conclusion—Using consensus methodology, two standardized CTPs were developed for 

systemic immunosuppressive treatment of CAU. These CTPs are not meant as treatment 

guidelines, but are designed for further pragmatic research within the CARRA research network. 

Use of these CTPs in a prospective comparison effectiveness study should improve outcomes by 

identifying best practice options. 

Pediatric chronic anterior uveitis (CAU) is an inflammatory ocular disease that can lead to 

vision loss and ocular complications in up to 60% of affected children (1–15). Idiopathic 

uveitis, i.e. without associated systemic illness, constitutes approximately 50% of pediatric 

CAU (1, 2, 16–19). Juvenile idiopathic arthritis (JIA) is the most common systemic disease 

associated with pediatric CAU, wherein 10-15% of these children will develop CAU (20, 

21). Early detection and appropriate timely treatment may prevent sight-threatening 

complications such as cataracts, glaucoma, and synechiae (22). 

There are presently no widely accepted approaches to the treatment of CAU. There are few 

pediatric randomized controlled trials, except for adalimumab in JIA-associated uveitis (JIA- 

U) (23, 24). Topical steroids are typical initial therapy, but prolonged use can lead to 

complications such as cataracts and increased intraocular pressure. Inadequate response to, 

and/or toxic effects from steroids necessitate the addition of steroid-sparing 

immunosuppressive therapy. However, evidence for specific agents is lacking. 

Best practice guidelines for management of pediatric CAU have been developed by multiple 

groups but are not widely adopted in North America (25–27). Examination of JIA-associated 

patients enrolled in the Childhood Arthritis and Rheumatology Research Alliance (CARRA) 

registry, a large registry of North American pediatric rheumatology patients, demonstrated 

that a broad range of biologic and non-biologic medications are prescribed (28). 

Additionally, the lack of pediatric standardized outcome measures for CAU limits the 

comparison of treatment strategies. Management is further complicated by the need for close 

collaboration between ophthalmologists and rheumatologists, with disease assessment by 

ophthalmologists, while steroid sparing systemic treatment typically prescribed by 

rheumatologists. 

Through CARRA, we developed standardized treatment approaches, i.e. consensus 

treatment plans (CTPs), for children with typical JIA-associated and idiopathic CAU. These 

CTPs are meant for use in pragmatic research within the CARRA network, and not intended 

as standard treatment guidelines. We chose to include idiopathic CAU as systemic treatment 

approaches are the same as JIA-U, ocular complications similar, and this is an underserved 
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population for research. In addition, the antinuclear antibody (ANA) + CAU may represent a 

forme fruste of JIA. These CTPs were developed through a robust consensus process and 

represent current clinical practice of North American pediatric rheumatologists, with expert 

input from ophthalmologists specializing in uveitis care. These CTPs, as with other CTPs 

developed by CARRA, differ from expert guidelines in that they are treatment strategies 

developed by consensus methods amongst CARRA members with the primary goal of 

streamlining care and reducing practice variability (29). Ultimately, formal implementation 

of these CTPs in the treatment of patients enrolled in the CARRA registry will facilitate 

comparative effectiveness studies of different treatment approaches (29–33). We developed 

two CTPs with multiple treatment options intended for common CAU scenarios: 1) initiation 

of MTX therapy, and 2) initiation of biologic therapy. 

 

II. Materials and methods 

Core Workgroup 

A core workgroup of 10 board-certified pediatric rheumatologists with special interest in 

CAU, two ophthalmologists with expertise in uveitis, and a parent of a child with JIA-U was 

formed. Tasks of the workgroup included: 1) defining a target population, 2) identifying 

similarities and disparities among treatment approaches, 3) reviewing the literature on 

comparative efficacies of treatment approaches, and 4) achieving consensus on criteria to 

assess inflammation and treatment response. To identify relevant literature on uveitis 

treatment strategies, we performed a search of the PubMed database using the terms 

“juvenile arthritis”, “uveitis”, “treatment”, “subcutaneous”, “oral”, “dose”, “methotrexate”, 

“TNF inhibitor”, “etanercept”, “adalimumab”, and “infliximab” through April 1, 2014, and 

updated in July 2016. 

Besides face-to-face meetings, workgroup interactions occurred via teleconferences, surveys 

and email discussions between April 2012 and June 2016 (Figure 1). 

 

Delphi Survey 

To better understand existing practice patterns in the treatment of CAU by the pediatric 

rheumatology community, we administered an anonymous web-based survey to CARRA 

voting members who actively treat children with CAU (trainees ineligible). We presented 

clinical scenarios to identify common approaches for selection of: 1) an initial steroid- 

sparing agent in CAU, 2) a second-choice steroid-sparing agent in the event of initial 

treatment failure in patients with and without complications from CAU, and 3) a second- 

choice steroid-sparing agent in the event of intolerance to initial therapy (Supplementary 

Appendix). 

 

Consensus Meetings 

The first face-to-face meeting of the workgroup was held in April 2014. One 

ophthalmologist participated via conference call (NS). A syllabus consisting of a summary 

of the pre-consensus survey, prior phone discussions, literature review, and existing 

guidelines was presented. Two CTPs were drafted for two scenarios of uncontrolled CAU: 1) 
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initiation of MTX in children naïve to steroid-sparing agents, and 2) initiation of biologic 

therapy in children with inadequate response or intolerant to MTX. 

Modified nominal group technique (NGT) was used to seek consensus (defined as ≥75% 

agreement) on the two draft CTPs (30–33). The NGT discussion was facilitated by an 

experienced moderator (HB), and responses were tabulated by a non-voting CARRA 

member (LH).These post-consensus CTPs were further refined by the uveitis workgroup 

during follow-up calls, and via NGT in face-to-face discussion in April 2015. An 

ophthalmologist (GNH) specializing in uveitis was present for these discussions. 

The CTP strategies on the use of MTX and TNFi for CAU were presented to the CARRA 

JIA research committee in April 2016. Approval was obtained after members reviewed 

patient characteristics, data collection items, collection time points, primary and secondary 

outcomes, and the final CTP strategies. Consensus was based on show of hands or 

anonymous formal voting when needed. It is important to note that the number of voting 

members varied at each session, hence the variance in our numbers. 

We disseminated final CTPs to the CARRA-wide membership as an anonymous online 

survey to confirm willingness to use at least one of the treatment plans to support 

comparative effectiveness research. 

 

III. Results 

Delphi Survey Results 

Our case-based survey was sent to all CARRA members (Supplementary Appendix). We 

received 129 responses (50% response rate). Five respondents indicated that they did not 

provide care for children with uveitis and were excluded from analysis. 

For a child with CAU not controlled by topical corticosteroids, MTX was most frequently 

selected as the initial systemic drug. Respondents could select more than one response; half 

of the respondents (N = 60/120, 50%) selected oral dosing as the initial mode of 

administration, while subcutaneous dosing was selected more frequently (79/120, 66%). 

Therapy with a TNFi, with or without concomitant use of MTX, was less frequently selected 

(1-6%). 

For patients with continued uncontrolled uveitis despite MTX, most (114/120, 95%) would 

add, instead of substitute, a systemic immunosuppressive agent. Adalimumab (73/117, 62%) 

was favored over infliximab (40/117, 34%). In contrast, infliximab (63/120, 53%) was 

favored over adalimumab (52/120, 43%) in a child with uncontrolled uveitis and uveitis- 

related complications despite MTX. 

In the case of MTX intolerance requiring drug discontinuation in a child with inactive 

uveitis, adalimumab was the most frequently selected alternative (66/112, 59%) followed by 

mycophenolate mofetil (29/112, 26%) and infliximab (13/112, 11%). Less frequently 

selected systemic therapies included abatacept (2/112, 2%), azathioprine (1/112, 1%), and 

etanercept (1/112, 1%). 
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Key questions considered important to address through a CTP were: 1) timing of and criteria 

for initiation of a systemic agent, 2) selection of first-line and second-line therapies, and 3) 

criteria for assessing response to therapy. 

 

Face-to-face Consensus Meetings 

Based on the practice variability noted in the preconsensus survey, the workgroup agreed to 

develop CTPs that would determine: 1) the preferred form of MTX administration and 2) 

preferred biologic therapy for CAU. Accordingly, we developed two CTPs for children with 

uncontrolled CAU: one for initiation of MTX in patients who have failed topical steroids, 

and one for initiation of TNF inhibitor (TNFi) therapy. Consensus on these CTPs was 

achieved by the JIA research committee at the 2016 CARRA annual meeting (27/28, 96%; 

25/25, 100%). 

 

Target Population 

Table 1 defines the patient population targeted for these CTPs. There was consensus among 

the uveitis workgroup at the 2014 meeting and the CARRA JIA research committee in 2016 

that these CTPs are appropriate for CAU that is: 1) idiopathic, or 2) JIA-associated, the most 

common categories of pediatric non-infectious uveitis. Although enrolling two distinct 

patient populations may introduce heterogeneity in the observed response to therapy, both 

are treated similarly, and a diagnosis of JIA does not influence outcomes (21). Two distinct 

target populations emerged from the consensus discussions, each with their own CTPs. The 

first CTP is for children naïve to steroid-sparing therapy and compares oral versus 

subcutaneous MTX administration. The second CTP is for a heterogeneous population of 

children initiating a TNFi: 1) failed MTX, 2) intolerant of MTX, and 3) naïve to MTX but 

with need for urgent treatment as determined by the clinician (e.g., patients presenting with 

acute uveitis and ocular complications from either uveitis or steroid therapy). This CTP 

compares adalimumab weekly, adalimumab every other week, and infliximab. Based on 

expert opinion, the more severely affected eye will dictate treatment in bilateral disease. 

Both CTPs are suitable for the treatment of children who fulfill any of the following criteria: 

1) ongoing uveitis activity despite the use of topical steroids, 2) worsening uveitis activity 

while on topical steroids, 3) recurrent uncontrolled disease (≥1+ anterior chamber (AC) 

cells) with taper of topical steroids to twice daily or less, 4) development of new ocular 

complications attributable to either inflammation or treatment during topical steroid therapy, 

and 5) intolerant or unable to adhere to therapy with topical corticosteroid drops. Examples 

of complications include increased intraocular pressure, hypotony, cataracts, posterior 

synechiae, band keratopathy, and cystoid macular edema. While twice-daily topical steroids 

is not preferred for long term management, based on expert opinion, it is acceptable, as this 

dose is accepted by the ophthalmology community for patients who do not have 

corticosteroid-induced ocular hypertension(34). There was consensus that these CTPs could 

also be applied to children on systemic steroids or with a history of unsuccessful subtenon 

steroid injections. 

Experts agreed that the CTPs were not designed for the treatment of children with other 

uveitis categories, i.e. intermediate and posterior uveitis, symptomatic acute unilateral 
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anterior uveitis (AAU), uveitis attributable to other inflammatory conditions (e.g., 

sarcoidosis, Behcet’s disease), the presence of ocular co-morbidities that could affect 

interpretation of outcomes, and contraindications to therapy (Table 1). There was ≥80% 

consensus on all points. The CTPs were restricted to CAU because it is most common in 

children along with the lack of generally accepted criteria to assess disease activity in 

intermediate, posterior, or panuveitic uveitis. Patients with previous exposure to a biologic 

agent within 3 months prior to enrollment are also not appropriate for these CTPs. 

 

Categorization of Uveitis Disease Activity 

Consensus was achieved to adopt the Standardization of Uveitis Nomenclature (SUN) 

Working Group methods of reporting clinical data (Table 2) (35). These include a grading 

scheme for AC cells and flare, uveitis activity, ocular complications, and outcomes. There 

was consensus that the course of uveitis can be categorized as: 1) inactive, 2) worsened, 3) 

improved or 4) controlled based on the degree of AC cells (35). 

There was consensus to define adequately controlled CAU as follows: 1) not on systemic 

steroids; 2) no more than 0.5+ AC cells; 3) on topical steroids ≤2 drops/day; and 4) no new 

ocular complications for at least 3 months. We agreed with consensus that although 0.5+ AC 

cells is considered “active” by SUN criteria, we would not necessarily escalate therapy 

based on the presence of 0.5+ cells. For the purposes of these CTPs, the presence of AC 

cells ≥1+ (6-15 cells/hpf) constitutes uncontrolled uveitis. 

 

MTX Therapy Consensus Treatment Plan 

Patients with CAU as defined, naive to steroid-sparing therapy, are appropriate for the MTX 

CTP. Although the majority of the uveitis workgroup agreed that subcutaneous MTX has 

higher bioavailability and is preferred, data for superior efficacy of subcutaneous 

administration is lacking. In addition, a survey of pediatric rheumatologists indicated both 

routes are used equally (28). Therefore, both oral and subcutaneous MTX are treatment 

options. Dosing for MTX is 0.5-1 mg/kg/week, with a maximum of 30 mg per week; doses 

closer to 1 mg/kg/week are preferred (Fig. 2). 

Consensus was reached that 3 months of treatment is necessary before assessing MTX 

efficacy. After 3 months, patients who failed MTX are recommended to change to the TNFi 

CTP. For children on oral MTX, an alternative is to enter the subcutaneous MTX arm. In 

addition, JIA patients who develop new uveitis while on MTX for arthritis would be 

considered to have failed MTX; the TNFi CTP should be considered. 

 

TNFi Consensus Treatment Plan 

Patients who fail MTX should be considered for the TNFi CTP using monoclonal antibody 

TNFi. For patients who are not intolerant of MTX, TNFi should be added to, rather than 

replace, MTX. The TNFi CTP can also be considered for MTX-naïve patients with 

uncontrolled (≥1+ AC cells) uveitis and severe disease (e.g. ocular structural complications 

due to uveitis, or complications of topical steroid therapy on presentation). MTX should be 

started simultaneously, utilizing either the subcutaneous or oral MTX options from the MTX 

CTP. Consensus was achieved at the 2015 meeting that we would not specifically define 
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“severe disease” at this time, but that the TNFi CTP should be considered at the provider’s 

discretion. Although inclusion of patients who are MTX naïve and failed MTX may 

confound analysis of outcomes, we should be able to correct for this in analysis, and do not 

want to limit therapy in children in whom the clinician has determined that TNFi initiation is 

necessary. 

There was unanimous agreement that etanercept has no role in the treatment of pediatric 

uveitis, and that there is insufficient data to recommend either adalimumab or infliximab as 

the preferred agent. Selection is left open to the treating provider, acknowledging that there 

may be individual factors influencing this decision, such as patient preference for 

medication route, insurance coverage, and compliance concerns. 

The TNFi CTP includes three treatment options: 1) adalimumab SQ injections weekly, 2) 

adalimumab SQ injections every other week, and 3) infliximab infusions every 4 weeks after 

loading. Dosing for adalimumab parallels those for polyarticular JIA: 10 mg for patients 10 

kg to <15 kg; 20 mg for patients 15 kg to <30 kg; 40 mg for patients ≥30 kg (Fig. 3). The 

workgroup agreed that adalimumab dose can be escalated 8 weeks after initiation if uveitis 

remains uncontrolled (≥1+ AC) or if unable to begin tapering steroids after 4 weeks due to 

persistent CAU. Dose escalation through either doubling the every-other-week dose (if on 10 

or 20 mg), or increasing the frequency to weekly, are equally acceptable. 

Dosing for infliximab starts at 6-10 mg/kg (Fig. 3). A loading regimen is recommended, 

giving infusions at 0, and 2 weeks, followed by every 4 weeks thereafter. Dose escalation is 

permitted based on exam after 8 weeks, up to a maximum dose of 20 mg/kg. MTX dose can 

be lowered while on a TNFi. 

The CARRA JIA research committee agreed with infliximab dosing range of 6-10 mg/kg 

(27/28, 96%), and both a weekly and every other week adalimumab dosing arm (27/28, 

96%). 

 

Core Documentation for Children with CAU 

We defined the data collection items, time points and outcome measures for data collection 

through consensus discussions at the 2015 meeting (10/13, 77%), and obtained approval by 

the JIA committee (26/26, 100%). Data will be collected at enrollment, 3 months and 6 

months. An eye exam should occur within 6 weeks after starting therapy but will not be 

considered a separate study visit. All eye exam records in between study visits should be 

reviewed. Data points include demographics, uveitis clinical data (duration, age at uveitis 

onset, JIA-associated or idiopathic uveitis, anatomical location, laterality, AC cells by SUN 

criteria, visual acuity, ocular complications, ocular surgeries), reason not adherent to topical 

steroids if applicable, current and maximum daily steroid use (topical and systemic), start 

and stop dates of medications, and patient reported outcome measures (PROs) (Table 3). 

PROs will include the Patient-Reported Outcome Measurement Information System 

(PROMIS) global health scale, and the Effects of Youngsters’ Eyesight on Quality of Life 

(EYE-Q) (36, 37). Adverse effects of therapy, such as leukopenia and hepatorenal toxicity 

from MTX, will be recorded. Monitoring toxicity of medications schedule is deferred to the 
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prescribing physician. Definitions of disease activity, recurrence, flare, and complications 

will be based on SUN criteria (35) (Table 2). Ophthalmology exam results will be included. 

 

Interpretation of Patient Response 

Primary outcome is defined as improvement or worsening of AC cells at 6 months as defined 

by SUN criteria. Secondary outcome measures include proportion with inflammation <1+ 

cells, visual acuity, eye complications, eye surgeries, PROs, adverse events, and 

corticosteroid use. It is the goal of most uveitis specialists to reduce AC cells to below a 

threshold of 1+ cells. 

Treatment Failure is defined as ongoing uncontrolled uveitis, development of damage/eye 

complications, or intolerance/non-adherence to treatment. Another CTP treatment arm can 

be considered for patients who fail initial treatment. If treatment changes for arthritis but not 

uveitis, or if the patient chooses not to continue in the CTP, this will be captured by the CTP. 

 

Methotrexate Intolerance 

Suggestions for management of MTX intolerance were considered beyond the scope of these 

CTPs. The workgroup emphasizes that MTX intolerance can often be managed through the 

use of anti-emetics, folic acid and/or leucovorin and dose adjustment, but children 

experiencing MTX intolerance can also be considered for the TNFi CTP. 

 

Systemic Steroids 

The workgroup acknowledged that provision and dosing of systemic and topical 

corticosteroids are typically made by the treating ophthalmologist, rather than the 

rheumatologist. Therefore, this CTP does not include corticosteroid recommendations. 

However, based on expert opinion, systemic steroids should be avoided in the treatment of 

CAU. Systemic steroids should be used only as a temporizing measure while awaiting 

efficacy of steroid-sparing therapy, and steroid taper should begin no longer than 2 weeks 

after initiation of a steroid-sparing agent. This was unanimously agreed upon by the 

CARRA JIA committee (27/27, 100%). 

 

Ophthalmology Screening 

Although the AAP has guidelines for ophthalmology screening of JIA children, no 

guidelines exist for children with a history of CAU. Expert consensus was reached that 

children with uncontrolled uveitis should be monitored at least every 2-6 weeks (27/28, 

96%). 

 

Third-line Therapy 

There are insufficient data to recommend treatment of uveitis refractory to MTX and TNFi. 

Although consensus was not achieved, members considered one or more of these 

medications: mycophenolate mofetil (13/18, 72%), abatacept (10/18, 56%), cyclosporine 

(7/18, 39%), tocilizumab (6/18, 33%), golimumab (1/18, 5%) azathioprine (1/18, 5%), 

leflunomide (1/18, 5%), and rituximab (1/18, 5%). These preferences may change as 

experience with these agents grows. 
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Post-consensus survey 

The workgroup sought approval from the CARRA-wide membership through an online 

survey. Response rate was 81% (N = 247/306); among these, 10% (24/247) reported that 

they did not manage uveitis, and their responses were excluded. Consensus was achieved on 

the target population (216/223, 97%) and on the criteria for application of the TNFi CTP 

(215/223, 97%). Ninety-seven percent (215/233) reported willingness to use at least one arm 

of the methotrexate CTP and 99% (220/233) at least one arm of the TNFi CTP. There was 

broad consensus on the data collection measures outlined above. 

 

IV. Discussion 

Informed by the available medical evidence, expert consensus was achieved among pediatric 

rheumatologists and ophthalmologists participating in CARRA on treatment strategies for 

children with CAU. Hence, these CTPs may provide general guidance for the management 

of typical pediatric CAU, but are not meant as treatment guidelines. Rather, as with CTPs 

developed for other rheumatologic conditions, these CTPs are primarily intended to facilitate 

future comparative effectiveness research within the CARRA network (29). 

Two CTPs were developed for use in patients enrolled in the CARRA registry. One for MTX 

in children without prior exposure to DMARDs, and the other for TNFi in children who 

failed MTX, are MTX intolerant, or in need of urgent treatment as determined by the 

clinician. These CTPs may not be relevant for cases that do not fit the most common 

scenarios described here. Active uveitis may be associated with active arthritis; these plans 

are intended to be used in situations where uveitis is guiding the choice of therapy. 

In general, MTX is the first line agent for children with uveitis in need of systemic 

immunosuppression. In complicated or refractory disease, infliximab and adalimumab are 

equally preferred, and little data supports superiority of either TNFi (38–43). Small studies 

suggest that adalimumab may be as effective or superior to infliximab in achieving 

remission, but there were differences in the dose and frequency given (41, 44–46). Doses of 

infliximab greater than 7.5 mg/kg and as high as 20mg/kg/dose every 4 weeks may be 

necessary for recalcitrant disease (42, 47–49). 

Our CTPs are intended to help standardize treatment approaches while also allowing future 

comparison of different treatment strategies in observational comparative effectiveness 

studies. Accordingly, our CTPs provide options that allow for comparatively higher dose 

regimens of TNFi and are intended for children with both JIA-associated and idiopathic 

CAU. 

In addition to standardization of care, there is also a need for standardized outcome 

measures. The SUN criteria can be used for measuring treatment response. Heiligenhaus et. 

al. proposed outcome measures specific for children with JIA-U (50). We propose an 

expanded group of outcome measures through these CTPs (Table 3). 

Regular monitoring by an ophthalmologist experienced in uveitis is crucial. Although 

guidelines for children with JIA exist, none exist for children with idiopathic uveitis, as this 
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typically falls within the treating ophthalmologist’s purview. We suggest that children with 

uncontrolled uveitis or undergoing therapy changes be monitored at least every 2-6 weeks. 

In addition, if access to a uveitis specialist is available, all children should be evaluated at 

least once. We emphasize the importance of close communication between pediatric 

rheumatologists and ophthalmologists to ensure best visual outcomes. This can be done 

through shared medical records, combined subspecialty clinics, and/or standardized 

communication forms. 

These CTPs address two important issues in CAU treatment. First, the preferred route of 

MTX administration is unknown. Subcutaneous administration has higher bioavailability 

and may have fewer gastrointestinal side effects (51, 52). Since the route of administration 

will be based on provider’s and patient’s preference, we may be able to optimize route 

through the conduct of observational studies of patients treated with these CTPs. This CTP 

will also enable comparative study of adalimumab and infliximab. 

A limitation is the inability to recommend a tapering schedule for topical steroids, as this is 

purveyed by ophthalmologists. Collaboration between subspecialties is crucial. As with any 

analysis of JIA-U therapy, treatment may be guided by arthritis. This would be captured in 

data collection and not be used for comparison. Since data on treatment using other TNFi 

are lacking, they were not included in this CTP. 

With implementation of these CTPs utilizing the CARRA registry in comparative 

effectiveness research, we can address factors associated with treatment success, including 

preferred duration of therapy, and the risk of relapse after medication discontinuation (49, 

53, 54). 

 

V. Conclusion 

There is significant variability in current treatment strategies of CAU. We outline a 

consensus-based strategy to standardize the initial care of children with JIA-associated and 

idiopathic CAU. Standardizing care will enable comparative effectiveness studies and future 

clinical trials, identification of preferred treatment, and ultimately optimize visual outcomes 

for children with CAU. 

 

Supplementary Material 

Refer to Web version on PubMed Central for supplementary material. 
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Significance and Innovations 

Systemic immunosuppressive treatment of children with JIA-associated 

anterior uveitis and idiopathic chronic anterior uveitis varies significantly 

among pediatric rheumatologists. 

Consensus treatment plans for pediatric chronic anterior uveitis were 

developed by the Childhood Arthritis and Rheumatology Research Alliance to 

standardize systemic therapies for children with chronic anterior uveitis, and 

enable comparison of treatments, with the goal of ultimately improving visual 

outcomes. 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Table 1 

Characteristics of patients for use of the CTPs 
 

Patients should have: 

• Anterior uveitis only: idiopathic or JIA-associated 

• <18 years old at enrollment 

• Uncontrolled chronic active uveitis, as evidenced by any of the following: 

– Ongoing uveitis activity, ≥1+ (6-15 cells/hpf) despite use of topical steroids or if unable to adhere or intolerant of 
topical steroids. 

– Worsening uveitis activity while on topical steroids 

– Recurrent disease (≥1+) with taper of topical steroids to ≤BID 

– Development of new ocular complications* attributable to inflammation or treatment during topical therapy 

Patients should not have: 

• Panuveitis, intermediate, or posterior uveitis 

• Acute unilateral anterior uveitis 

• Retinal vasculitis 

• Active systemic infection or infectious uveitis 

• Uveitis associated with systemic disease other than JIA (e.g., Behcet’s disease, sarcoidosis) 

• Contraindication to either methotrexate or anti-TNFα therapy 

• Exposure to biologic therapy within prior 3 months 

• Ocular co-morbidity not due to uveitis 

• Corrected visual acuity <20/200 not due to active uveitis 

• Pregnancy 

• History of malignancy 

* 
Complications include: increased intraocular pressure, hypotony, cataracts, posterior synechiae, band keratopathy, and cystoid macular edema. 
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Table 2 

Adapted Standardization of Uveitis Nomenclature (SUN) Definitions22. 
 

Grading Scheme for Anterior Chamber Cells: 

Grade Cells in Field* 

0 0 

0.5+ 1-5 

1+ 6-15 

2+ 16-25 

3+ 26-50 

4+ >50 

 

Definitions of Disease Activity: 

Inactive Grade 0 cells in anterior chamber 

Worsening activity Two step increase in inflammation by anterior chamber cells, or 3+ to 4+ 

Improved activity Two step decrease in level of inflammation by anterior chamber cells, or decrease to 0 

Remission Inactive disease for ≥3 months after discontinuing all treatments for eye disease 

* 
Field size is 1 mm × 1 mm slit beam 
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Table 3 

Data collection points 
 

Data collection points at 0, 3, 6 months or end of study 

Variables  0 mos 3, 6 mos and/or end of study 

Baseline Disease duration X  

 Age at disease onset X  

 JIA subtype or idiopathic uveitis X  

Uveitis Anatomical Location X X 

 Laterality X X 

 Anterior chamber cells by SUN criteria X X 

 Visual acuity X X 

 Ocular complications X X 

 Ocular surgeries X X 

PROs VAS X X 

 Overall QOL: PROMIS global health score X X 

 Uveitis related QOL: EYE-Q X X 
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Methotrexate (MTX) is an antimetabolite agent used in the 

treatment of rheumatologic, dermatologic, and ophthalmolo- 

gic inflammatory diseases. It exerts its anti-inflammatory 

effects by inhibiting a group of folate-dependent enzymes, 

thereby suppressing lymphocyte proliferation, reducing the 

release of pro-inflammatory cytokines, and attenuating the 

humoral response.1–7 MTX is frequently used in ophthalmol- 

ogy for the treatment of non-infectious uveitis (NIU).5,8 The 

drug can be administered via two different routes: oral and 

subcutaneous. Subcutaneous administration is known to have 

higher absorption and stronger efficacy compared to oral 

intake.8 The therapeutic effect of MTX typically becomes 

apparent within approximately three months. Adverse effects 

may include elevated liver enzymes, myelosuppression, stoma- 

titis, and interstitial pneumonitis. In children, nausea and 

vomiting are particularly significant factors that limit its use.9–

12 To mitigate these adverse effects, folic acid supple- 

mentation is prescribed to patients.13 

There is no universally accepted treatment algorithm for 

pediatric uveitis. The primary treatment for acute exacerba- 

tions includes topical, local, and systemic corticosteroids. 

However, in cases where steroid-related complications 

develop, recurrence occurs after steroid tapering, or the disease 

remains refractory, long-term immunosuppressive therapies 

with proven efficacy and safety are employed. MTX is often 

preferred as the first-line immunosuppressive treatment in 

childhood uveitis.2–5,8,14 The reported remission rates with 

MTX vary, with a meta-analysis indicating that ocular inflam- 

mation is controlled in 73% of cases.5,8,9 There is no consensus 

on when to discontinue MTX in patients who achieve remis- 

sion. It has been suggested that MTX can be discontinued after 

maintaining remission for at least two years, with each 

additional year in remission before discontinuation reducing 

the risk of relapse by 93%.15 In cases where remission is not 

achieved with MTX alone, other conventional immunosup- 

pressive agents may be added to the treatment regimen, and in 

severe cases, combination therapy with biologic agents may be 

considered.14,16 

Certain uveitis subtypes are associated with poor prognostic 

indicators. Studies have demonstrated that patients with these 

risk factors tend to exhibit poor treatment responses and 

higher complication rates. In juvenile idiopathic arthritis- 

associated uveitis (JIA-U), factors such as initial uveitis sever- 

ity, the presence of ocular complications at the time of diag- 

nosis, male sex, and uveitis onset preceding arthritis have been 

linked to worse visual prognosis.17,18 Additionally, polyarticu- 

lar JIA, a history of systemic steroid use, and younger age at 

JIA onset have been identified as predictors of poor response 

to MTX therapy.19 In another pediatric uveitis entity, pars 

planitis (PP), poor prognostic factors include early age of 

onset, uveitis duration exceeding three years, male sex, and 

macular edema.20,21 
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ABSTRACT 

Purpose: This study aimed to evaluate the efficacy of methotrexate (MTX) treatment in pediatric non- 
infectious uveitis (NIU) cases. 
Methods: Patients diagnosed with pediatric NIU and initiated on subcutaneous MTX at a dose of 10 mg/ 
m2/week between 2023 and 2025 were included in the study. The patients’ age, age at uveitis diagnosis, 
anatomical localization and etiology of uveitis, baseline and final best-corrected visual acuity (BCVA), and 
anterior and posterior segment complications detected at the initial visit were recorded. 
Results: A total of 127 eyes from 64 patients were included in the study. Of these patients, 39 were 
female, and 25 were male. The mean age was 9.89 ± 3.56 years (3–17 years). At the initial visit, at least one 
ocular complication in at least one eye was detected in 49 patients. Remission was achieved in 23 cases 
with MTX treatment, whereas 41 patients did not achieve remission. Among the 49 patients with at least 
one ocular complication, remission was achieved in 13 with MTX treatment. In contrast, among the 15 
patients without any complications, remission was achieved in 10 (p = 0.005). The risk of non- 
responsiveness to MTX treatment was found to be 10.7 times higher in patients with at least one ocular 
complication at diagnosis. 
Conclusion: MTX is an effective and safe treatment for pediatric NIU. However, in a significant proportion 
of patients, particularly those with ocular complications, MTX alone may be insufficient, necessitating the 
addition of other immunosuppressive agents. 
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In this study, our primary objective was to evaluate the 

efficacy of MTX in pediatric NIU cases. Secondly, we aimed 

to determine whether the initial clinical findings at presenta- 

tion could be utilized to predict MTX resistance. 

 

Materials and methods 

This retrospective study included pediatric NIU patients who 

were followed up at the Uvea Clinic of Gazi Yasargil Training 

and Research Hospital, Department of Ophthalmology, 

between 2023 and 2025. 

 

Inclusion criteria 

(1) The study included patients younger than 17 years who 

were under follow-up with a diagnosis of non- 

infectious uveitis. 

(2) Patients followed for at least six months with 

a diagnosis of NIU. 

(3) Patients who attended follow-ups regularly. 

(4) Patients who received MTX as the initial immunosup- 

pressive treatment. 

 

Exclusion criteria 

(1) Patients who declined participation in the study. 

(2) Patients who discontinued treatment. 

(3) Patients with irregular follow-ups. 

(4) Patients who had received any prior immunosuppres- 

sive therapy. 

 

Ethical approval was obtained before initiating the study (ethi- 

cal approval number: 2025/318), and the study was conducted 

in accordance with the principles of the Helsinki Declaration. 

Patient data were retrospectively analyzed from an electronic 

database. Recorded variables included age, age at diagnosis, 

sex, mean follow-up duration, prior diagnosis at another cen- 

ter, anatomical localization and etiology of uveitis, presence 

and type of ocular complications at initial presentation and 

new ocular complication developing during follow-up period 

(glaucoma, cataract, synechiae, band keratopathy, macular 

edema, papillitis, retinal complications), achievement of 

remission with MTX monotherapy, necessity of additional 

medication, timing of additional medication initiation, need 

for ocular surgery and best-corrected visual acuity (BCVA) at 

the initial and final visits. 

Patients were categorized into two groups based on remis- 

sion status with MTX monotherapy. Group 1 included patients 

who achieved remission with MTX monotherapy, while group 

2 consisted of those who did not achieve remission and 

required additional treatment. The groups were compared in 

terms of age, age at diagnosis, sex, presence of at least one 

ocular complication at diagnosis, type of complication, anato- 

mical localization and etiology of uveitis, and initial and final 

BCVA values. 

Additionally, the impact of sex (female/male), age at disease 

onset (<8 years vs. ≥8 years), prior diagnosis at another center 

(yes/no), and presence of at least one ocular complication (yes/ 

no) on MTX treatment response was analyzed. 

 

All patients underwent an etiological investigation at the 

time of uveitis diagnosis. Systemic symptoms, previously diag- 

nosed systemic diseases, and prior treatments were reviewed. 

Infectious causes were excluded. Anterior chamber reaction 

and vitritis were assessed according to the Standardization of 

Uveitis Nomenclature (SUN) Working Group 

recommendations.22 Uveitis classification was recorded based 

on the International Uveitis Working Group classification.23 

All patients with anterior uveitis were initially treated with 

topical steroids and cycloplegic agents. Systemic corticosteroid 

therapy (1 mg/kg/day) was initiated for patients with severe 

inflammation and complications. Patients presenting with 

ocular complications, severe inflammation regardless of etiol- 

ogy, or a diagnosis of juvenile idiopathic arthritis-associated 

uveitis (JIA-U) were started on subcutaneous MTX at a dose of 

10 mg/m2/week along with steroid therapy. The primary rea- 

son for immediate MTX initiation in patients with glaucoma 

or cataract was to prevent the need for repeated steroid 

treatments. 

During follow-up, MTX was initiated in patients without 

complications if uveitis flared when systemic steroid dosage 

was reduced to ≤5 mg/day or topical steroid dosage was 

reduced to ≤ 2 drops/day, or if frequent recurrences occurred 

after achieving remission or discontinuing steroid therapy, 

leading to decreased visual acuity. 

All patients received folic acid supplementation for two 

days after each weekly MTX dose to mitigate side effects. 

Routine laboratory evaluations, including complete blood 

count, liver function tests, and renal function tests, were per- 

formed at one month and every three months thereafter. 

Recurrence and remission were assessed based on periods 

when the patient was not receiving topical or systemic steroids. 

Recurrence was defined as anterior chamber reaction > 1+, or 

the development of vitritis, papillitis, or macular edema after 

a minimum of three months of inactivity. Remission was 

defined as an anterior chamber reaction < 0.5+, with no evi- 

dence of vitritis, papillitis, or macular edema, and absence of 

vascular leakage and disc staining in fundus fluorescein angio- 

graphy in patients followed with intermediate and panuveitis. 

Insufficient response to MTX treatment was defined as 

frequent uveitis recurrences, the development of new compli- 

cations, or worsening of existing complications at least three 

months after initiating MTX. The time of additional treatment 

initiation in MTX-resistant cases was recorded in months. 

 

Statistical analysis 

Statistical analysis was performed using the Statistical Package 

for the Social Sciences (SPSS, Chicago, IL, USA, version 24.0). 

Categorical variables were expressed as frequency and percen- 

tage, while numerical variables were presented as mean ± 

standard deviation (SD) (minimum–maximum). 

The chi-square test and Fisher’s exact test were used to 

compare categorical variables. The Wilcoxon signed-rank test 

was used for paired numerical variables, while the Mann- 

Whitney U test was applied for independent numerical 

variables. 

Binary logistic regression analysis was conducted to identify 

risk factors for methotrexate resistance. The suitability of the 
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regression model was assessed using the Hosmer-Lemeshow 

test. If the p-value of the Hosmer-Lemeshow test was < 0.05, 

the regression model was considered statistically appropriate. 

The odds ratio (OR) was calculated with a 95% confidence 

interval (95% CI). A p-value of < 0.05 was considered statisti- 

cally significant. 

 

Results 

A total of 127 eyes from 64 patients were included in the study. 

Demographic and clinical characteristics of the patients are 

summarized in Table 1. Prior to admission to our clinic, 47 

patients (73.4%) had already been diagnosed with uveitis, 

whereas 17 patients (27%) received their initial diagnosis at 

our center. At the first visit, 49 patients (76.5%) had at least one 

ocular complication in at least one eye (Table 1). During the 

follow-up period, 8 eyes of 8 patients experienced a new ocular 

complication (3 eyes had cataracts and 3 eyes had synechiae, 1 

eye had glaucoma, and 1 eye had retinoschisis). These patients 

had at least one ocular complication at the first visit. 

Additionally, 2 patients underwent cataract surgery, 1 patient 

underwent corneal debridement for band keratopathy and 1 

patient received intravitreal bevacizumab injection due to 

macular  neovascularization.  The  mean  baseline  best- 

 
Table 1. Demographic and clinical characteristics of the patients. 

 
 

Variable Values (n) 
 

 

corrected visual acuity (BCVA), according to the Snellen 

chart, was 0.80 ± 0.25, which increased to 0.93 ± 0.17 at the 

final visit, showing a statistically significant improvement (p < 

0.001). 

Remission was achieved with MTX alone in 23 patients 

(35.9%) which is defined group 1, and 41 patients (64.1%) 

required the addition of a biological agent, which is defined 

group 2. Demographic and clinical characterestic of Groups 1 

and 2 are summarized in Table 2. 

The mean time from initiation of methotrexate (MTX) to 

remission was 5.7 ± 2.9 months in the idiopathic panuveitis 

group, 7.3 ± 5.7 months in the JIA-U group, 6.8 ± 4.4 months 

in the Vogt-Koyanagi-Harada group, 8.2 ± 5.1 months in the 

PP group, and 5.3 ± 3.0 months in the idiopathic anterior 

uveitis group. There was only one patient in the tubulointer- 

stitial nephritis and uveitis (TINU) group, with a time to 

remission of 12 months. Due to the unequal distribution of 

patients across groups, statistical comparison was not feasible. 

However, the longest time to remission was observed in the PP 

group. The mean time to initiation of biological therapy was 

7.66 ± 4.38 months. In male patients, the mean time to biolo- 

gical treatment initiation was 6.7 ± 3.7 months, whereas in 

female patients, it was 8.57 ± 4.8 months (p = 0.157). The 

remission rate was significantly higher in female patients (p 

= 0.033). Among the 39 female patients, 18 (46.1%) achieved 

remission with MTX alone, whereas remission was observed in 

only 5 (20%) of the 25 male patients. 

No significant differences were observed between the 
Age (years) 
Age at diagnosis (years) 

9.89 ± 3.56 
7.62 ± 3.25 

groups regarding the types of ocular complications (p > 0.05 
for all comparisons, Table 3). However, a significant difference 

Gender (F/M) 39/25 
Follow-up period (months) 17.88 ± 6.3 
Anatomical localization 

was found between the groups regarding the presence of at 

least one ocular complication in at least one eye (p = 0.005). 
Anterior uveitis 
Intermediate uveitis 
Panuveitis 

Etiology of uveitis 
JIA 
PP 
IP 
VKH 
IAU 

32 Among the 49 patients with at least one ocular complication, 
14 

13 (26.5%) achieved remission with MTX. Among the 15 

patients  without  any  ocular  complications,  10  (66.6%) 
26 achieved remission with MTX. 
14 

Binary logistic regression analysis identified the presence of 
7 ocular complications at the time of diagnosis as the only 
6 significant  predictor  (risk  factor)  for  MTX  resistance 

 TINU 1  

N: number of patients; F/M: Female/Male; JIA: Juvenile idiopathic arthritis; PP: 
Pars planitis; IP: Idiopathic panuveitis, VKH: Vogt-Koyanagi-Harada; IAU: 
Idiopathic anterior uveitis; TINU: Tubulointerstitial nephritis and uveitis. 

(Table 4, p = 0.007). The risk of MTX treatment failure was 

found to be 10.7 times higher in patients with at least one 

ocular complication at the time of diagnosis. Gender, age at 
 

 
 

 

Table 2. Comparison of demographic and clinical variables between groups. 

 Group 1 Group 2  

Variable (n:23) (n:41) P 

Age (years) 10.39 ± 4.0 9.61 ± 3.30 0.617* 
Age at diagnosis (years) 8.47 ± 3.75 7.14 ± 2.8 0.198* 
Follow-up period (months) 16.39 ± 6.9 18.71 ± 5.9 0.210* 
Initial BCVA 0.82 ± 0.28 0.81 ± 0.20 0.367* 
Final BCVA 0.96 ± 0.11 0.96 ± 0.11 0.862* 
Gender (F/M) 18/5 21/20 0.033& 
Ocular Complications (Present/Absent) 13/10 36/5 0.005& 

Previous Diagnosis (Present/Absent) 15/8 32/9 0.265& 
Anatomical Localization    

Anterior uveitis 13 19 0.709& 
Intermediate uveitis 4 10  

Panuveitis 6 12  

*Mann-Whitney U test, &Chi-square test, n: Number of cases, Group 1: Remission with MTX, Group 2: No 
remission with MTX. 
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Table 3. Comparison of ocular complication rates between groups. 
 

 Group 1 Group 2  

Ocular Complications (n: 23) (n: 41) P 

Glaucoma    

Present 0 2  

Absent 23 39 0.532* 
Cataract    

Present 2 9  

Absent 21 32 0.301* 
Posterior Synechia    

Present 
Absent 

8 
15 

21 
20 0.205& 

Band Keratopathy    

Present 2 11  

Absent 21 30 0.111* 
Papillitis    

Present 8 13  

Absent 15 28 0.802& 
Macular Edema    

Present 1 3  

Absent 22 38 1.00* 
Retinal Complications    

Present 1 3  

Absent 22 38 1.00* 

*Fisher’s exact test, &Chi-square test, n: Number of cases, Group 1: Remission with 
MTX, Group 2: No remission with MTX. 

 

 

Table 4. Evaluation of risk factors for MTX treatment resistance.  
 

Variable P* OR 95% CI 

Age at diagnosis 0.306 1.93 0.548–6.795 
Gender 0.209 0.43 0.118–1.595 
Previous Diagnosis 0.607 1.46 0.345–6.181 

Ocular Complications 0.007 10.75 1.892–60.744 

*Binary Logistic Regression; OR: Odds Ratio. 
 

 

diagnosis, and prior uveitis diagnosis before admission were 

not significantly associated with MTX resistance. 

 

 

Discussion 

Methotrexate is the first-line immunomodulatory agent used 

in childhood NIU apart from steroids. Its efficacy and safety 

have been well-established, particularly in JIA-U, and it is 

widely used in other uveitic entities as well.4,5,8,18,19 Although 

MTX provides a high rate of remission in NIU treatment, side 

effects such as nausea, vomiting, and hepatotoxicity limit its 

use.9,10,12,14,15,24 However, considering the risk of permanent 

vision loss due to complications, the difficulty of managing 

these complications in children compared to adults, and the 

inability to use systemic steroids for prolonged periods, MTX 

emerges as the most cost-effective agent for achieving remis- 

sion and preventing vision loss. 

Anterior uveitis is the most frequently affected anatomical 

localization in pediatric patients.14,25–27 The etiology varies 

depending on geographical region, race, and genetic diversity. 

While a significant portion of childhood uveitis cases are 

idiopathic, JIA-U is the most common form in Europe and 

the United States.26–28 A multicenter study conducted in 

Turkey (BUST Study) reported that anterior uveitis was the 

most common anatomical form, while pars planitis was the 

most frequently identified etiology.25 In our study, which 

included 64 patients followed between 2023 and 2025, half of 

the patients had anterior uveitis. Unlike the BUST study 

 

conducted in Turkey, the most common etiology in our 

study was JIA-U, similar to findings in Europe and the 

United States of America (U.S.) This difference may be attrib- 

uted to the single-center nature of our study and the relatively 

small patient population. 

Some pediatric uveitis patients may be asymptomatic, while 

others may be too young to recognize vision loss, leading to 

delayed initial presentation. If these patients are not treated in 

a timely and effective manner, they may develop severe ocular 

complications.27,29 Ferrara et al. reported that 78.3% of 

patients in the U.S. presented with complications, and the 

vast majority required systemic treatment.29 A study from 

Greece found that the most common complication in anterior 

and panuveitis cases was synechiae, while macular and disc 

edema were the most frequent complications in intermediate 

uveitis cases.30 In an Indian study evaluating 104 pediatric 

cases, cataract was detected in 24% of patients at the initial 

visit, band keratopathy in 18.2%, and glaucoma in 6.2%. This 

study highlighted that while cataract was the most severe initial 

complication, maculopathy was the leading cause of 

blindness.31 Rosenberg et al. found that 34% of pediatric uvei- 

tis patients had at least one complication at initial presentation, 

and this rate increased to 86.3% after three years. The most 

common initial complication was posterior synechiae.32 The 

same study reported that anterior and intermediate uveitis 

were frequently associated with band keratopathy, while inter- 

mediate uveitis was linked to macular edema. Complications 

were least common in anterior uveitis and most frequent in 

panuveitis. JIA-U was associated with an increased risk of band 

keratopathy, cataract, and synechiae, while pars planitis had 

a higher risk of macular edema. Additionally, both JIA-U and 

pars planitis patients had an elevated risk of glaucoma com- 

pared to other uveitic conditions.32 In our study, 76.5% of our 

patients had at least one ocular complication at the time of 

their first application. posterior synechiae was the most com- 

monly observed complication at initial presentation, consis- 

tent with previous studies. 

At the end of the follow-up period, 35.9% of our patients 

achieved remission with MTX alone. The remission rate was 

higher in female patients compared to males. Studies have 

shown that the prognosis is generally worse in male patients 

with JIA-U and pars planitis.21,33,34 Rosenberg et al. also 

reported that male patients had lower MTX remission rates 

and required biological therapy more frequently, although the 

difference was not statistically significant.32 

Early-onset uveitis has been identified as an indicator of 

poor prognosis, with an increased likelihood of requiring bio- 

logical therapy.19–21 However, contrary to these studies, we 

found no significant difference in treatment resistance 

between patients diagnosed before and after the age of eight. 

This discrepancy may be due to the small sample size in our 

study. 

A study investigating the efficacy of low-dose (<15 mg/ 

m2/week) and high-dose (>15 mg/m2/week) MTX in pedia- 

tric uveitis reported an overall remission rate of 67%, with 

subcutaneous administration achieving higher remission 

rates than oral administration. In the high-dose MTX 

group, remission was achieved in 76.6% of cases, compared 

to 60% in the low-dose group, and remission was reached 
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more rapidly in the high-dose group.35 Compared to this 

study, our remission rate with low-dose MTX was signifi- 

cantly lower, which may be due to geographical, ethnic, and 

genetic factors, as well as our limited sample size. 

Studies on JIA-U have found that severe uveitis and ocular 

complications at initial presentation are poor prognostic factors 

for vision loss.18,33,36 Another study evaluating inadequate 

response to MTX in JIA-U patients found no association between 

treatment resistance and the presence of ocular complications or 

severity of anterior chamber reaction at initial presentation.19 

However, the SHARE initiative suggested that early initiation of 

biological agents in cases with ocular complications at initial 

presentation may improve prognosis.37 In childhood pars planitis, 

severe and prolonged inflammation, along with macular and 

optic disc edema, have been identified as poor prognostic 

factors.20,21 Early initiation of anti-TNF agents in selected pars 

planitis cases has been recommended for achieving long-term 

remission and preventing ocular complications.38 

In our study, there was no significant difference in the 

types of complications between patients who achieved 

remission with MTX and those who did not. However, 

among patients with at least one ocular complication at 

initial presentation, only 26.5% achieved remission with 

MTX, whereas the remission rate was 66.6% in patients 

without complications. Additionally, regression analysis 

revealed that patients with at least one ocular complica- 

tion at diagnosis had a 10.7-fold higher risk of MTX 

treatment failure. Given that ocular complications develop 

in cases with prolonged severe inflammation and inade- 

quate treatment, and these cases are more challenging to 

manage, the high rate of MTX resistance and need for 

additional therapies in patients with multiple complica- 

tions is not surprising.32–37 These findings highlight the 

critical importance of early diagnosis and treatment. 

The limitations of our study include its retrospective design, 

the inclusion of different uveitic entities, and the short follow- 

up period. It would be more reliable to make a long-term and 

fixed-interval comparison, especially in the evaluation of 

remission and change in BCVA. 

In conclusion, MTX is a frequently used, effective, and 

safe conventional immunosuppressive agent in pediatric 

NIU treatment. Delayed diagnosis and treatment, as well 

as inadequate management, unfortunately lead to ocular 

complications in pediatric uveitis cases, making MTX 

monotherapy insufficient in many instances. Larger stu- 

dies with a higher number of cases are needed to deter- 

mine the clinical characteristics and risk factors of 

patients who exhibit an inadequate response to MTX 

treatment. 
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Background 

Juvenile idiopathic arthritis (JIA) is one of the most 

common chronic conditions of childhood. JIA comprises 

a group of heterogeneous forms of arthritis characterized 

by persistent joint inflammation lasting longer than 

6 weeks and beginning before the age of 16 years and has 

an unknown cause [1]. According to the classification 
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criteria of the International League of Associations for 

Rheumatology (ILAR), the term JIA covers seven mutually 

exclusive categories with differences in their clinical pres- 

entation, disease course and treatment response, namely 

systemic arthritis, oligoarthritis, polyarthritis (rheumatoid 

factor negative), polyarthritis (rheumatoid factor positive), 

psoriatic arthritis, enthesitis-related arthritis, and undiffer- 

entiated arthritis [1]. Conventional pharmacological 

therapies consist of non-biological, disease-modifying an- 

tirheumatic drugs (DMARD), among which methotrexate 

(MTX) is the most commonly prescribed [2]. 
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To date, despite the wide use of MTX, there is a lack of 

consensus-based clinical and therapeutic recommenda- 

tions for the use of MTX in the management of patients 

with JIA. Only two papers, one recently-published article 

from the Spanish Society of Paediatric Rheumatology 

(Sociedad Española de Reumatología Pediátrica; SERPE) 

[3], and an older article by the Pediatric Immunology and 

Rheumatology Division of the Centre for Child Health, 

Heinrich-Heine-University, Düsseldorf, Germany [4] cur- 

rently deal with this task. 

Thus, the aim of our group was to develop 

evidence-based recommendations for the use of MTX in 

the treatment of juvenile idiopathic arthritis. To this end, 

the Methotrexate Advice and RecommendAtions on Ju- 

venile Idiopathic Arthritis (MARAJIA) Expert Meeting was 

convened in Milan, Italy. 

 

Methodology 

Development of the research topics 

Establishing recommendations requires the use of formal 

methods, such as the nominal group technique (NGT), 

which is based on discussions by an Expert Panel to 

gather opinions and define a degree of consensus for 

each statement. 

A preliminary executive committee comprising Rolando 

Cimaz, Giovanna Ferrara and Greta Mastrangelo was re- 

sponsible for identifying key clinical issues using the PICO 

(Population – Intervention – Comparator - Outcome) 

system [5], with the aim of: 1) defining research questions, 

and 2) developing criteria for selecting studies to be 

reviewed by the Expert Panel in the development of clin- 

ical and therapeutic recommendations for the manage- 

ment of MTX in patients with JIA. The PICO framework 

is designed to help researchers to achieve relevant and 

precise questions that can be answered in a systematic 

review structure, and allows improved specificity and 

conceptual clarity of the clinical question by splitting the 

questions into smaller manageable components which are 

more straightforward to identify in the literature search 

process. 

The approach facilitates the identification of a precise 

definition of a group of participants (Population), clear 

reporting of the drug exposures (Intervention) and the 

control group interventions (Comparator) under consider- 

ation, and well-defined and clearly specified Outcomes of 

the intervention being assessed. Finally, the type of Study 

design to be included in the review should be reported. 

The executive committee identified nine clinically im- 

portant research topics relating to the use of MTX in JIA 

using a structured PICO process. The topics covered effi- 

cacy and safety, dosages, routes of administration, tapering, 

and discontinuation of MTX, folic acid supplementation, 

efficacy in JIA-associated uveitis, add-on therapy with 

biologic drugs, biomarkers, and vaccination. The selected 

topics were considered to represent clinically important 

issues facing clinicians caring for patients with JIA. 

 
Strategy for the literature search 

A systematic search using PubMed and the Cochrane 

Library for human studies published in English until the 

present was conducted on the 30th of November 2016. 

The keywords used in the search were “juvenile idiopathic 

arthritis” and “methotrexate” (“arthritis, juvenile”[MeSH 

Terms] OR (“arthritis”[All Fields] AND “juvenile”[All 

Fields]) OR “juvenile arthritis”[All Fields] OR (“juveni- 

le”[All Fields] AND “idiopathic”[All Fields] AND “arthriti- 

s”[All Fields]) OR “juvenile idiopathic arthritis”[All Fields]) 

AND (“methotrexate”[MeSH Terms] OR “methotrexa- 

te”[All Fields]). 

 
Study selection and data extraction 

All papers found with the first search were initially se- 

lected as appropriate to the intended purpose on the basis 

of the title. Papers inconsistent with the main topic (for 

example for disease or drug) were excluded. A second 

revision and selection was made reading the abstracts of 

remaining papers. Then all studies identified were read in 

their full text. 

 
Critical appraisal of identified studies 

Each of the included studies was assessed for level of 

evidence using Oxford criteria for evidence-based levels of 

evidence [6]. The levels of evidence used in the analyses 

are summarized in Table 1. Evidence levels are indicative 

of quality regarding confidence and study design. In 

 
Table 1 Levels of evidence [6] 

 
 

Levels of evidence 
 

 

1 Systematic review of all relevant 
randomized clinical trials or n-of-1 trials 

2 Randomized trial or observational 
study with dramatic effect 

3 Non-randomized controlled 
cohort/follow-up study (observational) 

4 Case series, case-control study, 
or historically controlled study 

5 Mechanism-based reasoning 
(expert opinion, based on physiology, 
animal or laboratory studies) 

Grades of recommendation 

A Consistent level 1 studies 

B Consistent level 2 or 3 studies, 
or extrapolations from level 1 studies 

C Level 4 studies, or extrapolations 
from level 2 or 3 studies 

D Level 5 evidence or troubling, 
inconsistent or inconclusive 
studies of any level 
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defining the recommendations, the experts’ assessment of 

the clinical conclusions of the studies was combined with 

the definition of the evidence levels. 

 

Consensus process 

Expert panel composition 

The Expert Panel participating in the MARAJIA Expert 

Consensus Meeting held in Milan, Italy on the 12th of 

April, 2017 to identify recommendations for the use of 

MTX in the treatment of JIA consisted of Patrizia 

Barone, Rolando Cimaz, Francesco La Torre, Silvana 

Martino, Angelo Ravelli, Andrea Taddio, and Francesco 

Zulian, under the methodological guidance of Giovanni 

Pappagallo. Giovanna Ferrara and Greta Mastrangelo 

were involved in formulating the PICO research topics 

and drafting the recommendation statements. 

All experts were pediatric rheumatologists, the majority 

from tertiary centers with longstanding expertise in 

pediatric rheumatic diseases. 

 
Formulation of clinical recommendations 

During the meeting, the Expert Panel considered the sup- 

porting research identified using the targeted literature 

search and formulated specific recommendation statements 

for each research topic. Ten clinical and therapeutic recom- 

mendations for the management of MTX were drafted and 

presented to the meeting with their supporting scientific 

evidence for discussion and voting by the Expert Panel 

towards reaching consensus. 

The strength and relevance of the published evidence in 

support of a clinical intervention or treatment approach 

was evaluated, in addition taking into consideration the 

personal clinical experience of the panel participants. Each 

participant was required to express his or her expert opin- 

ion by rating the statement according to the following 

7-point scale: 1) completely disagree; 2) somewhat 

disagree; 3) disagree a little; 4) neither agree nor disagree; 

5) agree a little; 6) somewhat agree; 7) completely agree. A 

score of 6 or 7 was defined as “In favor”, 3, 4 or 5 as 

“Uncertain”, and 1 or 2 “Against”. 

Through this process, all research statements achieved 

acceptance, with a second round of voting not required 

for any statement. One hundred percent agreement (a 

unanimous score of 7 on the 7-point scale) was obtained 

on 5 statements (Statements 2, 3, 4, 7 and 8) and 83% 

agreement on Statements 1 and 6 (7 or 6) and Statement 

5 (7 or 6 with a single score of 5 from one Advisor). The 

research questions are detailed in Table 2. 

 

Research strategy and evidence selection 

We obtained 843 references in our literature search. 

Among these, we selected 209 relevant references, of 

which 33 were clinical trials, 51 reviews, 1 Cochrane 

meta-analysis and 124 articles of other types. 

A total of 472 references were excluded because they 

were judged not to be relevant, 139 because the studies 

were mainly about biologic drugs and there was an insuffi- 

cient focus on MTX, and 23 because they were published 

in non-European languages. Six articles (2 clinical trials, 1 

review, and 3 articles of other types) were subsequently 

included from an updated literature search (28 February 

2017). A flow diagram of the study selection process is 

shown in Fig. 1. 

 

Methotrexate in juvenile idiopathic arthritis: 

Recommendations for use 

A summary of the recommendations for the use of 

MTX in JIA for each of the PICO research questions is 

presented in Table 2. 

 
Research question 1: Efficacy and safety of methotrexate 

in juvenile idiopathic arthritis 

Recommendation 1. MTX is recommended as the 

first-line treatment in oligoarthritis that persists despite 

nonsteroidal anti-inflammatory drugs (NSAIDs) and 

intraarticular steroid (IAS) therapy, and in polyarticular 

disease (Evidence Grade 1A). 

MTX is also recommended in systemic arthritis with 

predominant joint inflammation, without active systemic 

features (Evidence Grade 4C). 

Recommendation 2. Clinical and laboratory monitor- 

ing of MTX toxicity is recommended every 4–8 weeks 

initially, and then every 12–16 weeks, unless risk factors 

are present (Evidence Grade 4C). 

PICO framework: P: children affected by JIA; I: admin- 

istration of MTX; C: placebo or other therapies (salazo- 

pyrin, oral steroids, NSAIDs); O: efficacy and safety. 

MTX is the most widely used DMARD in the treatment 

of JIA. A folic acid analog and an inhibitor of several 

different enzymes in the folate pathway, MTX exerts 

immunomodulatory and anti-inflammatory actions. Its 

efficacy was first demonstrated in a randomized controlled 

trial more than two decades ago [7]. MTX has been 

studied in further controlled clinical trials [8, 9] and has 

been established as the most common first-line DMARD 

treatment according to several national treatment guide- 

lines [10–13]. In particular, considering the categories of 

JIA, NSAIDs and IAS therapy remain the first choice in 

oligoarthritis [1]. Furthermore, a recent multicenter, 

prospective, randomized, open-label trial [14] found that 

concomitant administration of MTX did not augment the 

effectiveness of intra-articular corticosteroid therapy. 

MTX is recommended as first-line treatment in polyar- 

thritis, and in systemic arthritis with predominant joint 

inflammation [2, 8, 11, 15]. However, initiation of sulfasala- 

zine (SSZ) is recommended following IAS or an adequate 
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Table 2 Summary of recommendations for the use of methotrexate in juvenile idiopathic arthritis 

PICO research questions and recommendations Grade of 
evidence 

 

 
Supporting 
references 

Research question 1: Efficacy and safety of methotrexate in juvenile idiopathic arthritis 

1. MTX is recommended as the first-line treatment in oligoarthritis that persists despite 
nonsteroidal anti-inflammatory drugs (NSAIDs) and intraarticular steroid (IAS) therapy, 
and in polyarticular disease 

MTX is also recommended in systemic arthritis with predominant joint inflammation, 
without active systemic features 

2. Clinical and laboratory monitoring of MTX toxicity is recommended every 4-8 weeks 
initially, and then every 12-16 weeks, unless risk factors are present 

Research question 2: Dosages of methotrexate in juvenile idiopathic arthritis 

 
1A [2–4, 7–15, 20, 21, 23–25] 

 

 
4C [2–4, 7–15, 20–25] 

 
4C [1, 4, 12, 21, 26–38, 40–42] 

3. A dose of 10-15 mg/m2/week is recommended. 5D [7, 9, 42] 

Further increases in MTX dosage have not been associated with additional therapeutic benefit 1A 

Research question 3: Route of administration of methotrexate in juvenile idiopathic arthritis 

4. MTX may be given orally or subcutaneously once a week. If high doses (15 mg/m2/week) 
are requested, the subcutaneous route is preferable due to increased bioavailability 

Research question 4: Tapering and discontinuation of methotrexate in juvenile idiopathic arthritis 

4C [9, 21, 43–49] 

5. MTX could be discontinued after 6 months of stable remission 1A [50–52] 

Research question 5: Folic acid supplementation for the prevention of methotrexate toxicity in patients with juvenile idiopathic arthritis 

6. Folic or folinic acid supplementation is recommended to prevent MTX side effects. 1A [53–57, 59–62] 

The advised dose is approximately one third of the MTX dose, at least 24 hours after 
the weekly dose of MTX for folinic acid; for folic acid 1 mg/day skipping the day when 
MTX is administered 

4C  

Research question 6: Efficacy of methotrexate in uveitis associated with juvenile idiopathic arthritis   

7. MTX is recommended for the treatment of JIA-related uveitis refractory to topical treatment 4C [63–72, 74–79] 

Research question 7: Add-on therapy with biologic drugs in juvenile idiopathic arthritis not responding to methotrexate 

8. The combination of MTX with a TNF-α inhibitor is recommended in patients who had 
an inadequate clinical response to MTX alone 

3B [11, 48, 80, 83–85, 88, 89] 

Combination therapy is safe and may reduce the development of anti-drug antibodies 2B [83, 88–90] 

Research question 8: Molecular elements and genetic markers of response to methotrexate in juvenile idiopathic arthritis – Biomarkers 

9. No recommendation is made regarding the use of biomarkers in current clinical practice [91–101] 

Research question 9: Use of vaccination in patients with juvenile idiopathic arthritis treated with methotrexate 

10. Vaccination with non-live vaccines is not contraindicated during MTX treatment 2B [101–119] 

No recommendation can be formulated for live-attenuated vaccines, but the available data 
for measles, mumps, rubella (MMR) booster indicate that it is safe and adequately immunogenic 

 

Abbreviations: IAS intra-articular steroid, JIA juvenile idiopathic arthritis, MMR measles, mumps, rubella, MTX methotrexate, NSAIDs nonsteroidal anti-inflammatory 

drugs, TNF-α tumor necrosis factor-α 

trial of NSAIDs for patients with the enthesitis-related arth- 

ritis category of JIA, with moderate activity [11]. Sulfasala- 

zine has never been compared with MTX in treating JIA. 

Currently, there are no published recommendations for 

the treatment of juvenile spondyloarthropathies. The ACR 

recommendations for the management of JIA suggest the 

use of sulfasalazine for patients with enthesitis-related 

arthritis. This recommendation is based on clinical 

experience and data from adult patients with ankylosing 

spondylitis. However, in the adult population it has been 

shown that sulfasalazine is ineffective in axial disease, 

while several observational studies have found that tumor 

necrosis factor (TNF)-α inhibitors are beneficial in 

juvenile spondyloarthropathies [16–19]. Furthermore, 

a recent randomized controlled trial demonstrated the 

efficacy of adalimumab in enthesitis-related arthritis 

[16, 18]. Available studies suggest that TNF-α inhibitors 

should be used when sulfasalazine is ineffective or earlier in 

moderate or highly active axial disease with established 

radiographic damage, such as erosions or joint-space 

narrowing. 

MTX has been shown to be an effective drug in the in- 

dication, with 65–90% of patients successfully responding 

to treatment [9, 20–22]. MTX also significantly improved 

a wide range of health-related quality-of-life components, 

particularly in the physical domains [23]. 

Despite what has previously been reported in adult 

patients, MTX may also slow the radiologic progression of 
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disease in JIA, acting as a disease-modifying drug, although 

the studies available involved few children [24, 25]. 

During 30 years of its use, MTX has shown a good 

safety profile, with few severe side effects reported [26]. 

Nevertheless, more than half of children were reported to 

have difficulties in taking it [27, 28]. The most common 

side effect of MTX include nausea or vomiting and abnor- 

malities in liver function tests, the latest reported in 10– 

20% of patients [29, 30]. However, the transaminase levels 

usually normalize one or two weeks after stopping 

therapy. Others symptoms are mouth sores, rash, diarrhea 

and laboratory abnormalities such as leukopenia and 

hypogammaglobulinemia that may predispose to infec- 

tions. Alopecia is seen in some patients, but hair grows 

back after stopping the medication. Since photosensitivity 

has been reported, limiting sun exposure and the use of 

sunscreen is advised. It is worth remembering that MTX 

is teratogenic, and it is necessary to use contraception 

while taking the drug and for 3–6 months after discon- 

tinuation [29]. 

MTX may cause cirrhosis and lung fibrosis, but these are 

extremely rare and have been reported only in adults with 

other comorbidities [31–33]. In the literature there are also 

few reports of lymphoma in children treated with MTX 

[34–36], but it has not been possible to determine whether 

these observations were merely coincidental, were causally 

linked to MTX, or were related to the underlying disease 

process. The issue of whether MTX treatment is an inde- 

pendent risk factor for various malignancies is controver- 

sial and remains unresolved. Long-term prospective cohort 

studies are needed to define the risk of hematological or 

other malignancies in MTX-treated patients. 

Nodulosis is a rare MTX adverse event that has been 

described in JIA (accelerated nodulosis in two teenagers 

with rheumatoid factor [RF]-positive juvenile rheuma- 

toid arthritis and one 3-year-old girl with systemic-onset 

disease). The nodules developed within six months after 

the initiation of MTX treatment and regressed after 

discontinuing therapy, or were successfully treated with 

hydroxychloroquine or colchicine [37–39]. 

Regarding laboratory monitoring in patients with JIA, 

there is only one guideline by Ortiz-Alvarez et al., derived 

from the American College of Rheumatology (ACR) 

guidelines for monitoring MTX toxicity in adults. They 

suggest a complete and differential blood count, liver 

function tests and albumin and serum creatinine levels 

every 4–8 week initially, and then every 12–16 week, 

unless risk factors are present [40]. Other authors also 

recommended hepatitis and varicella-zoster virus ser- 

ology and tuberculin test before starting therapy [4]. 

MTX is contraindicated in children with reduced renal 

function. 

Bulatović et al. [27] designed and validated the MTX In- 

tolerance Severity Score (MISS) questionnaire to identify 

patients with MTX intolerance. The items investigated 

were: abdominal signs and symptoms (pain, nausea, vomit- 

ing) and behavioral symptoms (restless, crying, irritability, 

and refusal of MTX) before and after the administration 

of MTX. A cut-off score of 6 yielded the best sensitivity 

(88%) and specificity (80%). They found there was no 

difference in efficacy between the various routes of MTX 

administration. However, half of the 297 patients were 

MTX-intolerant. This was especially the case in patients 

who received parenteral MTX, who experienced more 

anticipatory behavioral symptoms prior to administration, 

compared to patients receiving oral MTX. However, the 

difference in the prevalence of gastrointestinal symptoms 

was not great. 
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Van Dijkhuizen et al. [41] also found more side effects 

among patients who received parenteral MTX. On the other 

hand, Klein et al. [21] found no difference in the prevalence 

of side effects between oral and parenteral MTX. 

Overall, analysis of available studies and clinical 

experience of the participating experts show that MTX 

is usually well tolerated in patients with JIA. 

 
Research question 2: Dosages of methotrexate in juvenile 

idiopathic arthritis 

Recommendation 3. A dose of 10–15 mg/m2/week is 

recommended (Evidence Grade 5D). Further increases in 

MTX dosage have not been associated with additional 

therapeutic benefit (Evidence Grade 1A). 

PICO framework: P: children affected by JIA on treat- 

ment with MTX; I: low dosage of MTX (< 10 mg/m2/ 

week); C: high dosage of MTX (> 10 mg/m2/week); O: 

efficacy and safety. 

The therapeutic range of MTX for JIA is 8.5–15 mg/ 

m2/week. The first study by Giannini et al. showed that a 

dose of 5 mg/m2/week was not superior to placebo, while 

15 mg/m2/week was superior to 10 mg/m2/week [7]. 

Children seem to tolerate much higher doses than 

adults, and some series have described using 20 to 25 mg/ 

m2/week or 1.1 mg/kg/week in children with resistant dis- 

ease with relative safety in the short-term [42]. However, a 

multinational, randomized controlled study confirmed this 

therapeutic range and showed no benefit of doses above 

15 mg/m2/week [9]. 

 
Research question 3: Route of administration of 

methotrexate in juvenile idiopathic arthritis 

Recommendation 4. MTX may be given orally or sub- 

cutaneously once a week. If high doses (15 mg/m2/week) 

are requested, the subcutaneous route is preferable due 

to increased bioavailability (Evidence Grade 4C). 

PICO framework: P: children affected by JIA on treat- 

ment with MTX; I: subcutaneous administration of MTX; 

C: oral administration of MTX; O: efficacy, safety, and 

tolerability. 

There is significant intraindividual and interindividual 

variability in the absorption and pharmacokinetics of 

MTX after oral administration [43, 44]. 

A pharmacokinetic study showed that factors such as 

age, body weight, creatinine clearance, gender, dose, and 

fasting state significantly influenced the absorption of 

MTX in adults with rheumatoid arthritis. The bioavail- 

ability of MTX has also been shown to be greater in the 

fasting state in children with JIA [45]. 

MTX should be taken on an empty stomach with 

water or clear beverages. Oral bioavailability generally is 

about 15% less than after intramuscular administration. 

The bioavailability of intramuscular and subcutaneous 

administration is similar, with the latter being generally 

more acceptable for children who require parenteral 

MTX [46, 47]. 

Several studies have reported the successful use of paren- 

teral treatment in non-responders to oral MTX treatment, 

but there are no controlled comparative studies (only 

open-label studies are available). Alsufyani et al. found that 

patients switching from oral to subcutaneous administra- 

tion of MTX had a 70% improvement in response [48]. 

Klein et al. in a retrospective study showed no differ- 

ences in effectiveness between oral and parenteral admin- 

istration of MTX, even if more patients on parenteral 

therapy discontinued it [21]. In clinical practice, MTX is 

preferentially administrated subcutaneously, and there is 

no sound study demonstrating greater efficacy for the oral 

route of MTX administration. 

At doses over 15 mg/m2/week, the parenteral route may 

be better because of the decreased oral bioavailability of 

the drug at high doses. It has been shown that subcutane- 

ous administration of MTX has a 10–12% increased 

absorption compared with oral preparations [46, 49]. In 

discussion amongst the Panel members, it was noted that 

in clinical practice, treatment is usually started with MTX 

15 mg/m2/week, particularly in severe forms of JIA, where 

the patient is directly treated with MTX 15 mg/m2/week. 

The Panel further suggested that, for the first administra- 

tions, the starting dose can be 10 mg/m2/week, and then 

the dose can be increased at subsequent MTX administra- 

tions, if necessary. Ruperto et al. reported that MTX doses 

greater than 15 mg/m2/week provided no additional clin- 

ical benefit, and that this dose should not be exceeded [9]. 

 
Research question 4: Tapering and discontinuation of 

methotrexate in juvenile idiopathic arthritis 

Recommendation 5. MTX could be discontinued after 

6 months of stable remission (Evidence Grade 1A). 

PICO framework: P: children affected by JIA on treat- 

ment with MTX; I: tapering and discontinuing treatment 

six months after achieving remission; C: discontinuing 

MTX twelve months or longer after achieving remission; 

O: survival free of flares after stopping treatment. 

MTX is a slow-acting drug, generally displaying its full 

therapeutic effect in 6–8 weeks (from 3 to 18 weeks 

among different studies), so there is general agreement 

to wait at least 12 weeks to assess its efficacy. On the 

contrary, there is a wide variability on the tapering and 

discontinuation of MTX doses in everyday clinical 

practice. There have been many studies in children 

treated with variable doses of MTX for variable periods 

in whom discontinuation of MTX was attempted after 

clinical “remission” of variable length was achieved [50]. 

The criteria for “remission” or “relapse” have usually not 

been well defined or standardized among various studies, 

and the assessment of outcomes has been nonblinded. 
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Only Foell et al. in a randomized clinical trial proved the 

safety of withdrawing MTX therapy after 6 months of 

stable remission versus 12 months. The results of this 

study that included 364 patients showed that a 12-month 

versus 6-month withdrawal of MTX did not reduce the re- 

lapse rate [51]. 

MTX withdrawal may result in disease flare in more 

than 50% of patients, and even more in younger children. 

A longer period on MTX treatment after remission may 

not prolong the duration of improvement after stopping 

treatment, but the duration of clinical remission may be 

predicted by the degree of subclinical synovial inflamma- 

tion (using myeloid related proteins 8 and 14 [MRP8/ 

MRP14]) at the time of stopping MTX [52]. 

 
Research question 5: Folic acid supplementation for the 

prevention of methotrexate toxicity in patients with 

juvenile idiopathic arthritis 

Recommendation 6. Folic or folinic acid supplementa- 

tion is recommended to prevent MTX side effects (Evi- 

dence Grade 1A). The advised dose is approximately one 

third of the MTX dose, at least 24 h after the weekly dose 

of MTX for folinic acid; for folic acid 1 mg/day skipping 

the day when MTX is administered (Evidence Grade 4C). 

PICO framework: P: children affected by JIA on treat- 

ment with MTX; I: MTX and folic acid supplementation; 

C: MTX alone; O: frequency (prevalence/incidence) of 

nausea and dyspepsia. 

MTX toxicity, such as hepatotoxicity, hematologic 

changes, gastrointestinal and mucocutaneous intoler- 

ance, has been hypothesized to be a result of an induced 

state of folate depletion. The addition of folate, there- 

fore, can counteract the signs of toxicity, either as folic 

or folinic acid (a reduced form of folic acid), since they 

can function in biosynthetic pathways independent of 

dihydrofolate reductase. 

In a double-blind placebo-controlled study in RA, 1– 

5 mg of folic acid led to a significant reduction of side ef- 

fects whilst preserving the efficacy of MTX therapy, even if, 

in order to preserve the anti-inflammatory effect, a slightly 

higher dosage of MTX was necessary [53]. Several clinical 

studies showed also that folic acid supplementation is asso- 

ciated with a reduced MTX discontinuation rate [53–55]. 

According to available data, folic acid supplementation 

does not appear to interfere with the therapeutic 

efficacy of MTX [55–57]. Indeed, there is increasing 

evidence that the anti-inflammatory effect of MTX is 

mediated by adenosine and is unrelated to folic or 

folinic acid [58]. A randomized controlled study, which 

directly compared folic acid to folinic acid in rheuma- 

toid arthritis, showed no difference between the two 

forms of supplementation [53]. 

Studies in children are limited. A 13-week, randomized, 

double-blind, placebo-controlled, crossover trial of folic 

acid (1 mg/day) or placebo combined with a stable dose of 

MTX in 19 children with juvenile rheumatoid arthritis 

reported no effect on the clinical efficacy of oral weekly 

MTX. No liver function tests abnormalities were observed, 

but no data about other toxicities were available [59]. Ac- 

cording to the findings of the studies conducted in adults, 

the frequency of increased transaminases is reduced by 60% 

by folinic acid supplementation [57]. Furthermore, in a 

retrospective non-controlled study [60] the efficacy of 

folinic acid supplementation was investigated in a cohort of 

43 children on an intermediate dose of MTX. A significant 

reduction in hepatotoxicity and gastrointestinal toxicity was 

shown, without compromising MTX efficacy. 

Administration of folic or folinic acid 24 h apart from 

the administration of MTX, in a dose of approximately 

one-third of the MTX dose, has been used to prevent 

MTX toxicity manifestations [61]. 

However, in limited cases, it is reported that at high 

doses folic acid supplementation seems to be associated 

with disease flares [62]. 

According to available data, it is not possible to make 

firm recommendations about routine folate supplementa- 

tion in children receiving MTX treatment. However, data 

from adult studies and limited pediatric data can provide 

helpful information. Low-dose (1 mg/day) folic acid supple- 

mentation does not affect the anti-inflammatory efficacy of 

MTX and counteracts the signs of gastrointestinal and 

mucosal toxicities associated with it. The advisable dose is 

approximately one-third of the MTX dose, at least 24 h 

after the weekly dose of MTX, or 1 mg/day skipping the 

day when MTX is administered (Grade 4C). Folic acid 

supplementation does not appear to interfere with the 

therapeutic efficacy of MTX and seems to be associated 

with a reduced MTX discontinuation rate. 

 
Research question 6: Efficacy of methotrexate in uveitis 

associated with juvenile idiopathic arthritis 

Recommendation 7. MTX is recommended for the 

treatment of JIA-related uveitis refractory to topical 

treatment (Evidence Grade 4C). 

PICO framework: P: children affected by JIA and uveitis; 

I: administration of MTX; C: placebo or other therapies 

(e.g., oral steroids); O: efficacy and safety. 

Although there is a lack of randomized controlled 

studies on the subject, the available data suggest that 

MTX is useful for preventing the onset of uveitis and 

improving disease activity in cases of JIA. In particular, a 

systematic review and meta-analysis of prospective stud- 

ies carried out by Simonini et al. found that there was a 

73% (95% confidence interval 66–81%) likelihood of im- 

proving intraocular inflammation in patients treated 

with MTX [63]. The systematic review was based on 

data from nine retrospective chart reviews [63–72]. The 

number of children in studies varied from 3 to 25, and 
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the dose of MTX ranged from 7.5 to 30 mg/m2, with 

15 mg/m2 the most commonly used. Ninety-five of 135 

children were responders to MTX. The outcome mea- 

sures to assess the effectiveness of MTX were collected 

according to the Standardization of Uveitis Nomencla- 

ture working group criteria [73]. It was reported that 

additional topical steroids or systemic immunosuppres- 

sive drugs were often required. However, the lack of ran- 

domized controlled trials means that treatment with 

immunosuppressive drugs is supported only at evidence 

level III: expert opinion, clinical experience or descrip- 

tive studies [74]. 

Additionally, Charuvanij and colleagues [75] reviewed 

the medication history in 43 children with JIA and 

anterior uveitis. Topical corticosteroids alone permitted 

satisfactory disease control in few patients (16%). The 

addition of MTX controlled the uveitis in three-quarters 

of patients, but additional systemic immunosuppressive 

drug (infliximab) was required in 6 children, with disease 

control in 4 patients. 

The lack of evidence from randomized controlled trials 

limits our understanding of MTX effectiveness in the in- 

dication and of the best time to start therapy, even 

though MTX is largely used in chronic uveitis, mostly 

when associated with JIA. 

Heiligenhaus et al. [76] suggest adding an immunosop- 

pressive drug (i.e. MTX) to steroids when the inflamma- 

tion in the eyes has not resolved within 12 weeks under 

treatment with topical corticosteroids maximally 3 times 

daily or, in cases of recurring uveitis, under a systemic 

corticosteroid dosage of more than 0.15 mg/kg body 

weight or if new uveitis complications develop. The pre- 

ferred dose is 15 mg/m2/week (maximum 25 mg/m2/ 

week) [77]. Evidence from several sources suggested that 

if MTX is effective in controlling inflammation, treat- 

ment should be maintained for 12 months from when 

inactive uveitis has been confirmed. In patients with 

poor visual prognosis, MTX treatment should be main- 

tained over 24 months [77]. 

In terms of preventing the onset of uveitis in children 

during early treatment with MTX Papadopoulou et al. 

[78] performed a retrospective study of 254 patients with 

JIA. Eighty-six patients (33.9%) were treated with MTX 

and 168 patients (66.1%) did not receive MTX. Over the 

2-year follow-up, the frequency of uveitis was lower in 

patients who had received MTX than in untreated 

patients (10.5% vs 20.2%, respectively, p = 0.049). The ma- 

jority of patients in the study had persistent and extended 

oligoarthritis (61.8 and 22.4%, respectively); 14.2% of pa- 

tients had RF-negative polyarthritis. As expected, patients 

treated with MTX had a greater frequency of polyarticular 

disease, which is well known to have a lower incidence of 

uveitis. However, the distribution of the main risk factors 

for  uveitis  (proportion  of  female  and  antinuclear 

antibodies- positive subjects) and the median age at dis- 

ease onset were comparable between the two groups. In a 

longitudinal analysis from a nationwide pediatric rheuma- 

tology database [79] the influence of MTX, TNF-α inhibi- 

tors, and a combination of the 2 medications on uveitis 

occurrence in JIA patients was analyzed. In a total of 3512 

patients the use of any of these drugs in the year before 

uveitis onset significantly reduced the risk for uveitis, and 

the use of MTX within the first year of disease and of the 

combination of MTX with a TNF-α inhibitor had the 

highest protective effect. 

In a recent systematic review [63], MTX seems an 

effective therapy for uveitis associated with JIA. 

 
Research question 7: Add-on therapy with biologic drugs 

in patients with juvenile idiopathic arthritis not 

responding to methotrexate 

Recommendation 8. The combination of MTX with a 

TNF-α inhibitor is recommended in patients who had an 

inadequate clinical response to MTX alone (Evidence Grade 

3B). Combination therapy is safe and may reduce the devel- 

opment of anti-drug antibodies (Evidence Grade 2B). 

PICO framework: P: children affected by JIA on treat- 

ment with MTX who did not achieve remission; I: MTX 

plus TNF-α inhibitors (etanercept and adalimumab); C: 

MTX alone; O: efficacy and safety. 

The ACR recommendations [11] propose the addition 

of a TNF-α inhibitor (etanercept or adalimumab) for 

patients who had a partial previous clinical response to 

MTX with persistent disease activity, recommending, 

after starting combination therapy, that treatment with 

MTX be continued or not depending on the patient’s 

previous response to it. 

Two retrospective cohort studies recommended com- 

pletion of a maximal response timeframe and to achieve 

the maximum effective dose by the parenteral route 

before considering combination therapy [48, 80]. 

Studies in adult patients with RA revealed a superior- 

ity of combining MTX and etanercept versus MTX only 

[81, 82]. This combination has also been successfully 

used in children and adolescents, despite a lack of 

double-blind, randomized controlled trials [83]. 

A 3-year, open-label, prospective multicenter study of 

children and adolescents (aged 2–18 years) with polyar- 

ticular, systemic, or extended oligoarticular JIA receiving 

MTX (n = 197), etanercept (n = 103), or both (n = 294) 

showed good safety and efficacy in all three groups. The 

results of this study indicated that patients with polyarti- 

cular (RF-positive or negative) or systemic JIA benefit 

from etanercept or etanercept plus MTX treatment [84]. 

Improvements in joint counts and physician’s global as- 

sessment scores were similar across three different arms, 

and improvements were maintained for three years in 

those continuing to receive medication. 
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In  a  randomized,  double-blind,  stratified, 

placebo-controlled, multicenter, medication-withdrawal 

study with a 16-week open-label lead-in phase, a 32-week 

double-blind withdrawal phase, and an open-label exten- 

sion phase, 171 children with active juvenile rheumatoid 

arthritis underwent stratification according to MTX use 

(85 patients receiving MTX, 86 not receiving MTX) and 

received adalimumab every other week for 16 weeks. 

Subsequently, those that had an ACR Pediatric 30% 

(ACR Pedi 30) response at week 16 (74% of patients not 

receiving MTX and 94% of those receiving MTX) were 

randomly assigned to receive adalimumab or placebo in a 

double-blind fashion every other week for up to 32 weeks. 

At 48 weeks, the percentages of patients treated with 

MTX who had ACR Pedi 30, 50, 70, or 90 responses were 

significantly greater for those receiving adalimumab than 

for those receiving placebo; the differences between pa- 

tients not treated with MTX who received adalimumab 

and those who received placebo were not significant. 

The study was not statistically powered to detect 

differences between patients receiving and those not 

receiving MTX; however, the proportions of patients 

with ACR Pedi 30, 50, 70, or 90 responses were 

somewhat higher among those receiving adalimumab 

in combination with MTX than among those receiv- 

ing adalimumab without MTX [85]. 

A diminished response to treatment with certain TNF-α 

inhibitors may be associated with the development of 

anti-drug antibodies [86], and concomitant use of MTX 

reduces the immunogenicity of these drugs [85, 87]. 

Concerning safety, several studies reported that 

MTX combined with anti-TNF-α does not increase its 

toxicity [83, 88–90]. 

MTX in combination with biologic therapy is safe 

and may reduce the development of anti-drug anti- 

bodies in addition to improving response. 

 
Research question 8: Molecular elements and genetic 

markers of response to methotrexate in juvenile 

idiopathic arthritis – Biomarkers 

Recommendation 9. No recommendation is made re- 

garding the use of biomarkers in current clinical practice. 

PICO framework: P: children affected by JIA undergoing 

treatment with MTX; I: evaluating the concentration of 

MTX polyglutamates and genetics variants in MTX 

responders; C: polyglutamate levels and genetic variants in 

patients with JIA non-responders to MTX; O: response to 

MTX in children with JIA. 

Although MTX is the first choice in JIA, it is known 

that about one-third of patients fail to respond. Given 

the time lag between MTX treatment initiation and the 

patient response (about 3 months), it would be particu- 

larly useful to determine a priori the probability of bene- 

ficial therapeutic response [91, 92]. 

In fact, the delay in identifying the optimal treatment at 

an early stage of disease can influence long-term joint 

damage. Several biomarkers have been investigated so far. 

Recent studies found that the effect of MTX in JIA is asso- 

ciated with MTX polyglutamate intracellular concentra- 

tions: elevated long chain MTX polyglutamate levels are 

associated with lower disease activity indexes (JADAS) 

during 1 year of MTX treatment in JIA [93–95]. 

Other studies have evaluated the effects of genetic variants 

in the complex pathway of candidate genes involved in 

MTX pharmacokinetics and pharmacodynamics on the re- 

sponse to the medication in children with JIA. These studies 

found that genetic variants that predict MTX response in 

JIA are those in 5-aminoimidazole-4-carboxamide 

ribonucleotide-transformylase (ATIC), inosine triphosphate- 

pyrophosphatase (ITPA) and SLC19A1 genes [96–99]. 

Pastore et al. showed that reduced activity of ITPA, an 

enzyme involved in nucleotides’ homeostasis, is related to 

reduced MTX efficacy in patients with JIA [100]. The same 

group also found that a common functional variant in 

ATIC gene is associated with good response to MTX, while 

a variant in ITPA is associated with reduced response to 

MTX. However, there are suggestions that genetic variabil- 

ity, specifically single-nucleotide polymorphisms (SNP), in 

MTX metabolic pathways may be a better marker for MTX 

toxicity than for efficacy [99]. 

The conclusions of these studies may suggest that 

patients with variants associated with lack of efficacy for 

MTX should be switched more rapidly to a more aggressive 

treatment, but studies specifically addressing this issue are 

still lacking. In the future, therapy personalization in JIA 

may be achieved by a pharmacological approach integrating 

pharmacokinetic and pharmacogenomic evaluations. How- 

ever, the supporting evidence is not yet sufficiently robust 

to form the basis of a recommendation. 

Therefore, it was determined that the place of pharmaco- 

kinetic and pharmacogenomic analysis performed before 

MTX treatment in patients with JIA to identify those 

predisposed to better responses currently undefined and, 

furthermore, in current clinical practice no assessment of 

the biomarkers predictive of treatment response is carried 

out. Therefore, it was decided that no recommendation 

regarding the use of biomarkers in the treatment of patients 

with JIA should be made. 

 
Research question 9: Use of vaccination in patients with 

juvenile idiopathic arthritis treated with methotrexate 

Recommendation 10. Vaccination with non-live vaccines 

is not contraindicated during MTX treatment (Evidence 

Grade 2B). 

No recommendation can be formulated for live-attenuated 

vaccines, but the available data for measles, mumps, rubella 

(MMR) booster indicate that it is safe and adequately 

immunogenic. 
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PICO framework: P: children affected by JIA on treat- 

ment with MTX; I: vaccinations during treatment with 

MTX; C: no vaccinations during treatment with MTX; 

O: safety and efficacy of vaccinations, safety of drugs. 

Considering that children with JIA have an increased 

risk of infection, which contributes to the morbidity of 

their disease, non-live vaccines, and live-attenuated vac- 

cines can be recommended in these patients. However, 

the presence of immunosuppressive drugs can interfere 

with effectiveness and safety of vaccinations. 

In 2011, the European League Against Rheumatism 

(EULAR) published recommendations regarding the vac- 

cination of children with rheumatic diseases [101], based 

on a systematic literature review published in that same 

year [102]. The EULAR guidelines recommend adher- 

ence to the national vaccination guidelines for 

live-attenuated vaccines in pediatric patients unless the 

patients are on high-dose immunosuppressants, 

high-dose cortisone or biological agents. Booster vacci- 

nations against varicella, yellow fever, and measles, 

mumps, rubella (MMR) can be considered in patients 

receiving MTX less than15mg/m2 or low-dose cortico- 

steroids. However, it should be noted that the MTX 

summary of product characteristics states that live vac- 

cines are contraindicated in patients taking MTX. 

Recently Groot et colleagues provided an update to July 

2014 of the systematic literature study of 2011 [103]. Eight 

studies on MTX and vaccinations, counting in total 420 

patients, were available in the Groot review concerning 

the most common vaccines, i.e., seasonal influenza virus 

and H1N1, hepatitis B virus (HBV), meningococcus C, 

pneumococcus, measles, mumps and rubella (MMR), vari- 

cella zoster virus (VZV), bacillus Calmette-Guérin (BCG) 

[104–111]. Further we found five more articles about the 

above-mentioned vaccines including subgroups of patients 

on MTX [112–116], and one more concerning the 

bivalent human papillomavirus (HPV) vaccine [117]. 

In a prospective controlled observational cohort study, 

the immunogenicity of the bivalent HPV 16/18 vaccine in 

68 patients with JIA was compared to 55 healthy controls, 

showing that all participants were seropositive up to 

12 months after vaccination. No deleterious effect of 

MTX on antibodies was detected in the subgroup of 24 

patients on MTX. No relevant differences in adverse 

events were found, and HPV vaccination did not aggravate 

JIA disease activity [117]. 

In two prospective open-label studies, influenza vaccine 

response and safety among patients treated with MTX 

were compared with a control group. Both studies showed 

that influenza vaccination in JIA induces a lower but 

effective protective antibody response with an adequate 

disease safety profile [109, 111]. 

Kasapcopur et al. compared responsiveness and safety 

of hepatitis B vaccination in 39 children affected by JIA 

and 41 healthy children. No effect of MTX on antibody 

concentration or response rate and no increase in disease 

activity were observed. A vaccination schedule at 0, 1, 

6 months appeared to be the most effective [105]. 

The Neisseria meningitidis C (NeisVac-C) vaccine, is 

also safe and immunogenic in patients with JIA [115]. A 

retrospective cohort study showed that persistence of 

MenC-specific immunoglobulin (Ig)G antibodies in 

patients with JIA is similar to healthy controls and there is 

no effect of MTX on the decline of antibody levels over 

time, unlike biologicals [107]. 

Farmaki and colleagues observed that patients with 

JIA, when using MTX, had a similar response and sero- 

protection rate to the 7-valent pneumococcal vaccine 

(PCV7) as in healthy controls [114]. The only study 

evaluating the 23-valent polysaccharide pneumococcal 

vaccine in patients with JIA also demonstrated vaccine 

safety and effectiveness [116]. 

In a randomized, multicenter, open-label clinical 

equivalence trial, 137 patients with JIA aged 4 to 9 years 

(60 using MTX and 15 using biologics) were randomly 

assigned to receive MMR booster vaccination (n = 68) or 

no vaccination (control group; n = 69). Disease activity 

during complete follow-up did not differ between revac- 

cinated patients and controls and seroprotection rates at 

12 months after vaccination were higher in revaccinated 

patients. It seems that MTX and biologics did not affect 

humoral responses, but low patient numbers precluded 

definite conclusions. Moreover, no disease due to infec- 

tions with attenuated viruses occurred in patients treated 

with immunosuppressive drugs [113]. A retrospective 

cross-sectional study [104], a retrospective observational 

multicenter cohort study [108] and a prospective 

case-control study [110] confirm these results. 

In a prospective study [112], safety and immunogenicity 

of the VZV vaccine among 25 patients with pediatric 

rheumatic diseases treated with MTX and corticosteroids 

were compared to 18 healthy children. The vaccine 

proved to be safe in MTX treated patients, and no severe 

treatment-related adverse effects were observed during 

the one year follow up period. Both patients and controls 

had a low seroconversion rate one year after vaccination. 

However, a recent study [118] showed a low seroconver- 

sion rate in susceptible healthy children after one dose of 

vaccine, and indeed the US Centers for Disease Control 

and Prevention (CDC) guidelines advocate the use of 2 

doses [119]. In clinical practice, a booster dose of VZV 

vaccine is normally administered to patients who fail to 

exhibit an immunological response after the first dose. 

Kiray et al. demonstrated that there is no effect of MTX 

on purified protein derivative (PPD) induration size several 

years after BCG vaccination [106]. The PPD positivity rate 

was similar in MTX users and nonusers, even if the re- 

sponse to PPD was significantly lower in BCG-vaccinated 
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children with JIA compared to healthy children. However, 

because of the lack of safety data, BCG vaccinations should 

not be administered to patients on immunosuppressive 

drugs (including MTX) or biologicals. 

According to available data, no detrimental effect of MTX 

on the short-term immunogenicity or on the persistence of 

antibodies over time and no relevant increase in 

vaccine-associated adverse events were found in patients 

treated with MTX. Non-live vaccines are generally ad- 

equately immunogenic and safe. It appears that 

live-attenuated vaccines can be safely and effectively 

administered to patients with JIA on MTX, unless they are 

also on additional immunosuppressive drugs or biologicals. 

In these cases, evidence on safety is scarce. Live-attenuated 

booster vaccinations can be considered on an individual 

basis, although the data do not currently support the formu- 

lation of a specific recommendation for live-attenuated vac- 

cines. There is no evidence in pediatric patients about the 

safe time intervals for the administration of live vaccines 

after cessation of immunosuppressive/immunomodulatory 

drugs such as MTX. 

 

Discussion 

Although MTX is accepted as the most effective 

non-biologic agent for the treatment of patients with JIA, 

there is a wide variability in everyday practice in the use of 

MTX in the management of JIA. Therefore, the adoption 

of a consensus approach by a group of practitioners expert 

in the use of the drug in treating patients with JIA has the 

potential to guide clinicians and improve the understand- 

ing and management of this condition. 

The recommendations presented in these consensus 

guidelines developed by the panel of experts participating 

in the MARAJIA Expert Consensus Meeting are based on 

a high level of evidence provided in large measure by ro- 

bust data from randomized controlled clinical trials. Based 

on a set of key clinical issues developed using the PICO 

system and a rigorous approach to evidence review and 

the formulation of the research questions adopted to 

reduce the introduction of biases and to ensure balanced 

and evidence-based recommendations, we identified 

sound scientific support to guide the use of MTX in 

patients with JIA. Our consensus-based analysis integrated 

the scientific evidence from the literature with clinical 

experience to provide a set of recommendations we 

believe are of value in helping clinicians optimize the 

treatment of their patients with a diagnosis of JIA. 

 

Conclusions 

These consensus recommendations relating to the 

efficacy, optimal dosing and route of administration and 

duration of treatment with MTX in JIA, and to the 

important issues of folic acid supplementation to prevent 

MTX side effects, use of MTX in the treatment of chronic 

JIA-associated uveitis, combination treatment with 

biologic agents, and the use of vaccinations in patients 

with JIA provide balanced and evidence-based recommen- 

dations designed to have broad value for physicians and 

healthcare clinicians. We did not at this time find suffi- 

cient evidence to justify pharmacokinetic and pharmaco- 

genomic analysis prior to MTX treatment in current 

clinical practice, as insufficient evidence is available on 

biomarkers able to predict treatment response. 
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Objective. The Multinational Interdisciplinary Working Group for Uveitis in Childhood identified the need to update 

the current guidelines, and the objective here was to produce this document to guide clinicians managing children with 

juvenile idiopathic arthritis–associated uveitis (JIAU) and idiopathic chronic anterior uveitis (CAU). 

Methods. The group analyzed the literature published between December 2014 and June 2020 after a system- 

atic literature review conducted by 2 clinicians. Pediatric rheumatologists were paired with ophthalmologists to 

review the eligible 37 publications. The search criteria were selected to reflect those used for the 2018 Single Hub 

and Access point for pediatric Rheumatology in Europe (SHARE) recommendations, in order to provide an update, 

rather than a replacement for that publication. The summary of the current evidence for each SHARE recommenda- 

tion was presented to the expert committee. These recommendations were then discussed and revised during a 

video consensus meeting on January 22, 2021, with 14 voting participants, using a nominal group technique to 

reach consensus. 

Results. JIAU treatment was extended to include CAU. Fourteen recommendations regarding treatment of JIAU 

und CAU with >90% agreement were accepted. 

Conclusion. An update to the previous 2018 SHARE recommendations for the treatment of children with JIAU with 

the addition of CAU was created using an evidence-based consensus process. This guideline should help support cli- 

nicians to care for children and young people with CAU. 
 

INTRODUCTION 

 
Pediatric chronic anterior uveitis (CAU) is a cause of signifi- 

cant visual morbidity (1,2). It is the most common extraarticular 

manifestation of juvenile idiopathic arthritis (JIA) but can occur in 

isolation. The Single Hub and Access point for pediatric Rheuma- 

tology in Europe (SHARE) recommendations for the management 

of JIA-associated uveitis (JIAU) (2) were published in 2018, but 

the literature they were based on was only reviewed up to 

December 2014. Subsequently, adalimumab was approved to 

treat CAU in children, and a number of other biologics and small 

molecule agents have become available to clinicians. While physi- 

cians now accept that idiopathic CAU and JIAU should be man- 

aged in the same way, there are no guidelines focused on CAU. 

The Multinational Interdisciplinary Working Group for Uveitis in 

Childhood (MIWGUC) (3) identified the need to update the current 
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guidelines and worked to produce this document, which should 

serve to guide clinicians managing children with JIAU and idio- 

pathic CAU. 

 

MATERIALS AND METHODS 

The MIWGUC consists of an international expert panel which 

has already published outcome measures in pediatric uveitis. The 

MIWGUC working group for this project consisted of 8 pediatric 

rheumatologists and 8 ophthalmologists with expertise in pediat- 

ric uveitis. The group analyzed the literature published between 

December 2014 and June 2020 after a systematic literature 

review conducted by 2 clinicians. A pediatric rheumatologist was 

paired with a pediatric ophthalmologist to review the eligible 

37 publications associated with an assigned topic. This article 

summarizes data from studies done by others involving human 

participants, and therefore for this report no formal review and 

approval by an appropriate institutional review board or ethics 

committee was required. 

 
Systematic literature search. The Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses statement was 

used to conduct a literature search (4), and a systematic review 

was performed to identify the existing evidence in the PubMED/ 

MEDLINE, EMBASE, and Cochrane libraries from December 

2014 to June 2020 by 2 independent researchers (IM and NR). 

The search criteria were selected to reflect those used for the 

2018 SHARE recommendations, to serve as an update rather 

than a replacement for that publication. 

The following key words were used: “arthritis, juvenile rheu- 

matoid” [MeSH] or (JIA or JRA) or (juvenile* or child* or paediatric*) 

and (rheumatoid or rheumatic or idiopathic or chronic or systemic) 

and (arthritis or arthritides or polyarthritis or oligoarthritis) or (“still’s 

disease” or “still disease” or “stills disease”) and (juvenile* or 

child* or paediatric* or paediatric*) and (uveitis [MeSH] or iridocy- 

clitis or uveitides or iritis or vitritis or panuveitis or pan-uveitis or 

cyclitis) OR (“uveitis” or “uveitis*” or “panuveitis” or “iridocyclitis” 

or “iritis” or “vitreitis” or “chronic uveitis” or “chronic iridocyclitis” 

or “recurrent uveitis” or “refractory uveitis” or “non-infectious 

uveitis” or “autoimmune uveitis” or “inflamma$ ocul$” or 

“inflamma$ eye”) and (methotrexate or methotrexate or mtx or 

mycofenolate or mmf or TNF OR “TNFi” OR “TNF-inhibitor” OR 

“antiTNFα” or TNFα OR adalimumab or infliximab or etanercept 

or golimumab or certolizumab or tocilizumab or “anti-il6” or “il6” 

or “antiil6” or abatacept or “ctla4” or “janus kinase inhibitor*” or 

“baricitinib” or “tofacitinib” or “il1” or “il-1” or “anti-il1” or “canaki- 

numab” or “cd20’ or “anti-cd20” or ‘anticd20” or “rituximab” or 

“il17” or “il23” or “tcz” or “abt” OR “RTX” OR “JAK” OR “JAK- 

inhibitor”) NOT (behcet OR behçet OR sarcoidosis OR blau). Only 

publications in English were reviewed. 

Two independent reviewers (IM and NR) identified relevant 

articles based on the title and abstract (Figure 1). When there 

was a disagreement whether to include an article, it was resolved 

through discussion with a third reviewer (IF or GS). Publications 

selected for analysis were required to: 1) include patients with a 

diagnosis of JIAU (according to International League of Associa- 

tions for Rheumatology classification) or idiopathic CAU, 2) 

describe patients managed with systemic treatment (biologic 

and nonbiologic disease-modifying antirheumatic drugs 

[DMARDs]), 3) be original articles, 4) include at least 2 patients, 

and 5) have at least 6 months of follow-up data. 

Exclusion criteria included: 1) patients with other systemic 

causes associated with uveitis (i.e., Blau syndrome, Behçet’s syn- 

drome, or autoinflammatory diseases), 2) patients with intermedi- 

ate or posterior uveitis, 3) single case reports, reviews, meeting, 

and conference abstracts, 4) exclusively adult patients, and 5) 

articles in press. 

The 2 experts independently assessed the methodologic 

quality of articles meeting the inclusion criteria. Each reviewer 

extracted data using a predefined scoring form for each study 

that included information about demographic data, primary and 

secondary outcomes of the study, methodology, medications, 

MIWGUC definitions (where available) applied regarding remis- 

sion, inactivity, the presence of structural complications, discon- 

tinuation of topical glucocorticoids, and the validity of the 

study (3). 

 
Establishment of recommendations. As part of the 

EULAR standard operating procedure (2), one of the reviewers 

(IM) supervised by GS described the main results and conclusions 

of each article, along with their validity and level of evidence. 

These descriptions were collated by 2 experts (IF and GS) and 

used to formulate provisional recommendations that were 

reviewed by a panel of 3 experts. 

 
The consensus meeting. The consensus meeting was 

moderated by DF, one of the authors. The summary of the current 

evidence for each SHARE recommendation was presented to the 

expert committee. These recommendations were then discussed 

and revised during the online video consensus meeting on January 

22, 2021, with 14 voting participants, using a nominal group tech- 

nique to reach consensus (2). Two nonvoting observers (IM and 

DF) presented the current results of the literature search for each 

SHARE recommendation. The results of the current findings and 

the need to change or keep previous recommendations were dis- 

cussed. At the end of the discussion, either a new recommendation 

  

SIGNIFICANCE & INNOVATIONS 

• This updated guideline includes new medications. 

• The switching between drugs is discussed in case of 

nonresponse or partial response. 
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Figure 1. Flow sheet systematic literature review. 

 

 

was formulated, or the original SHARE recommendation remained 

unchanged. Proposed recommendations were accepted when 

≥90% (11 of 14) of the experts agreed. The grade of evidence of 

the recommendations was based on the level of evidence of the dif- 

ferent studies included and their scores voted by the MIWGUC (2). 

 
 

 

RESULTS 

The literature search retrieved 2,121 initial citations, 508 of 

which were duplicates and were removed. Following title and 

abstract screening, 37 articles met the inclusion criteria (Figure 1) 

to be scored and used as material for the final recommendations 

The 2018 SHARE recommendations (1) were designed to provide 

guidance on treatment of patients with JIAU. The participants rec- 

ognized that most patients who present with a painless CAU not 

associated with JIA (regardless of antinuclear antibody [ANA] sta- 

tus) have an analogous disease and should be treated in the same 

way as JIAU (3,5). This concept is in line with European Medical 

Agency recognition of this similarity, which led to the licensing of 

adalimumab for the treatment of both JIAU and CAU. 

The recent Childhood Arthritis and Rheumatology Research 

Alliance guideline for JIAU (1) also does not differentiate regarding 

recommendations between JIAU and CAU. Furthermore, data 

from a population-based nationwide study in Germany recently 

demonstrated that ANA-positive CAU and JIAU did not signifi- 

cantly differ in clinical course (5). A national consensus statement 

from the UK echoed the idea that patients with CAU and JIAU 

should be managed in a similar fashion (6). 

Notably, a small proportion of patients have CAU due to sev- 

eral other causes (viral, Fuch’s heterochromic cyclitis, and post 

infectious, etc.) that fall outside this guidance. These exceptions 

are the case regardless of ANA status. The clinician ultimately 

has discretion whether or not a patient fits into the JIAU/CAU 

treatment model. 

 
Recommendations for starting therapy. Active uveitis 

in JIAU and in CAU usually requires immediate treatment. No dis- 

cussion occurred regarding when to start therapy in the 2014 

SHARE recommendation. The word “usually” has been kept, as 

a clinician may sometimes choose to observe mild uveitis, or 

new uveitis following a period of quiescence if there has been a 
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precipitating event such as a bacterial or viral illness (7,8). The out- 

come of voting was level of evidence 2B, strength of evidence B 

(13 of 14 voting YES with 1 missing vote). 

 
Recommendations regarding topical therapy. 

Topical glucocorticoids (usually prednisolone acetate 1% or 

dexamethasone 0.1%) are the first-line treatment for JIAU and 

CAU. Consensus was reached on this recommendation. The out- 

come of voting was level of evidence 4D, strength of evidence D 

(13 of 14 voting YES with 1 missing vote). 

 
Topical and systemic nonsteroidal antiinflamma- 

tory drugs (NSAIDs) have no demonstrable effect as 

monotherapy. Since the 2014 SHARE guideline, no articles 

have been published examining the effect of oral or topical 

NSAIDs in JIAU or CAU. However, the usefulness of topical and 

systemic NSAIDs has been described in other forms of uveitis 

(8). Therefore, the previous recommendation “Topical and sys- 

temic NSAIDs have no demonstrable effect as monotherapy but 

may be used as additional therapy” was removed. The panel 

agreed that topical or systemic NSAIDs could be used as addi- 

tional therapy. While no published evidence exists for systemic 

NSAIDs use for CAU, some experts still use them. “NSAIDs have 

no demonstrable effect as monotherapy” was the agreed state- 

ment the panel voted on. The outcome of voting was level of evi- 

dence 3C, strength of evidence D (13 of 14 voting YES with 

1 missing vote). 

 
Recommendations regarding systemic treatments. 

Systemic immunosuppression is recommended for active JIAU 

and CAU if there are poor prognostic factors and/or if persistent 

disease is present, regardless of laterality. Systemic immunosup- 

pression is recommended in active JIAU and CAU in the presence 

of poor prognostic factors (1,5–8). These factors include ocular 

complications, male sex, and uveitis preceding arthritis (7). Fur- 

thermore, persistent uveitis predisposes to poorer outcomes, 

including a higher risk of ocular complications and blindness. Per- 

sistent disease was defined as active uveitis lasting >3 months 

per the Standardization of Uveitis Nomenclature criteria (9). Struc- 

tural complications are associated with anterior chamber cell and 

flare grade (3). These include posterior synechia, band keratopa- 

thy, glaucoma, cataract, hypotony, macular edema, and dense 

vitreous body opacification, and lead to ocular damage 

(1,3,5,7,8). These factors have all been considered as complica- 

tions defining damage by the MIWGUC proposal (3). The age at 

the onset of uveitis and ANA positivity are associated with uveitis 

occurrence in JIA patients, but they are not related to poor prog- 

nosis (3,7,8). Heiligenhaus et al have described in the ICON-JIA 

study an association between older ages at JIA diagnosis and 

the rate of ocular complications during follow-up, which can be 

explained by a longer period of uveitis, with insidious onset of flare 

before JIA diagnosis (8). The group agreed that systemic 

immunosuppression should not be delayed due to unilateral 

involvement. 

Updates to 2018 SHARE recommendations were: 1) to 

extend the recommendation of systemic DMARDs to any time of 

the disease in the setting of active uveitis and poor prognostic fac- 

tors or persistent disease, not restricting the recommendation to 

the first visit, 2) to include mention of the fact that unilaterality 

should not be a limitation for systemic immunosuppression, and 

3) to define persistent disease. The outcome of voting was level 

of evidence 2A, strength of evidence B (13 of 14 voting YES with 

1 missing vote). 

 
Acceptable frequency of topical glucocorticoids for 

maintenance therapy. Systemic immunosuppression is rec- 

ommended if clinical inactivity could not be achieved with 3 drops 

or less of topical dexamethasone 0.1% or prednisolone acetate 

1%. Topical glucocorticoids (preferably prednisolone 1% or dexa- 

methasone 0.1%) are the first-line treatments for JIAU and CAU. 

However, the use of high doses of topical glucocorticoids leads 

to cataract formation and increases the risk of glaucoma. 

The maximum acceptable dose of topical glucocorticoids is 

still controversial. Thorne et al found that children receiving low 

doses of topical glucocorticoids (3 or fewer drops daily) over 

moderate periods had a low risk of developing cataracts (10). 

Kothari et al described an increased risk of ocular hypertension 

in children receiving 2 or more drops of glucocorticoids daily, 

and that the risk increases with higher doses (11,12). 

Although the level of evidence is low, the authors agreed to 

recommend the addition of systemic immunosuppression if clini- 

cal inactivity (3) according the MIWGUC definition cannot be 

achieved with 3 drops or less of topical glucocorticoids over a 

period of 3 months, at the maximum (Table 1). MIWGUC mem- 

bers were clear that 3 drops per day was an absolute maximum, 

and many members felt that patients should be managed on <2 

drops of glucocorticoid per day. 

Updates to 2018 SHARE recommendations were: 1) to 

introduce the “3-months criteria” before starting systemic immu- 

nosuppression, unless poor prognostic factors are present, and 

2) to introduce “inactivity” as defined by MIWGUC. The outcome 

of voting was level of evidence 2A, strength of evidence B (13 of 

14 voting YES with 1 missing vote). 

 

 
Table 1. Inactive uveitis is defined by both eyes fulfilling the follow- 

ing conditions at a specific assessment* 
 

 

Slit lamp total number of AC cells: 0 inflammatory cells† 

 Absence of optic disc edema  

Absence of macular edema 

 Absence of vitreous haze (<0.5+)  

Ophthalmologist global assessment of uveitis activity on VAS score 

 (range 0–100 mm) must be 0  

* AC = anterior chamber; VAS = visual analog scale. 
† In aphakia patients some cells may be present in the anterior 
vitreous. 
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Use of systemic glucocorticoids. Systemic glucocorti- 

coids should be considered a bridging therapy to synthetic 

DMARDs, not a medium- to long-term treatment strategy. There 

was consensus (1 vote missing) that short-term systemic gluco- 

corticoids should be considered only as bridging therapy while 

waiting for DMARDs to take effect. Glucocorticoids may also be 

used for a variety of other reasons in JIAU and CAU. These 

include rescue treatment in the context of hypotony or macular 

edema due to active inflammation and perioperative cover for 

cataract and glaucoma surgery. Systemic glucocorticoid 

monotherapy lasting longer than 3 months is not recommended. 

The outcome of voting was level of evidence 2B, strength of 

evidence B (13 of 14 voting YES with 1 missing vote). 

 
Role of methotrexate (MTX). MTX is usually the first syn- 

thetic DMARD used for the management of JIAU and CAU. 

Although the level of evidence is only moderate, the panel agreed 

that there was sufficient experience with MTX to recommend it as 

a first-line agent (13–15). MTX is generally well tolerated and con- 

sidered safe for long-term use. In case of MTX intolerance, a 

change in the mode of administration, adjustment of the dose, 

increase in folic acid dose, or premedication with antinausea 

medication may reduce the gastrointestinal symptoms. Addition- 

ally, cataract and glaucoma may be prevented by glucocorticoid 

sparing from early treatment with MTX, and controlling inflamma- 

tion. The outcome of voting was level of evidence 3C, strength 

of evidence C (13 of 14 voting YES with 1 missing vote). 

 
Role of mycophenolate mofetil (MMF). MMF or myco- 

phenolic acid is an option for the treatment of JIAU and CAU. 

While MMF is not recommended as treatment for arthritis associ- 

ated with JIA, it can be used to manage JIAU and CAU if arthritis is 

not a feature of the disease. In general, MMF is well tolerated by 

children, and gastrointestinal side effects are rare (13,16). The 

outcome of voting was level of evidence 4D, strength of evidence 

D (13 of 14 voting YES with 1 missing vote). 

 
Switching treatment to adalimumab. In case of ineffi- 

cacy or intolerance to MTX and/or other conventional synthetic 

DMARDs, adding or switching to adalimumab is recommended. 

There was unanimous agreement that adalimumab should be 

recommended when there is inefficacy or intolerance to MTX. 

Since 2013, 2 randomized controlled trials and other articles have 

reported on the efficacy of adalimumab in patients with JIAU and 

CAU (12,13,17–29) These trials provided high-quality evidence 

supporting the use of adalimumab for JIAU and CAU. A meta- 

analysis by Maccora et al found that adalimumab was superior 

to both etanercept (χ2 = 26.8, P < 0.0001) and infliximab 

(χ2 = 13.4, P < 0.0002) in the management of JIAU and CAU 

(22). The group agreed that sufficient evidence exists to recom- 

mend adalimumab as a first-line over other tumor necrosis factor 

inhibitors (TNFi). The outcome of voting was level of evidence 

1B, strength of evidence A (14 of 14 voting YES). 

 
Adalimumab failures. In case of lack or loss of efficacy, 

increasing the dose and/or switching from every other week up 

to weekly dosing may be considered, before switching to another 

agent. There was 100% agreement (14 of 14) with the statement 

from the earlier SHARE recommendations. However, members 

agreed that a very low quality of evidence existed and that 

increasing the frequency of dosing was not always possible in 

their country of practice (12,21,27,30). Loss of efficacy may sug- 

gest the formation of antidrug antibodies, and the panel recom- 

mended testing for antidrug antibodies to determine this 

possibility before dose increase (31). 

For children treated with adalimumab at a standard dose 

who have an inadequate response to therapy, the group sug- 

gested escalating the dose and/or frequency to above-standard 

dosing used for uveitis prior to switching to another monoclonal 

antibody TNFi. Although consensus was not reached regarding 

a specific dose or frequency, multiple reports have indicated suc- 

cess using weekly adalimumab (12,21,27). The outcome of voting 

was level of evidence 4D, strength of evidence D (14 of 14 vot- 

ing YES). 

 
The next step after adalimumab failure. In the case of 

adalimumab failure, using another TNFi (excluding etanercept) or 

tocilizumab is reasonable. At present, sufficient evidence does 

not exist to recommend 1 agent based on clinical efficacy. The 

group did not feel that there was sufficient evidence to recom- 

mend the use of tocilizumab over infliximab, golimumab, or certo- 

lizumab (20,23,28,32–43). The APTITUDE trial did not meet its 

primary endpoint, and tocilizumab is not always used in the event 

of adalimumab failure (39). APTITUDE reported a 40% response 

rate at the interim time point and a 33% response rate by the 

end of the trial. Of note, 1 patient who exited the trial early was 

classified as a responder, bringing the response rate to 38% (the 

trial needed to attain a response rate of 36.4% to meet its primary 

endpoint). Given these data, we did not feel that APTITUTE could 

really be cited as evidence that tocilizumab was “ineffective.” The 

outcome of voting was level of evidence 3B, strength of evidence 

B (14 of 14 voting YES). 

 
Use of etanercept in the treatment of anterior 

uveitis. Based on the current evidence, etanercept should not 

be considered for uveitis. The group agreed that etanercept, while 

very useful for arthritis, should not be used to manage uveitis 

based on current literature (22). The outcome of voting was level 

of evidence 1B, strength of evidence A (14 of 14 voting YES). 

 
TNFi with the highest efficacy for the management 

of uveitis. Among TNFi currently available, the strongest evi- 

dence for efficacy is for adalimumab (1B) followed by infliximab 
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(2A), golimumab, and certolizumab. Consensus was reached that 

sufficient evidence exists to recommend infliximab over golimu- 

mab or certolizumab (22) after adalimumab. The group agreed 

that very few occasions occur where infliximab would be used 

Table 2. List of recommendations with level of evidence based on 

literature review and expert opinion* 

as a first-line biologic. The outcome of voting was level of evi- 

dence 1B, strength of evidence B (14 of 14 voting YES). 

 
Medications to use following an insufficient 

response to TNFi (except etanercept) and tocilizumab. 

Abatacept, JAK inhibitors, and/or rituximab may be considered 

in patients refractory to TNFi and tocilizumab. There was 100% 

agreement (14 of 14) with the statement. However, members 

agreed that no specific data were available to recommend aba- 

tacept over JAK inhibition or rituximab at present. 

Abatacept. Panel members agreed that experience was lim- 

ited with abatacept for patients who have failed MTX and TNFi 

agents. Three articles outlined retrospective experience with aba- 

tacept in this group (44–46). Tappeiner et al described 21 such 

patients, of whom 52% (11 of 21) achieved initial quiescence 

while on abatacept (44). Three further patients were described 

by Marrani et al (45), all of whom achieved inactivity. Birolo et al 

(46) compared patients who were TNFi-naive against TNFi fail- 

ures, and 54.8% (17 of 31) patients went into remission at 

12 months, although no significant difference was found between 

the 2 groups in terms of response. 

JAK inhibition. At the time of writing, a multicenter random- 

ized controlled trial was underway comparing baricitinib to pla- 

cebo for the management of ANA-positive CAU (JAHW trial, 

ClinicalTrials.gov identifier: NCT04088409) (47). Miserocchi et al 

described 3 patients treated with baricitinib and 1 with tofacitinib 

who responded favorably. Bauermann et al reported a patient 

also treated with tofacitinib whose anterior uveitis and macular 

edema resolved (48,49). 

Rituximab. Minimal data exist concerning the use of rituximab 

for anterior uveitis. Miserocchi et al described 8 patients who had 

failed first- and second-line agents (50). All patients showed an 

improvement in uveitis activity after rituximab, although 2 required 

extra treatment for joint involvement. The outcome of voting was 

level of evidence 4, strength of evidence C (14 of 14 voting YES). 

 
Discarded statements. In the 2018 SHARE guidance, the 

following statements were made, which the panel in this update 

voted unanimously to remove or replace: 

“Tocilizumab, rituximab, and abatacept might be potential 

Active uveitis in JIAU and in CAU usually 

requires immediate treatment† 

 
 
 

 
Topical and systemic NSAIDs have no 

demonstrable effect as monotherapy† 

 
 
 
 

 
Systemic immunosuppression is 

recommended if clinical inactivity could 

not be achieved with 2 drops or less of 

topical dexamethasone or 

prednisolone 1%§ 

 
 
 

 

Usually MTX is the first 

immunosuppressive drug for JIAU and 

in CAU 

 
 

 

In case of inefficacy or intolerance to MTX 

and/or other conventional synthetic 

DMARDs, adding or switching to 

adalimumab is recommended 

 
 
 
 

 
In the case of adalimumab failure, one 

may use other TNFi (excepting 

etanercept) or tocilizumab, and at 

present sufficient evidence does not 

exist to separate their clinical efficacy 

 
 

 
Among the TNFi, the strongest evidence 

for efficacy is for adalimumab followed 

by infliximab (1B) over golimumab (2A) 

or certolizumab (3B) 

2B 13/14 
 
 
 
 

 
3C 13/14 

 
 
 
 
 

 
2A 13/14 

 
 
 
 
 
 
 

 
3C 13/14 

 
 
 
 

 
1B 14/14 

 
 
 
 
 
 
 

 
3C 14/14 

 
 
 
 
 
 

 
1B, 2A, 3B 14/14 

options for cases refractory to previous TNFi therapy.” No men- 

tion was made at the time of JAK inhibitors for the management 

of CAU nor was there a discussion on the efficacy of tocilizumab. 

Cases are now published of patients with JIAU treated with the 

following therapies: abatacept (44–46), tofacitinib and baricitinib 

(48,49), and rituximab (50). The above statement has been 

replaced with statement 14. 

* 1A = meta-analysis of cohort studies; 1B = meta-analysis of case– 
control studies; 2A = controlled study without randomization; 
2B = quasi-experimental study; 3 = descriptive study; 4 = expert 
opinion. CAU = chronic anterior uveitis; DMARD = disease-modifying 
antirheumatic drug; JIAU = juvenile idiopathic arthritis–associated 
uveitis; MTX = methotrexate; NSAID = nonsteroidal antiinflamma- 
tory drug; TNFi = tumor necrosis factor inhibitor. 
† Word change compared to previous SHARE recommendations. 
‡ Same statement as previous SHARE recommendation. 
§ New statement compared to previous recommendation. 

  

Recommendation 

Level of 

evidence Voting 

Topical glucocorticoids (usually 

prednisolone acetate 1% or 

dexamethasone 0.1%) are the first-line 

treatment for JIAU und CAU‡ 

 13/14 

Systemic immunosuppression in active 

uveitis is recommended if poor 

prognostic factors and persistent 

disease are present, regardless of 

laterality† 

 13/14 

If considering systemic glucocorticoids for 

JIAU and in CAU, they should be 

considered as a bridging therapy to 

DMARDs§ 

 13/14 

Mycophenolate mofetil or mycophenolic 

acid is an option for the treatment of 

JIAU and in CAU 

 13/14 

In case of lack or loss of efficacy, increasing 

the dose and/or switching from every 

other week up to weekly adalimumab 

might be considered before switching 

to another therapy 

 14/14 

Based on the current evidence, 

etanercept should not be considered 

for JIAU and in CAU 

 14/14 

Abatacept, JAK inhibitors, and/or rituximab 

may be considered in patients 

 14/14 

 refractory to TNFi and tocilizumab  
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“The use of adalimumab is recommended in patients with 

uveitis refractory/resistant to DMARD therapy, principally metho- 

trexate.” This statement has been replaced by statement 10. 

“Based on the current evidence, etanercept should not be 

considered for JIAU.” This statement has been replaced by state- 

ment 13. 

“The use of TNFi treatment strategies (adalimumab > 

infliximab > golimumab) is recommended in patients with JIAU 

refractory/resistant to DMARD therapy, principally MTX.” This 

statement has been replaced by statement 14. 

 

DISCUSSION 

This is an update of the previous 2014 SHARE recommen- 

dations for the treatment of children with JIAU with the addition 

of CAU (Table 2). The recommendations have been established 

using a combination of systematic literature review and consen- 

sus by pediatric rheumatologists and ophthalmologists using 

nominal group technique. All recommendations were accepted 

with >90% agreement. 

Although the quality of evidence was low in several recom- 

mendations, 7 of them reached a good level of evidence. The 

landscape has changed significantly following the publication of 

the ADUVITE (18) and SYCAMORE (17) trials, with adalimumab 

now being a commonly used medication for the management of 

uveitis in children who are still active despite DMARD therapy. 

The tocilizumab trial in patients with TNFi-refractory JIAU 

(APTITUDE) (39) failed to reach its primary endpoint, but one-third 

of patients appeared to benefit from the drug. The group agreed 

that these data were compelling enough to recommend tocilizu- 

mab for patients who still had active JIAU or CAU despite conven- 

tional synthetic DMARD and adalimumab therapy. Based on the 

lack of evidence regarding other biologics, the recommendations 

regarding golimumab, certolizumab, abatacept, rituximab, and 

tocilizumab or baricitinib were therefore conditional. However, 

the JAHW trial is currently recruiting patients to determine 

whether baricitinib may be of use as a first- or second-line agent 

after nonresponse to a DMARD in children with uveitis (47). A 

major limitation of the recommendations is the rarity of good- 

quality trials in pediatric uveitis. Multinational collaborations are 

crucial to drive randomized controlled trials in rare diseases such 

as CAU and JIAU and to allow recommendations to be based 

more on evidence rather than on experience. 
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Guidelines and recommendations developed and/or endorsed by the American College of Rheumatology (ACR) are intended to pro- 

vide guidance for particular patterns of practice and not to dictate the care of a particular patient. The ACR considers adherence to 

the recommendations within this guideline to be voluntary, with the ultimate determination regarding their application to be made 

by the health care provider in light of each patient’s individual circumstances. Guidelines and recommendations are intended to 

promote beneficial or desirable outcomes but cannot guarantee any specific outcome. Guidelines and recommendations developed 

and endorsed by the ACR are subject to periodic revision as warranted by the evolution of medical knowledge, technology, and prac- 

tice. ACR recommendations are not intended to dictate payment or insurance decisions. These recommendations cannot adequately 

convey all uncertainties and nuances of patient care. 

The American College of Rheumatology is an independent, professional, medical and scientific society that does not guarantee, 

warrant, or endorse any commercial product or service. 
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Objective. To develop recommendations for the screening, monitoring, and treatment of uveitis in children with 

juvenile idiopathic arthritis (JIA). 

Methods. Pediatric rheumatologists, ophthalmologists with expertise in uveitis, patient representatives, and 

methodologists generated key clinical questions to be addressed by this guideline. This was followed by a system- 

atic literature review and rating of the available evidence according to the GRADE (Grading of Recommendations 

Assessment, Development and Evaluation) methodology. A group consensus process was used to compose the final 

recommendations and grade their strength as conditional or strong. 

Results. Due to a lack of literature with good quality of evidence, recommendations were formulated on the basis 

of available evidence and a consensus expert opinion. Regular ophthalmic screening of children with JIA is recom- 

mended because of the risk of uveitis, and the frequency of screening should be based on individual risk factors. 

Regular ophthalmic monitoring of children with uveitis is recommended, and intervals should be based on ocular ex- 

amination findings and treatment regimen. Ophthalmic monitoring recommendations were strong primarily because 
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of concerns of vision-threatening complications of uveitis with infrequent monitoring. Topical glucocorticoids should 

be used as initial treatment to achieve control of inflammation. Methotrexate and the monoclonal antibody tumor 

necrosis factor inhibitors adalimumab and infliximab are recommended when systemic treatment is needed for the 

management of uveitis. The timely addition of nonbiologic and biologic drugs is recommended to maintain uveitis 

control in children who are at continued risk of vision loss. 

Conclusion. This guideline provides direction for clinicians and patients/parents making decisions on the screen- 

ing, monitoring, and management of children with JIA and uveitis, using GRADE methodology and informed by a 

consensus process with input from rheumatology and ophthalmology experts, current literature, and patient/parent 

preferences and values. 

 

INTRODUCTION 

 

Uveitis is the most common extraarticular manifestation of 

juvenile idiopathic arthritis (JIA) and can be a chronic or acute dis- 

ease. Chronic anterior uveitis (CAU) develops in 10–20% of chil- 

dren with JIA, is usually asymptomatic, and there is rarely exter- 

nal evidence of inflammation (1,2). Acute anterior uveitis (AAU) is 

a distinctly different form of uveitis. It is typically associated with 

HLA–B27 and occurs in children with spondyloarthritis (i.e., those 

with enthesitis-related or psoriatic arthritis). AAU differs from CAU 

in that AAU is episodic, unilateral, characterized by the sudden 

onset of erythema, pain, and photophobia, and generally does not 

require systemic treatment (3). 

Uncontrolled CAU can lead to sight-threatening complica- 

tions such as synechiae, cataracts, and glaucoma in 25–50% 

and vision loss in 10–20% of children with uveitis (2,4–6). Early 

detection through regular ophthalmic screening with timely and 

appropriate treatment can improve visual outcomes and prevent 

complications (5,7). 

Because CAU is often asymptomatic until ocular complica- 

tions arise, the American Academy of Pediatrics (AAP) published 

recommendations in 2006 for routine ophthalmic screening in 

children with arthritis (8). These recommendations were based on 

an older arthritis nomenclature and did not include uveitis screen- 

ing in all JIA categories such as psoriatic, enthesitis-related, and 

undifferentiated arthritis. To fill this gap, in 2012, Heiligenhaus and 

colleagues from the German Uveitis in Childhood Study Group 

(“German recommendations”) proposed ophthalmic screening 

schedules based on the International League of Associations 

for Rheumatology (ILAR) JIA classification scheme (9). These 2 

publications, however, did not address the monitoring of children 

with an established diagnosis of uveitis or the treatment of uve- 

itis. Thus, recommendations for both monitoring and treatment of 

uveitis in children with JIA are needed. 

Initial treatment of children with JIA-associated uveitis typi- 

cally includes topical glucocorticoids. In those who are refractory 

to or dependent on topical glucocorticoids, there are no accepted 

North American guidelines for the use of systemic immunosup- 

pressive therapy. Methotrexate is the usual first-line systemic 

immunosuppressive agent, followed by tumor necrosis factor 

inhibitor (TNFi) biologics, particularly the monoclonal antibod- 

ies infliximab and adalimumab (10). Despite the frequency with 

which these drugs are used for uveitis, only 1 large randomized 

controlled trial (RCT) studying children with JIA-associated uveitis 

has been published (11). Guidance is needed for the acceptable 

duration and frequency of topical glucocorticoids prior to initiation 

of nonbiologic disease-modifying antirheumatic drugs (DMARDs) 

and systemic biologic therapy, and for the approach to initiation, 

escalation, and modification of systemic therapy. Optimization of 

treatment strategies is crucial to improve vision outcomes. 
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Terms/medications Definition/name 

Medications included in the guideline 

 

 
Nonbiologic DMARDs 

 
 
 

 
Biologic DMARDs 

Topical eye drops 

Systemic (all oral) 

Methotrexate 

Leflunomide 

Mycophenolate 

Cyclosporine 

Monoclonal TNF inhibitor (adalimumab, infliximab) 

Etanercept 

 

Tocilizumab 
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To address this need, the American College of Rheumatology 

(ACR) and the Arthritis Foundation (AF) convened expert panels 

of pediatric rheumatologists and ophthalmologists to develop the 

first ACR/AF recommendations for the screening, monitoring, 

and treatment of JIA-associated CAU and AAU. Recognizing the 

importance of close collaboration and communication between 

pediatric rheumatologists and ophthalmologists, this guideline 

was developed in collaboration with experts from both specialties. 

Patient and parent panels also provided input. Overall, clinicians, 

parents, and patients should use a shared decision-making pro- 

cess that considers patients’ preferences and values. Recom- 

mendations for the treatment of children with JIA manifesting as 

non-systemic polyarthritis, sacroiliitis, and enthesitis were devel- 

oped concomitantly and are presented separately (12). 

 

METHODS 

Methodology overview. This guideline followed the ACR 

guideline development process (http://www.rheumatology.org/ 

Practice-Quality/Clinical-Support/Clinical-Practice-Guidelines). 

This process uses the Grading of Recommendations Assess- 

ment, Development, and Evaluation (GRADE) methodology 

(www.gradeworkinggroup.org) to rate the quality of the available 

evidence and to develop the recommendations (13–15). ACR pol- 

icy guided disclosures and the management of potential conflicts 

of interest (participant disclosures are available at https://www. 

rheumatology.org/Portals/0/Files/JIA-Guideline-Disclosures.pdf). 

Supplementary Appendix 1 (available on the Arthritis Care & 

Research web site at http://onlinelibrary.wiley.com/doi/10.1002/ 

acr.23871/abstract) presents the full methods in detail. 

 

Guideline development teams. This work involved 5 

groups: 1) a Core Leadership Team, consisting of 4 pediatric 

rheumatologists, supervised and coordinated the project and 

drafted the clinical questions and manuscript; 2) a Literature 

Review Team, led by an experienced literature review consul- 

tant, completed the literature search and data abstraction; 3) 

an Expert Panel, composed of 9 pediatric rheumatologists 

and 1 ophthalmologist with expertise in the management of 

uveitis in children, developed the clinical Patient/Population, 

Intervention, Comparison, and Outcomes (PICO) questions 

and decided on the scope of the guideline project; 4) a Vot- 

ing Panel, including 15 pediatric rheumatologists, 2 ophthal- 

mologists, both of whom were uveitis specialists, and 2 adult 

 
Table 1. Terms, definitions, and medication interventions* 

Terms 

Controlled uveitis Inactive OR grade <1+ anterior chamber cells without new complications due to 
active inflammation per Standardization of Uveitis Nomenclature criteria† 

Complications due to active inflammation‡ New development of peripheral anterior synechiae, posterior synechiae, 
inflammatory membranes, or cystoid macular edema 

Additional signs of active inflammation Fresh keratic precipitates, increased flare, and hypotony 

Complications representing cumulative 
damage 

Cataract, glaucoma/elevated intraocular pressure, hypotony, or sequelae of 
keratic precipitates (hyalinized spots or ghost keratic precipitates)§ 

Loss of control‡ Increase of anterior chamber cells to grade 1+ or more or new signs of inflamma- 
tion/complications of inflammation† 

New uveitis activity No history of prior uveitis or loss of control of previously controlled uveitis 

Systemic therapy Nonbiologic DMARDs and biologics 

* DMARDs = disease-modifying antirheumatic drugs; TNF = tumor necrosis factor. 

† Grade 1+ anterior chamber cells = 6–15 cells per field in a 1-mm × 1-mm slit beam. 

‡ Loss of control of uveitis, active uveitis, and complications can lead to partial or permanent vision loss. 

§ These are not reversible changes and should not be indications to change treatment in the absence of active inflammation. 
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patients with JIA, assisted with developing the scope of the 

project and refining PICO questions, reviewed the collated evi- 

dence, and voted on the recommendations; and 5) a Parent 

and Patient Panel, consisting of 9 adult patients with JIA and 2 

parents of children with JIA and uveitis, reviewed the collated 

evidence and provided input on their values and preferences, 

within the context of a separate voting meeting. Supplemen- 

tary Appendix 2 (available on the Arthritis Care & Research web 

site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23871/ 

abstract) presents rosters of the team and panel members. 

In accordance with ACR policy, the principal investigator and 

the leader of the Literature Review Team were free of potential 

conflicts of interest, and in all teams, >50% of the members 

were free of potential conflicts of interest. 

 

PICO question development and importance of 

outcomes. The Core Leadership Team drafted the initial proj- 

ect scope, key principles, and relevant clinical PICO questions. 

These were then presented to the guideline development groups 

for their review at a scoping face-to-face meeting in which the 

project plan was defined. GRADE criteria provided the frame- 

work for judging the overall quality of evidence (13). 

During the scoping meeting, the guideline scope, key terms, 

and definitions were discussed and agreed upon (Table 1). The 

Expert Panel chose the following 3 areas of focus: 1) ophthalmic 

screening for uveitis in children with JIA, 2) ophthalmic monitoring 

of established uveitis in children with JIA, and 3) use of topical 

and systemic glucocorticoids and systemic immunosuppressant 

medications to treat uveitis. This guideline pertains to children 

with JIA and either CAU or AAU. The Expert Panel defined “con- 

trolled uveitis” as an inactive OR grade of <1+ anterior chamber 

(AC) cells without new complications due to active inflammation 

per Standardization of Uveitis Nomenclature (SUN) criteria (16). 

“Loss of control” of uveitis was defined as an increase of AC cells 

to grade 1+ or more or new signs of inflammation/complications 

of inflammation. A grade of 1+ AC cells is 6–15 cells/field in a 

1-mm × 1-mm slit beam, as seen through a biomicroscope. The 

term “new uveitis activity” included either new activity in patients 

with no history of uveitis or recurrent activity in patients with loss 

of control of previously controlled uveitis. Complications due to 

active inflammation, additional signs of active inflammation, and 

complications representing cumulative damage were also defined 

(Table 1). Loss of control of uveitis, active uveitis, and complica- 

tions can lead to partial or permanent vision loss. 

Critical and important outcomes varied based on the type of 

recommendation (Table 2). Critical outcomes related to screening 

included new diagnosis of uveitis and new diagnosis of uveitis with 

any ocular complications (Table 2). Critical outcomes related to 

monitoring included loss of control of uveitis and new complica- 

tions due to inflammation. Critical outcomes related to medication 

use included loss of control of uveitis, incidence of loss of control 

of uveitis (rate or frequency of loss of control of uveitis, i.e., number 

Table 2. Critical and important outcomes* 
 

 
Screening 

Critical outcomes New diagnosis of uveitis 

New diagnosis of uveitis with 

ANY ocular complications 
 

 
Treatment 

Critical outcomes Loss of control of uveitis 

Incidence of loss of control of 
uveitis 

Control of uveitis at 1 month 
and 3 months 

New ocular glucocorticoid 

complications (cataracts, 
glaucoma/increased 
intraocular pressure, 
infection) 

New ocular complications due 
to inflammation 

Incident uveitis 

Recurrence of uveitis 

Important outcomes Side effects of systemic 

therapy 

Time to control of uveitis 

Time to loss of control of 
uveitis 

 
 

* Vary depending on the recommendation. 
 

 

of episodes over time), control of uveitis at 1 month and 3 months, 

new glucocorticoid-related ocular complications (cataracts, glau- 

coma/increased intraocular pressure [IOP], infection), and new 

ocular complications due to inflammation, incident uveitis, and 

recurrence of uveitis. Other important outcomes for monitoring 

were severity and level of inflammation and for medication use 

were side effects of systemic therapy, time to control of uveitis, 

and time to loss of control of uveitis. 

 

Synthesis of the literature and grading of the evi- 

dence. Systematic searches of the published English language 

literature included OVID Medline, PubMed, Embase, and the 

Cochrane Library (including Cochrane Database of System- 

atic Reviews, Database of Abstracts of Reviews of Effects, 

Cochrane Central Register of Controlled Trials, and Health 

Technology Assessments) from inception through June 12, 

2017 (see Supplementary Appendix 3, available on the Arthri- 

tis Care & Research web site at http://onlinelibrary.wiley.com/ 

doi/10.1002/acr.23871/abstract); updated searches were con- 

ducted on October 13, 2017. DistillerSR software (https://dis- 

Type of recommendation Outcome 

 

Critical outcomes 
 

 
 

Loss of control of uveitis 

New complications due to 
inflammation 

Severity/level of inflammation 
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tillercer.com/products/distillersr-systematic-reviewsoftware/) 

(Supplementary Appendix 4, available on the Arthritis Care & 

Research web site at http://onlinelibrary.wiley.com/doi/10.1002/ 

acr.23871/abstract) facilitated duplicate screening of literature 

search results. Reviewers entered extracted data into RevMan 

software (http://tech.cochrane.org/revman) and evaluated the 

risk of bias of primary studies using the Cochrane risk of bias tool 

(http://handbook.cochrane.org/). RevMan files were exported 

into GRADEpro software to formulate a GRADE summary of a 

table showing the GRADE summary of findings (see Supplemen- 

tary Appendix 5, available on the Arthritis Care & Research web 

site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23871/ 

abstract) for each PICO question (17). 

When data were available, the evidence summaries included 

the benefits and harms for outcomes of interest across studies, 

the relative effect (with effect size and 95% confidence interval), 

the number of participants, and the absolute effects. We rated the 

quality of evidence (also called certainty) for each critical and impor- 

tant outcome as high, moderate, low, or very low quality, taking 

into account risk of bias, inconsistency, indirectness, imprecision, 

and other considerations as per the GRADE recommendations. 

 

Moving from evidence to recommendations. GRADE 

methodology specifies that panels make recommendations 

based on the balance of benefits and harms, the quality of the evi- 

dence (i.e., confidence in effect estimates), and parents/patients’ 

values and preferences. Deciding on the balance between desir- 

able and undesirable outcomes requires estimating the relative 

value patients place on those outcomes. When the literature did 

not provide clear evidence, recommendations were based on the 

values/preferences input from the members of the Parent and 

Patient Panel and on the experience of the Voting Panel members 

(including physicians and the 2 patients present). 

 

Consensus building. The Voting Panel voted on the 

direction and strength of the recommendation related to each 

PICO question. Recommendations required a 70% level of 

agreement; if 70% agreement was not achieved during an initial 

vote, Voting Panel members held additional discussions before 

re-voting, including rewording of recommendations if needed, 

until consensus was attained (18). For all conditional recom- 

mendations, a written explanation is provided, describing the 

reasons for this decision and conditions under which the alter- 

native may be preferable. A second round of voting occurred 

after the face-to-face meeting for recommendations with addi- 

tional questions. In some instances, the Voting Panel combined 

PICO questions into 1 recommendation for clarity. Some PICO 

questions were dropped during the consensus meeting due to 

insufficient evidence to make a formal recommendation (see 

Supplementary Appendix 6, available on the Arthritis Care & 

Research web site at http://onlinelibrary.wiley.com/doi/10.1002/ 

acr.23871/abstract). 

Moving from recommendations to practice. These 

recommendations are designed to help health care providers 

work with parents/patients in selecting therapies. Health care 

providers and parents/patients must take into consideration all 

active disease domains, comorbidities, and the patient’s func- 

tional status when choosing the optimal therapy for an individual 

patient. 

 

RESULTS/RECOMMENDATIONS 

The literature searches retrieved 1,704 initial citations, 131 

duplications were removed, and 1,537 unique uveitis citations 

were identified. Full-length articles were abstracted and graded for 

evidence related to the 34 PICO questions. The available evidence 

was very low-quality for all PICO questions, mainly because of the 

lack of evidence and the indirectness of the evidence. Most arti- 

cles were based on observational studies, which are considered 

to be low-quality in the GRADE system. 

 

How to interpret the recommendations 

1. A strong recommendation means that the Voting Panel was 

confident that the desirable effects of following the recom- 

mendation outweigh the undesirable effects (or vice versa), 

so the course of action would apply to all or almost all pa- 

tients, and only a small proportion would not want to follow 

the recommendation. Due to the risk of ocular complication 

with resultant vision loss with irregular or infrequent monitor- 

ing, and because ophthalmic examinations are low-risk, all 

recommendations on ophthalmic monitoring examinations of 

children with uveitis were strong despite the very low qual- 

ity of evidence. Patients were concerned about the conse- 

quences of infrequent monitoring and agreed there was little 

disadvantage to monitoring, including the potential cost and 

inconvenience of frequent visits. 

2. A conditional recommendation means the Voting Panel be- 

lieved that the desirable effects of following the recommenda- 

tion probably outweigh the undesirable effects, so the course 

of action would apply to the majority of the patients, but 

some may not want to follow the recommendation. Because 

of patient preference and lack of strong evidence, conditional 

recommendations are preference-sensitive and always war- 

rant a shared decision-making approach. All of the treatment 

recommendations were conditional, except for 1 related to 

tapering topical glucocorticoids (Recommendation 18). 

3. All of the recommendations had a very low quality of evi- 

dence; thus, most of the recommendations are conditional. 

4. All of the recommendations are meant to apply to children 

with JIA at risk of and with associated uveitis, regardless of 

activity of arthritis and other manifestations of JIA. 

5. When deciding on the frequency of ophthalmic monitoring 

and treatment, close collaboration and communication be- 
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Table 3.  Recommendations for ophthalmic screening, ophthalmic monitoring, and treatment of children with JIA-associated uveitis* 

Recommendations for ophthalmic screening 

In children and adolescents with JIA at high risk of developing uveitis:† 

• Ophthalmic screening every 3 months is conditionally recommended (Recommendation 1, PICO 1). 

Recommendations for ophthalmic monitoring 

In children and adolescents with JIA and controlled uveitis who are: 

• Tapering or discontinuing topical glucocorticoids, ophthalmic monitoring within 1 month after each change of topical 
glucocorticoids is strongly recommended over monitoring less frequently (Recommendation 2, PICO 3). 

• On stable therapy, ophthalmic monitoring no less frequently than every 3 months is strongly recommended over monitoring 
less frequently (Recommendation 3, PICO 2). 

• Tapering or discontinuing systemic therapy, ophthalmic monitoring within 2 months of changing systemic therapy is strongly 

recommended over monitoring less frequently (Recommendation 4, PICO 4). 

Recommendations for glucocorticoid use 

In children and adolescents with JIA and active CAU: 

• Using prednisolone acetate 1% topical drops is conditionally recommended over difluprednate topical drops 
(Recommendation 5, PICO 10). 

• Adding or increasing topical glucocorticoids for short-term control is conditionally recommended over adding systemic 
glucocorticoids (Recommendation 6, PICO 11). 

In children and adolescents with JIA and CAU still requiring 1–2 drops/day of prednisolone acetate 1% (or equivalent) 

for uveitis control: 

• If not on systemic therapy, adding systemic therapy in order to taper topical glucocorticoids is conditionally recommended 
over not adding systemic therapy and maintaining topical glucocorticoids only (Recommendation 8, PICO 7). 

• If still requiring 1–2 drops/day of prednisolone acetate 1% (or equivalent) for at least 3 months and on systemic therapy, 
changing or escalating systemic therapy is conditionally recommended over maintaining current systemic therapy 
(Recommendation 9, PICO 8). 

In children and adolescents with JIA who develop new CAU activity despite stable systemic therapy:‡ 

• Topical glucocorticoids prior to changing/escalating systemic therapy is conditionally recommended over changing/escalating 
systemic therapy immediately (Recommendation 7, PICO 12). 

Recommendations for DMARDs and biologics 

In children and adolescents with JIA and active CAU who are/have: 

• Starting systemic treatment for uveitis, using subcutaneous methotrexate is conditionally recommended over oral metho- 
trexate (Recommendation 10, PICO 13). 

• Starting a TNFi, starting a monoclonal antibody TNFi is conditionally recommended over etanercept (Recommendation 12, 
PICO 15). 

• Severe active CAU and sight-threatening complications, starting methotrexate and a monoclonal antibody TNFi immediately 
is conditionally recommended over methotrexate as monotherapy (Recommendation 11, PICO 22). 

• Inadequate response to one monoclonal TNFi at standard JIA dose, escalating the dose and/or frequency of the monoclonal 
TNFi to above standard is conditionally recommended over switching to another monoclonal antibody TNFi 
(Recommendation 13, PICO 20). 

• Failed a first monoclonal antibody TNFi at above-standard dose and/or frequency, changing to another monoclonal antibody 
TNFi is conditionally recommended over a biologic in another category (Recommendation 14, PICO 21). 

• Failed methotrexate and 2 monoclonal antibody TNFi at above-standard dose and/or frequency, abatacept or tocilizumab are 
conditionally recommended as biologic DMARD options, and mycophenolate, leflunomide, or cyclosporine as alternative 
nonbiologic options (Recommendation 15, PICO 23). 

Recommendations for education about and treatment of AAU 

In children and adolescents with spondyloarthritis: 

• Strongly recommend education regarding the warning signs of AAU for the purpose of decreasing delay in treatment, 
duration of symptoms, or complications of iritis (Recommendation 16, PICO 32). 

• Well controlled with systemic immunosuppressive therapy (DMARD, biologics) who develop an isolated short-lived episode of 
AAU, conditionally recommend against switching systemic immunosuppressive therapy immediately in favor of treating with 
topical glucocorticoids first (Recommendation 17, PICO 34). 

(continued) 
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Table 3.  (Cont’d) 

Recommendations for tapering therapy for uveitis 

In children and adolescents with JIA and CAU that is controlled on systemic therapy but remain on 1–2 drops/day of 

prednisolone acetate 1% (or equivalent): 

• Tapering topical glucocorticoids first is strongly recommended over systemic therapy (Recommendation 18, PICO 6). 

In children and adolescents with JIA and uveitis that is well controlled on DMARD and biologic systemic therapy 
only: 

• Conditionally recommend that there be at least 2 years of well-controlled disease before tapering therapy (Recommendation 

19, PICO 29). 

* Each recommendation had very low quality level of evidence. JIA = juvenile idiopathic arthritis; PICO = Patient/Population, Intervention, 

Comparison, and Outcomes; CAU = chronic anterior uveitis; DMARDs = disease-modifying antirheumatic drugs; TNFi = tumor necrosis factor 

inhibitor; AAU = acute anterior uveitis. 

† High-risk children are those with oligoarthritis, polyarthritis (rheumatoid factor negative), psoriatic arthritis, or undifferentiated arthritis 

who are also antinuclear antibody positive, younger than 7 years of age at JIA onset, and have JIA duration of 4 years or less. 

‡ Definition of new CAU activity: no prior uveitis or loss of control of previously controlled uveitis. 

 

tween rheumatology and ophthalmology subspecialists is 

crucial. Points to consider include degree of ocular inflam- 

mation, presence of complications, use of topical glucocorti- 

coids, and level of IOP. 

6. Recommendations on topical glucocorticoids pertain to pred- 

nisolone acetate 1% or equivalent dosing with other types of 

topical glucocorticoids. 

7. Recommendations on systemic therapy pertain to nonbiolog- 

ic DMARDs and biologics and not systemic glucocorticoids. 

8. Recommendations that consider TNFi biologics pertain to 

etanercept, adalimumab, and infliximab only. Monoclonal 

antibody TNFi refers to adalimumab and infliximab, due to 

lack of data and experience with other agents (golimumab, 

certolizumab, or biosimilars) for uveitis in pediatric patients. 

Only adalimumab, infliximab, etanercept, abatacept, and to- 

cilizumab were discussed, because data on the use of other 

biologics for treatment of uveitis are lacking. 

 

Recommendation for ophthalmic screening of 

children with JIA (Table 3 and Figure 1A) 

Recommendation 1. In children and adolescents with JIA 

at high risk of developing uveitis, ophthalmic screening every 3 

months is conditionally recommended over screening at a differ- 

ent frequency. 

The Voting Panel agreed with combining the screening 

recommendations of the AAP Sections on Rheumatology and 

Ophthalmology and the German Uveitis in Childhood Study 

Group (German recommendations) (8,9). AAP recommenda- 

tions are based on the older classification scheme “juvenile 

rheumatoid arthritis,” which does not include ILAR categories 

of psoriatic JIA, enthesitis-related arthritis, and undifferentiated 

arthritis. The screening schedule suggested by the German rec- 

ommendations incorporates these categories and recommends 

screening high-risk children every 3 months, similar to the AAP 

recommendations. Based on the combined AAP and German 

recommendations, high-risk children are those with oligoarthri- 

tis, polyarthritis (rheumatoid factor negative), psoriatic arthritis, or 

undifferentiated arthritis who are also antinuclear antibody (ANA) 

positive, younger than 7 years of age at JIA onset, and have JIA 

duration of 4 years or less. Low- or moderate-risk children are 

those with high-risk JIA categories but who are ANA negative, 

age 7 years or older at JIA onset, or have JIA duration of more 

than 4 years, and those with systemic JIA, polyarthritis (rheu- 

matoid factor positive), and enthesitis-related arthritis. Low- or 

moderate-risk children should be screened every 6–12 months 

depending on their combination of risk factors. Because children 

who have enthesitis-related arthritis or are carrying the HLA–B27 

genotype are at risk of both AAU and CAU, they require screen- 

ing as well. This recommendation was conditional, based on the 

low quality of evidence, although several reports have described 

factors that increase the risk of developing uveitis (19–24). Some 

children have significant eye disease at the time of screening 

under the current schedule, but there is a lack of data show- 

ing that more frequent screening is beneficial. Patients and par- 

ents supported the recommended frequency of screening and 

expressed a desire for frequent screening. 

 

Recommendations for ophthalmic monitoring of 

children with JIA diagnosed with uveitis (Table 3 

and Figure 1B) 

Recommendation 2. In children and adolescents with 

JIA and controlled uveitis who are tapering or discontinuing 

topical glucocorticoids, ophthalmic monitoring within 1 month 

after each change of topical glucocorticoids is strongly recom- 

mended over monitoring less frequently. 

 

Recommendation 3. In children and adolescents with JIA 

and controlled uveitis on stable therapy, ophthalmic monitoring 
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Figure 1. A, Ophthalmic screening examinations (see also Table 1). B, Ophthalmic monitoring examinations (see also Table 3). No 

recommendations were made for patients with uncontrolled chronic anterior uveitis. Patient/Population, Intervention, Comparison, and 

Outcomes (PICO) questions are shown in brackets, and quality of evidence is shown in parentheses. JIA = juvenile idiopathic arthritis; RF = 

rheumatoid factor; ANA = antinuclear antibody. 

 

no less frequently than every 3 months is strongly recom- 

mended over monitoring less frequently. 

 

Recommendation 4. In children and adolescents with 

JIA and controlled uveitis who are tapering or discontinuing sys- 

temic therapy, ophthalmic monitoring within 2 months of chang- 

ing systemic therapy is strongly recommended over monitoring 

less frequently. 

The need for regular monitoring of children with estab- 

lished uveitis was emphasized. The Voting Panel recommends 

that children with controlled CAU on stable medication should 

be monitored at 3-month intervals, and those tapering or dis- 

continuing therapy should be monitored at intervals shorter than 

3 months, either within 1 month after each change in topical 

glucocorticoids, and within 2 months of a change in systemic 

therapy (Figure 1B). Although the quality of evidence was very 
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low, the recommendations for monitoring were strong due to 

the potential for harmful consequences of irregular or infrequent 

monitoring of children with CAU, which could lead to substan- 

tial loss of vision and ocular complications from undetected 

exacerbation of inflammation (20,25). Patients were generally 

concerned about the consequences of infrequent monitoring 

and agreed that there was little disadvantage to having fre- 

quent ophthalmic examinations. The Voting Panel agreed that 

the frequency of monitoring may be influenced by the half-life 

of the systemic therapy and by the expected time for efficacy. 

The Voting Panel was not able to reach consensus on a 

standard schedule of ophthalmic monitoring in children and 

adolescents with uncontrolled CAU; thus, no formal recom- 

mendation was made. The Voting Panel agreed, however, that 

regular monitoring is needed for uncontrolled uveitis, and that 

in most cases, examinations could occur at 2–6-week intervals 

tailored to the frequency of topical glucocorticoid administra- 

tion, IOP, degree of inflammation, and presence of complica- 

tions, as agreed on by the treatment team. 

 

Recommendations for glucocorticoid use (Table 3 

and Figure 2) 

Recommendation 5. In children and adolescents with JIA 

and active CAU, using prednisolone acetate 1% topical drops is 

conditionally recommended over difluprednate topical drops. 

 

Recommendation 6. In children and adolescents with JIA 

and active CAU, adding or increasing topical glucocorticoids for 

short-term control is conditionally recommended over adding sys- 

temic glucocorticoids. 

Frequent administration of topical glucocorticoids should be 

used as initial therapy to control inflammation, followed by taper- 

ing as soon as the AC cellular reaction comes under control. The 

recommendation was conditional based on the very low quality 

of evidence (26). Prednisolone acetate 1% topical drops are the 

preferred topical glucocorticoid based on better corneal pene- 

tration compared with other eye drops and the fact that there is 

less experience with difluprednate, which has an increased risk of 

glucocorticoid-induced IOP and cataract formation (27,28). How- 

ever, because long-term comparison data between both formu- 

lations are lacking, this recommendation was conditional. Patient 

compliance should be taken into consideration, because predni- 

solone acetate 1% requires more frequent administration due to its 

lower potency compared with difluprednate. The Voting Panel rec- 

ognized that in selected patients, systemic glucocorticoids can be 

used as short-term bridging therapy. The Voting Panel did not seek 

consensus to make a recommendation on the use of periocular or 

intraocular glucocorticoids. 

 

Recommendation 7. In children and adolescents with JIA 

who develop new CAU activity despite stable systemic therapy, 

topical glucocorticoids prior to changing/escalating systemic ther- 

apy is conditionally recommended over changing/escalating sys- 

temic therapy immediately. 

Initially, topical glucocorticoids should be given to children 

with uncontrolled uveitis, whether there is a new diagnosis or 

exacerbation of previously controlled uveitis, unless there is a con- 

traindication. Adding, changing, or escalating (increasing the dose 

or frequency) systemic therapy should be considered in those 

children who continue to require prednisolone acetate 1% 1–2 

drops/day (or equivalent) (Recommendations 8 and 9). This rec- 

ommendation was conditional based on very low quality of data. 

 

Recommendation 8. In children and adolescents with JIA 

and CAU still requiring 1–2 drops/day of prednisolone acetate 1% 

(or equivalent) for uveitis control, and not on systemic therapy, 

adding systemic therapy in order to taper topical glucocorticoids 

is conditionally recommended over not adding systemic therapy 

and maintaining on topical glucocorticoids only. 

The risk of elevated IOP and cataracts increases with greater 

frequency of administration of topical glucocorticoids (drops/day) 

and longer duration of therapy. Kothari et al found that topical 

glucocorticoids at a dosage of ≥2 drops/day was a strong risk 

factor for IOP elevation, which increased with a greater number 

of drops daily (29). Another retrospective cohort study showed 

that ≤3 drops/day of prednisolone is preferred to ≥4 drops/day to 

decrease the risk of developing cataracts (30). The Voting Panel 

recommends adding systemic DMARD therapy in children need- 

ing ongoing topical glucocorticoids to control uveitis, with the ulti- 

mate goal of discontinuation of topical glucocorticoids. These rec- 

ommendations were conditional due to very low quality of data, 

and because there may be reasons why a dosage of 1–2 drops/ 

day of topical prednisolone is unacceptable, such as the presence 

of complications from use of topical glucocorticoids, contraindica- 

tions to topical glucocorticoids, and difficulty in compliance with 

multiple drops per day. Nevertheless, prednisolone at a dosage of 

1–2 drops/day may be appropriate as monotherapy if there are no 

issues with ocular complications such as elevated IOP and cat- 

aracts, no difficulties with the use of topical glucocorticoids, and 

there is regular close follow-up with an ophthalmologist. 

Recommendation 9. In children and adolescents with JIA 

and CAU still requiring 1–2 drops/day of prednisolone acetate 1% 

(or equivalent) for at least 3 months and on systemic therapy for 

uveitis control, changing or escalating systemic therapy is condi- 

tionally recommended over maintaining current systemic therapy. 

The Voting Panel agreed on 3 months as the threshold for 

adding or changing systemic therapy in children who require topical 

glucocorticoids to maintain uveitis control. Nevertheless, changes 

in systemic therapy may be warranted earlier, depending on find- 

ings on the ocular examination, the duration of topical and systemic 

therapy, and the presence of existing complications. The recom- 

mendation was conditional because of the very low quality of the 

2
1

5
1

4
6

5
8
, 2

0
1

9
, 6

, D
o

w
n
lo

ad
ed

 fro
m

 h
ttp

s://acrjo
u
rn

als.o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0
2

/acr.2
3

8
7
1
 b

y
 C

o
ch

ran
e C

o
lo

m
b

ia, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [0

2
/0

3
/2

0
2
6
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d

itio
n

s) o
n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o

n
s L

icen
se 8686



712 | ANGELES-HAN ET AL 

 

 
 

 
 

 

 

Figure 2. Recommendations for topical glucocorticoids in patients with juvenile idiopathic arthritis (JIA) and chronic anterior uveitis (CAU) 

(see also Table 3). Systemic therapy is defined as disease-modifying antirheumatic drugs and biologics. Topical glucocorticoids refer to 

prednisolone acetate 1% (or equivalent). Doses of prednisolone acetate 1% greater than 1–2 drops/eye/day may be needed initially but 

increase the risk of ocular complications. Topical glucocorticoids should be used as short-term therapy (≤3 months). The goal is to discontinue 

topical glucocorticoid use, due to risk of glaucoma and cataracts. Periocular and intraocular injections are administered at the discretion of the 

treating ophthalmologist. The recommendation numbers are shown in brackets, and quality of evidence is shown in parentheses. * = In selected 

patients, systemic glucocorticoids can be used as short-term bridging therapy. † = Can escalate dose or frequency of current therapy; 3 months 

is the threshold for adding or changing systemic therapy in children who require topical glucocorticoids to maintain uveitis control. Changes in 

systemic therapy may be warranted earlier, depending on findings on the ocular examination, the duration of topical and systemic therapy, and 

the presence of existing complications. 

 

evidence, the variation in the severity of a child’s disease presenta- 

tion, child and family preference for topical medication over sys- 

temic therapy, and the specific systemic therapy being considered. 

 

Recommendations for DMARDS and biologics 

(Table 3) 

Recommendation 10. In children and adolescents with 

JIA and CAU who are starting systemic treatment for uveitis, using 

subcutaneous methotrexate is conditionally recommended over 

oral methotrexate. 

 

Recommendation 11. In children and adolescents with JIA 

with severe active CAU and sight-threating complications, start- 

ing methotrexate and a monoclonal antibody TNFi immediately is 

conditionally recommended over methotrexate as monotherapy. 

Methotrexate and monoclonal antibody TNFi are the 

mainstays of systemic treatment of uveitis. Subcutaneous 
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methotrexate was considered preferable to oral administration 

for uveitis, but this recommendation was conditional given the 

lack of strong data on differential efficacy and the notion that 

family preferences regarding the route of administration may dif- 

fer. In children with severe active uveitis and sight-threatening 

complications, combining methotrexate with a monoclonal anti- 

body TNFi at the time of initiation of systemic immunosuppres- 

sive treatment was recommended over methotrexate as mono- 

therapy. Severe uveitis could be considered as the presence of 

ocular structural complications due to uveitis or complications 

of topical steroid therapy (31). This recommendation was condi- 

tional based on the lack of direct evidence from studies, the risk 

of permanent vision loss, and anticipated differences in patient 

values and preferences. 

 

Recommendation 12. In children and adolescents with 

JIA and active CAU starting a TNFi, starting a monoclonal anti- 

body TNFi is conditionally recommended over etanercept. 

Monoclonal antibody TNFi, specifically adalimumab and 

infliximab, were conditionally recommended over etanercept for 

active CAU. Although there is a paucity of direct comparisons, a 

benefit of using monoclonal antibody TNFi has been shown. The 

Voting Panel was not able to make recommendations on the pre- 

ferred TNFi treatment for children with active JIA to prevent uveitis 

onset or for children with known CAU to prevent uveitis flares, due 

to lack of evidence (32–36). The Voting Panel also did not make a 

recommendation on preference between adalimumab and inflixi- 

mab for use as the initial TNFi. 

 

Recommendation 13. In children and adolescents with JIA 

and active CAU who have an inadequate response to 1 monoclo- 

nal antibody TNFi at standard JIA dose, escalating the dose and/ 

or frequency to above standard is conditionally recommended 

over switching to another monoclonal antibody TNFi. 

 

Recommendation 14. In children and adolescents with JIA 

and active CAU who have failed a first monoclonal antibody TNFi 

at above-standard dose and/or frequency, changing to another 

monoclonal antibody TNFi is conditionally recommended over a 

biologic in another category. 

Recommendations 13 and 14 assume that uveitis activity or 

severity guides therapy in the patient, irrespective of joint disease 

activity. The Voting Panel did not make a recommendation regard- 

ing preference between adalimumab and infliximab as a first-line 

TNFi or use of above-standard TNFi dosing at treatment initiation. 

For children treated with a monoclonal antibody TNFi 

at standard dosing for patients with JIA who have an inad- 

equate response to therapy, the Voting Panel condition- 

ally recommended escalating the dose and/or frequency to 

above-standard dosing used for arthritis prior to switching to 

another monoclonal antibody TNFi. Although consensus was 

not reached regarding a specific dose or frequency, doses as 

high as infliximab 20 mg/kg administered every 2 weeks and 

adalimumab weekly have been reported in observational stud- 

ies in children with JIA and uveitis (37–39). If treatment with an 

increased dose/frequency of the initial monoclonal antibody 

TNFi fails, the recommendation was to change to another 

monoclonal antibody TNFi prior to changing to a biologic agent 

in another category. These recommendations were conditional 

due to the very low quality evidence. 

 

Recommendation 15. In children and adolescents with 

JIA and active CAU who have failed methotrexate and 2 mono- 

clonal antibody TNFi at above-standard dose and/or frequency, 

the use of abatacept or tocilizumab as biologic DMARD options, 

and mycophenolate, leflunomide, or cyclosporine as alternative 

nonbiologic DMARD options is conditionally recommended. 

The quality of evidence for subsequent treatment in 

children who have failed methotrexate in combination with 

monoclonal antibody TNFi treatment is very low. Based on 

the current literature, recommended alternative nonbiologic 

options are mycophenolate mofetil (40), leflunomide (41), or 

cyclosporine (42), and recommended alternative biologic 

options are abatacept (43–45) or tocilizumab (46,47); how- 

ever, evidence supporting preference for a specific nonbio- 

logic or biologic DMARD, combination therapies, and timing 

of initiation beyond methotrexate, adalimumab, and infliximab 

is currently lacking. For clarity, several PICO questions were 

combined in this recommendation. 

 

Recommendations for education about and 

treatment of acute anterior uveitis (Table 3) 

Recommendation 16. In children and adolescents with 

spondyloarthritis, strongly recommend education regarding the 

warning signs of AAU for the purpose of decreasing delay in 

treatment, duration of symptoms, or complications of iritis. 

AAU is generally a manifestation in a subset of children who 

are HLA–B27 positive with enthesitis-related arthritis and in some 

cases of psoriatic arthritis. Although the quality of evidence was 

very low (no studies addressing these topics were identified), the 

Voting Panel strongly agreed, based on experience, that HLA– 

B27–positive patients with enthesitis-related arthritis or psoriatic 

arthritis and their families should be educated regarding warning 

signs of AAU, for the purpose of decreasing delay in treatment, 

duration of symptoms, or ocular complications. Signs include 

eye pain, redness, and photophobia. This recommendation was 

strong, because educating about a disease and warning signs is 

the standard of care. 

 

Recommendation 17. In children and adolescents with 

spondyloarthritis otherwise well controlled with systemic immuno- 

suppressive therapy (DMARDs, biologics) who develop AAU, condi- 

tionally recommend against switching systemic immunosuppressive 
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therapy immediately in favor of treating with topical glucocorticoids 

first. 

Because AAU episodes are typically of short duration 

and may be easily controlled with topical glucocorticoids, the 

Voting Panel conditionally recommended continuing the same 

systemic immunosuppressive therapy and treating with topical 

glucocorticoids at the initial development of AAU (48). During 

an isolated short-lived episode of AAU, an immediate esca- 

lation or change in underlying systemic therapy may not be 

necessary without trying a course of topical glucocorticoids 

first. This recommendation was conditional, because there is 

a lack of supporting data. Furthermore, frequent recurrent epi- 

sodes of AAU may prompt a change from a non–monoclonal 

antibody TNFi to a monoclonal antibody TNFi, or there may be 

ocular complications from use of topical glucocorticoids that 

require prompt adjustment of systemic treatment, to decrease 

exposure to glucocorticoid therapy. 

 

Recommendations for tapering therapy for 

uveitis (Table 3) 

Recommendation 18. In children and adolescents with JIA 

and CAU that is controlled on systemic therapy but who remain 

on 1–2 drops/day of prednisolone acetate 1% (or equivalent), 

tapering topical glucocorticoids first is strongly recommended 

over systemic therapy. 

There is very low quality of evidence for timing of tapering 

of topical glucocorticoids and systemic therapy (25,49,50). Some 

ophthalmologists feel that in selected cases, it is not possible to 

discontinue topical glucocorticoids altogether, despite attempts to 

do so, and the patients may continue to receive 1–2 drops/day for 

extended periods of time. Despite the very low quality of evidence, 

the Voting Panel strongly recommended attempting to taper top- 

ical glucocorticoids prior to tapering systemic therapy because of 

the secondary complications that can occur with prolonged and 

frequent use of glucocorticoids (29,30). Tapering of systemic ther- 

apy first may lead to the need for increased frequency of topical 

glucocorticoids for uveitis flares. 

 

Recommendation 19. In children and adolescents with 

uveitis that is well controlled on DMARD and biologic systemic 

therapy only, conditionally recommend that there be at least 2 

years of well-controlled disease before tapering therapy. 

The Voting Panel conditionally recommends attempted 

tapering of DMARD and biologic systemic therapy only after uve- 

itis has been well controlled for at least 2 years. Relapse-free 

survival after withdrawal of methotrexate was significantly longer 

in patients treated with methotrexate for more than 3 years and 

who had controlled uveitis for more than 2 years before the with- 

drawal (50). Duration of systemic therapy may be longer than 2 

years, because tapering should not begin until at least 2 years of 

uveitis control. Decisions to taper systemic therapy should also 
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take into consideration other JIA manifestations, including arthri- 

tis activity. 

 

DISCUSSION 

This 2019 ACR guideline provides direction on the screen- 

ing of children with JIA at risk of CAU, monitoring of children 

diagnosed with CAU, treatment with glucocorticoids, nonbio- 

logic DMARDs, and biologic DMARDs for CAU, and education 

and treatment of children with or at risk of AAU. Few uveitis prac- 

tice guidelines have a scope this broad (51–54). Although the 

quality of evidence was very low, and most recommendations 

were therefore conditional, this guideline fills an important clinical 

gap in the care of children with JIA-associated uveitis and may 

be updated as better evidence becomes available. 

Optimal care of children with uveitis requires careful and 

close collaboration among subspecialists, because, in most 

cases, ophthalmologists assess uveitis activity and ocular com- 

plications and provide topical therapy, and rheumatologists 

manage systemic treatment. Thus, the Voting Panel consisted 

of both pediatric rheumatologists and ophthalmologists with 

expertise in uveitis evaluation and management. We acknowl- 

edge that there were more pediatric rheumatologists than oph- 

thalmologists on the Voting Panel. However, both ophthalmolo- 

gists were active in the voting process and in all discussions that 

led to the final recommendations. 

A major limitation is the lack of good-quality evidence 

in children with JIA and uveitis. Only 1 well-conducted RCT 

on the use of adalimumab and methotrexate in children with 

JIA-associated uveitis was identified (11). This highlights the 

necessity for further studies in this population. We limited our 

recommendations to biologic DMARDs for which there were 

sufficient observational data and experience. Thus, biologics 

such as rituximab, golimumab, certolizumab, TNFi biosimi- 

lars, and the nonbiologic drug tofacitinib were not considered. 

These agents may be included in future guidelines. Although 

we based our recommendations on studies that focused on 

the treatment of uveitis specifically, it is difficult to separate 

treatment of arthritis and CAU in studies. Also, cost was not 

formally taken into consideration in the guideline. There was 

heavy reliance on 1 high-quality RCT for the guideline (11), and 

due to the lack of controlled trial data, most recommendations 

relied on expert opinion. There is an urgent need for RCTs in 

children with JIA-associated uveitis, which will better inform 

treatment decisions in this population. In addition, further 

investigations are needed on the role of antidrug antibodies, 

long-term ophthalmic screening in children with JIA, and drug 

tapering in children with refractory uveitis. As more evidence 

becomes available, these can inform future guidelines. 

In summary, these recommendations provide guidance on 

the evaluation and management of children at risk of and those 

with JIA-associated uveitis by rheumatology and ophthalmology 
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experts, current literature, and patient and parent preferences and 

values, using state-of-the-art GRADE methodology. Persistent 

uncontrolled uveitis leads to sight-threatening ocular complica- 

tions and permanent vision loss. The ultimate goal is to maintain 

optimal vision and ocular health in children with uveitis by limiting 

the duration of ocular inflammation, minimizing exposure to long- 

term topical glucocorticoids through the expedited use of sys- 

temic medications, and preventing secondary ocular sequelae. 
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Abstract Uveitis in juvenile idiopathic arthritis (JIA) is 

frequently associated with the development of complica- 

tions and visual loss. Topical corticosteroids are the first- 

choice therapy, and immunosuppression is commonly used. 

However, treatment has not been standardized. Represen- 

tatives  from  the  German  Ophthalmological  Society, 

 

Guidelines of the German Ophthalmological Society (DOG) and the 

Society for Childhood and Adolescent Rheumatology (GKJR) in 

collaboration with the following professional societies: Working 

group of the Scientific Medical Specialty Societies (AWMF), 

Professional Association of Ophthalmologists (BVA), German 

Society for Rheumatology (DGRh), Parents’ Association for Children 

with Uveitis and Their Families. 
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Society for Childhood and Adolescent Rheumatology, and 

the German Society for Rheumatology reached consensus 

on a standardized treatment strategy according to disease 

severity in the individual patient. The recommendations 

were based on a systematic literature analysis in 

MEDLINE and consensus expert meetings. Evidence and 

recommendations were graded, and an algorithm for anti- 

inflammatory treatment and final statements confirmed in a 

Delphi method. An interdisciplinary, evidence-based 

treatment guideline for JIA uveitis is presented. 
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Preliminary comments 

 

Uveitis in childhood can develop in conjunction with var- 

ious inflammatory rheumatic diseases, and in particular 

with juvenile idiopathic arthritis (JIA). Indeed, chronic 

forms of these diseases are frequently associated with 

visual deterioration. In previous patient cohorts, the rate of 

blindness was high (up to 30%); however, this can be 

significantly reduced if screening is adequate and all cur- 

rently available forms of treatment are exhausted [1, 2]. 

Nonetheless, compared to forms of uveitis that develop in 

adulthood, the risk of irreparable damage and the associ- 

ated reduction in quality of life is still very high for chil- 

dren with JIA-associated uveitis. Thus, it is particularly 

important that these patients receive adequate treatment 

early on before permanent damage has developed. 

Currently available studies of uveitis in patients with 

childhood arthritis have established certain clinical and 

laboratory parameters as prognostic factors. Long-term 

complications and a poor visual course were found par- 

ticularly frequently if vision was poor at first presentation 

(\20/60), inflammatory activity was high at first diagnosis 

of uveitis, cataracts had formed, uveitis onset before 

arthritis had developed, interval between the onset of 

arthritis and uveitis was short (\6 months), early onset of 

disease, long duration of uveitis, macular edema, dense 

vitreous opacity, ocular hypotony, and glaucoma [1, 3–18]. 

The presence of complications at initial diagnosis rep- 

resents an important prognostic criterion for further com- 

plications to develop [19], and a long period of chronic 

inflammation seems to be particularly critical. Even a low 

number of cells in the anterior chamber ([0.5+) is then 

associated with an increased risk of loss in visual acuity 

[16]. 

According to these studies, early diagnosis is highly 

important for long-term prognosis (evidence and recom- 

mendation level IIIA). Therefore, close screening should 

be commenced directly after arthritis has appeared. The 

screening intervals recommended to date in these studies 

are oriented on the incidence of uveitis for the various 

arthritis subtypes, presence of antinuclear antibodies 

(ANA), duration of arthritis, and the typical signs of uveitis 

(symptoms, red and painful versus no symptoms on the 

external white of the eye [19, 20]. Although no controlled 

studies have been conducted, the findings published prior 

to the screening era and before immunosuppressive drugs 

were used suggest that for a severe course of disease, the 

long-term prognosis can be improved by appropriate 

screening and the use of these substances. 

 

 

Aims/goals 

 

The treatment of uveitis in patients with JIA has not been 

standardized; therefore, the aim of the present guideline is 
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to develop a standardized, state-of-the-art, and qualitatively 

high treatment strategy according to disease severity in the 

individual patient that is based on the current literature and 

expert consensus. To that end, we defined the following 

goals: improve patient care, implement the current status of 

evidence-based medicine on the subject of uveitis, establish 

reasonable diagnostic and screening intervals, and develop 

a treatment algorithm that includes a flow diagram and 

facilitates patient care in interdisciplinary networks. 

 

 

Methods 

 

These guidelines were based on the consensus statements 

for the treatment of JIA-associated uveitis from 2004 [21] 

and for ‘‘rheumatic uveitis’’ from 2007 [22] and the treat- 

ment of JIA [23]. Representatives from the specialty 

societies DOG, GKJR, and DGRh and from patient groups 

joined forces to develop these guidelines. The methodo- 

logical concept followed the German Instrument for 

Methodological Guideline Appraisal (DELBI [24, 25]). 

The guidelines coordinators (AH, TN, and CS) con- 

ducted a systematic search of the literature on the subject 

of ‘‘anti-inflammatory treatment of uveitis associated with 

juvenile idiopathic arthritis’’. 

German and English were taken as publication lan- 

guages. For the MEDLINE search, we employed the terms 

‘‘juvenile idiopathic arthritis’’ (including the ACR und 

EULAR classifications) und ‘‘uveitis and therapy’’. During 

the last years, numerous classifications for rheumatic dis- 

eases of childhood were employed; therefore, we included 

the International League of Associations for Rheumatology 

[26] classification, American College of Rheumatology 

[27], and European League Against Rheumatism [28, 29] 

classifications and extended the search terms to incorporate 

juvenile rheumatoid arthritis (ACR) and juvenile chronic 

arthritis (EULAR). Furthermore, the term iridocyclitis, 

which was frequently used before the current standardiza- 

tion of uveitis nomenclature [30] of anterior uveitis was 

implemented, was added to the search terms. Owing to the 

insufficient body of evidence on the subject, we considered 

publications from the past 15 years. 

On the reference date 15 November 2009, 305 publi- 

cations were found (Table 1). Restricting the search to 

‘‘humans’’ reduced the number of publications to 198. The 

results were assessed for plausibility and completeness. 

The primary literature was then graded concerning 

evidence and recommendations (Tables 2, 3). For the 

various treatment measures, evidence tables were created 

(Tables 4, 5, 6, 7). Using an algorithm of frequently used 

courses of therapy as orientation, we developed key rec- 

ommendations with graded levels of evidence and recom- 

mendation and drafted corresponding texts and guideline 

Table 1 Evidence-based, interdisciplinary guidelines for anti- 

inflammatory treatment of uveitis associated with juvenile idiopathic 

arthritis 
 

Key words Publications (N) 

Juvenile idiopathic (rheumatoid and chronic) 305 

arthritis and uveitis (iridocyclitis) and therapy 
 

Limits: humans, published in the last 15 years 198 

Limits: corticosteroids 32 

Limits: nonsteroidal anti-inflammatory drugs 21 

Limits: cyclophospamide 3 

Limits: chlorambucil 3 

Limits: methotrexate 41 

Limits: cyclosporine 14 

Limits: azathioprine 7 

Limits: TNF-alpha inhibitors 33 

PUBMED literature search (www.ncbi.nlm.nih.gov). ‘‘Manually’’ 

excluded: diagnostic studies, juvenile idiopathic arthritis, surgery, 

extraocular manifestations, and intermediate and posterior uveitis 

 

Table 2 Evidence-based, interdisciplinary guidelines for anti- 

inflammatory treatment of uveitis associated with juvenile idiopathic 

arthritis 
 

Level  Evidence 
 

I [1 randomized, controlled study (RCT) of good quality 

II Single RCT, [1 controlled, but nonrandomized study or [1 

RCT of poorer quality 

Cohort or case–control study preferred from more than one 

research group or from more than one center 

Observations showing a very clear effect in noncontrolled 

studies 

III Expert opinion, clinical experience, or descriptive studies, 

cohort- or case–control studies of poorer quality 
 

 

 

Table 3 Evidence-based, interdisciplinary guidelines for anti- 

inflammatory treatment of uveitis associated with juvenile idiopathic 

arthritis 
 

Level Recommendation 
 

A Strong recommendation 

B Recommendation 

0 Open 
 

 

synopses for clinical questions that had been adequately 

addressed. These were distributed to all conference par- 

ticipants beforehand. 

The 1-day consensus conference took place on 5 Feb- 

ruary 2010 in Muenster, Germany, headed by Prof. I. Kopp 

(AWMF) and Prof. A. Heiligenhaus with a 92% partici- 

pation. After thorough discussion during the conference, 

the key statements were reworked and a consensus for- 

mulated. By subsequently employing a Delphi procedure, 
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Table 4 Evidence-based, interdisciplinary guidelines for anti-inflammatory treatment of uveitis associated with juvenile idiopathic arthritis 

(nonsteroidal antiphlogistics) 
 

Drug Dosage Comment Level of evidence 

and recommendation 

Reference 

Topical   IB  

Indomethacin 2–3× Low efficacy compared to corticosteroids  [38–40] 

Diclofenac 

Ketorolac 

2–3× 

2–3× 

Low efficacy compared to corticosteroids 

Low efficacy compared to corticosteroids 

 [41] 

trometamole 

Tolmetine [34, 39] 

Systemic# III0 

Diclofenac 2–3 mg/kg body weight/day in 3 

doses; 1 single dose possible 

Ibuprofen 20–40 mg/kg body weight/day 

in 3–4 doses 

Indomethacin 1–3 mg/kg body weight/day 

in 2–3 doses 

Naproxen 10–15 mg/kg body weight/day 

in 2 doses 

# none of these drugs approved for this indication 

The long half-life of the retard drugs is beneficial. 

Low efficacy compared to corticosteroids 

Availability as suspension is beneficial. 

Low efficacy compared to corticosteroids 

Availability as suspension is beneficial. 

Low efficacy compared to corticosteroids 

Low efficacy compared to corticosteroids 

[40] 

 

the free text for the guidelines and the algorithms were 

discussed again and formally approved by a vote. 

All individuals who were involved in developing the 

guidelines declared that they had no financial or other 

conflicts of interest that would systematically affect the 

content of the guidelines. The process for developing the 

guidelines was financially supported by DOG and GKJR. 

 

 

Anti-inflammatory therapy 

 

Treatment of patients with uveitis and inflammatory rheu- 

matic diseases is not curative; these individuals can only 

receive symptomatic treatment to suppress the inflamma- 

tion. Therefore, attempts to ‘‘eradicate the disease focus’’ 

such as by extracting teeth are superfluous unless the teeth 

actually require treatment because of specific findings 

(IIIA). The objectives of treatment are to manage acute 

episodes or complications, treat the systemic underlying 

disease, give prophylaxis for recurrence and complications, 

avoid undesirable drug effects, and preserve vision. 

 

 

Basic treatment principles 

 

Uveitis is treated with respect to inflammatory activity, 

complications, and risk factors for losing visual acuity. For 

medical treatment, the underlying inflammatory rheumatic 

disease must also be taken into consideration. ANA-positive 

patients with chronic anterior uveitis who have not previ- 

ously shown any clinical signs of an inflammatory rheumatic 

disease should be treated like patients with JIA-associated 

uveitis as the two conditions are highly comparable (con- 

sensus group, evidence and recommendation level III0). 

It is recommended that treatment comprises three phases 

(see Fig. 1). This is based on the evidence for or against a 

treatment according to the literature (Tables 2, 3) and on 

consensus from the guidelines group concerning preferred 

clinical treatment strategies. Information about the preferred 

therapy is presented. Key statements are listed in Table 8. 

Diagnosis and treatment should best be jointly planned 

and monitored by the ophthalmologist and pediatrician 

(pediatric rheumatologist). The ophthalmologist is respon- 

sible for giving local treatment, recommending further 

systemic anti-inflammatory treatment of uveitis, and treat- 

ing possible complications. 

Patients with chronically active and severe uveitis 

should be referred to physicians who are competent in 

treating JIA-associated uveitis (in particular at uveitis 

centers with core expertise). If systemic immunosuppres- 

sion is required, this should be given and monitored by an 

experienced pediatric rheumatologist upon the advice of an 

ophthamology specialist. For JIA therapy, we refer to the 

corresponding interdisciplinary S2 guidelines [23]. 

 

Managing a relapse of uveitis 

 

Clearing uveitis with and without corticosteroid treatment 

 

A prospective, randomized, double-blind study showed that 

a relapse of uveitis clears better by using local corticoste- 

roids than placebo [31]. Thus, active uveitis should be 
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Table 5 Evidence-based, interdisciplinary guidelines for anti-inflammatory treatment of uveitis associated with juvenile idiopathic arthritis 

(Corticosteroids) 
 

Drug Dosage Comment Level of 

evidence and 

recommendation 

Reference 

Topical#   IA  

Prednisolone acetate 1% 1 × up to hourly High efficacy, high risk of glaucoma  [39, 46] 

Dexamethasone phosphate 0.1% 1 × up to hourly High efficacy; high risk of glaucoma   

Rimexolone 1% 

Subconjunctival or orbital 

1 × up to 5× Moderately effective  
IIIA 

[45, 46] 

floor injections 

Dexamethasone phosphate 2–4 mg Effective 1–3 days 

Triamcinolone acetonide 20–40 mg Effective 1–2 months 

Intravitreal injections III0 

Triamcinolone acetonide 2–4 mg Effective 1–2 months [101–104] 

Systemic# IIIA [35] 

Oral high-dose therapy ≥1–2 mg/kg body weight/ 

day prednisolone 

equivalent 

Oral medium-dose therapy 0.2 and \1.0 mg/kg body 

weight/day prednisolone 

equivalent 

Oral low-dose therapy ≤0.15 mg/kg body weight/ 

day prednisolone 

equivalent 

Intravenous pulse therapy Normally 20–30 mg/body 

weight intravenous 

methylprednisolone (max. 

1 g/dose) for 1–3 days 

 
# approved treatment for this indication 

For a treatment duration of several weeks, 

relevant side effects can always be expected 

with respect to the cumulative drug dose 

For a treatment duration of several weeks, 

relevant side effects can always be expected 

with respect to the cumulative drug dose 

Long-term side effects low; individually 

different side effects, growth retardation 

rare 

At intervals of ≥4 weeks lower long-term 

risk of side effects than for oral medium-or 

high-dose therapy; possibly indicated for 

ocular hypotony, vitreous body opacity and 

macular edema 

 

 

 

 

 

 

 

 

 

 

[43] 

 

treated accordingly (IA) and commenced as early as 

possible. 

The relevant criteria for assessing the efficacy of anti- 

inflammatory treatment are presently the subject of con- 

troversial debate. According to the recommendations of the 

Multinational Interdisciplinary Working Group for Uveitis 

in Childhood (MIWGUC), it is important—in addition to 

determining cells in the anterior chamber—to assess 

structural complications in the eye. 

 

Indications for anti-inflammatory treatment 

 

The goal of treating typical JIA-associated anterior uveitis 

should be ‘‘no cells in the anterior chamber.’’ Treatment 

should be initiated when [0.5+ cells are present [16, 30]. 

Fibrin formation in the anterior chamber and keratocytic 

precipitates with corneal edema and loss of visual acuity 

also require treatment. The question of whether the pres- 

ence of only endothelial precipitates or a positive Tyndall 

effect is important for therapeutic decision making is 

presently being controversially debated. Alone, however, 

they do not represent a clear indication for treatment. 

Increased flare values indicate a disorder in the blood- 

aqueous fluid barrier and correlate with presence of com- 

plications and a poor visual outcome [32]. 

Should prognostic factors for threatening loss of vision 

be confirmed, anti-inflammatory treatment should be 

intensified. According to comprehensive studies, these 

factors include poor initial vision, ocular hypotony, glau- 

coma, cataract, macular edema, and dense vitreous body 

opacification ([2+) [1–18, 33] (consensus group, IIIB). 

Evidence of band keratopathy, synechiae, cataract, or 

glaucoma in inactive uveitis does not per se comprise an 

indication for anti-inflammatory therapy (consensus group, 

IIIA). Associated with persisting inflammation, however, 

these symptoms indicate severe disease and immunosup- 

pression is recommended (consensus group, IIIA). 

In contrast, macular edema, ocular hypotony, and rubeosis 

iridis require that anti-inflammatory treatment be initiated or 

intensified even if no cells are detected in the anterior chamber 

as these conditions are often associated with chronic inflam- 

mation of the affected tissue (consensus group, IIIA). 
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Table 6 Evidence-based, interdisciplinary guidelines for anti-inflammatory treatment of uveitis associated with juvenile idiopathic arthritis 

(immunosuppressive drugs) 
 

Drug Dosage Comment Level of evidence 

and recommendation 

Reference 

Methotrexate 10–15 mg/m2 week Oral or subcutaneous IIIA [48, 52–59] 

 

Cyclosporine A ≤3 mg/kg body 

weight/day in 2 doses 

administration 

Gel capsules or syrup III0 for monotherapy [67, 69] 

IIIB for combination 

therapy 

[65, 66, 

68, 71] 

Azathioprine 2–3 mg/kg body weight/day Thiopurine methyltransferase 

levels should be determined to 

prevent severe hematotoxicity 

IIIB [62–64] 

Mycofenolate 

mofetil 

500–2,000 mg/day in 2 doses III0 [78–80] 

Sulfasalazine 500–2,000 mg/day in 2 doses II0 for HLA-B27- 

positive patients 

[81–83] 

Chlorambucil 1–1.5 mg/kg body weight/day High rate of adverse effects, 

thus not recommended 

IIIA [76, 77] 

 
 

# none of these drugs approved for this indication 

 

 

Table 7 Evidence-based, interdisciplinary guidelines for anti-inflammatory treatment of uveitis associated with juvenile idiopathic arthritis 

(TNF-alpha inhibitors) 
 

Drug Dosage Comment Level of evidence 

and recommendation 

Reference 

Adalimumab 24 mg/m2 at 4–13 years 

or ≥ 14 years 40 mg 

every 2 weeks 

Subcutaneous injection; currently, preferred 

TNF-alpha inhibitor 

IIIA [74, 93, 105] 

Infliximab 5–10 mg/kg body weight 

every 2–8 weeks 

Intravenous administration; intensive care 

required because of possible reaction to the 

infusion. Currently, second-choice TNF- 

alpha inhibitor 

IIA [85–91, 95, 96, 105] 

Etanercept 0.4 mg/kg body weight 

2×/week or 0.8 mg/kg 

1×/week 

Subcutaneous injections; occasionally 

associated with first presentation or 

worsening of uveitis; thus, only limited 

recommendation 

I0 [85, 90, 97, 99, 100] 

# none of these drugs approved for this indication 

 

Algorithm for anti-inflammatory treatment 

 

Treatment step 1 

 

Topical corticosteroids High-potency glucocorticoids are 

more efficacious than low-potency preparations [31–35]; 

therefore, the high-potency drugs, such as prednisolone 

acetate 1% or dexamethasone 0.1%, should be used and not 

the low-potency alternatives, such as rimoxolone (con- 

sensus group IIIA). To prevent amblyopia (children under 

the age of 7 are at high risk), drops should be instilled when 

the children are awake and ointment applied for the night 

(consensus group IIIA). 

In the first 3 days of a relapse, the drops should be 

applied frequently during the waking hours. How often the 

drops are instilled should be adapted to the severity of the 

inflammation (anterior chamber cells, fibrin, new synech- 

iae), every 2 h or even hourly. The dosage should then be 

reduced within 6 weeks, according to the degree of 

inflammation (consensus group IIIA). 

Even children who are being treated with topical 

corticosteroids need to be monitored for possible sys- 

temic adverse effects (e.g., Cushing syndrome). This 

risk increases with bilateral and high dosages (e.g., 

hourly) of high-potency corticosteroids (e.g., predniso- 

lone  1%),  particularly  in  young  children  (under 

4 years) [36, 37]. 

 

Nonsteroidal antiphlogistics Topical nonsteroidal anti- 

phlogistics play only a minor role in treating uveitis. Two 
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Topical corticosteroids 
(prednisolone acetate 1%) 

 3 drops in addition, dosage as low as 

possible, according to individual needs# 

 
 

Dosage: 2-3mg/kg orally 

 

Dosage: 10-15 mg/m2 – week sc, orally 

(preferred immunsuppressive drug) 

inactivity 

No inactivity or reactivation at dosage > 3 drops or 0.15mg/kg prednisolone or new inflammation-related complications 

inactivity 

 
(prednisolone) 

Dosage: initially 1-2 mg/kg, 

tapering-off to  0.15 mg/kg within 4 weeks, 

Drug use should be limited to 3 months. 

Or iv pulse with methylprednisolone 20-30mg/kg 

 
(prednisolone acetate 1%) 

Dosage: relapse#: days 1-3: 1-2-hourly, 

then dose reduction according to degree of inflammation 

inactivity 

not 

present 

 

 

Topical corticosteroids 
(prednisolone acetate 1%) 

Dosage: 

relapse#: days 1-3: 1-2-hourly, 

then dose reduction according 

to degree of inflammation 

Adalimumab 
Dosage: 24mg/m2 sc 

every 2 weeks 

(preferred TNF- inhibitor) 

Topical corticosteroids 
(prednisolone acetate 1%) 

 3 drops in addition, dosage as low as 

possible, according to individual needs# 

Infliximab
Dosage: 3-10mg/kg iv 

every 4-8 weeks 

Active uveitis 

Step II: after 12 weeks (or earlier when required) 

No inactivity or reactivation or new inflammation-related complications 

Step III : after 16 weeks (or earlier when required) in addition: 

 
Anti-inflammatory therapy of uveitis associated with juvenile idiopathic arthritis 

 

 

 
 

Prognostic factors for 

impending loss of vision: 

poor initial vision, hypotony, 

glaucoma, cataract, macular 
edema, dense vitreous opacities 

  

present 

 

 

 

 

 

 

 

 

 
or 

 

 

 

 

 

 

 

 

 

 

or or 

 

 

 

 

 

 

 

 

 

Fig. 1 Evidence-based, interdisciplinary guidelines for anti-inflammatory treatment of uveitis associated with juvenile idiopathic arthritis. 

Algorithm for anti-inflammatory treatment 
 

randomized, controlled studies showed that topical treat- 

ment using nonsteroidal antiphlogistics was effective, but 

not as good as topical corticosteroids for treating mild, 

acute uveitis [34, 38, 39] (IB). Therefore, treating uveitis 

attacks with nonsteroidal antiphlogistics alone is not rec- 

ommended (IB). Systemic nonsteroidal antiphlogistics were 

also reported to be less efficacious than high-potency top- 

ical corticosteroids [8, 40, 41] (III0). All these studies were 

conducted in adults and not in children with JIA uveitis. In 

summary, nonsteroidal antiphlogistics could only be rec- 

ommended as adjuvant medication in cases of low numbers 

of cells (≤1+) in the anterior chamber. 
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Table 8 Evidence-based, interdisciplinary guidelines for anti-inflammatory treatment of uveitis associated with juvenile idiopathic arthritis 

(Key statements) 
 

1. Active uveitis must be treated (IA) 

2. Topical corticosteroids should be used initially to treat active anterior uveitis (IA) 

3. Topical and systemic nonsteroidal antiphlogistics should not be used alone to treat active anterior uveitis (IB) 

4. For severe, active uveitis presenting with prognostic factors indicating uveitis-related, impending loss of vision (poor vision at initial 

presentation, hypotony, glaucoma, cataract, macular edema, or dense vitreous body opacification), systemic corticosteroids should be 

considered for a limited period of a few weeks in addition to topical therapy (IIIA) 

5. For chronic anterior uveitis, the dosage of topical corticosteroids should be as low as possible, according to the needs of the individual 

patient. If inactivity is achieved by maintenance therapy ≤3 drops daily within 3 months, systemic immunosuppressive treatment is not 

required (lIIIA) 

6. Systemic immunosuppression should be initiated if inactivity cannot be achieved under topical corticosteroids ≤3 drops and/or within 

3 months while under systemic maintenance corticosteroid therapy (0.15 mg kg/body weight/day prednisolone equivalent) or if undesired 

adverse effects of the corticosteroids or new inflammation-related complications of uveitis develop. For a very severe course of uveitis, a 

correspondingly shorter interval can be chosen (IIIA) 

7. If inactivity cannot be achieved in the eyes after a maximum of 16 weeks of treatment with one immunosuppressive drug and topical 

corticosteroid therapy ≤3 drops daily or if new inflammation-related complications of uveitis develop, another immunosuppressive drug 

(e.g., cyclosporin A) or a biological (e.g., adalimumab) should be added to the regimen. For a very severe course of uveitis, a 

correspondingly shorter interval can be chosen (IIA) 

8. If immunosuppressive drugs are administered, the physician should have experience in administering and monitoring treatment with the 

respective drug (IIIA) 

9. For severe uni- or bilaterally active uveitis associated with prognostic factors indicating uveitis-related, impending loss of vision (hypotony, 

macular edema, or dense vitreous body opacification), corticosteroid injections to the eye can be considered as ‘‘rescue therapy’’ (III0) 

10. To prevent or treat posterior synechiae associated with active anterior uveitis, cycloplegics should be administered (IIIA) 
 

 

 

Systemic corticosteroids Oral administration of cortico- 

steroids is generally less effective in reducing the number 

of anterior chamber cells than frequently instilling eye 

drops ([8,42], consensus group) (see Table 8). Oral treat- 

ment with corticosteroids such as prednisolone is normally 

initially administered at a dose of 1–2 mg/kg body weight 

(consensus group, IIIA). Alternatively, high-dose intrave- 

nous administration of  methylprednisolone (dosage 

20–30 mg/kg for 3 days) can be considered [35, 43] (IIIA). 

When children receive systemic corticosteroid treat- 

ment, not only do the numerous known complications need 

to be taken into consideration (e.g., increase in intraocular 

pressure, cataracts, weight increase, and diabetic metabo- 

lism situation) but also growth retardation. Therefore, the 

dose should be tapered to under 0.15 mg/kg body weight 

within 4 weeks and drug use be limited to 3 months. The 

development of intraocular pressure is dose dependent 

under systemic corticosteroid treatment, and secondary 

development of cataract is subject to individual propensity 

for this condition [17, 35, 44]. 

 

Treatment of chronic or chronic, recurring uveitis 

 

For chronic or chronic, recurring uveitis, treatment with 

higher-potency corticosteroid eye drops should be initiated 

(e.g., prednisolone acetate 1%; IA). After 4–6 weeks, the 

patient can be switched to less effective drugs (hence, 

drugs causing fewer adverse effects: e.g., rimexolone) [35, 

45, 46] (IA). In individual cases, the lesser efficacy of the 

anti-inflammatory preparations needs to be weighed 

against the problems associated with more frequent appli- 

cation and compliance. 

In many children, chronic irritation can often be stabi- 

lized with topical corticosteroids alone. Frequently, how- 

ever, long-term treatment over several years is required [3, 

42] (consensus group IIIA). 

If high-dose treatment with eye drops is given for several 

months, the risk of typical adverse effects increases. The 

individual propensity for this, however, varies highly. Cur- 

rently, it is presumed that three doses of drug (e.g., pred- 

nisolone acetate 1% or dexamethasone 0.1%) daily over 

several months per year are associated with an increased risk 

of cataract and glaucoma [47]. Therefore, we should strive to 

give the lowest possible dose. During periods with inactivity, 

it may be sufficient to give the drops once daily on alternating 

days. Corticosteroid treatment should not be ended abruptly 

in order to avoid a rebound effect. 

In cases of aphakia or pseudophakia, it may be possible, 

or even necessary, to give more generous dosages of top- 

ical corticosteroids (e.g., to decrease the number of giant 

cells on the intraocular lens) as long as the intraocular 

pressure does not increase. 

Rimexolone may be effective in cases of steroid-induced 

ocular hypertension, but compared to prednisolone acetate 

1% and dexamethasone 0.1%, it shows a lower anti- 

inflammatory effect [35, 45] (IA). 
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The course of the inflammation decides whether low- 

dose maintenance treatment is needed. The dosage and 

choice of corticosteroid should be based on the individual 

circumstances. If inactivity can be achieved, further steps 

are not required for the time being. 

 

Treatment step II 

 

If the inflammation in the eyes has not resolved within 

12 weeks (even sooner after clinical judgement) under 

treatment with topical corticosteroids maximally 3 times 

daily or in cases of recurring uveitis under a systemic 

corticosteroid dosage of more than 0.15 mg/kg body 

weight or if new uveitis complications develop, the anti- 

inflammatory treatment needs to be intensified and immu- 

nosuppressives and/or biologicals added to the regimen. 

 

Treatment with immunosuppressives and biologicals If 

uveitis persists after all the aforementioned drugs have been 

tried or if uveitis recurs under a high dose of corticosteroids 

and severe, undesired adverse effects of the drug develop, 

treatment with immunosuppressives should be initiated. 

According to current knowledge, biologicals should not be 

given before trying the classic immunosuppressives. 

It has been repeatedly shown that immunosuppressives can 

clear uveitis and have a corticosteroid-sparing effect. Despite 

frequently expressed reservations, these drugs are associated 

with a low rate of adverse effects if used adequately and 

monitored [48–50]. By using immunosuppressive treatment, 

visual prognosis and rate of complications could be improved 

in JIA-associated uveitis [13, 51]. Although corticosteroids 

can be spared under immunosuppression, low-dose mainte- 

nance treatment with corticosteroid drops (≤3/day) often 

needs to be continued. Whether treating JIA with immuno- 

suppression early on prevents uveitis from developing later is 

the subject of controversial debate. 

A basic precondition for applying immunosuppressive 

drugs or biologicals to treat persisting uveitis activity is the 

threat of loss of vision or further deterioration, presuming 

that it is still possible to improve or save vision. 

Malignant conditions or other underlying diseases that 

may contraindicate immunosuppression must be excluded 

and compliance and monitoring of the medication ensured. 

The treatment plan should be worked out together with the 

patients and their parents. Information sheets for the indi- 

vidual immunosuppressive drugs are available via internet 

(http://gkjr.de/aufklaerungsboegen.html). 

No randomized, controlled, or comparative studies are 

available yet for using immunosuppression to treat children 

with JIA-associated uveitis, only observational reports and 

case studies exist. Hence, the recommendations for immu- 

nosuppressive treatment in the present guidelines stem 

mainly from a consensus reached in our guidelines group. 

Methotrexate Methotrexate has been shown to be effica- 

cious in treating JIA in prospective, randomized studies 

[48]. The positive effect of methotrexate on JIA-associated 

uveitis has been reported in numerous case series [52–59]. 

Although prospective, controlled studies are lacking, 

methotrexate is currently the first-choice immunosuppres- 

sive drug for treating JIA-associated uveitis. A low rate of 

adverse effects has been reported for methotrexate [48]. Up 

to a third of patients did develop gastrointestinal problems 

and an aversion to the drug, however. It can be adminis- 

tered orally once per week or subcutaneously, in particular 

for higher dosages. The preferred dosage is 15 mg/m2/ 

week [60]. Methotrexate should be administered to chil- 

dren according to the present recommendations [61] (IIIA). 

 

Azathioprine Azathioprine represents another drug for 

the long-term treatment of juvenile arthritis [62, 63]. There 

are only few published reports of the drug’s effect on JIA- 

associated uveitis. However, these publications suggest 

that, by using azathioprine, inactivity can be achieved and 

corticosteroids spared [49, 64]. In summary, we can rec- 

ommend azathioprine for treating uveitis in children (IIIB). 

 

Cyclosporine A The efficacy of cyclosporine A in treat- 

ing uveitis has been studied intensively in adults and has 

been clearly demonstrated. However, only a few publica- 

tions exist on its efficacy in treating JIA-associated uveitis 

[65–71]. Consensus was reached that cyclosporine A alone 

was only mildly effective and thus should not be employed 

as the primary immunosuppressive to treat JIA-associated 

uveitis (IIIA). As it was more effective for treating patients 

who did not respond to previously administered immuno- 

suppressive drugs, cyclosporine A can be administered as a 

combination drug if methotrexate or azathioprine treat- 

ment, for example, has failed (IIIB). 

 

Cyclophosphamide and chlorambucil In a few individual 

case reports, uveitis improved under treatment with 

cyclophosphamide [72–74] or chlorambucil [75–77]. 

However, very severe side effects developed in the patients 

(e.g., infertility, leukopenia, thrombocytopenia, zoster 

infection, and others) and thus insofar as possible these 

drugs should not be used to treat childhood uveitis (IIIA). 

 

Mycophenolate mofetil In recent years, mycophenolate 

mofetil has been applied as an immunosuppressive and 

corticosteroid-sparing drug. Although the substance is well 

tolerated and is associated with only few adverse effects, 

its significance for treating chronic JIA-associated uveitis 

has not been elucidated [78–80] (III0). 

 

Sulfasalazine In a controlled study, sulfasalazine reduced 

the number of attacks of HLA-B27-associated acute 
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anterior uveitis in adults [81]. Another randomized, con- 

trolled study in 22 adults with ankylosing spondylitis 

demonstrated that sulfasalazine significantly reduced the 

number of uveitis attacks over a 3-year period [41, 82]. The 

data published on arthritic children with uveitis were in 

part positive [83]. However, the guidelines group assessed 

the efficacy as being low. 

 

Choice and dosage of immunosuppressive drugs A drug 

should be chosen according to the personal experience of 

the physician, be based on the current guidelines, and 

depend on individual factors of the patient being treated 

[50, 51, 60, 84]. The dosages recommended in Fig. 1 

should serve as orientation and must always be adapted to 

the individual patient. Under immunosuppressive treat- 

ment, corticosteroid eye drops should be reduced to the 

lowest possible dosage and in the intermediate term not 

exceed more than three daily applications. If uveitis inac- 

tivity can be achieved, further treatment is not required for 

the time being. 

 

Treatment step III 

 

If uveitis persists in the affected eyes or recurs under a 

maximum of 3 times daily topical corticosteroids or a 

systemic corticosteroid dosage of [0.15 mg/kg body 

weight or new complications of uveitis develop while 

under immunosuppressive treatment, the anti-inflammatory 

treatment should be intensified. In addition to the previous 

treatment with one immunosuppressive drug, a TNF-alpha 

inhibitor or cyclosporin A should be administered. The 

dosage of corticosteroid eye drops should be reduced to a 

minimum and in the intermediate term not be given any 

more than three times daily. 

Infliximab (IIA) and adalimumab (IIIA) are highly 

effective and can thus be recommended [53, 74, 85–93]. 

Adalimumab is a completely humanized antibody that can 

effectively treat severe JIA/polyarthritis [94] and has been 

approved for treating children over 4 years of age. In this 

step of treating uveitis, adalimumab is currently the pre- 

ferred TNF-alpha inhibitor. 

In contrast, etanercept is less effective. Occasionally, 

even first or recurring severe attacks of uveitis have been 

reported under treatment with this drug [85, 92, 95–100] (I0). 

 

Corticosteroid injections to the eye In the acute phase of 

severe uveitis associated with dense infiltration of the vit- 

reous body, ocular hypotony, or macular edema, the physi- 

cian may consider additional subconjunctival or orbital floor 

injections of methylprednisolone or dexamethasone 

(2–4 mg) if the topical corticosteroids are not effective. The 

injections act rapidly but are only effective for a short period 

[35]. The significant advantage of injections over oral 

administration is the lower rate of systemic side effects. 

Disadvantages include the possibly increased risk of devel- 

opment of cataract and more frequent increases in intraocular 

pressure with possible glaucoma damage. Short-term anes- 

thesia for the injection is also often required. 

If the goal of treatment is highly effective intraocular 

levels of drug over several weeks and a delay in treatment 

effect is acceptable, orbital floor injections (20–40 mg) or 

intraocular injections (2–4 mg) of a crystal suspension of 

triamcinolone acetonide can be considered to treat uni- or 

bilateral uveitis associated with dense vitreous body infil- 

tration, hypotony, or macular edema (when topical corti- 

costeroids are not effective) [101–104] (IIIA). Not enough 

data are available concerning the efficacy of surgically 

implanting biodegrable dexamethasone device into the 

eyes of children with anterior uveitis associated with 

inflammatory rheumatic diseases (III0). 

Steroids injections should not be given to patients 

known to develop steroid-induced increases in intraocular 

pressure in order to prevent uncontrolled and long-term 

pressure increases. 

For the treatment of JIA-associated uveitis, the guidelines 

group only considers intravitreal triamcinolone injections 

suitable in individual cases when the course of disease is 

particularly severe (impending loss of vision, for example, 

due to hypotony, macular edema, or dense infiltration of the 

vitreous body) and if the patient has not responded ade- 

quately to topical or systemic corticosteroids and immuno- 

suppressives and biologicals (so-called rescue therapy) 

(III0). 

 

Additional treatments Cycloplegics. Anti-inflammatory 

treatment of active anterior uveitis should be combined 

with cycloplegics to avoid posterior synechiae from 

developing or for their lysis. During acute attacks, the 

pupils should be dilated with scopolamine (IIIA). 

Fresh synechiae should be treated as soon as possible. 

Cycloplegics can be administered alone (atropine, scopol- 

amine, cyclopentolate, neosynephrine, or tropicamine), or 

initially possibly combined with each other as drops or 

given as a one-time subconjunctival injection (IIIA). 

To treat chronic disease course, tropicamide should be 

applied during the night as a synechiae prophylaxis (IIIA). 

When using cycloplegics, care should be taken that pupils 

dilated for several days do not develop synechiae as a result 

and induce amblyopia in younger children. 
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Juvenile idiopathic arthritis (JIA) is the most frequent chronic 

autoimmune rheumatic disease in children and adolescents.1 It 

comprises a heterogeneous group of arthritis with an onset 

before 16 years of age and characterized by at least one joint 

inflammation lasting ≥ 6 weeks (Table 1). 4 JIA is also asso- 

ciated with uveitis, an inflammation of the uveal components 

of the eye, including the iris, ciliary body, and choroid. This 

JIA-associated uveitis (JIA-uveitis) is usually an iridocyclitis 

and is the commonest extra-articular manifestation.1 

The pathogenesis of JIA-uveitis is unknown. Recently, 

a meta-analysis study pointed to a worldwide prevalence of 

11.8%, with a decreasing incidence of uveitis related to early 

detection and appropriate surveillance and therapeutic 

protocols.4 JIA-uveitis is usually asymptomatic; therefore, its 

diagnosis may be delayed, resulting in sight-threatening com- 

plications. One-third of JIA-uveitis cases may present with 

ocular complications by the time of diagnosis.4 Ocular com- 

plication rates vary from 35.5–67% of affected children and 

adolescents. The complications can include synechia, kerato- 

pathy, cataract, glaucoma or ocular hypertension, macular 

fibrosis, and vision loss.4 Diversely, uveitis associated with 

positive HLA-B27 and enthesitis-related arthritis, most com- 

monly present with symptomatic acute anterior uveitis (AAU). 

International guidelines have been developed, but no stan- 

dardized national guideline has yet been established for screen- 

ing, monitoring, and treating JIA-uveitis within our health 

system to target the silent disease associated with severe sight- 

threatening complications. Therefore, the aims of this docu- 

ment were to guide monitoring and treatment of JIA-uveitis in 

Brazil. 

 

Material and methods 

These guidelines were evidence-based for clinical applicability 

and clarity on communicating the recommendations. They 

were developed based on careful consideration of the medical 

literature and the clinical experience of the Expert Committee 

with the aim of defining the optimal ophthalmologic care for 

patients with JIA-uveitis. The literature review regarding the 

screening, diagnosis, treatment, and monitoring of JIA-uveitis 

was carried out through PubMed, from 2000 to 2019, and 

yielded 141 scientific studies within the following MeSH 
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ABSTRACT 

Purpose: To present a national guideline for ophthalmologic care and surveillance of juvenile idiopathic 
arthritis-associated uveitis (JIA-uveitis). 
Methods: Review article based on medical literature and the experience of an Expert Committee 
composed of members of the Brazilian Society of Pediatric Ophthalmology/Brazilian Council of 
Ophthalmology and the Brazilian Society of Pediatrics/Brazilian Society of Rheumatology. Studies with a 
high level of evidence were selected by searching the PubMed/Medline database. The final document was 
approved by the experts. 
Results: The main recommendations are that children/adolescents with JIA should undergo screening 
according to their risk factors. Ophthalmological checkups should also consider ocular inflammation and 
therapy. Topical glucocorticoids should be the first line of therapy, with systemic glucocorticoids acting as 
bridge treatments in severe uveitis. Methotrexate should be the first-line systemic therapy and anti-tumor 
necrosis factor (anti-TNF alpha) the second for uncontrolled uveitis. 
Conclusions: This evidence-based guideline for JIA-uveitis will be useful for both ophthalmology and 
rheumatology practice. 
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Table 1. Definitions and prevalence of juvenile idiopathic arthritis (JIA) categories defined by ACR, EULAR, and ILAR classification.2,3. 

 Prevalence  

JIA category Definition ACR EULAR ILAR 

Oligoarthritis Arthritis with 1–4 joints during the first 6 months of Persistent: 1–4 joints 15.6% 17.6% 16.4% 

Polyarthritis 
disease Extended: > 4 joints after the first 6 months of disease 

Arthritis with > 4 joints during the first 6 months of RF negative 6.2% 8.1% 4.2% 
 disease RF positive on at least two occasions more than 3 months 1.9% 1.7% 0.6% 

apart 
Psoriatic arthritis Arthritis and psoriasis or arthritis and at least two of: dactylitis; nail pitting or onycholysis; psoriasis in a first-degree 

relative 
4.1% 1.1% 1.1% 

Enthesitis-related 
arthritis 

Arthritis and enthesitis or arthritis or enthesitis with at least two of: 
presence or a history of sacroiliac joint tenderness and/or inflammatory lumbosacral pain; 
presence of HLA-B27 onset of arthritis in a male older than 6 years of age; 
acute symptomatic anterior uveitis; history of ankylosing spondylitis, enthesitis-related arthritis, sacroiliitis with 

inflammatory bowel disease, Reiter’s syndrome or acute anterior uveitis in a first-degree relative 

13.8% 1.5% 3.1% 

Systemic Arthritis with or preceded by daily fever of at least 2 weeks’ duration that is documented to be quotidian for at least 
3 days and accompanied by one or more of: 

evanescent nonfixed erythematous rash; generalized lymph node enlargement; hepatomegaly and/or 
splenomegaly; serositis 

6.4% 2.7% 2.4% 

Undifferentiated Arthritis that fulfills criteria in no category or in two or more of the above categories 2.7% 

ACR: American College for Rheumatology. EULAR: European League Against Rheumatism. ILAR: International League of Associations for Rheumatology 

 

 

terms: (anterior uveitis) AND (juvenile arthritis) NOT (rheu- 

matoid arthritis) AND (incidence) OR (prevalence) OR (ante- 

rior uveitis) AND (iridocyclitis) AND (juvenile arthritis) NOT 

(rheumatoid arthritis) AND (signs and symptoms) OR (ante- 

rior uveitis) AND (juvenile arthritis) NOT (rheumatoid arthri- 

tis) AND (diagnosis) AND (GRADE approach) OR (anterior 

uveitis) AND (juvenile arthritis) NOT (rheumatoid arthritis) 

AND (therapeutics). 

The data and selected scientific studies were retrieved and 

reviewed by six members of the Brazilian Society of Pediatric 

Ophthalmology (SBOP) and the Brazilian Council of 

Ophthalmology (CBO), as well as six members of the 

Brazilian Society of Pediatrics (SBP) or the Brazilian Society 

of Rheumatology (SBR). These studies consisted of meta- 

analyses and systematic reviews, as well as guidelines, panel 

consensus, case-control studies, observational studies, and case 

reports on JIA-uveitis to serve as the basis of the guideline 

recommendations. Studies with languages other than English 

or Portuguese were excluded. 

The Expert Committee appraised the identified studies 

regarding their design and quality of execution. Studies qualified 

by the level of evidence and strength of recommendations were 

preferred and their classifications were uniformed, when applic- 

able, based on Heiligenhaus et al. classification, as follows.5 

Level of Evidence: Level I, based on two or more high-quality 

randomized clinical trials (RCTs); on studies with high evidence 

level by the Grading of Recommendations Assessment, 

Development, and Evaluation (GRADE), or statements from 

SBP/SBR guideline with level A of evidence (Experimental or 

observational studies with higher consistency).5–7 Level II, based 

on a small number of RCTs, more than one controlled but not 

a randomized study, or more than one RCT of lesser quality; on 

cohort or case-control studies, preferably from more than one 

research group or more than one center; on observations of 

clear-cut effects in non-controlled studies; on studies with mod- 

erate evidence level by GRADE, or statements from SBP/SBR 

guideline with level B of evidence (Experimental or observa- 

tional studies with lower consistency).5–7 Level III, based on 

expert opinion, clinical experience, on descriptive studies, 

cohort, or case-control studies of lower quality; on studies with 

low or very low evidence level by GRADE, or statements from 

SBP/SBR guideline with level C or D of evidence (case reports 

studies; or specialist opinion-based consensus).5–7 

The strength of the recommendation was classified as Level 

A, meaning a strong recommendation (“shall”) and when 

desirable effects outweighed undesirable effects by American 

College of Rheumatology/Arthritis Foundation (ACR/AF)8; 

Level B, a mitigated recommendation (“should”), including 

conditional recommendations (when desirable effects probably 

outweighed undesirable effects) by ACR/AF; and Level 0, an 

open recommendation (“can”).5,8 

All the society representatives involved approved the final 

guideline document. Ethics approval was waived because there 

was no human subject participation. 

 

Results 

Epidemiology, Pathogenesis, and disease markers 

The JIA incidence varies from 1.6 to 23/100.000 and the pre- 

valence from 3.8 to 400/100.000.2 The pooled incidence and 

prevalence are higher for girls (10.0 [9.4–10.7]/100,000 and 

19.4 [18.3–20.6]/100.000) than for boys (5.7 [5.3–6.2]/100,000 

and 11.0 [10.2–11.9]/100,000).2,9 

JIA-uveitis is the main extra-articular manifestation.1 

A recent meta-analysis estimated its pooled prevalence of 

11.8% (95%CI 11.2 to 12.4%), with a decreasing incidence 

probably due to early detection and appropriate, preventive, 

and therapeutic protocols.4 Uveitis in the pediatric population 

varies in different regions of the world. Globally, an inverse 

correlation is observed between a country’s development level 

and both the frequency of the disease and the amount of 

disease-related and treatment-related damage.10 The JIA- 

uveitis prevalence is higher in North America (31.5%) and in 

Northern (19.1%) and Southern (18.8%) Europe, but is lower 

in Latin America (6.4%), in Africa and the Middle East (5.9%), 

and in Southern Asia (5.0%).10 In Brazil, the JIA-uveitis pre- 

valence was reported as 6.4% at a tertiary hospital.11 
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The pathogenesis of JIA-uveitis is still unknown. JIA-uveitis 

is recognized as a multifactorial immune-mediated disease, 

thus composed of a complex genetic predisposition in associa- 

tion with environmental factors.12 Histocompatibility allele 

profiles have been widely assessed, and the presence of the 

amino acid serine at position 11 in Human Leukocyte 

Antigen (HLA)-DRβ1 was associated with an increased risk 

of uveitis in JIA patients. Furthermore, association in the HLA- 

DRB1 genes was restricted to JIA in girls.12 

The anti-histone antibodies (AHA) ≥ 15 U/mL were also 

reported as a significant predictor of uveitis only in girls.9 An 

elevated erythrocyte sedimentation rate (≥ 20 mm/1st hour) at 

baseline was reported as an additional risk factor for uveitis 

development.13,14 Additionally, the antigen presentation via 

major histocompatibility complex (MHC) class II was 

described as a critical disease mechanism for JIA-uveitis.12,15 

 

Risk factors for JIA-uveitis 

JIA-uveitis has several risk factors, including the age at arthritis 

onset, gender, JIA subtype, antinuclear antibody (ANA) positiv- 

ity, and human leukocytes antigen (HLA)-B27 positivity.1,4 

Chronic anterior uveitis (CAU) is usually associated with 

a younger age at JIA onset (less than 6 years old), female gender, 

oligoarticular disease (four or fewer joints at disease onset), and 

ANA positivity.1,16,17 Positive ANA occurs in 70 to 90% of JIA- 

uveitis cases.4 Two large publications, a retrospective study of 

1047 Canadian patients and a longitudinal cohort of 435 Nordic 

children, reported the significant age-dependent risk of develop- 

ing uveitis only for girls.9,18 

AAU is also associated with pre-teenaged and teenaged 

patients, male gender, enthesitis-related arthritis, and positive 

HLA-B27.1,3 Uveitis can also be observed in patients with 

rheumatoid factor (RF)-negative polyarthritis, psoriatic arthri- 

tis, and, more rarely, in systemic-onset JIA.3 In this regard, the 

polyarticular RF positivity subtype was revealed as protective 

for uveitis.4 

The arthritis onset age was from 3.8–4.8 years in patients 

with uveitis and from 7.0–7.3 years in patients without 

uveitis.17,19 The cumulative incidence of uveitis was 25–30% 

in an extended oligoarthritis course, followed by 16–18% in 

persistent oligoarthritis, 4–14% in rheumatoid-factor negative 

polyarthritis, and 10–12% in psoriatic arthritis.3,17,20 

The effect of ethnicity is unclear, but risk factors for JIA- 

uveitis may differ among different ethnicities.1,3,4 Some authors 

have suggested that JIA-uveitis may be more common in 

Caucasians, whereas Afro-American children and adolescents 

may present with JIA at a later onset, with a lower frequency of 

positive ANA and uveitis.16,21–23 

Fifteen percent of Brazilian patients with JIA were 

Caucasians, with a slight male predominance (55.5%). The 

mean age at JIA onset was 5.1 years, and the mean age at uveitis 

onset was 9 years. In patients with CAU, 80% had oligoarticu- 

lar JIA and 60% had positive ANA.24 

Risk factors previously associated with JIA-uveitis poor 

prognosis include male sex, short duration between onset of 

arthritis and the development of uveitis, presence of synechiae, 

high anterior chamber cell grade, and poor visual acuity at 

uveitis diagnosis.25–28 

 

Clinical presentation 

JIA-uveitis is mostly anterior (iridocyclitis), non-granulomatous, 

bilateral, usually persistent (duration > 3 months), and rarely 

limited (duration ≤ 3 months).29 The clinical course can be 

chronic (persistent uveitis with relapse in < 3 months after 

discontinued treatment), recurrent (repeated episodes separated 

by periods of inactivity without treatment lasting ≥ 3 months in 

duration), and acute (limited uveitis with sudden onset). 

The arthritis typically precedes the uveitis, by a median of 

4–5 months.3,17,19 In 48% of patients, uveitis appears within 

6 months of arthritis onset, and in 73%, uveitis occurs within 

12 months.17 In only 3–7% of patients does the uveitis precede 

the arthritis.17,18,30–32 

CAU is the most frequent subtype, occurring in 68.3–90% of 

patients.9,33 AAU occurs in 10–16.2% and is most often 

encountered in enthesitis-related arthritis. Recurrent anterior 

uveitis occurs in 12%,9,33 whereas pan-uveitis has been rarely 

described, occurring in up to 3.5% of patients with JIA- 

uveitis.33 

CAU is usually asymptomatic and leads to a high risk of 

sight-threatening complications due to delayed diagnosis. 

Ocular complications occur in 35.5–67% of affected children 

and adolescents, including synechiae (27–33%), band kerato- 

pathy (15.7–29%), cataract (8–31%), glaucoma or ocular 

hypertension (8–19%) and macular fibrosis (15.7–29%).4 The 

cumulative incidence of visual impairment is 9.2% for JIA- 

uveitis.34 Visual acuity estimates were less than 20/50 in 11–

31% and less than 20/200 in 12%.4 Legally blind status 

occurred in 5.6% of the affected eyes.35 Importantly, one- 

third of the JIA-associated uveitis can present with ocular 

complications by the time of diagnosis.4 Conversely, AAU 

presents as unilateral and episodic, with a sudden onset of 

ocular hyperemia, pain, and photophobia.8 

 

 

JIA-uveitis diagnosis and screening 

Ophthalmological screening of uveitis is recommended when 

JIA is suspected or diagnosed, within the first 6 weeks of 

diagnosis.36 The ocular examination includes monocular age- 

appropriate visual acuity testing, intraocular pressure (IOP) 

measurement, slit-lamp examination, and dilated fundoscopy. 

The slit-lamp examination identifies the anterior chamber 

inflammation by the presence of cells and flare, as well as ocular 

structural complications, including IOP abnormalities (hypot- 

ony, hypertension and/or glaucoma), synechiae formation, pre- 

sence of cataract, band keratopathy, macular edema, epiretinal 

membrane, and/or vitreous inflammatory activity.37 Intraocular 

inflammation should be graded following the Standardization of 

Uveitis Nomenclature (SUN) criteria for uveitis activity (Table 

2).29 The SUN classification also allows a comparison of the 

degree of inflammation between visits to assess the response to 

treatment and the disease activity during follow-up (Table 3). 

The anterior chamber reaction is the most sensitive response to 

treatment measures, as its control is associated with less func- 

tional damage and better health-related quality of life.38 

Based on the British Society for Pediatric and Adolescent 

Rheumatology/Royal College of Ophthalmology (BSPAR/RCO) 

guidelines, patients diagnosed with JIA before the age of 11 should 
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Table 2. Standardization of uveitis nomenclature definitions.29. 

Category Descriptor Comment 

Onset 

Duration 

Sudden 
Insidious 
Limited 

 

 
≤ 3 months duration 

Course 
Persistent 
Acute 
Recurrent 
Chronic 

> 3 months duration 
Sudden onset and limited duration 
Repeated episodes separated by inactive periods without treatment for ≥ 3 months 
Persistent uveitis with relapse in < 3 months after discontinuing treatment 

Anterior chamber inflammation classification 

Cells per field1 Grade  Flare 

< 1 0 None  

1–5 0.5+ -  

6–15 1+ Faint  

16–25 2+ Moderate (iris and lens details clear)  

26–50 3+ Marked (iris and lens details hazy)  

> 50 4+ Intense (fibrin or plastic aqueous)  

Field size1: 1 × 1 mm slit beam    

 
 

 

Table 3. Inflammation activity and disease control criteria by Standardization of Uveitis Nomenclature (SUN) and the American College of Rheumatology/Arthritis 
Foundation (ACR/AF) Guideline.8,29. 

Inflammation activity and disease control 
 

Active inflammation ≥ 0.5 + anterior chamber cells (ACR) 
New uveitis activity ≥ 0.5 + anterior chamber cells with no history of prior uveitis 
Additional signs of active 
inflammation 

Fresh keratic precipitates, increased flare, and hypotony 

Worsening activity Two-step increase in the level of inflammation (anterior chamber cells) or increase from grade 3 to 4 (SUN) 
Improved activity Two-step decrease in the level of inflammation (anterior chamber cells) or decrease to grade 0 (SUN) 
Controlled uveitis Inactive (no cells) OR grade < 1+ anterior chamber cells without new complications due to active inflammation; absence of 

optic disc, macular edema, and vitreous haze (ACR) 
Loss of control Increase of anterior chamber cells to grade 1+ or more, or new signs of inflammation/complications of inflammation (ACR) 
Remission Inactive disease for 3 months after discontinuing all treatments for eye disease (SUN) 
Complications 
Complications due to active 

inflammation 
Complications representing 

cumulative damage 

New development of synechiae, inflammatory membranes, or cystoid macular edema (ACR) 

Cataract, glaucoma/elevated intraocular pressure, hypotony, or sequelae of keratic precipitates (ACR) 

 

 

 

be monitored with the schedule described in Table 4, up to age 

11 years.39 For those diagnosed after the age of 11, ophthalmologic 

surveillance is recommended for one more year.39 

According to the American College of Rheumatology/ 

Arthritis Foundation (ACR/AF) guidelines, patients with 

JIA are classified as high, moderate, and low risk for devel- 

oping uveitis.8 High-risk patients are those with oligoarthri- 

tis, polyarthritis with negative RF, psoriatic arthritis, and 

undifferentiated arthritis, those with positive ANA, younger 

than 7 years age at JIA onset, and with a disease duration 

of less than 4 years. Low to moderate-risk patients are those 

with JIA in the aforementioned categories but with negative 

ANA, older than 7 years at JIA onset or with more than 

4 years of disease duration, and those with systemic JIA, 

positive RF-polyarthritis, and enthesitis-related arthritis. 

The ACR/AF recommends screening every 3 months for 

children or adolescents with high-risk uveitis and every 6–

12 months for low- to moderate-risk uveitis. Both have a 

level of evidence and strength of recommendation IIIB (Table 

4). 

According to the Brazilian Medical Association (AMB) and 

the Brazilian Society of Rheumatology (SBR) guidelines (level 

of evidence and strength of recommendation IIIB), ocular 

screening should start at the time of JIA diagnosis. Its 

frequency should be based on JIA subtype, age at the disease 

onset, disease duration, and positive ANA, as shown in 

Table 4.6 

 

Recommendations 

Assembling previous models, the proposed screening flow 

guidelines are shown in Figure 1. 

 

JIA-uveitis treatment 

Topical treatment 

Topical glucocorticoids are the first-line treatment for acute 

and chronic uveitis, and prednisolone acetate 1% eye drops 

are recommended, based on good corneal penetration and 

low risk of glucocorticoid-induced IOP elevation (level of 

evidence and strength of recommendation IIIB).1,8 The 

standard recommendation is one drop administered every 

1 to 12 hours, according to inflammation severity, with 

a slow medication tapering with ophthalmological assess- 

ment at each step of regression. Moderate to severe anterior 

uveitis usually requires 1- to 2-hour dosing initially (level 

of evidence and strength of recommendation IIIB).37,40 

Recommended doses according to the inflammation in the 
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Table 4. Screening criteria for ophthalmological examination in juvenile idiopathic arthritis by the British Society for Pediatric and Adolescent Rheumatology/Royal College of Ophthalmology (BSPAR/RCO), the American College of 
Rheumatology/Arthritis Foundation (ACR/AF), and the Brazilian Society of Rheumatologic Pediatrician (BSRP) Guideline.5,6,39. 

BSPAR/RCO 
(III B) 

ACR/AF/ 
(III B) 

BSRP 
(III B) 

 
 

First exam Before 6 weeks of diagnosis; If symptomatic: within a week of referral No recommendations At JIA diagnosis 
Freq. Every 2 m for 6 m 

Followed by every 3–4 m for (see below): 
Oligoarthritis, polyarthritis and negative 

RF, psoriatic arthritis and 
undifferentiated arthritis 

Systemic JIA, 
Polyarthritis and 

positive RF 

JIA age of onset ≤ 6 y, disease duration ≤ 4 y, oligo/poly and ANA 
positive 

Every 3 m. 
Oligoarticular JIA, psoriatic arthritis and enthesitis-related arthritis despite ANA 

status onset under 11 y: 
< 3 y onset: 8 y 
3–4 y onset: 6 y 
5–8 y onset: 3 y 
9–10 y onset: 1y 
Polyarticular, positive ANA, JIA onset less than 10 y 
< 6 y onset: 5 y 
6–9 y onset: 2 y 

PositiveANA 
JIA age of onset < 7 

y and 
disease duration ≤ 4 

y 

NegativeANA, 
JIA age onset ≥7 

y or 
disease duration 

> 4 y 

Enthesitis-related 
arthritis 

JIA age of onset ≤ 6 y, disease duration ≤ 4 y. Oligo/poly, 
negative ANA. 

or 
JIA age of onset ≤ 6 y disease duration > 4 y, oligo/polyarthritis, 

despite ANA status 
or 
JIA age of onset > 6 y, disease duration ≤ 4 y, oligo/poly, despite 

ANA status 
Every 6 m 

Polyarticular, positive ANA JIA, JIA onset less than 7 y: 
5 y 

Every 3 m Every 6–12 m Systemic JIA, 
polyarthritis with positive RF, and 
enthesitis-related arthritis 
or 
JIA age of onset ≤ 6 y, duration of JIA≥ 7 y oligo/polyarthritis, 

despite ANA status 
 
 
 

 
Freq.: frequency. JIA: juvenile idiopathic arthritis. m: months. y: years. ANA: antinuclear antibody. RF: rheumatoid factor. 

or 
JIA age of onset > 6 y, duration of JIA > 4 y, oligo/polyarthritis, 

despite ANA status 
Every 12 m. 
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Figure 1. Ophthalmological screening recommendation in juvenile idiopathic arthritis combining the American College of Rheumatology/Arthritis Foundation and the 
British Society for Paediatric and Adolescent Rheumatology/Royal College of Ophthalmology guidelines.6,39 
JIA = juvenile idiopathic arthritis; RF = rheumatoid factor; ANA = antinuclear antibody; y = years. 

 

anterior chamber are one drop every 12 h for grade 0.5+, 

one drop every 8 h for grade 1+, one drop every 6 h for 

grade 2+, one drop every 4 h for grade 3+, and one drop 

every 1–2 h for grade 4 + . Topical treatment should be 

maintained as long as ≥ 0.5+ cells in the anterior chamber 

are present (level of evidence and strength of recommenda- 

tion IIIB).37,40 

In active CAU, increasing topical glucocorticoids for short- 

term control is recommended over adding systemic glucocor- 

ticoids (level of evidence and strength of recommendation 

IIIB).8 

For patients still requiring one to two drops of topical 

glucocorticoids daily for uveitis control, particularly over 

3 months, and who are not on systemic therapy, the recom- 

mendation is to add a systemic therapy, such as disease- 

modifying anti-rheumatic drugs (DMARDS), to allow tapering 

of the topical glucocorticoids (level of evidence and strength of 

recommendation  IIIB).1,8,41  Topical  glucocorticoids  at 

a dosage of one to two drops daily may be used as monotherapy 

in the absence of ocular complications (elevated IOP and 

cataracts) and with regular ocular checkups.8 

For patients already on systemic therapy requiring one 

to two drops daily of topical glucocorticoids for uveitis 

control for over 3 months, the recommendation is to 

change or escalate systemic therapy (level of evidence and 

strength of recommendation IIIB).8 Systemic therapy may 

be changed earlier than 3 months, depending on the ocular 

complications.8 

Cycloplegic drops should be given to prevent or treat 

posterior synechiae in active uveitis. Cycloplegia is indi- 

cated in uveitis without synechiae or synechiae grades 1–2 

however it is ineffective in grade 3. The recommended 

cycloplegic  is  tropicamide  10  mg/ml,  one  drop  every 

8 hours. Cycloplegics adverse events include somnolence, 

diminished accommodation (blurred vision, photophobia), 

and amblyopia.37 

In unilateral or bilateral severe or refractory uveitis with 

sight-threatening risk factors, an ocular injection of gluco- 

corticoids can be considered as a rescue therapy in selected 

cases (level of evidence and strength of recommendation 

III0).5 These risk factors are initial decreased visual acuity, 

massive anterior chamber inflammation, hypotony, glau- 

coma, cataract, macular edema, or dense vitreous 

opacities.5 Ocular injection has been recommended in 

patients with uveitis grades 3+ and 4+ without improve- 

ment after 2 weeks of treatment with oral corticosteroids, 

particularly in those with associated sight-threatening risk 

factors (level of evidence and strength of recommendation 

IIIB).37 The location options for ocular injections of gluco- 

corticoids are the subtenon or orbital floor (level of evi- 

dence and strength of recommendation III0) or intravitreal 

(level of evidence and strength of recommendation II0).5 

The subtenon or orbital floor injection dosage is 2–4 mg of 

dexamethasone phosphate or 20–40 mg of triamcinolone 

acetonide.42–45 The intravitreal injection dosage is 700 mg 

of a dexamethasone phosphate implant and 2–4 mg of 

triamcinolone acetonide.5,44,46–49 However, intraocular glu- 

cocorticoids are associated with cataract development and 

a risk of increased IOP, and IOP should be monitored 

every week (level of evidence and strength of recommenda- 

tion IIIB).37 

Topical and systemic nonsteroidal anti-inflammatory ther- 

apy should not be used as single therapy.5 

 

Systemic treatment 

The primary indication for systemic treatment is the failure of 

adequate control of inflammation after three months of topical 

treatment.1,8,41 Systemic treatment may be started sooner, after 
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3 weeks without control, in the presence of sight-threatening 

risk factors such as initial decreased visual acuity, massive 

anterior chamber inflammation, hypotony, glaucoma, cataract, 

macular edema, or dense vitreous opacities (level of evidence 

and strength of recommendation IIIB).37 Systemic treatment 

options for JIA-uveitis are divided into three subgroups: glu- 

cocorticoids, DMARDs (methotrexate, mycophenolate mofetil, 

cyclosporine A, and azathioprine), and biologic agents (anti- 

tumor necrosis factor [anti-TNF] blockers: adalimumab, inflix- 

imab, golimumab, etanercept; CTLA4-Ig: abatacept; and anti- 

IL6: tocilizumab). Each indication; mechanism of action; pre- 

ferred dosage and administration route; ocular and systemic 

side effects; adverse events; and required laboratory routine 

tests are shown in Table 5.1, 3, 50–57 

Both ophthalmologist and pediatric rheumatologist follow- 

ups are fundamental for indicating, monitoring, and guiding 

systemic treatment. Limited use of DMARDs due to adverse 

events should be assessed. Live and non-live virus vaccine 

schedules should be completed preferably within 4 weeks 

before treatment. Tuberculosis and latent tuberculosis infec- 

tion screening should also be done before initiation of anti- 

TNF biologics. Drug adherence, contraception for adolescents, 

and rigorous monitoring for infections and malignancy should 

also be systematically evaluated.5 Compliance with ophthal- 

mologist and pediatric rheumatologist appointments should 

be also reinforced. 

Topical glucocorticoid is more effective than systemic glu- 

cocorticoid in reducing anterior chamber cells.5 However, the 

administration of systemic glucocorticoid as a bridge therapy 

should be considered in severe active uveitis with sight- 

threatening risk factors until a DMARD effect can be 

achieved.5 Systemic glucocorticoids are usually given by the 

oral route. They can be used in oral high doses (1–2 mg/kg/ 

day), intermediate doses (> 0.15 and < 1.0 mg/kg/day) or low 

doses (≤ 0.15 mg/kg/day) of prednisolone or equivalent (level 

of evidence and strength of recommendation III0).5,42 Topical 

glucocorticoids should be tapered within 4 weeks to 0.15 mg/ 

kg/day or less and limited to three months of use to avoid 

ocular and systemic complications (increased IOP, cataract, 

weight gain, diabetes mellitus, and growth retardation).5 In 

very severe cases, intravenous treatment with methylpredniso- 

lone (pulse) can be used at 10–30 mg/kg/day in 2 h infusions 

for 3 days.5,58 

The preferred initial systemic treatment for JIA-uveitis is 

the synthetic DMARD methotrexate (MTX), either oral or 

parenteral, with either subcutaneous, preferably, or and intra- 

muscular route.1,8 Laboratory routine should be performed 

every 1 to 3 months (Table 5), if transaminases increase up to 

1 fold the upper limits, the MTX dose should be reversed; if 

transaminases increase more than 2 fold the upper limits, MTX 

should be suspended for 2–4 weeks and then restarted. Under 

normal transaminases status, treatment should be resumed 

otherwise its withdrawal is recommended. If no control of 

uveitis is observed or the disease worsens after 3–4 months 

on MTX, the prompt association with a biologic agent is 

recommended.1 The ACR recommends monoclonal anti- 

TNF drugs, preferably adalimumab, infliximab, or golimumab 

(level of evidence and strength of recommendation IIIB).8 

Etanercept (a fusion protein receptor blocker) should not be 

 

considered for the treatment of JIA-associated uveitis.59 For 

patients under one monoclonal anti-TNF at a standard dose 

and still with active CAU, a recommendation is to escalate the 

dose and/or frequency to above the standard before switching 

to another monoclonal anti-TNF (level of evidence and 

strength of recommendation IIIB).8 In children and adoles- 

cents with active CAU who have failed the first monoclonal 

anti-TNF with proper dosage and/or frequency, changing to 

another monoclonal TNF inhibitor is recommended over 

switching to another biologic category.8 

Patients with active CAU, despite MTX treatment plus 

monoclonal anti-TNF at the proper standard dosage, may 

switch to another biologic agent of different mechanism of 

action (abatacept or tocilizumab) or associated with immuno- 

modulatory synthetic agents (mycophenolate, leflunomide, or 

cyclosporine). However, no evidence yet supports a specific 

drug, timing, or combination therapy.8 

In patients with sight-threatening complications, the 

recommendation is an initial treatment with MTX combined 

with a monoclonal TNF inhibitor (level of evidence and 

strength of recommendation IIIB). The three-month threshold 

for adding or changing systemic therapy in children and ado- 

lescents who still require topical glucocorticoids to sustain 

uveitis control should be revised depending on the degree of 

ocular inflammation, the duration of topical and systemic 

therapy, and the presence of ocular complications.8 The pre- 

sent committee suggests a one-month threshold for moderate 

to severe inflammatory conditions. 

A recent systematic review evaluated the efficacy, response 

rates, and complications of DMARD treatment for JIA-uveitis.4 

The adalimumab pooled response rate estimates were 68% (95% 

CI: 66.4 to 70.6%) and drug-related side effects, including systemic 

complications (auto-immune diseases, local pain, anemia, depres- 

sion, abscess, and sepsis) and ocular complications (cataracts and 

uveitis flares) occurred in 3 to 52% of the patients. The infliximab 

pooled response rate was 64.7% (95% CI: 59.8 to 69.3%). The most 

common side effects of both medications were reactivation of 

uveitis and infusion reaction in two-thirds, vitreous hemorrhage, 

and systemic infections. Of the synthetic DMARDs, only metho- 

trexate was assessed, and its pooled response rate was 40.0% (95% 

CI: 36.0 to 44.2%). The heterogeneity of the response to MTX 

(33.9 to 85.7%) may have contributed to this result.4 

 

 

Recommendations 

Assembling the previously published recommendations, the 

treatment flow shown in Figure 2 is proposed. 

 

 

Ocular complications of uveitis and its treatment 

Ocular hypertension 

IOP is defined as three successive measurements higher than 

21 mmHg, or a single measurement higher than 30 mmHg.60 

IOP may occur due to several factors. For example, chronic 

inflammation may cause a dysfunctional trabecular meshwork 

and synechia formation, thereby leading to increased resistance 

outflow of aqueous humor. This can be further worsened by 

topical steroid use.61 
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Table 5. Drug names; mechanism of action; preferred dosage and route; ocular and systemic side effects; adverse events; and laboratory routine of synthetic and biological disease-modifying anti-rheumatic drugs (DMARDs) for 
juvenile idiopathic arthritis-associated uveitis.1,5,50–57. 

Synthetic DMARDs 

Drug name 
(level of evidence/ 
grade of 
recommendation) Mechanism Preferred dosage and route Ocular and systemic side effects Laboratory routine 

Methotrexate 
(IIB) 

Cellular adenosine release 10–15 mg/m2 BS PO or SC weekly. 
Adjust dose gradually to achieve an 

optimal response. 

GI discomfort, nausea, diarrhea, photosensitivity, rash, 
increased AST or ALT, cytopenias. 

Baseline: Complete blood and platelet count. 
Renal function. 
Liver function. 
Chest X-ray. 
Monitoring: 
Hemogram, renal and liver function tests every 1–3 month. 

Mycophenolate 
mofetil 

(III0) 

Inhibitor of inosine- 
5-monophosphate 
dehydrogenase 

300 mg/m2 bd, increasing to 600 mg/m2 
bd 

GI discomfort, leukopenia, pure red cell aplasia, hair loss, 
lymphoma and malignancy (particularly of the skin) 

Complete blood cell counts weekly during the first month, 
twice monthly for the second and third months and then 
monthly 

Cyclosporine A 
(III0) 

Calcineurin inhibitor blocking 
T-cell proliferation 

2.5–5 mg/kg/day in 2 doses GI disturbance, hypertension, renal and liver dysfunctions, 
lipid abnormalities, hirsutism, gum hypertrophy. 

Renal and liver functions, serum lipids, magnesium and 
potassium. 

Cyclosporine blood concentration adjusted to 100 mcg/dl 
Azathioprine 
(III0) 

 
 

 
Biological DMARDs 

Purine 
nucleoside 
analogue, 
inhibits DNA 
replication 

1 to 3 mg/kg/day Myelotoxicity and hepatotoxicity. Complete blood and platelet count, liver function tests every 
1–3 months. 

Adalimumab (IIA) Anti-TNF alfa/human monoclonal 
antibody 

Body weight 10–15 kg: 10 mg SC every 
other week 

15–30 kg: 20 mg SC every other week 
≥ 30 kg: 40 mg SC every other week 

Opportunistic infections by Legionella, Listeria, 
tuberculosis, and invasive fungal infections. Hepatitis 
B virus reactivation. 

Infusion reaction. 

Check for latent infection. 
Avoid live vaccines during treatment or offer live vaccines 

prior to treatment. 
Complete blood count. 

Infliximab 
(IIB) 

 
Tocilizumab 
(IIIB) 

Abatacept 
(III0) 

Anti-TNF alfa/chimeric (mouse- 
human monoclonal antibody) 

 
Anti-IL-6/humanized monoclonal 

antibody 

Inhibition of lymphocyte co- 
stimulation (CTLA4)/human 
fusion protein 

Initially 6 mg/kg/dose IV 
3–10 mg/kg/dose IV at 2 weeks, then 

every 4–8 weeks, adjusted according to 
response 

Body weight < 30 kg: 10 mg/kg IV8 
body weight > 30 kg: 8 mg/kg IV8 every 

4 weeks 
10 mg/kg IV 
At weeks 0, 2, 4 and every 4 weeks 

Hepatotoxicity (infliximab and tocilizumab). 
Heart failure. 
Hypersensitivity and anaphylaxis. 
Risk of cancer (invasive cervical cancer, hepatosplenic 

T-cell lymphoma). 
Cytopenias. 
Lupus-like syndrome. 
Demyelinating disease. 
Gastrointestinal perforation (tocilizumab). 
Vitreous hemorrhage (adalimumab and infliximab) 

Hepatic function (infliximab and tocilizumab). 

 

PO: by mouth. SC: subcutaneous. GI: gastro-intestinal. Bd: twice daily. Anti-TNF: Anti-tumor necrosis factor. IV: intravenous. IL interleukin. CTLA4: cytotoxic T-lymphocyte-associated protein 4. 
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Figure 2. Treatment algorithm for chronic anterior uveitis (CAU) related to juvenile idiopathic arthritis (JIA-U) according to the American College of Rheumatology/ 
Arthritis Foundation (ACR/AF).6 
Systemic therapy is defined as disease-modifying antirheumatic drugs and biologics. AC: anterior chamber; AU: anterior uveitis; SC: subcutaneous; MTX: methotrexate; 
TNFi: anti-TNF alpha. 
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Despite being the first line of treatment for JIA-uveitis, 

topical glucocorticoid drops, such as prednisolone and dexa- 

methasone, are commonly associated with ocular complica- 

tions in the lens and trabecular meshwork. The use of three 

drops of topical glucocorticoids daily over 4 years is associated 

with an increased risk of developing cataracts.62 In patients 

using 0.1% dexamethasone four times daily over 8 weeks, an 

increased IOP (> 21 mmHg) occurred in approximately 60–

70% of patients.62 

IOP should be measured at every visit by applanation 

tonometry or tonopen.63 Sedation for IOP measurement 

should be avoided if possible, and rebound tonometry can 

be considered for screening even though it overestimates 

the IOP.60 

The increased IOP should be managed promptly with topi- 

cal antihypertensives. If ocular hypertension persists, glau- 

coma-filtering surgery or goniotomy may be considered.64,65 

Although transscleral diode cyclophotocoagulation (TD-CPC) 

has already been reported as an effective surgical technique in 

the control of IOP in refractory secondary glaucoma, it does 

not show good results in controlling IOP as a primary surgical 

treatment in patients with JIA.66,67 

By contrast, goniotomy was confirmed as an effective tech- 

nique for first-line surgical treatment for medically uncon- 

trolled glaucoma secondary to chronic childhood uveitis, in 

addition to being a safe and low-risk technique.68,69 One con- 

sideration, however, is that its results may be limited in older 

patients or in patients with peripheral anterior synechiae, prior 

surgeries, and aphakia due to structural changes in the 

meshwork.68,70 For these cases, as well as those in whom 

goniotomy surgery failed, the implantation of glaucoma drai- 

nage devices must be considered. 

Although glaucoma drainage device implantation is the 

standard treatment for adult uveitic glaucoma, its results in 

juvenile uveitic glaucoma are still uncertain due to a lack of 

evidence reports.71–74 Nevertheless, in many children with 

chronic uveitis, drainage device implantation (such as the 

Molteno or Ahmed devices) can be a safe and effective 

procedure for treating pediatric uveitic glaucoma.72,75 

Short-term and long-term complications of the implanta- 

tion include endothelial cell loss, corneal decompensation, 

and tube erosion through the conjunctiva.72 The trabecu- 

lotomy, another filtering surgery, can also be performed as 

an alternative to drainage devices, and it has the benefit of 

causing less inflammatory response after the surgical 

procedure.76,77 

Regardless of the surgical procedure chosen, however, 

a point to remember is that the inflammatory response in 

the postoperative period is often exacerbated and compli- 

cates the control of both uveitis and IOP.71 Furthermore, 

the need for a second intervention and associated glaucoma 

medications in the postoperative period is a frequent man- 

agement step required to obtain long-term control of the 

IOP.69,72,76 

 

Cataracts 

Surgical treatment is indicated for patients with visually sig- 

nificant cataracts. The surgical procedures include lensectomy 

and vitrectomy via the pars plana or phacoemulsification with 

or without intraocular lens (IOL) implantation. The selection 

of the surgical procedure should consider the patient’s age, the 

synechia pattern, the vision prognosis, and the surgeon’s 

experience. The IOL implantation remains controversial due 

to a more aggressive inflammatory response in the postopera- 

tive period and a greater chance of complications.21,78,79 

However, recent studies have suggested that IOLs may 

improve visual outcomes in patients with JIA-uveitis under 

good control.80–82 In addition, in young children requiring 

unilateral surgery, the IOL implantation seems to be more 

advantageous compared to contact lens correction, particularly 

because JIA is associated with a high prevalence of dry eye, 

which can hinder the use of the contact lenses.83 If IOL 

implantation is indicated, hydrophobic acrylic IOLs are the 

most suitable for the procedure.80,84,85 

For the surgery to be performed safely, both eyes 

should ideally be free of inflammation (less than 1+ cells 

in the anterior chamber) for 3 months before the proce- 

dure. Furthermore, maintaining control of inflammation 

during and after surgery is also essential.21 Preoperative 

anti-inflammatory medications, such as topical (predniso- 

lone 1%) and systemic glucocorticoid (prednisone or 

methylprednisolone), are advised to avoid ocular inflam- 

mation triggered by the surgical procedure.21,86,87 After 

the surgery, topical steroids use should be continued, 

with eventual tapering and discontinuation, based on 

each patient baseline usage.78,86 Systemic steroids used 

for more than 14 days may also need tapering.86,88 

A recent study also suggests intraoperative intravitreal 

dexamethasone implantation to avoid the need to increase 

oral glucocorticoids in the preoperative period to prevent 

postoperative inflammation. 

 

Macular edema and refractory inflammation 

Factors that may be associated with macular edema are micro- 

vascular changes (for example, those caused by diabetes melli- 

tus), inflammatory stress (related to uveitis duration), cataract 

surgery, and hypotony.89,90 

The initial treatment for inflammatory edema is systemic 

therapy for uveitis control. In most severe uveitis cases that are 

refractory to MTX associated with TNF-α inhibitors, the use of 

the anti-interleukin-6 receptor antibody tocilizumab (TCZ) 

showed good results for resolution of macular edema.91 

Intravitreal therapies should be considered if systemic therapies 

are insufficient.92 Recently, intraocular injectable implants of 

biodegradable dexamethasone have been used to treat macular 

edema and refractory inflammation. They provide slow local 

release of steroids, with good results in controlling inflammation 

but with a high rate of ocular hypertension. More studies are still 

needed to confirm their safety and benefits in these patients.93 

 

Uveitis treatment monitoring 

Every ophthalmologic exam must use age-appropriate visual 

acuity tests, classify the anterior chamber cell grade at the slit 

lamp by the SUN criteria, and quantify structural 

complications.29 Furthermore, recording the duration of active 

inflammation and detailing the treatment response are also 

important.21 
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The recommendations for ophthalmological exams in chil- 

dren and adolescents once JIA-uveitis is diagnosed should be 

performed accordingly to the anterior chamber degree of 

inflammation (Table 2), as follows (level of evidence and 

strength of recommendation IIIB)37: 

 
● In grades 3+ or 4+: weekly until improvement; 

● In grades 1+ or 2+ (stable in two successive visits): every 

2 weeks (or at least in less than 6 weeks); 

● In grade 0.5+ (stable in two successive visits): every 

6 weeks (or at least in less than 3 months). 

 

* Follow-up may be individualized and agreed upon by the care 

team also according to the frequency of topical glucocorticoid 

administration, the IOP, and the presence of ocular 

complications.8 

The recommendations for ophthalmological monitoring in 

children and adolescents with controlled JIA-uveitis were clas- 

sified as Level A and should be performed as follows8: 

 
● Monthly: if tapering or discontinuing topical glucocorti- 

coids (III). The patient should be evaluated before each 

step of tapering. 

● Within 2 months: if tapering or discontinuing systemic 

therapy* (III). 

● Every 3 months: if on stable therapy, systemic or topical 

(III). 

 

* In the suspension of systemic or immunomodulatory ther- 

apy, eye checkups should be performed every 2 months for 

6 months.94 

 

Tapering therapy in controlled JIA-uveitis 

Tapering therapy in children and adolescents with controlled 

JIA-uveitis should be conducted as follows8: 

 
● Patients on systemic therapy and 1–2 drops/day of pre- 

dnisolone acetate 1% (or equivalent): it is recommended 

tapering topical steroids before tapering systemic therapy 

(level of evidence and strength of recommendation IIIA). 

Another recommended step is ophthalmic monitoring 

within one month after each change in topical glucocor- 

ticoids (level of evidence and strength of recommenda- 

tion IIIA). 

● Patients on systemic therapy only (synthetic DMARD 

and biologic therapy): tapering is recommended for sys- 

temic therapy only if the disease is controlled for at least 

2 years (level of evidence and strength of recommenda- 

tion IIIB).* A further recommended step is ophthalmic 

monitoring within 2 months after each change in sys- 

temic therapy (level of evidence and strength of recom- 

mendation IIIA). 

 

* For tapering systemic therapy, other JIA manifestations, 

including arthritis activity, should be considered. 

** Periodic clinical and laboratory evaluations should be 

performed after systemic medication withdrawal. We suggest 

the frequency of at least monthly evaluations in the first 

 

3 months, followed by 2 visits at 2-month intervals and quar- 

terly thereafter. 

 

Recommendations 

Assembling previous models, the proposed monitoring and 

tapering flow guidelines are shown in Figure 3. 

 

Discussion 

A Brazilian JIA epidemiological profile analysis is challenging 

due to the scarce database and the marked differences within its 

territory of continental dimensions. Two studies, investigating 

local populations, found that JIA prevalence among children 

under 16 years old ranged from 34 to 196/100,000, which is 

within the estimated global prevalence (3.8 to 400/100,000).- 
2,95,96 One of those reports also analyzed JIA-uveitis and esti- 

mated its prevalence as 5.6%, which is below the global pooled 

prevalence (11.8%).2,97 The oligoarticular subtype had a higher 

prevalence, following the international data.2,97–99 However 

with only a slight difference in the prevalences of oligoarticular 

and systemic forms of the disease in one of the series.97 

Furthermore, there was no sex predominance,97,99 diverging 

from global evidence,2 but similar to African, Asian, and 

African-Americans populations.20,100 Despite this epidemiolo- 

gical information, the treatment for JIA-uveitis has not under- 

gone any local adaptation, so this therapeutic proposition can 

be used worldwide. 

A delay in the diagnosis of JIA-uveitis can result in 

irreversible vision damage. According to the current data, 

one-third of patients with JIA-uveitis present with ocular 

complications at the time of diagnosis.4 The ocular compli- 

cation incidence rates can be as high as 67% of the JIA- 

affected children.4 

In this context, efficient screening works as a secondary 

prevention, as it is essential for avoiding vision impairment 

and improving the health-related quality of life of JIA patients. 

A further consideration is that this is a population with chronic 

disease and members of a future workforce. Vision impairment 

could impact both education and employment. 

JIA-uveitis treatment may be challenging due to frequent 

ophthalmologic consultations and systemic treatment con- 

ducted by an expert team of pediatric rheumatologists and 

ophthalmologists. Therefore, a formal recommendation for 

conducting its treatment and monitoring is essential and 

should include the available biological and synthetic drugs 

within the health system demands in different regions of 

the country. The drug compliance and adherence for 

ophthalmologist and pediatric rheumatologist appointments 

should also be periodically reinforced, particularly for JIA 

teenagers. 

The current treatment guidelines for JIA-uveitis were 

developed by groups of rheumatologists, and their format 

and language are challenging for the ophthalmological 

community.4–6,8 Thus, compiling the information and 

adjusting it to the daily practice of ophthalmologists are 

further requirements. Other forms of anterior uveitis in 

childhood occur less frequently but have treatments as 

challenging as that of JIA-uveitis. These also could be 
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Figure 3. Ophthalmologic monitoring examinations and tapering therapy in juvenile idiopathic arthritis-related uveitis (JIA-uveitis).6 
Examinations can occur at 2–6-week intervals and can be tailored to the frequency of topical glucocorticoid administration, intraocular pressure, degree of 
inflammation, and presence of complications, as agreed on by the treatment team. JIA: juvenile idiopathic arthritis; AC: anterior chamber; AU: anterior uveitis. 

 
 

 

addressed in the present guideline. Those include uveitis 

associated with Pediatric Granulomatous Arthritis (AGP, 

also known as Blau’s Syndrome) and with juvenile anky- 

losing spondylitis. AGP is a monogenic autoinflammatory 

and granulomatous disease resulting from NOD2 muta- 

tions; it presents with arthritis, dermatitis, and uveitis. 

The patient usually presents a chronic bilateral granulo- 

matous panuveitis with multifocal chorioretinal lesions. 

Active anterior and posterior uveitis may persist in more 

than half of the patients, despite combined topical and 

systemic therapy. AGP uveitis is associated with high 

rates of ocular complications and moderate to severe 

vision impairment.101 Juvenile ankylosing spondylitis is 

a chronic spine arthropathy predominant in males with 

positive HLA-B27 in 91% of patients.102 The characteristic 

ocular involvement is a severe symptomatic unilateral 

AAU. The uveitis seen in 10–15% of these patients can 

be recurrent, alternating between the eyes.102 

Therefore, after a comprehensive scientific review of JIA- 

uveitis, the aim of the Brazilian Pediatric Ophthalmology 

Society (SBOP) was to provide consensus-based and evidence- 

based  guidelines  for  the  routine  practice  of  screening, 

diagnosing, treating, and monitoring JIA-uveitis from the joint 

perspectives of experts in ophthalmology and rheumatology 

nationwide. 
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children with juvenile uveitis. 

Methods: This is a cross-sectional cohort study of patients with uveitis enrolled in the Childhood Arthritis and 

          

             

           

Results: Ninety-two children with idiopathic and 656 with juvenile idiopathic arthritis (JIA)-associated uveitis 

were identified. Indication (arthritis or uveitis) for medication use was not available for JIA patients; therefore, 

detailed analysis was limited to children with idiopathic uveitis. In this group, 94 % had received systemic 

steroids. Methotrexate (MTX) was used in 76 % of patients, with oral and subcutaneous forms given at similar 

rates. In multivariable analysis, non-Caucasians were more likely to be treated initially with subcutaneous MTX 

(P = 0.003). Of the 53 % of patients treated with a biologic DMARD, all received a tumor necrosis factor (TNF) 

inhibitor. TNF inhibitor use was associated with a higher frequency of cataracts (52 % vs 21 %; P = 0.001) and 

antinuclear antibody positivity (49 % vs 29 %; P = 0.04), although overall complication rates were not higher in 

these patients. 
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Background 

Non-infectious juvenile uveitis is an inflammatory 

ocular disease that can lead to visual disability if not 

adequately controlled. Uveitis occurs as a primary disease 

(idiopathic uveitis) but can also be associated with sys- 

temic disease, typically juvenile idiopathic arthritis (JIA). 

In the pediatric population, uveitis remains a diagnostic 

challenge because children may not report symptoms 

until substantial visual damage has accrued. Rapid 

and effective control of the disease is essential because 

prolonged ocular inflammation is associated with higher 

rates of ocular complications and vision loss [1–3]. Unfor- 

tunately, there is no uniform approach to the evaluation 

and treatment of juvenile uveitis. In part, the lack of 

standardization is due to the limited number of clinical 

  studies in this condition. Current treatment strategies for 
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1Division of Immunology, Boston Children’s Hospital, Boston, MA and 
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Full list of author information is available at the end of the article 

juvenile uveitis are mostly extrapolated from small, retro- 

spective case series and there have been no randomized 

controlled trials in this patient population. In addition, 
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few studies have examined treatment practice patterns in 

the care of juvenile uveitis, and these patterns may also 

vary between pediatric rheumatology and ophthalmology 

providers. Improved understanding of current practice 

may help inform future decisions regarding optimal care 

of these patients. 

Glucocorticoids (oral and/or topical) are often the 

first step in treatment of anterior, non-infectious uve- 

itis in children but long term use is discouraged due 

to side effects [4, 5]. Methotrexate is the most com- 

monly prescribed steroid-sparing medication, and its 

therapeutic efficacy has been documented in several 

small case series [4, 6–10]. Methotrexate can be given 

either orally or subcutaneously. Subcutaneous admin- 

istration has greater bioavailability compared to oral, 

which can be quite variable [11, 12]. However, for many 

patients, especially children, oral dosing is preferred. 

Other disease-modifying anti-rheumatic drugs (DMARDs) 

such as cyclosporine, tacrolimus, azathioprine, and my- 

cophenolate mofetil are also used to treat uveitis, al- 

though most published reports have focused on adult, 

rather than pediatric, patients [13–23]. More recently, 

reports describe successful use of the TNF inhibitors 

infliximab and adalimumab in both JIA-associated and 

idiopathic uveitis [24–27]. In refractory cases of JIA as- 

sociated uveitis, tociluzumab, abatacept, and rituximab 

have also been used [28–30]. 

Several groups have proposed guidelines for the 

treatment of JIA-associated uveitis based on literature 

review and expert opinion [31–33]. There is consen- 

sus among these treatment guidelines that topical ste- 

roids should be used first, followed by methotrexate 

for refractory disease. However, they differ in their 

recommendations on the use of systemic glucocorti- 

coids, preferred route of methotrexate administration, 

and choice of second-line steroids sparing agents. 

Further, they have not yet been validated prospectively 

and it is unknown how closely providers adhere to 

these recommendations. 

Comparative effectiveness research (CER) represents 

an alternative approach to the establishment of treat- 

ment guidelines by expert opinion. CER methodologies 

are well suited to study diseases such as juvenile uveitis 

that are relatively uncommon, making randomized con- 

trolled trials with large cohorts less feasible [34, 35]. 

Consensus Treatment Plans (CTPs), in which patients 

are treated according to one of several algorithms, are 

intended to help standardize care, while at the same 

time collecting information on outcomes that will allow 

comparison of different treatment practices. The imple- 

mentation of CTPs and subsequent analysis of outcome 

data represent a form of CER. This approach has been 

trialed for multiple pediatric rheumatologic conditions, 

though not juvenile uveitis [36–39]. 

In this study, we examined data from CARRAnet, a 

large registry of North American pediatric rheumatol- 

ogy patients, in order to characterize current practice 

patterns in the treatment of juvenile uveitis. Better 

understanding of the factors influencing selection of 

steroid-sparing medications is necessary to inform the 

development of standardized treatment regimens and 

CTPs. 

 

Methods 

CARRAnet registry 

CARRAnet was developed by the Childhood Arthritis 

and Rheumatology Research Alliance (CARRA) and is a 

multicenter registry of children with rare pediatric rheu- 

matologic conditions (“CARRA registry” on https://clini- 

caltrials.gov). Over 50 pediatric rheumatology research 

centers in the United States and Canada have enrolled 

over 9000 children into the registry since its inception. 

Children were eligible to participate if they had 1 of 12 

specified rheumatologic diseases that were being studied 

in the registry. The primary diagnosis at enrollment was 

determined by the child’s treating rheumatologist. The 

registry opened with recruitment of children with JIA in 

May 2010; recruitment of children idiopathic uveitis 

began in February 2012, at which time collection of de- 

tailed information on uveitis presentation and treatment 

was also introduced to the registry. Demographic and 

clinical data, including information on prior medication 

use and disease complications, were gathered by family 

interview, medical record review, and/or provider recall 

and subsequently entered into a secure online database. 

Consent/assent was obtained from all study participants. 

 
Uveitis data 

After Institutional Review Board approval, we obtained 

de-identified enrollment data from children with JIA- 

associated and idiopathic uveitis who participated in the 

CARRA registry from June 2010 to September 2013. Al- 

though the registry was developed for prospective data 

collection, at the time of our inquiry, only data from a 

single, baseline registry enrollment visit was available for 

most patients. Data collected included uveitis type, 

number of affected eyes,duration of current episode (if 

active uveitis present), history of ocular complications, 

and current and prior medication use. Possible ocular 

complications listed included increased intraocular 

pressure, keratic precipitates, posterior synechiae, cata- 

racts, macular edema, epiretinal membrane, snowbanks, 

snowballs, retinal vasculitis, macular atrophy, hypopyon, 

iris nodules, band keratopathy, and history of eye surgery. 

Information on topical therapies (steroid, mydriatic, 

and anti-glaucoma drops), systemic glucocorticoids, 

intra-ocular steroids, intravenous immunoglobulin, 

non-biologic  disease-modifying  antirheumatic  drugs 
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(DMARDs), and biologic agents were included in the 

registry. Long-term steroid use was defined as a history of 

systemic glucocorticoid treatment for > 1 month. Drug 

use was categorized as “current,” “past,” “never,” or “un- 

known.” For this analysis, “ever drug use” was defined as 

past and/or current use. Information on medication dose 

and dates of drug initiation/cessation were not included in 

the registry. Thus, while some longitudinal information 

regarding treatment could be inferred based on current 

and past use of medications, details such as duration of 

therapy were not available. For JIA patients, the indication 

for a systemic medication (arthritis vs. uveitis) was not re- 

corded. Finally, data collection also included “ANA sta- 

tus,” where a positive response was defined as a history of 

testing positive for anti-nuclear antibody (ANA). Date of 

ANA testing was not included in the registry. 

 
Statistical analysis 

Demographic differences between JIA-associated and 

idiopathic uveitis groups were compared with Mann- 

Whitney U and chi-square tests. Univariate analysis 

was performed between first-use of oral MTX and 

subcutaneous MTX, and between biologic and non- 

biologic groups, using the Mann-Whitney U-test for 

median age and Fisher’s exact test for percentages. 

Multivariable logistic regression (backward selection) 

was applied to identify predictive factors, with the 

likelihood ratio test used to assess significance of the 

independent predictors [40]. Odds ratios and 95 % 

confidence intervals (CI) were derived for significant 

multivariable predictors of route of MTX administra- 

tion and for use of biologics. 

In these univariate and multivariate analyses, Caucasian 

race included both Hispanic and non-Hispanic ethnicities. 

Due to the small number of subjects endorsing racial 

categories other than Caucasian/white and black/African 

American, racial categories were collapsed into Caucasian 

and non-Caucasian to allow sufficient patient num- 

bers for statistical analysis. Statistical analysis was per- 

formed using IBM/SPSS Statistics (version 22.0, IBM, 

Armonk, NY). Two-tailed P < 0.05 were considered 

statistically significant. 

 

Results 

Patient characteristics 

There were 92 children with idiopathic uveitis and 

646 children with JIA uveitis identified in the CARRA 

registry (Table 1). Children with JIA uveitis were signifi- 

cantly younger at disease onset (median age 2.8 years) 

than children with idiopathic uveitis (median 8.5 years) 

(P < 0.001) (Table 1). Females were more frequently 

affected than males in both forms of the disease; 

however, patients with JIA uveitis were more likely to 

be female than those with idiopathic uveitis (78 % vs 

Table 1 Subject characteristics 
 

 Idiopathic Uveitis JIA Uveitis 

N = 92 N = 646 

Age at onset, yrs 8.5 2.8 

Median (IQR) (5.3-10.9) (1.7-5.2) 

Gender (n, %)   

Female 51 (55 %) 504 (78 %) 

Male 41 (45 %) 142 (22 %) 

Disease duration, yrs 

Median (IQR) 2.9 (1.2-5.2) 6.1 (3.2-9.5) 

Race* (n, %) 
 

Caucasian 71 (77 %) 596 (92 %) 

Black 12 (13 %) 22 (3 %) 

Asian 4 (1 %) 16 (2 %) 

Other 3 (3 %) 19 (3 %) 

Unknown 2 (2 %) 0 (0 %) 

Ethnicity (n, %) 
 

Hispanic 12 (13 %) 61 (9 %) 

Non-Hispanic 79 (86 %) 580 (90 %) 

Unknown 

ANA (n, %) 

1 (1 %) 5 (0.5 %) 

Positive 30 (32 %) 385 (60 %) 

Negative 45 (49 %) 184 (28 %) 

Unknown 17 (18 %) 77 (12 %) 

Characteristics of the idiopathic and JIA uveitis patients are listed in the table. 

*Race was self-reported, and subjects could select more than one category 

JIA juvenile idiopathic arthritis, IQR interquartile range 

 

55 %; P < 0.001) (Table 1). A greater percentage of patients 

with JIA uveitis (92 %) were Caucasian as compared to 

children with idiopathic uveitis (77 %) (P < 0.001) (Table 1). 

 
Uveitis characteristics 

Information on uveitis disease characteristics and ocu- 

lar complications was available for all patients with 

idiopathic uveitis but only 69 of 646 patients with JIA 

uveitis. Therefore, our evaluation of uveitis features 

was limited to patients with idiopathic uveitis. Anterior 

uveitis was the most common subtype of the disease 

(62 %), followed by panuveitis (21 %), intermediate uveitis 

(13 %), and posterior uveitis (4 %). Most children with 

idiopathic uveitis (77 %) had bilateral involvement. Ocular 

complications were common and noted in 71 (77 %) chil- 

dren with idiopathic uveitis: 35 had cataracts, 26 had 

undergone eye surgery, 13 had abnormal corrected vision, 

and 3 were blind in the affected eye (Fig. 1). Other fre- 

quently reported complications included posterior syne- 

chiae, band keratopathy, macular edema, and keratic 

precipitates. The majority of patients (64 children) re- 

ported having more than one complication. Among JIA 

uveitis patients for whom ocular complication data was 
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Table 3 Biologic agent use in idiopathic and JIA uveitis 

Drug Idiopathic Uveitis JIA Uveitis 

 N = 92 (%) N = 643 (%) 

TNF inhibitor 49 (53) 353 (55) 

Adalimumab 18 (20) 196 (30) 

Certolizumab 0 (0) 1 (0.2) 

Etanercept 0 (0) 159 (25) 

Golimumab 1 (1) 3 (0.5) 

Infliximab 36 (39) 174 (27) 

Abatacept 0 (0) 23 (4) 

Anti-IL-1 0 (0) 9 (1.5) 

Anakinra 0 (0) 7 (0.2) 

Rilonacept 0 (0) 1 (0.2) 

Canakinumab 0 (0) 1 (0.2) 
 

 
 
 
 

 
known, cataracts again were the most common com- 

plication, although overall complication rate was 

lower (Additional file 1: Figure S1). 

 
Medication use 

Data on medications ever used was available on all 

idiopathic and almost all (643/646) JIA uveitis patients 

(Tables 2 and 3). Use of DMARDs and biologic agents 

was similar in both groups. A majority of patients re- 

ceived a DMARD (83 % of idiopathic and 88 % of JIA 

uveitis patients). At least one biologic agent was used in 

53 % of children with idiopathic uveitis and 56 % of chil- 

dren with JIA-associated uveitis. In patients with JIA 

Table 2 DMARD use in idiopathic and JIA uveitis 
 

Drug Idiopathic Uveitis JIA Uveitis 

 N = 92 (%) N = 643 (%) 

Methotrexate 70 (76) 549 (85) 

Oral 44 (48) 375 (58) 

SQ 46 (50) 416 (65) 

Mycophenolate mofetil 9 (10) 33 (5) 

Cyclosporine 3 (3) 20 (3) 

Sulfasalazine 1 (1) 47 (7) 

Hydroxychloroquine 0 (0) 27 (4) 

Leflunomide 0 (0) 20 (3) 

Tacrolimus 0 (0) 8 (1) 

Azathioprine 0 (0) 3 (0.4) 

Cyclophosphamide 0 (0) 1 (0.2) 

Data in this table represent “ever drug use” in patients with data available on 

DMARD drug exposure (92/92 patients with idiopathic uveitis and 643/646 

patients with JIA uveitis) 

JIA juvenile idiopathic arthritis, SQ subcutaneous 

Rituximab 0 (0) 4 (0.5) 

Tocilizumab 0 (0) 4 (0.5) 
 

Data in this table represent “ever drug use” in patients with data available on 

biologic drug exposure (92/92 patients with idiopathic uveitis and 643/646 

patients with JIA uveitis) 

JIA juvenile idiopathic arthritis 
 

 

uveitis, the indication for medication use was not specified 

and could have been due to either arthritis or uveitis dis- 

ease activity. Therefore, in order to evaluate medication 

use for uveitis specifically, we restricted the remaining 

medication analysis to patients with idiopathic disease. 

 
Glucocorticoid use in idiopathic uveitis 

Topical steroid drops were used in 90 % of idiopathic 

uveitis patients, with hourly dosing employed at some 

point in the disease course in 26 % (Table 4). Of the 5 

children who did not receive topical steroid drops, 4 

were treated with oral or IV glucocorticoids. None of the 

idiopathic uveitis patients received intra-ocular steroid 

injections. Almost all (94 %) of idiopathic uveitis patients 

had received systemic glucocorticoids. Further, 38 % of 

idiopathic uveitis patients had received long-term sys- 

temic glucocorticoids. 

 
DMARD use in idiopathic uveitis 

Of the 92 idiopathic uveitis patients, 70 (76 %) received 

methotrexate (MTX), making it the most frequently uti- 

lized steroid-sparing agent. Overall, the oral and sub- 

cutaneous (SQ) forms of MTX were used at similar rates 

(Table 2). In 96 % of patients who had received MTX, it 

was possible to determine the initial route of MTX ad- 

ministration prescribed to treat idiopathic uveitis. SQ 

MTX was used first in 54 % of children, while oral MTX 

was prescribed first in 46 %. A minority (29 %) of pa- 

tients had been trialed on both formulations (SQ to oral 

in 10 patients; oral to SQ in 7 patients; in 3 subjects the 

order could not be determined). By univariate analysis, 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

Fig. 1 Ocular Complications in Idiopathic Uveitis. The number of 

 

in the figure 
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Table 4 Steroid use in idiopathic uveitis 

 
Topical steroid drops 

 

 
Idiopathic Uveitis N (%) 

received methotrexate. In univariate analysis, patients 

who had received a TNF inhibitor were more likely to 

have a history of a cataract compared to patients who 

Yes 83 (90) 

No 5 (5) 

Unknown 4 (4) 

Max topical steroid drop freq 
 

Hourly 24 (26) 

12x/day 10 (11) 

6x/day 4 (4) 

4x/day 16 (17) 

3x/day 6 (7) 

2x/day 3 (3) 

Daily 3 (3) 

Unknown 

Intraocular steroids 

21 (23) 

Yes 0 (0) 

No 85 (92) 

Unknown 7 (8) 

Systemic steroids  

Yes 86 (94) 

No 4 (4) 

Unknown 2 (2) 

IV pulse steroids  

Yes 4 (4) 

No 82 (89) 

Unknown 6 (7) 

Long-term systemic steroids  

Yes 35 (38) 

No 50 (54) 

Unknown 7 (8) 

Topical and systemic steroid use in idiopathic uveitis patients is depicted in 

the table. Max maximum, freq frequency 

 

 

the initial use of the SQ MTX was associated only 

with non-Caucasian race (P = 0.046). This relationship 

persisted in the multivariable analysis with adjustment 

for age at disease onset, ethnicity, race, gender, uveitis 

type, and ocular complications (P = 0.003) (Table 5). 

DMARDs other than methotrexate that were less fre- 

quently used in idiopathic uveitis patients included 

cyclosporine (N = 3), mycophenolate mofetil (N = 9), 

and sulfasalazine (N = 1) (Table 2). 

 
Biologic use in idiopathic uveitis 

Among the 49 idiopathic uveitis patients treated with a 

biologic medication, all received a tumor necrosis factor 

(TNF) inhibitor: infliximab (n = 36), adalimumab (n = 18), 

or golimumab (n = 1) (Table 3). Of these, all but 2 had also 

had never been exposed to a biologic agent (53 % vs. 

21 %; P = 0.002) (Table 6). This association remained 

in multivariable analysis adjusting for age at disease 

onset, ethnicity, race, gender, uveitis type, ANA status, 

and ocular complications (odds ratio = 5.6; P = 0.001). In 

addition, multivariate modeling also revealed that a 

positive ANA, defined as a history of testing positive 

for ANA, was significantly associated with TNF in- 

hibitor use after adjusting for other disease and pa- 

tient characteristics (P = 0.04) (Table 6). 

 
Multiple biologic agent use in idiopathic uveitis 

Six idiopathic uveitis patients were treated with multiple 

biologic agents. All of these patients had received both 

infliximab and adalimumab. In 5 of these patients, the 

order of TNF inhibitor use could be determined: 3 pa- 

tients switched from adalimumab to infliximab, while 2 

patients switched from infliximab to adalimumab. 

 
Biologic use without preceding DMARD in idiopathic uveitis 

Two patients included in the registry were treated with 

infliximab without a preceding DMARD. Neither of 

these patients had anterior uveitis, while both had ocular 

complications. The first patient was diagnosed with bi- 

lateral panuveitis and had developed snowballs and pos- 

terior synechiae. The second child had posterior uveitis 

complicated by retinal vasculitis and blindness in the af- 

fected eye. 

 

Discussion 

Optimization of care for children with uveitis remains a 

challenging goal without better comparative effectiveness 

studies. These types of studies are particularly challen- 

ging to conduct in children given the rarity of uveitis 

and the practical considerations regarding therapeutic 

trials in children. In this study, we sought to present a 

preliminary overview of current practice patterns in the 

treatment of pediatric uveitis, using a large North 

American patient registry. This analysis includes descrip- 

tion of one of the largest cohorts of pediatric idiopathic 

uveitis patients published to date. A total of 26 contrib- 

uting centers were represented within this cohort. 

We first examined steroid use in these patients. 

Somewhat surprisingly, nearly all patients had been 

treated with systemic glucocorticoids; indeed, more 

patients reported using systemic glucocorticoids than 

topical steroids. About a third of patients reported 

long-term use of systemic glucocorticoids, and several 

patients had received intravenous glucocorticoid 

pulses. In contrast to the pattern of steroid use docu- 

mented in our cohort of patients, published treatment 
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Table 5 Factors associated with initial route of MTX Administration in idiopathic uveitis 

Multivariable Logistic Regression 

Variable Oral MTX 

N = 31 

SQ MTX 

N = 36 

Univariate 
P value 

Odds Ratio 95 % CI P value 

Age at onset, yrs   0.06   0.61 

Median (IQR) 9.4 (5.7-11.8) 7.1 (5.0-9.3)     

Gender   1.00   0.73 

Female 13 (42 %) 15 (42 %)     

Male 18 (58 %) 21 (58 %)     

Ethnicity   1.00   0.72 

Hispanic 2 (6 %) 2 (6 %)     

Non-Hispanic 29 (94 %) 34 (94 %)     

Race   0.046* 12.7 1.5-106.8 0.003* 

Caucasian 27 (87 %) 22 (65 %)     

Non-Caucasian 4 (13 %) 12 (35 %)     

Uveitis type   0.65   0.51 

Anterior 19 (61 %) 26 (72 %)     

Pan 4 (13 %) 5 (14 %)     

Intermediate 7 (23 %) 4 (11 %)     

Posterior 1 (3 %) 1 (3 %)     

ANA status   1.00   0.95 

Positive 11 (44 %) 15 (44 %)     

Negative 14 (56 %) 19 (56 %)     

Complications** 25 (81 %) 28 (80 %) 1.00   0.73 

Cataracts 15 (48 %) 16 (44 %) 0.81   0.94 

Data in this table include subject characteristics associated with the route of methotrexate administration initially prescribed 

IQR interquartile range, SQ subcutaneous, CI confidence interval, ANA antinuclear antibody 

*Statistically significant, **Presence of at least one ocular complication 
 

guidelines for JIA-associated uveitis reserve systemic 

glucocorticoids for patients with severe ocular inflam- 

mation (grades 3+ or 4+) or impending vision loss 

[31, 32]. The discrepancy between systemic glucocortic- 

oid use in our cohort compared to the treatment guide- 

lines may represent a point where current treatment 

practices deviate from expert opinion. It is possible that 

this deviation is due to differences in treatment ap- 

proaches between idiopathic and JIA-associated uveitis. 

Alternatively, the high rate of systemic glucocorticoiduse 

in our cohort could be explained by higher disease sever- 

ity, a possibility that is difficult to assess as the CARRAnet 

registry did not include information about grade of in- 

flammation. However, the overall rate of ocular compli- 

cations in our cohort (80 %) is within the range of 

prior reports in juvenile uveitis [1, 2, 41]. 

The use of steroid-sparing medications in idiopathic 

uveitis was then evaluated. Most patients had received 

methotrexate, in either oral or subcutaneous form. Sub- 

cutaneous methotrexate has higher bioavailability than 

oral dosing, but use of subcutaneous methotrexate for 

initial therapy is not clearly standard among providers. 

We found that idiopathic uveitis patients in our study 

were evenly divided between oral and subcutaneous 

dosing. Univariate and multivariate analysis demon- 

strated that subcutaneous administration was used 

more frequently for non-Caucasians than Caucasians. 

A possible explanation could be that non-Caucasians 

had, or were at least perceived to have, more severe 

disease. However, other characteristics such as com- 

plication rate, age of onset, gender, and ANA status 

were not different between patients who were treated 

with oral versus subcutaneous methotrexate. There is 

limited literature on the role of race and ethnicity in 

juvenile uveitis. In one study of JIA-associated uveitis, 

African-American children tended to have worse phys- 

ician global assessment scores [42]. Another study has also 

suggested that African-American patients may have more 

severe disease [43]. In contrast, white race was a predictor 

of remission in one study of JIA-associated uveitis, but 

race was not a factor affecting development of complica- 

tions [44]. Whether these findings are applicable to 

idiopathic uveitis patients is less clear. Other factors 

that may influence medication selection were not able 
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Table 6 Factors associated with biologic agent use in idiopathic uveitis 

Multivariable Logistic Regression 

Variable Biologics 

N = 49 

No Biologics 

N = 43 

Univariate 
P value 

Odds Ratio 95 % CI P value 

Age at onset, yrs   0.35   0.90 

Median (IQR) 7.7 (5.1-10.2) 8.9 (6.8-11.4)     

Gender   0.21   0.07 

Female 24 (49 %) 27 (63 %)     

Male 25 (51 %) 16 (37 %)     

Ethnicity   0.54   0.92 

Hispanic 5 (10 %) 7 (16 %)     

Non-Hispanic 44 (90 %) 36 (84 %)     

Race   0.20   0.87 

Caucasian 35 (73 %) 36 (86 %)     

Non-Caucasian 13 (27 %) 6 (14 %)     

Uveitis type   0.44   0.82 

Anterior 27 (55 %) 30 (70 %)     

Pan 13 (27 %) 6 (14 %)     

Intermediate 7 (14 %) 5 (12 %)     

Posterior 2 (4 %) 2 (5 %)     

ANA status   0.07***    

Positive 20 (49 %) 10 (29 %)  3.0 1.0-8.6 0.04* 

Negative 21 (51 %) 25 (71 %)  Reference   

Any complication 39 (81 %) 32 (74 %) 0.46   0.16 

Cataracts 26 (53 %) 9 (21 %) 0.002* 5.6 1.8-17.2 0.001* 

IQR interquartile range, CI confidence interval 

*Statistically significant, ***Trend 

 

to be captured in our study; these include patient prefer- 

ence, concerns about medication compliance, and regional 

availability of injectable methotrexate due to drug short- 

ages [45]. 

More than half of our idiopathic uveitis cohort received 

biologic therapy, all in the form of TNF inhibitors. Inflixi- 

mab was used twice as frequently as adalimumab, which 

was interesting given that recent literature seems to have 

favored adalimumab over infliximab in some analyses 

[46, 47]. One explanation for this may be the earlier 

availability of infliximab. However, our patients were 

first enrolled beginning in 2010; adalimumab use in 

juvenile uveitis was reported as early as 2006 [48]. 

There were no racial differences between patients 

who had or had not received TNF inhibitor therapy. 

However, patients treated with TNF inhibitors were 

more likely to be ANA positive and to have cata- 

racts, again suggesting that these patients either had, 

or were perceived to have, more severe disease. Un- 

fortunately, the design of the registry did not allow 

the ability to capture whether ANA positivity and 

cataract development preceded or followed TNF inhibitor 

administration. Several studies have identified ANA posi- 

tivity as a risk factor for ocular complications and visual 

acuity loss in JIA-associated uveitis; however, other studies 

have not replicated this finding [2, 49–51]. There is, thus, 

no clear explanation of the association between ANA 

positivity and TNF inhibitor use in our cohort apart from 

the possible perception of increased disease severity. 

Cataract development may be secondary to disease ac- 

tivity or chronic steroid use. In our cohort, patients with 

cataracts had higher frequencies of other ocular compli- 

cations but similar rates of glucocorticoiduse compared 

to children without cataracts. Thus, differences in dis- 

ease severity more likely explain the association between 

cataract development and the use of TNF inhibitors. 

Further understanding of this relationship is limited by 

the available data, which in this registry database did not 

specify the timing of TNF inhibitor initiation with regard 

to cataract formation. 

 
Limitations 

Although the size of our idiopathic uveitis pediatric co- 

hort was relatively large, interpretation of the impact of 
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Additional file 1: Figure S1. Ocular complications in JIA associated 

uveitis. (TIF 294 kb) 

 

 

 

specific medications on patient outcome is limited by 

the lack of follow up. This was a relatively early cross- 

sectional look at enrollment data, but collection of data 

from follow up visits remains ongoing. We hope that 

over time, further analyses will allow more detailed 

examination of the factors that influence the selection of 

medications, as well as their efficacy. 

The CARRAnet database did not include data on the 

indication for medication use in JIA uveitis patients. 

Therefore, it was not possible to determine if a medica- 

tion was used for active arthritis and/or uveitis. Thus, 

we limited the majority of our analysis to idiopathic uve- 

itis patients. It is unclear if our findings are applicable to 

JIA uveitis patients, given the differences in race, gender, 

and ANA status in both groups which may be associated 

with differences in disease severity, and subsequently 

medication use. The database also did not collect infor- 

mation on medication dosage, which can also vary 

greatly from provider to provider and also influence the 

decision for whether to move on to another agent. Fu- 

ture iterations of this database will hopefully allow more 

granular analysis of medication dosage. 

Finally, our cohort may be influenced by selection bias, 

as these patients were all under the care of a pediatric 

rheumatologist. Patients with milder disease may be 

managed solely by ophthalmologists without coming to 

the attention of a rheumatology provider. 

 

Conclusions 

There is not yet a commonly accepted, standardized ap- 

proach in the treatment of juvenile idiopathic uveitis. 

Analysis of a North American pediatric rheumatology 

data registry identified points of consensus and diver- 

gence in the current treatment practices for this disease. 

Compared to expert treatment guidelines, clinicians used 

systemic steroids more frequently and for prolonged 

courses. Steroid-sparing treatment strategies were gener- 

ally similar for children with JIA-associated and idio- 

pathic uveitis. Among patients with idiopathic uveitis, 

almost all were treated with methotrexate, although oral 

and subcutaneous forms of the medication were equally 

favored. Non-Caucasian patients were more likely to be 

prescribed subcutaneous rather than oral methotrexate. 

More than half of our idiopathic uveitis patients were 

also treated with a TNF inhibitor, and infliximab was 

used twice as often as adalimumab. TNF inhibitor use 

may reflect higher disease severity, or the perception of 

higher disease activity, as it was also associated with 

higher rates of ANA positivity and cataract formation. 

Our findings on the treatment of juvenile uveitis in 

North America lay the foundation for future investigation 

into identified areas of treatment variability. Comparative 

effectiveness research, particularly CTPs, will be helpful in 

studying systemic steroid use and the efficiency of oral 

versus subcutaneous methotrexate, and the TNF inhibi- 

tors infliximab and adalimumab. 
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A  B  S  T  R  A  C  T  

 
Noninfectious uveitis (NIU) in children and adolescents is a rare but treatable cause of 

visual impairment in children. Treatments for pediatric NIU and their side effects, along 

with the risks of vision loss and the need for long-term disease monitoring, pose significant 

challenges for young patients and their families. Treatment includes local and systemic 

approaches and this review will focus on systemic therapies that encompass corticoster- 

oids, conventional synthetic disease-modifying antirheumatic drugs (csDMARD), and bio- 

logical disease-modifying antirheumatic drugs (bDMARD). Treatment is generally planned 

in a stepwise approach. Methotrexate is well-established as the preferential csDMARD in 

pediatric NIU. Adalimumab, an antitumor necrosis factor (TNF) agent, is the only bDMARD 

formally approved for pediatric NIU and has a good safety and efficacy profile. Biosimilars 

are gaining increasing visibility in the treatment of pediatric NIU. Other bDMARD with 

some evidence in literature for the treatment of pediatric NIU include infliximab, tocili- 

zumab, abatacept, rituximab and, more recently, Janus kinase inhibitors. Important 
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aspects of managing children on these systemic therapies include vaccination issues, risk 

of infection, and psychological distress. Also, strategies need to address regarding primary 

nonresponse/secondary loss of response to anti-TNF treatment, biological switching, and 

monitoring regimens for these drugs. Optimal management of pediatric uveitis involves a 

multidisciplinary team, including specialist pediatric uveitis and rheumatology nurses,  

pediatric rheumatologists, psychological support, orthoptic and optometry support, and 

play specialists. 

© 2023 Published by Elsevier Inc. 

 

 
 

 
  

1. Introduction 
 

Pediatric uveitis is a rare but treatable cause of visual im- 

pairment in children. Approximately 60% of children with 

uveitis will have associated systemic disease, most com- 

monly rheumatological,31 and therefore thorough investiga- 

tion is required in a child without a prior diagnosis. The most 

common type of uveitis seen in children is juvenile idiopathic 

arthritis-associated uveitis (JIA-U), often picked up on 

screening of an asymptomatic child.39 In this review, we will 

use the term pediatric to refer to children and adolescents up 

to 18 years old. 

Children with uveitis are at risk of visual loss secondary to 

cataracts, macular edema, secondary glaucoma, and am- 

blyopia. In contrast to adult uveitis, the majority of children 

with uveitis have minimal or no symptoms. As a result, 

children may have severe structural complications already 

present at the time of diagnosis; however, early initiation of 

treatment with immunosuppressive therapy , which cur- 

rently includes conventional synthetic disease-modifying 

antirheumatic drugs (csDMARDs) and biological disease- 

modifying antirheumatic drugs (bDMARDs), prevents the 

development of such complications in the majority of chil- 

dren. There is high-quality evidence to support the use of 

adalimumab (ADA), alongside methotrexate (MTX), in pe- 

diatric noninfectious uveitis (NIU). Evidence to support other 

immunomodulatory treatments in pediatric NIU is more 

limited and current care is guided by this, alongside expert 

opinion and multidisciplinary panels.10,31,80,180,201 

The treatments for pediatric NIU and their side-effects, 

alongside the risks of vision loss and need for long-term 

disease monitoring, are undoubtedly a significant burden for 

young patients and their families; compliance has been re- 

cognized as a major issue. It is important to recognize and 

consider the potential impact of these factors on education, 

physical and emotional well-being, child growth, and de- 

velopment alongside therapy in the delivery of pediatric 

uveitis care. We present a comprehensive review and prac- 

tical approach for the systemic management of chronic pe- 

diatric NIU, with a focus on the use of noncorticosteroid 

systemic therapies, multidisciplinary care, and strategies 

for dealing with treatment challenges. Grading of available 

published evidence using Oxford Centre for Evidence cri- 

teria has been done, and for the reader’s convenience, the 

table has been included in supplemental files (Supplemental 

Table 2).152 

2. Investigation of pediatric uveitis 

 
All children with NIU regardless of clinical features, laterality 

or severity, should be considered as having possible systemic 

disease; however, an expert panel did not reach a consensus 

on whether children without systemic symptoms should be 

referred to a pediatrician or rheumatologist.187 (evidence 

level 5) A tailored work-up, including laboratory tests, radi- 

ological analysis, and multimodal ocular imaging, should be 

initiated based on the clinical profile of individual patients. It 

is of paramount importance to rule out certain infectious 

causes of uveitis. Investigations also serve as necessary 

baseline tests prior to systemic therapies, ensuring safety to 

proceed with immunomodulatory medications. In our prac- 

tice, all children with new-onset uveitis are referred to a pe- 

diatrician or pediatric rheumatologist for systemic 

examination. Autoimmune, vasculitis, and infection screens 

are requested based on ocular inflammatory disease features 

and patient and family history. 

 

3. Systemic management of NIU in children 

 
A stepwise approach is typically applied to the management 

of NIU. Topical corticosteroids are generally used as first-line 

treatment and often started immediately, with escalation to 

systemic treatment if inadequate control or high-risk of vi- 

sion loss to prevent the risk of complications.39 For the 

reader’s convenience, side effects are detailed in a specific 

section for the 2 most common drugs used in pediatric NIU, 

MTX and ADA. 

 
3.1. Systemic corticosteroids 

 
Systemic corticosteroids are used to gain rapid control of 

NIU, particularly if there is sight-threatening involvement, 

including posterior segment disease, severe anterior 

chamber inflammation, hypotony, dense vitreous opacities, 

and/or macular or optic nerve edema.39,53,56,64,73,82,82,95 Typi- 

cally, oral prednisolone (up to 1 mg/kg) is used, or sometimes 

intravenous methylprednisolone (30 mg/kg up to 3 doses 

daily/alternate days), and tapered rapidly according to clin- 

ical response.92 

Systemic corticosteroids can result in serious systemic 

and ocular complications and should not form part of long- 

term strategy. Infections, weight gain, growth retardation, 
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Table 1 – Investigations before and while on systemic steroid treatment. 

Key time points Relevant investigations Purpose 

Prior to initiating therapy Full blood count Baseline status‡,¶,†† 
 Glucose  

 AST, ALT, creatinine, urea, urinalysis  

 Height Baseline–monitor weight gain 
 Weight *,§, ¶,†† 

 Blood pressure Identify hypertension †,# 
 Chest X ray Exclude previous chest infections including TB†† 
 Syphilis testing, IGRA, and TST testing Exclude infection including TB†† 

During therapy Full blood count Identify hyponatremia, hyper or hypokalemia, 
 Glucose hyperglycemia ‡,†† 
 AST, ALT, creatinine, urea, urinalysis  

 Height and weight every 6 months Identify growth retardation and weight gain ¶ 

 
Prior to cessation of therapy 

Blood pressure 

Synacthen testing 

Identify hypertension†† 

Identify adrenal supression  ,** 

AST = aspartate transaminase; ALT = alanine transaminase; IGRA = interferon gamma release assay test; TB = Tuberculosis; TST = tuberculin 

skin test. 

*Ahmet A, Mokashi A, Goldbloom EB, C. H, Jurencak R, P. K. Adrenal suppression from glucocorticoids: preventing an iatrogenic cause of 

morbidity and mortality in children. 
†Boon LM, MacDonald DM, Mulliken JB. Complications of systemic corticosteroid therapy for problematic hemangioma. Plast Reconstr Surg 

104(6):1616–23. 
‡Buchman AL. Side effects of corticosteroid therapy. J Clin Gastroenterol 33(4):289–94. d 
§Domecq JP, Prutsky G, Leppin A, et al. Clinical review: drugs commonly associated with weight change: a systematic review and meta- 

analysis. J Clin Endocrinol Metab Feb;100(2). 

Health Professionals NHSGGCP. Adrenal suppression secondary to exogenous glucocorticoid - guidance for children on long term steroid 

therapy [Internet. In: National Health Service Greater Glasgow and Cylde Guidelines. https://www.clinicalguidelines.scot.nhs.uk/nhsggc-paediatric- 

clinical-guidelines/nhsggc-guidelines/endocrinology/adrenal-suppression-secondary-to-exogenous-glucocorticoid-guidance-for-children-on-   

long-term-steroid-therapy/. 
¶Liu D, Ahmet A, Ward L, et al. A practical guide to the monitoring and management of the complications of systemic corticosteroid therapy. 

Allergy Asthma Clin Immunol 2013;9(1). 
#Panoulas VF, Douglas KM, Stavropoulos-Kalinoglou A, et al. Long-term exposure to medium-dose glucocorticoid therapy associates with 

hypertension in patients with rheumatoid arthritis. Rheumatology 47(1):72–5. 
⁎⁎S. WR, J. D, C. B, C.L. D, G. VV, N. A. a search for variables predicting cortisol response to low-dose corticotropin stimulation following 

supraphysiological doses of glucocorticoids. J Pediatr 163(2):484–488 1. 
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adrenal suppression, cushingoid habitus, hyperactivity, and 

osteoporosis are reported.191 The psychological impact can 

be significant and distressing, including sleep disorders, 

mood disturbance, and rarely psychosis.2,65 Investigations 

before and while on systemic corticosteroid treatment are 

presented in Table 1. 

 
3.2. Noncorticosteroid nonbiologic systemic therapies 

 
Escalation to csDMARD treatment is necessary for children 

with NIU refractory to 1-2 topical steroid drops/day and in 

those requiring systemic corticosteroid to maintain con- 

trol.11,57 The presence of complications (posterior synechiae, 

cataract, or glaucoma), steroid-related complications, and/or 

underlying systemic inflammation are also indications to 

start csDMARD, sometimes urgently.23,59,164 MTX is well-es- 

tablished as the preferential csDMARD in pediatric NIU,125 

especially in JIA-associated uveitis, with a good safety profile. 

(evidence level 2) 63,83,181 

 
3.2.1. MTX 

MTX was effective as a single immunosuppressive therapy 

agent in childhood  chronic  NIU with improvement in 

inflammation in almost 75% of patients in a systematic re- 

view (evidence level 2).183 It is administered orally or via 

subcutaneous (sc) injection. Less variable bioavailability and 

less gastrointestinal upset, especially nausea, are suggested 

with s/c administration.126 While higher doses of sc MTX 

treatment (≧ 15 mg/m2/week) show no more side effects than 

a lower dose (<15 mg/m2/day), higher doses are associated 

with more favorable vision outcomes and shorter times to 

uveitis disease remission.206 A similar efficacy was however 

observed (67% success in uveitis control).206 Our preference is 

to use sc MTX, 10–15 mg/m2/week, with a maximum dose of 

25 mg/week. 

Escalation to a bDMARD is indicated in: (1) cases re- 

fractory to an adequate trial of MTX (3 months); (2) some 

high-risk cases (e.g., patients at first presentation with severe 

anterior and/ or intermediate inflammation, optic disc, or 

macular edema and/or sight-threatening complications such 

as significant synechiae, cataract, and/or glaucoma) before 3 

months of MTX; and (3) MTX intolerance.27,39 The addition of 

a second csDMARD has not been proven to improve uveitis 

control and carries a risk of significant adverse effects 116 The 

American College of Rheumatology (ACR)/Arthritis Founda- 

tion Guideline for JIA recommends that in children with 
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active uveitis despite 1–2 corticosteroid drops/day for at least 

3 months plus systemic MTX; changing or escalating treat- 

ment is recommended over continuing current systemic 

therapy.11 This approach is also applied to the management 

of most non-JIA chronic uveitis.10 

 
3.2.2. MTX side effects or toxicity in pediatric uveitis 

In patients experiencing MTX adverse effects, particularly 

abnormal liver function tests (LFTs) and anticipatory or drug- 

related nausea/vomiting, dose reduction (or drug cessation) 

may be necessary.183 Dose reduction carries a potential risk 

of reactivation/worsening of uveitis control. Escalation to 

bDMARD therapy may then become necessary. The impact of 

MTX on disease should be reviewed after 6 weeks, although it 

may take 12 weeks to see the full effect. If MTX is not working 

after 12 weeks, treatment escalation with the addition of a 

bDMARD should be considered as per NICE guidance/NHS 

England pathway.145 Embryotoxicity and teratogenicity have 

been reported with MTX and sexual health should be ad- 

dressed before starting treatment; if a child is prepubescent 

at the time of initiating treatment, this issue should be re- 

visited when appropriate.135 If bDMARD therapy is contra- 

indicated or poorly tolerated, patients can be transitioned to 

a different csDMARD (in class or a different class), such as 

from MTX to mycophenolate mofetil (MMF), although evi- 

dence to support switching csDMARD is limited. MMF is 

generally not effective for the control of arthritis in JIA.150 

Children taking MTX are at increased risk of infection or 

reactivation of infection.136 Intercurrent infections rather than 

MTX treatment itself may cause transient dips in white cells 

or neutrophil count or transient elevations of liver function 

enzymes, which usually settle without action.135,165 Bone 

marrow toxicity is possible.204 Photosensitivity, psoriatic skin 

lesions aggravated by UV radiation, gastrointestinal toxicity 

with stomatitis or diarrhea all have been described as early 

signs of toxicity, and pulmonary toxicity with pneumonitis 

has been reported.133 Nephrotoxicity at high doses is also 

possible, and major toxicity with MTX can occur during in- 

tercurrent illness, particularly if there is impairment of renal 

function or sepsis. It is recommended that MTX be stopped 

temporarily during severe infection or when the infection is 

not responding to standard treatment, but can be restarted 

when the infection has cleared. It should be discontinued in 

patients who develop opportunistic infections.204 

A systemic antiemetic (like ondansetron 100–150 μg/kg 30 

minutes before MTX and can be repeated every 8–12 hours 

[maximum per dose 8 mg] as required). or cyclizine (0.5–1 mg/ 

kg up to 3 times a day [maximum per dose 25 mg] for up to 11 

years old and 50 mg for older children, taken 1 hour before 

MTX). Ondansetron can be given for children with nausea and 

vomiting, and we routinely give ondansetron to all patients in 

our service, pre- and post-MTX, to prevent physical and sub- 

sequent anticipatory nausea and psychological effects. Folic 

acid supplementation is given to all patients (5 mg once to a 

maximum 6 times/week) to prevent nausea, fatigue, mouth 

ulcers, and hair loss. For needle phobia and anticipatory an- 

xiety successful strategies include (1) switch to oral MTX/other 

csDMARD or temporarily stop MTX for a defined period; (2) 

multidisciplinary, developmental-appropriate support for the 

patient and family including play therapy, and psychological 

support; and (3) sometimes temporary community/hospital 

nurse drug administration. 

Young adults should be counseled about the risks asso- 

ciated with alcohol use while using MTX. Alcohol intake 

should be kept to a minimum, and binge drinking should be 

particularly avoided to reduce the risk of liver damage.91,165 

 
3.2.3. MMF and mycophenolate sodium 

There is limited evidence to support the use of MMF or my- 

cophenolate sodium (MPS) in childhood uveitis. Moderate 

efficacy, steroid-sparing effect, safety, and tolerability have 

been demonstrated in JIA and non-JIA diseases (evidence 

level 2/3). 33,49,50 In 1 study, MPS demonstrated reactivation- 

free survival of 65% in children with non-JIA-U at 2 years.50 

Mycophenolate is used as a second line csDMARD in JIA-U, 

but arthritis may flare even if uveitis is under good control; 

therefore, it should be considered together with bDMARD.190 

 
3.2.4. Azathioprine 

There is limited evidence demonstrating the efficacy of aza- 

thioprine (AZA) in inflammation control and its steroid- 

sparing effect as a monotherapy or in combination with other 

csDMARD in JIA-U.85 In chronic NIU, tolerability and favorable 

visual outcomes were reported.71,176 We use a dose up to 

2mg/kg/day with thiopurine S-methyltransferase (TMPT) en- 

zyme testing prior to starting AZA.94 Azathioprine has the 

overall reported toxicity-related discontinuation rate of 0.16/ 

patient-years compared to MTX of 0.13/patient-years and 

MMF at 0.1/patient-years. The concern with rare homozygous 

deficiency of thiopurine methyltransferase (TPMT) with aza- 

thioprine usage does require initial measurement of TPMT 

level and close titration of azathioprine dose in the preven- 

tion of pancytopenia.88,153 

 
3.2.5. Cyclosporin 

There is a lack of evidence to support the use of cyclosporin 

as monotherapy in pediatric NIU. In 1 study, uveitis control 

was achieved with ciclosporin monotherapy in around a 

quarter of patients, but uveitis control and steroid-sparing 

effect were observed more often when used as combination 

therapy with MTX and other immunosuppressants such as 

ADA and ETA (evidence level 3).194 Cyclosporin has a sig- 

nificant toxicity profile; adverse effects are common and with 

limited evidence of efficacy, its use in pediatric NIU is very 

uncommon and not recommended (level 3/4 evidence).32 

 
3.2.6. Leflunomide 

Although leflunomide is an alternative to MTX when the 

latter cannot be used, it is generally not considered for JIA-U 

treatment.150 With very low evidence to support it, its role in 

the prevention of anti-TNF drugs antibodies formation has 

been acknowledged.96,143 

 
3.3. Biological disease-modifying antirheumatic drugs 

 
The use of ADA and infliximab (IFX) monoclonal antitumor 

necrosis factor (anti-TNF) therapies is supported with evi- 

dence of effective uveitis control, vision stability/improve- 

ment, and steroid-sparing effect.121 There is high-quality 

evidence for ADA with MTX (evidence level 1)19,157 for NIU 
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refractory to MTX monotherapy. Beyond these agents, there 

is a lack of good quality evidence for management ap- 

proaches. 

In 2019, ACR guidelines10 for JIA chronic uveitis stated: (1) 

there is no recommendation or preference for ADA or IFX as the 

first line anti-TNF agent; (2) other systemic anti-TNF agents are 

recommended over etanercept (ETA), and (3) systemic tocili- 

zumab (TCZ) and abatacept are recommended for patients 

failing both MTX alone and combined with 2 monoclonal anti- 

TNF agents (separately).10 A recently-updated metaanalysis121 

demonstrated the efficacy of both ADA and IFX therapy in re- 

fractory chronic pediatric uveitis, for uveitis control and im- 

provement or stabilization of vision. However, ADA showed 

superior results to IFX in this setting, with higher success in 

sustained disease control. Both ADA and IFX were significantly 

superior to ETA. Current evidence, therefore, supports the 

preferential use of ADA as the first line anti-TNF agent,121 and 

ADA is the only licensed biologic for JIA-U worldwide. 

 

3.3.1. Anti-TNF biologic therapies 

3.3.1.1. ADA. Evidence for the efficacy and safety of ADA for 

the treatment of NIU in children is obtained from the 

SYCAMORE and ADJUVITE trials18,80,90,157,162 and other 

retrospective data from clinical registries209 or case series.76 In 

these trials, ADA effectively controlled inflammation in 

children refractory to topical corticosteroids and MTX 

therapy. SYCAMORE was a randomized, multicenter, placebo- 

controlled, double-masked trial that showed a clear therapeutic 

benefit of ADA in JIA-U and has led to formal licensing of this 

drug for the treatment of JIA-U in Europe and for children 2 

years of age or older in the USA (FDA approved in 2018). ADA 

was associated with a lower rate of treatment failure but with a 

much higher incidence of adverse events compared to placebo. 

The ADA arm showed a longer median duration of sustained 

disease control than placebo (179 weeks versus 14 weeks).19 

The ADJUVITE trial, (a double-blind, randomized, placebo- 

controlled trial of ADA in JIA-U during 2 months followed by 

an open-label period where all patients were followed up 

during ADA treatment for 10 months) demonstrated that ADA 

was effective in control of inflammation, with around half of 

patients achieving at least 30% reduction of inflammation 

assessed with laser flare photometry after 2 months of 

treatment, compared to 20% of those receiving placebo. There 

were no study drug-related adverse events.157 In a single-center, 

5-year follow up study of SYCAMORE study participants, drug- 

induced disease remission did not persist when ADA was 

discontinued after 1-2 years; ADA was well tolerated and 

achieved excellent visual outcomes.90 The first phase 4 RCT 

assessing the feasibility of discontinuing ADA in patients with 

quiescent NIU (JIA-U or antinuclear antibodies (ANA)-positive 

chronic anterior uveitis) is currently recruiting (NCT03816397; 

ADJUST Trial (The ADA in JIA-U Trial)).4 

ADA should be started with a loading dose of 40 mg for 

patients <30 kg and 80 mg for patients ≧30 kg, 1 week prior to 

the start of maintenance therapy: 20 mg fortnightly for pa- 

tients <30 kg and 40 mg fortnightly for patients ≧30 kg. 

Monitoring of drug blood levels is not routinely performed but 

might be useful if disease control is lost. In some instances, 

ADA can be escalated to weekly dosing to achieve disease 

control, despite limited evidence to support it.37,114,169 

The dose and any induction regime for ADA in pediatric 

uveitis is per local country approval. Our practice in the UK is 

to commence patients on a loading dose. Practice may vary in 

different health care settings due to constraints of licensing 

and insurance. The ADA label in some countries, such as in 

the US, does not include an induction regime. 

ADA should not be stopped before ocular surgery because 

of the potential risk of flare-up of uveitis but should be 

stopped at least 2 weeks before elective nonocular surgery. 

For higher-risk procedures, stopping 3–5 half-lives (i.e., 70 

days before surgery) should be considered.72 In our experi- 

ence, it is extremely difficult to be able to suspend ADA 

treatment in JIA more than 2 months to plan elective surgery, 

due to the risk of uveitis flare. Missing 2 doses of ADA is 

usually recommended in our practice, as an adaptation of 

this regime. ADA can be recommenced after surgery when 

there is evidence of safe wound healing (typically around 2 

weeks), and there is no evidence of infection.87 

 

3.3.1.2. ADA side-effects and toxicity in pediatric 

uveitis. Common side effects (affecting 1 in 10 people or 

more) include injection site reactions and other common 

reported side effects are respiratory tract infections, low 

white blood cell count, low red blood cell count, increased 

blood levels of lipids, headache, abdominal pain, nausea and 

vomiting, rash, musculoskeletal pain and increased plasma 

levels of liver enzyme.5 In published literature on pediatric 

uveitis, however, few side-effects have been reported, as it is 

a well-tolerated medication.25,123 Injection site reactions have 

been less often reported with the change in the Humira 

(ADA) formulation in 2016.155 

One of the most common concerns, as shown in a study of 

ADA efficacy and safety in Japanese children and young 

people with JIA, was that 8% developed abnormal hepatic 

function.93 In a study looking at patients on weekly ADA for 

JIA with and without associated uveitis, 2 out of 60 developed 

transaminitis.40 In a study assessing the efficacy and safety of 

ADA in children and adolescents with active JIA-associated 

uveitis, up to 7% had increased levels of ALT and AST.162 

A variety of less common side effects have been described 

with ADA use, such as agranulocytosis, aplastic anemia, 

pancytopenia, vasculitis, alopecia, anemia, and ar- 

rhythmias.147 In the SYCAMORE trial, 5% of patients in the 

ADA group developed blood or lymphatic system disorders, 

2% developed respiratory, thoracic or mediastinal disorders, 

and 3% gastrointestinal disorders.162 In a study looking at 268 

patients on weekly ADA (off-label use) for various indica- 

tions, 1 developed autoimmune hepatitis, 2 developed 

transaminitis, and 3 developed anemia.37 Munoz-Gallego et al 

studied 12 children with NIU, one of whom developed pal- 

moplantar psoriasis during ADA therapy that improved after 

discontinuation of the drug.142 Optic neuritis was reported in 

some studies.36 

 
3.3.1.3. IFX. IFX) is a chimeric human-murine monoclonal 

antibody to TNF administered intravenously.76,166 Evidence 

supports the efficacy of IFX for disease control, vision 

stability, and steroid-sparing in pediatric NIU.15,159,200,209 

There is limited evidence of moderate efficacy in NIU 

control in children refractory to ADA therapy. (evidence 
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level 3). 15,17,200,98,101,159,168,174,175,184,197 In our practice, the 

regimen for IFX is as follows: 6 mg/kg loading dose at week 0, 

week 2, week 6, and then 8 weekly for maintenance 

treatment. A starting low dose of IFX at 6 mg/kg is usually 

chosen, but we can increase this to 10 mg/kg if needed or 

alternatively increase the frequency to 4–8 weekly.38,118 

Despite limited evidence and off-label use, IFX can be a va- 

luable drug for children not responding to ADA or unable to 

cope with s/c treatment who need tracking of infusion admin- 

istration. A response rate of 72% has been suggested in a me- 

taanalysis of pediatric uveitis on IFX.182 The practice in the US 

varies significantly from the practice in Europe, being the cur- 

rent standard dose intervals of 4 weeks after a loading dose at 

week 0 and week 2. This different pattern is relevant since 

outstanding response rates have been documented in the lit- 

erature with IFX at intervals of 4 weeks in pediatric 

uveitis.104,199 

 
3.3.1.4. Golimumab. Golimumab (GLM) is a fully-humanized 

anti-TNF monoclonal antibody approved for the treatment of 

polyarticular JIA. A few retrospective case series (evidence 

level 4) suggest its efficacy and safety as a therapeutic option 

in patients with JIA-associated uveitis who experience loss of 

response to ADA.107,127 GLM is FDA approved for use in 

pediatric patients with polyarticular JIA and PsA but not in 

uveitis.86 In our practice, golimumab is not routinely used in 

the treatment of pediatric uveitis or JIA; however, the 

following is the regimen for this drug: 50 mg 

subcutaneously monthly if weight is superior to 40 kg.108 

 
3.3.1.5. Etanercept. There is no evidence to support the 

efficacy of ETA in pediatric NIU. Although there is evidence to 

support its use in several rheumatological conditions,119 ETA 

failed to control inflammation in 2 studies of JIA-uveitis 

(evidence level 2/3).178,185 A questionnaire study to pediatric 

rheumatologists treating more than 300 JIA patients with 

ETA, concluded that patients with relapsing uveitis remain at 

high  risk  of  developing  uveitis  flares  despite  ETA 

treatment.178 There is no evidence to support the use of 

etanercept in pediatric uveitis. There is secondary evidence, 

not evaluated in our review, that infers etanercept may alter 

the rate of uveitis in children with JIA62 and may, although 

this did not reach statistical significance, be associated with 

new onset-uveitis.41 

 
3.4. Anti-TNF biosimilars 

 
Biosimilars are biological medications with no clinically 

meaningful safety and efficacy differences from the originator 

drug with significant cost savings to widen access.14,122 There 

is limited evidence supporting anti-TNF biosimilars in the pe- 

diatric population and even less in pediatric NIU.122 Available 

evidence from real-world studies confirms the efficacy and 

safety of biosimilars in patients with JIA (evidence level 3). 

Obstacles to their use include patients’ and families’ anxieties 

regarding device type, color and consistency, safety, and effi- 

cacy.167 In adults, a few studies support the efficacy and safety 

of ADA and IFX biosimilars in NIU. 43,58,105,188 In children, 1 

study confirmed the efficacy and safety of IFX biosimilars in 26 

children (44 eyes) with NIU with a median follow-up time of 14 

months (evidence level 4).51 A further study enrolling adults 

and children (6–17 years old) concluded that ADA biosimilar 

was effective and well-tolerated in Behçet uveitis (evidence 

level 4).186 A recent real-life study compared originator ADA 

with biosimilar ADA in pediatric rheumatic diseases. It con- 

cluded about no significant difference between the biosimilar 

and the originator product in terms of efficacy and safety, 

being one of the analyzed outcomes the number of uveitic 

flares.198 There are no studies about ADA biosimilars ex- 

clusively in pediatric NIU. 

In the UK, biosimilar biologic drugs are now routinely used in 

several specialties, including in the management of NIU. A na- 

tional policy recommended switching all patients from the ori- 

ginator drug to a biosimilar. Any switch from an effective agent 

to a biosimilar in children’s uveitis must be managed with cau- 

tion including adequate patient and family counseling and 

continuous treatment provision. Continuous pharmacovigilance 

programs to address biosimilar efficacy, safety, and acceptance 

among children and their families are necessary.144,156,210 

 
3.5. Primary nonresponse/secondary loss of response to 

anti-TNF treatment and biological switching 

 
A loss of or failure of response to a biologic agent can be im- 

munogenic, pharmacokinetic, or pharmacodynamic. In active 

disease, serum drug trough levels and antidrug antibodies 

should be checked to determine the mechanism of failure.132 

Commercial assays are routinely available for ADA and IFX, 

including biosimilar drug testing.74,109,171 Antidrug antibodies 

can reduce serum drug levels, via a neutralizing effect and/or 

increasing drug clearance.66,203 Treatment emergent antidrug 

antibodies are associated with a lack of concurrent MTX treat- 

ment;60 their presence is also associated with a lower likelihood 

of response to a biologic dose increase,77 and switching to an 

alternative bDMARD if uveitis is active should be strongly 

considered. The significance of antidrug antibodies in patients 

in drug-induced disease remission is uncertain and treatment 

is usually continued with close supervision.131,132 Therefore, 

routine screening for antidrug antibodies is not supported and 

testing is advised if treatment failure or reduced efficacy is 

observed. In patients with NIU refractory to standard dose 

bDMARD with low drug trough levels and negative antidrug 

antibodies (pharmacokinetic failure) dose escalation should be 

considered before switching agents (off-label).37,169,190 In our 

practice, in children refractory to standard dosing, the IFX in- 

fusion interval is reduced, initially to 6–7 weekly and up to 4 

weekly; ADA may be increased to weekly injections (off-label), 

with an assessment of response up to 3 months. Further large 

studies to evaluate the safety, efficacy, and patient/family ac- 

ceptability of enhanced dosing biologic treatment algorithms 

are necessary. Detailed information about ADA and IFX trough 

levels, antidrug antibodies measurement and dose enhance- 

ment, may be found in supplemental file 1. 

For treatment failure in JIA-U with first anti-TNF therapy 

(ADA) at standard dosing, the ACR/Arthritis Foundation 

conditionally recommends this algorithm: 

 
1. Escalating the dose and/or shortening the dosing interval 

before switching to an alternative anti-TNF agent:11 : 

There is emerging evidence supporting the efficacy and 
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safety of off-label weekly ADA in refractory NIU in adults 

and children (evidence level 2–3) alongside efficacy and 

safety evidence in JIA.40,114 In 1 study, 63% of 19 patients 

achieved control with weekly dosing with no serious ad- 

verse effects.169 A further study of weekly ADA in 69 

children with JIA or NIU (n = 17) found an overall positive 

clinical response in 90% of patients.37 Neither study re- 

ported any increased risk of serious infection. 

2. In treatment failure with above-standard anti-TNF dosing, 

experts conditionally recommend switching to a second 

anti-TNF agent before switching to a different category 

biologic.11 Infliximab is the usual second-line choice and if 

unsuccessful, alternative biologic therapies include tocili- 

zumab, abatacept, golimumab, rituximab (no consensus 

reached by the Childhood Arthritis and Rheumatology 

Research Alliance [CARRA] panel). 10 

3. Alternative approaches, with limited evidence, include 

switching csDMARD treatment to a non-MTX option in- 

cluding MMF, AZA, leflunomide, or ciclosporin (however, 

no expert consensus was reached on the specific agent).10 

 
The washout period (the time taken for serum levels of the 

biologic agent to reduce to a negligible amount) is usually 

taken to be roughly the sum of 5 terminal half-lives. Half-life 

information for each biologic agent is listed under individual 

monographs. As a general rule, at least 2 half-life of the pre- 

vious biologic treatment should be omitted before commen- 

cing the next agent but available literature to support this is 

limited and may be conflicting.156 For biologic agents where 

washout periods are prolonged, a clinical decision regarding 

the risk of disease progression or flare versus the risk of over- 

suppressing the immune system and leaving patients more 

vulnerable to infection must be made. 

 
3.6. Deescalation of treatment with MTX and/or ADA 

 
Solid evidence in the literature to indicate the optimal dura- 

tion of treatment with ADA/MTX is lacking39,45,90,110; however, 

some expert opinions and published guidelines for JIA have 

suggested that reducing or suspending DMARD might be at- 

tempted if drug-induced disease remission is maintained for 

more than 24 months.10,39,82,173 In our practice, remission is 

regarded as an inactive disease under systemic DMARD 

therapy, but with no systemic steroids (a low dose of topical 

steroids could be accepted in selected cases). There is very 

little literature guiding deescalation regime for MTX and/or 

anti-TNF therapy. Consequently, there is variation in practice 

in discontinuing treatment once remission has been 

achieved. This choice depends on systemic disease control (if 

present) and should always be a shared decision between the 

ophthalmologist, the pediatric rheumatologist, and the pa- 

tient/family. In our practice, gradual dose reduction or in- 

creasing spacing between doses (e.g., increasing time between 

ADA administrations from 2–3 weeks or IFX from 6 to 8 weeks) 

is preferred over the abrupt withdrawal of treatment. There is 

currently no evidence as to the optimum period of disease 

remission prior to stopping treatment, nor whether to taper or 

stop treatment completely. The ADJUST (discontinuing ADA in 

patients with controlled JIA-U) study is the first randomized 

controlled trial to assess the efficacy of discontinuing ADA 

after demonstrating control of JIA-associated uveitis for at 

least 12 months, which will support decision making. This 

trial will also assess evidence of antidrug antibodies emer- 

gence while increasing interval of ADA administration, a topic 

that lacks robust evidence.4 A small (N = 31), single-center, 

single-arm, unblinded interventional study showed an im- 

pressively low rate of JIA flares (12.9% within 2 years) with a 

very slow, stepwise taper of anti-TNF.29 During dose deesca- 

lation, early detection of uveitis recurrence is crucial, and this 

is achieved with diligent ophthalmological follow-up.1,111 

 
3.7. Other biologic agents 

 
Overall, there is limited evidence, particularly controlled trial 

data, to support the use of nonanti-TNF bDMARDs in pedia- 

tric uveitis. Further high-quality studies to evaluate the effi- 

cacy and safety of rescue therapies for disease refractory to 

MTX and anti-TNF are necessary as a significant proportion of 

patients fail to respond or maintain sustained disease re- 

mission with these agents.162 

 
3.7.1. Tocilizumab 

Tocilizumab (TCZ) is a humanized recombinant anti- 

interleukin-6 (IL-6) receptor antibody. Increased IL-6 (a proin- 

flammatory cytokine) levels have been found in serum,35 

aqueous,54 and vitreous,154 in patients with NIU. Tocilizumab 

is licensed for JIA (standard dose 8 mg/kg 4-weekly). Systemic 

administration proved to be promising in safety and efficacy 

in adult NIU, especially in the presence of macular 

edema.112,134 Retrospective and limited prospective studies 

have shown some efficacy in uveitis. The use of intravenous 

TCZ in adults with NIU is supported by significantly improved 

visual, anatomic, and inflammatory outcomes (STOP TRIAL - 

evaluating the safety, tolerability, and efficacy of TCZ in pa- 

tients with NIU).208 A multicenter phase 2 trial (APTITUDE 

study) assessed the efficacy of TCZ in 21 children with JIA-U 

who were refractory to MTX and TNF inhibitors. Those 

weighing ≥30 kg were dosed with 162 mg of TCZ every 2 weeks 

while participants weighing <30 kg were dosed with 162 mg of 

TCZ every 3 weeks through a s/c injection. The study did not 

meet its primary endpoint (treatment response defined as a 2- 

step decrease, or decrease to 0, from baseline in the level of 

anterior chamber inflammation) as 7(33%) of 21 participants 

achieved treatment response at week 12. Thirteen (62%) of 21 

patients were classified as nonresponders, 8 of whom reached 

12 weeks of treatment. Of the 6 patients who continued 

treatment after 12 weeks, 4 (67%) were classed as treatment 

responders at 24 weeks. There was resolution of 3 out of the 4 

macular edema cases. Adverse effects associated with ad- 

ministration of TCZ included injection site reactions (38%), 

ALT rises (14%) and blood triglyceride increases in 

14%.123,160,161 There is also some supporting low-grade evi- 

dence for moderate efficacy in JIA-U, intermediate and panu- 

veitis from case reports/series and anti-IL-6 therapy (evidence 

level 4)21,189,196 There is limited evidence (evidence level 3) to 

support the efficacy of Intravenous rather than s/c TCZ in NIU 

refractory to MTX/anti-TNF, with more favorable outcomes 

(67.5% responsiveness).21,30,124,158,189,193,196,205 Maleki et al and 

Ramanan et al hypothesized that intraocular inflammation 

requires higher doses of TCZ via the intravenous route, than 
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joint inflammation, possibly because of the blood-aqueous 

and blood-retinal barriers. Further large studies to explore ef- 

ficacy, safety, and optimal dose/route of administration are 

necessary.20,124 

 
3.7.2. Abatacept 

Abatacept (ABA) is a soluble fusion protein and prevents T-cell 

activation through interaction with CD80 and CD86 on antigen 

presenting cells.78 There is inconclusive evidence to support 

the use of ABA in pediatric uveitis refractory to anti-TNF 

(evidence level 4).55,100,121,129 Tappenier et al reported out- 

comes of ABA in 21 patients with severe JIA-U refractory to 

MTX and at least 1 biologic agent and 48% of patients failed 

treatment and sustained response to ABA was uncommon.210 

Birolo et al found no statistical difference in the efficacy of 

ABA used as first- or second-line biologic agent in JIA-U.26 Zu- 

lian et al suggested sustained improvement in severe anti-TNF 

resistant JIA-U in 7 pediatric patients 211 and Marrani et al 

documented the ability of ABA to induce remission and spare 

systemic steroid therapy in 3 pediatric patients through a long 

follow-up period (minimum 18 months).128 

 
3.7.3. Secukinumab 

There is no evidence to support anti-IL17 therapy in pediatric 

uveitis. In adult NIU, s/c secukinumab failed to control and 

prevent recurrence and its use is not supported (evidence level 

2).45,46 

 
3.7.4. Rituximab 

There is limited evidence to support the use of rituximab, a 

chimeric monoclonal antibody targeting CD20 antigen on B 

cells, in severe JIA-U refractory to at least 1 anti-TNF. 

Rituximab has demonstrated efficacy in achieving long-term 

control of NIU and reduction of systemic treatment burden, 

in 2 case series (evidence level 4),84,138 with repeat infusions 

described to sustain control. In particular, efficacy has been 

described in aggressive and recalcitrant forms of pediatric 

NIU who have not responded to previous other bDMARD.137–

139 (evidence level 3 and 4) 

 

3.7.5. Janus kinase (JAK) inhibitors 

Binding of a number of cytokines and growth factors to their 

receptors results in phosphorylation and activation of re- 

ceptor-associated Janus kinase (JAK), recruitment of tran- 

scription factors of the signal transducer and activator of 

transcription (STAT) family, their translocation to the nu- 

cleus and induction of transcription. Intracellular signal 

transduction involves combinations of four JAK isoforms 

(JAK1, JAK2, JAK3, and tyrosine kinase 2 (TYK2).148,149,192 JAK 

inhibitors are small molecules administered orally that act 

on JAK proteins, which belong to the tyrosine-kinase family 

and are signaling mediators that act downstream of pro-in- 

flammatory cytokines involved in the pathological processes 

of many immune and inflammatory diseases.67,97,120 There is 

no evidence in the literature to support the use of JAK in- 

hibitors in children with NIU; however, an open-label, mul- 

ticenter, ADA active-controlled phase 3 clinical trial (JUVE- 

BRIGHT), evaluating the efficacy and safety of baricitinib for 

the treatment of JIA-U and chronic ANA-positive anterior 

uveitis without systemic features, despite prior treatment 

with topical corticosteroids and MTX or bDMARD, is ongoing. 

The primary endpoint is the proportion of patients with re- 

sponse at 24 weeks.163 

 

4. Safe management of systemic therapies 

 
4.1. General considerations 

 
Optimal management of pediatric uveitis involves a multi- 

disciplinary team, including specialist pediatric uveitis and 

rheumatology nurses, pediatric rheumatologists, psycholo- 

gical support, orthoptic and optometry support, and play 

specialists. All decisions on initiating and monitoring sys- 

temic treatment should be made in conjunction with the 

pediatric rheumatology department. 

 
4.2. Corticosteroids 

 
To ensure that corticosteroids are used safely, investigations 

prior to treatment and during treatment are essential.117 

These are shown in Table 1. 

A patient who has used systemic corticosteroids at a 

supra-physiological dose for over 1 month is at risk of de- 

veloping adrenal suppression.44,172 In 1 study, 42% of children 

on corticosteroids for 6 months had deranged synacthen 

tests.172 There is no evidence to support a particular strategy 

for managing children with uveitis at risk of adrenal sup- 

pression, and individual endocrinology advice should be 

sought for safe corticosteroid taper and withdrawal and 

management of adrenal insufficiency. 

 
4.3. Monitoring regimes for MTX, ADA, and MMF 

 
4.3.1. MTX baseline and monitoring 

For all DMARDs, baseline information should be obtained 

before starting treatment. For MTX this is as follows: height, 

weight, and body surface area, full blood count (FBC) and 

differential white cell count, erythrocyte sedimentation rate 

(ESR), C reactive protein (CRP), transaminases, renal function 

tests with glomerular filtration rate, urinalysis, varicella 

zoster virus (VZV) serology, measles, mumps, and rubella 

(MMR) titers. If the child proves to be negative to VZV, vac- 

cination should be offered prior to starting MTX, but careful 

consideration must be taken in regards of delaying treatment 

to introduce vaccination.165 Non-UK guidelines also re- 

commend hepatitis and tuberculin testing before starting 

therapy.146 

After starting treatment, FBC and liver function mon- 

itoring is required every 2 weeks until a stable dose is 

achieved.135,165 If this is stable after 1 month, then monthly 

check is needed for 3 months and afterwards every 3 

months.28 Guidelines derived from the ACR also recommend 

albumin monitoring every 4–8 week initially, and then every 

12–16 weeks,151 with monthly monitoring for the next 6 

months. Once stable dose is achieved, creatinine clearance 

and urinalysis should be checked once every 6 months.28 

In any of the following cases, it is recommended to reduce 

or withhold the dose and discuss with pediatric rheumatol- 

ogist:28,165 
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• AST (aspartate aminotransferase) or ALT (alanine amino- 
transferase) >3 times above upper level of the normal, 

although some guidelines recommend withholding MTX 

when AST or ALT > 2 times above the upper level of 

normal. Elevated liver enzymes have been reported as 1 of 

the most common side effects of MTX treatment in chil- 

dren with JIA treated with MTX,183 occurring in about half 

of patients on at least 1 occasion during this study. Con- 

current AST and ALT abnormalities were observed 83% of 

the time102,206 and this is often a dose-dependent phe- 

nomenon.165,183 Current guidelines allow transaminases 

to be raised up to 2 or 3 times the upper limit of 

normal.135,165 These have been reported to resolve on 

subsequent testing in 80% of children, generally within 

less than 4 weeks.102,106,202 If transaminitis persists or in- 

creases further above 3 times of the upper limit, MTX is 

discontinued for 2 doses, or the dose is reduced, after 

which liver enzymes are rechecked. If levels have re- 

turned to normal, MTX can be recommenced at the pre- 

vious dose; if further elevations occur, the MTX dose 

should then be reduced by 20%.165 There is little evidence 

of significant long term toxicity or liver damage such as 

cirrhosis caused by MTX.102,106,165 

• Full blood count. (Hematological abnormalities are rare in 
children taking s/c MTX) 

– Platelets <150 × 10^9/L 

– White cell count <3 × 10^9/L – neutrophils <1.5 × 10^9/L, 

lymphocytes less than 0.5 × 10^9/L (Intercurrent infec- 

tions may cause transient dips in white cell count and/ 

or neutrophils) 

– Hemoglobin less than 90 mg/dL (without another iden- 

tifiable cause). 

• Rash or severe oral ulcers, new or increasing dyspnea or 
cough as possibility of pulmonary toxicity. 

• Stomatitis and diarrhea may be the first sign of gastro- 

intestinal toxicity and withdrawal of treatment is re- 

commended. Alopecia is seen in some patients, but hair 

grows back after stopping the medication.59 

 
4.3.2. ADA baseline monitoring 

Baseline information should be obtained before commencing 

treatment5: 

• Infection screening for tuberculosis. 

○ Interferon-gamma release assay investigation. 

○ Chest X-ray (not more than 6 prior to ADA institution). 
Chest X-ray is not mandatory and its performance is 

dependent on local population risk and prevalence; 

however, if taken, a report stating no evidence of tu- 

berculosis (TB) should be sought. 

• Screening  for  hepatitis  B  and  C  and  human  im- 

munodeficiency virus (HIV). 

○ Most children do not need the testing, and different 
guidelines exist according to the population risk. 

• Infection screening for VZV and MMR titers. 

 
Patients on ADA should have 3-monthly FBC, ESR, CRP, 

blood urea nitrogen, electrolytes, AST, and ALT. 

If any of the following are abnormal, the practitioner 

should consider withholding/reducing the dose: 

• Neutrophils <1.0 × 10^9/L 

• Platelets <150 × 10^9/L 

• AST/ALT >3 times normal upper limit 

 
4.3.3. MMF baseline and monitoring 

Baseline bloods as for other DMARDs are required. FBC, 

creatinine / calculated GFR, ALT, AST, and albumin are re- 

quired every 2 weeks until on stable dose for 6 weeks, then 3- 

monthly once stable. If WBC < 3.5 × 109/L, neutrophils < 

2.0 × 109/L, platelets < 150 × 109/L, unexplained reduction in 

albumin <30 g/L, creatinine increase >30% over 12 months 

and/or calculated GFR <60 mL/min or > 2-fold rise in AST, 

ALT from upper limit of reference range, the dose should be 

adjusted or MMF stopped.141 

 

5. Management of vaccination, risk of 
infection or demyelination, and psychological 
health 

 
5.1. Demyelination 

 
While the association between demyelination and ADA in 

adults is clear, it is rare in children, and only a few cases are 

described.133,177 In a study including 268 patients on weekly 

ADA for JIA, there was an isolated case report of a single 

patient developing multiple sclerosis.40 For safety, appro- 

priate assessment and counseling is needed prior to starting 

treatment.5 In our center, we perform clinical assessment 

and ask for a family history of demyelination. We do not 

advise offering indiscriminate pretreatment brain magnetic 

resonance imaging to all treatment candidates. 

 
5.2. Vaccination issues 

 
The presence of immunomodulatory drugs can interfere with 

the effectiveness and safety of vaccinations.59 Safe and ef- 

fective vaccination is crucial in pediatric patients with rheu- 

matic diseases given the increased risks of infections.87 

According to the EULAR recommendation, when indicated 

according to national guidelines, nonlive vaccines can be 

administered to pediatric patients with rheumatic diseases 

using systemic corticosteroids, csDMARD and bDMARD, in- 

cluding anti-TNF therapy.81 It is recommended to withhold 

live-attenuated vaccines in pediatric patients with rheumatic 

diseases on high-dose csDMARD, high-dose systemic corti- 

costeroids or bDMARD therapy; however, vaccination can be 

considered in some cases, weighing the risk of infections 

versus the hypothetical risks of vaccination, and treatment 

should not be delayed if there is sight-threatening disease.81 

In patients on both MTX or ADA, inactivated vaccines 

should be given according to the normal immunization 

schedule (including human papilloma virus [HPV]). Patients 

on csDMARDs and bDMARDs should not receive live vac- 

cines. For patients on MTX and/or ADA, VZV vaccine and 

MMR vaccines, if needed, ideally should be given at least 

weeks before initiation of treatment. Patients should also 

receive annual influenza immunization. Pneumococcal vac- 

cine booster should also be considered, depending on the age 

of the child and their routine vaccination status. Patients 
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without VZV immunity may need VZV vaccine and, in the 

event of VZV exposure in a patient with negative VZV IgG 

serology prophylactic antivirals can be considered and in- 

travenous antiviral therapy if they develop a symptomatic 

infections.81,87,135 

Because of the lack of safety data, BCG vaccination should 

not be administered to patients on csDMARDs (including 

MTX) or bDMARDs.5,59 

There is scarce evidence about the safety and efficacy of 

COVID-19 vaccines in children and young people with rheumatic 

diseases, and there is no evidence regarding exclusively children 

on immunosuppressant treatment for NIU. Early literature on 

the subject suggests that patients (including adults) with rheu- 

matic disease have fears of potential disease exacerbation and 

additional adverse events.34 An observational cross sectional 

single center study with 228 children with rheumatic disease 

suggests no increased in the COVID-19 vaccination-related ad- 

verse effects.16 A study assessing the humoral response and 

safety of vaccine in a cohort of approximately 40 patients with 

pediatric rheumatic diseases receiving immunosuppressant 

treatments showed that these patients are able to mount an 

effective humoral response after 2 dose regimens of BNT162b2 

mRNA vaccine safely without interrupting their current treat- 

ments.6 Specifically, in adolescents and young adults with 

rheumatic diseases, a study with 246 subjects indicated an ac- 

ceptable safety profile of COVID-19 vaccines.79 It has been ac- 

knowledged in the literature that further studies examining 

causes of concerns of parents and children with rheumatic dis- 

eases is crucial to ensure effective strategies of COVID-19 vacci- 

nation programs in these patients.7 Currently, a primary 

vaccination schedule for people who are immunosuppressed at 

or around the time of their first or second dose of the COVID-19 

vaccine is 3 doses rather than 2. Additionally, those aged 12 or 

over in this group who have completed their primary course (3 

doses) of COVID-19 vaccine will be due for a booster (as a fourth 

dose) at least 3 months after administration of their third pri- 

mary dose. Recommendation for children and adolescents in 

adherence to national guidelines for COVID vaccination for im- 

munosuppressive should be followed.75 

 
5.3. Risk of infection in patients on corticosteroids, 

conventional synthetic disease-modifying antirheumatic 

drugs and biological disease-modifying antirheumatic drugs 

 
Pediatric patients with rheumatic diseases are at increased 

risk of infections, owing to the immunosuppressive effect of 

the disease or its treatment48; however, a myriad of conflicting 

results and variability in reported risk can be found in the 

literature. As an example, a systematic review of 38 studies, 

including 22 randomized controlled trials, in 2015 showed 

that, among children taking short-course oral corticosteroids, 

infection was the most serious adverse event, reported in 1%.9 

It has been shown that among children with JIA, the rate of 

infection was not increased with MTX or TNF inhibitor use, 

but was significantly increased with high-dose steroid use.24 

Among 3,467 treatment courses for patients with JIA in a 

German registry, the total rate of serious infections was low, 

with a total of 28 infections in 26 patients reported. Treatment 

with ADA increased the risk for serious infection slightly 

compared to MTX only, but risks on bDMARD monotherapy 

did not differ from that of combination therapy with MTX and 

ADA.22 Lee and coworkers report a 2.7-fold increase in the risk 

of serious bacterial infection for new use of TNF inhibitor 

monotherapy (n = 482) compared with new use of csDMARD 

monotherapy (n = 2013) in children with JIA.113 In the SYCA- 

MORE trial, which assessed the efficacy and safety of ADA in 

children with active JIA-associated uveitis, 13% of children had 

mild infection or infestation, the most common being viral 

infection, followed by nasopharyngitis, tonsillitis, urinary 

tract, and respiratory tract infections.162 Occasional reports of 

appendicitis and VZV infection in children with NIU treated 

with ADA exist in the literature.142 In a study looking at pa- 

tients using weekly ADA for various indications, 5% had an 

infection requiring hospitalization and 40% of patients had an 

infection requiring antimicrobial treatment.40 Results of 7 

global, randomized studies evaluating the safety of ADA in 

pediatric patients who participated in clinical trials (577 pa- 

tients with JIA, psoriasis, and Crohn disease) showed that 

serious infections (4.0 events/100 patients) were the most 

frequent serious adverse events across indications. The most 

commonly reported was pneumonia (1% of patients). Patients 

who received concurrent systemic corticosteroids had a 

greater incidence and rate of infections and serious infections 

compared with patients who did not.89 

The risk of contracting TB is increased in patients in en- 

demic areas treated with immunosuppressive drugs, espe- 

cially bDMARDs. The risk of reactivation of latent infection is 

recognized specifically with TNF inhibitors; TB often presents 

atypically, posing challenges to diagnosis.70,81,99 Treatment of 

latent TB before starting biologic is key to ensuring safety and 

must be done under close supervision by the multi- 

disciplinary team (according to local practices).52,207 

Regarding coronavirus disease 2019 (COVID-19), there is 

no literature on the risk of immunosuppressant therapy in 

pediatric uveitis. Data from the COVID-19 global rheuma- 

tology alliance physician-reported registry suggest that cor- 

ticosteroid exposure of ≥10 mg/day is associated with higher 

odds of hospitalization. In contrast, anti-TNF exposure is as- 

sociated with decreased odds of hospitalization. The use of 

csDMARD was unassociated with increased odds of hospita- 

lization; however, this study was not explicitly done in the 

pediatric population.68 Specifically, in a study of more than 

400 children with rheumatic diseases (JIA, among others), 

immunosuppressive treatment was not associated with the 

additional risk of severe COVID-19.103 In general, the use of 

≥10 mg/day of prednisolone is associated with an increased 
rate of infection in JIA patients,115 and a study from the 

British Society for Pediatric and Adolescent Rheumatology 

showed an increased incidence of medically significant in- 

fections among patients treated with etanercept compared to 

MTX.42 Early data on the risk of COVID-19 infection in chil- 

dren suggested the low frequency of severe disease compli- 

cations in pediatric patients with rheumatic conditions.195 

 
5.4. Psychological health and quality of life 

 
Patient and family interviews alongside exploration of expert 

clinician experiences provide valuable understanding and de- 

scription of the significant and often profound physical, social, 

and psychological challenges faced by patients and their 
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families. Children may experience disrupted schooling and 

academic progress, psychosocial and emotional stress, altered 

and strained relationships with parents and siblings, alongside 

altered growth, development and vision loss.8,47,69,179 

Knight and coworkers found that children with rheumato- 

logical diseases have a higher rate of unmet mental health 

needs.3 These include depression, anxiety, and other forms of 

mental health problem related to their quality of life.140 It was 

concluded that treatment strategies for mental health in 

rheumatology patients are lacking and we need a better un- 

derstanding of how to manage and support these children and 

their families.170 It is recognized from expert opinion and pa- 

tient/parent interviews, that children with uveitis face unique 

issues aside from vision loss and fear of blindness including the 

burden of chronic disease, treatment, and monitoring regimes, 

particularly regular blood tests and injections, and treatment 

toxicities. Physical, academic, interpersonal, and psychosocial 

challenges affect children and extend to their family mem- 

bers.10,47 There is a lack of evidence on how best to address 

these issues in pediatric uveitis clinical services. The EYE-Q is a 

valuable tool to measure visual function and health-related 

quality of life in children with uveitis.13,130 

 
5.5. Multidisciplinary management of pediatric uveitis 

 
There is a paucity of high-grade evidence for the management 

of pediatric uveitis, particularly for non-JIA-U.39,61,190 Manage- 

ment of uveitis in children is complicated by disease hetero- 

geneity and underlying systemic conditions. Furthermore, 

systemic disease may not be apparent at the onset of uveitis. 

Referral to medical specialties is typically guided by the child’s 

history, but there was no consensus amongst UK specialists on 

referring asymptomatic children to rheumatology.187 (evidence 

level 4) When starting systemic immunosuppression, there is 

level 3 evidence and expert consensus187 for referral to rheu- 

matologist or clinical nurse specialist for initiation of csDMARD 

therapy and use of local general practitioner or pediatrician for 

monitoring if appropriate. Similarly, bDMARD is typically pre- 

scribed via pediatric rheumatology services.39,190 

There is heterogeneity in pediatric uveitis services, with 

no clear guidance for organizing services and staff for the 

management of ocular inflammation, sequelae of uveitis, 

particularly cataract and glaucoma, and systemic conditions. 

For example, in the UK, children with uveitis may be cared for 

by a uveitis specialist managing children or by a pediatric 

ophthalmologist managing complex uveitis, but there is no 

mandatory referral pathway to specialist pediatric uveitis 

services and no major guidelines for the delivery of specialist 

multidisciplinary support services. Special considerations in 

managing children, including amblyopia, higher risk of 

uveitic glaucoma, drug dosing, pediatric specific drug risks, 

and treatment compliance, must be acknowledged and con- 

sidered by services to protect patient and family well- 

being12,69 (evidence level 4 expert/international workshop). 

 

6. Conclusion 

 
NIU in children and adolescents poses enormous hurdles to 

comprehensive care delivery in this vulnerable age group. 

Systemic treatment includes corticosteroid, non- 

corticosteroid nonbiologic therapies, and biologic therapies. 

Management of this chronic condition requires long-term 

therapy, frequent blood tests for toxicity monitoring, drug 

escalation, and withdrawal/alteration of therapies in cases of 

adverse events or nonefficacy. The risk and impact of vision 

loss, treatment complexities, and the burden of the disease 

for patients and their families, including their psychological 

health and quality of life, must be considered. All these 

complex issues should be ideally managed in a multi- 

disciplinary setting. 
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Method of literature search 

 
Literature searches were performed using PubMed. The last 

literature search was performed in June 2022. The following 

search terms were used, isolated and/or in combination: “pe- 

diatric uveitis,” “children uveitis,” “juvenile idiopathic arthritis 

uveitis,” “biologics”, “biological disease-modifying antirheu- 

matic drugs”, “adalimumab,” “methotrexate,” “mycophenolate 

mofetil,” “anti-TNF biosimilars,” “multidisciplinary,” “multi- 

disciplinary management”. Combinations of these terms with 

appropriate Boolean operators were also used. The following 

filters were applied: clinical study; clinical trial; controlled 

clinical trial; multicenter study; observational study; rando- 

mized controlled trial; review; meta-analysis. The articles re- 

trieved were reviewed for their title, abstract, and language 

(non-English articles were excluded). Significant nonpeer-re- 

viewed publications, such as guidelines, were included. 

Additional publications were included from a search of studies 

cited within the publications identified in the initial literature 

search. 

The great majority included studies in this review were 

performed in pediatric populations. However, due to lack of 

evidence of systemic therapy in pediatric uveitis, other stu- 

dies were also considered. 

The following cited studies were performed strictly in 

adults and information was extrapolated to write this review. 

• Chung JH, Van Stavern GP, Frohman LP. Adalimumab-as- 
sociated optic neuritis. J Neurol Sci 244:133–6. 
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rates of inflammation after switching from the originator 

infliximab to biosimilar infliximab-abda for noninfectious 

uveitis. Am J Ophthalmol 2021;225:172–7. 

• Dick AD, Tugal-Tutkun I, Foster S, et al. Secukinumab in 

the treatment of noninfectious uveitis: Results of 3 ran- 

domized, controlled clinical trials. Ophthalmology 

2013;120:777–87. doi:10.1016/j.ophtha.2012.09.040. 

• Fabiani C, Vitale A, Emmi G, et al. The role of biosimilars in 

uveitis: long-term real-world outcomes of the switch from 

original to biosimilar TNF-alpha inhibitors. Front 

Pharmacol 2019;10. doi:10.3389/FPHAR.2019.01468. 
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Opinion statement 

 

Topical corticosteroids are the typical first-line agent, although systemic cortico- 

steroids are used in intermediate, posterior, and panuveitic uveitis. 

Corticosteroids are not considered to be long-term therapy due to potential 

ocular and systemic side effects. In children with severe and/or refractory uveitis, 

timely management with higher dose disease-modifying anti-rheumatic drugs 

(DMARDs) and biologic agents is important. Increased doses earlier in the disease 

course may lead to improved disease control and better visual outcomes. In 

general, methotrexate is the usual first-line steroid-sparing agent and given as 

a subcutaneous weekly injection at 90.5 mg/kg/dose or 10–15 mg/m2 due to 

better bioavailability. Other DMARDs, for instance mycophenolate, azathioprine, 

and cyclosporine, are less common treatments for pediatric uveitis. Anti-tumor 

necrosis factor-alpha agents, primarily infliximab and adalimumab, are used as 

second-line agents in children refractory to methotrexate or as first-line treat- 

ment in those with severe complicated disease at presentation. Infliximab may be 

given at a minimum of 7.5 mg/kg/dose every 4 weeks after loading doses, and 

up to 20 mg/kg/dose. Adalimumab may be given up to 20 or 40 mg weekly. In 

children who fail anti-tumor necrosis factor-alpha agents, develop anti-tumor 

necrosis factor-alpha antibodies, experience adverse effects, or have difficulty 

with tolerance, there is less data available regarding subsequent treatment. 

Promising results have been noted with tocilizumab infusions every 2–4 weeks, 

abatacept monthly infusions, and rituximab. 
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 Introduction  
 

Uveitis is a broad term for inflammation involving the 

eye. It is classified according to the location of the in- 

flammatory process, either anterior, intermediate, pos- 

terior, or panuveitis [1, 2]. Uveitis can be secondary to an 

infectious etiology, such as tuberculosis, Toxocara canis, 

toxoplasmosis, herpes virus, lyme, and syphilis [3]. 

Ocular inflammation can also be associated with an 

underlying systemic condition, including juvenile idio- 

pathic arthritis (JIA), sarcoidosis, tubulointerstitial ne- 

phritis and uveitis (TINU), inflammatory bowel disease, 

Vogt-Koyanagi-Harada (VKH), and Behcet’s disease [4]. 

Frequently, however, uveitis is not associated with an 

underlying condition and is termed Bidiopathic^ [4]. 

In pediatric rheumatology, JIA is the most commonly 

associated disease, and uveitis is typically anterior and 

bilateral. Pediatric uveitis accounts for 5–10% of pa- 

tients with uveitis [5]. Thorne et al. reported a prevalence 

of pediatric uveitis of 31 per 100,000 patients. Of 291 

pediatric cases in this study, nearly 95% were non- 

infectious uveitis, and JIA was associated with 26.2% 

of these cases [6•]. 

Prolonged intraocular inflammation can lead to sig- 

nificant visual impairment and blindness. Uveitis is es- 

timated to cause 30,000 new cases of legal blindness 

each year [6•]. The problem is compounded in pediatric 

patients where there is often a delay in presentation and 

diagnosis. Furthermore, children commonly experience 

a chronic course with frequent remission and relapse 

that can lead to significant ocular morbidity [7]. 

Ocular complications such as cataract, glaucoma, poste- 

rior synechiae, and band keratopathy occur in up to 

50% of children, vision loss (visual acuity 20/50 or 

worse) occurs in up to 50% of children, and legal 

blindness (visual acuity 20/200 or worse) occurs in up 

to 25% [8–11]. Early diagnosis and treatment can miti- 

gate these complications and potentially reduce the bur- 

den of visual impairment and blindness. 

Evidence suggests an environmental trigger in a 

genetically susceptible individual leads to a release 

of pro-inflammatory cytokines, including tumor ne- 

crosis factor-alpha (TNF-alpha) and interleukins (IL) 

[12–15]. With this understanding, an immunomod- 

ulatory therapy approach is a useful strategy for the 

management of non-infectious uveitis. However, 

there is a lack of randomized controlled studies in 

the treatment of pediatric uveitis. Most evidence is 

based on expert opinion or clinical experience and 

management remains non-standardized [16••]. As a 

result, multi-disciplinary panels have proposed treat- 

ment algorithms in an effort to standardize care [17– 

19]. Despite the lack of level one and two evidence, 

immunomodulatory therapy remains the most effec- 

tive approach to control ocular inflammation, reduce 

exposure to systemic corticosteroids, and decrease 

the incidence of vision loss and blindness. 

The focus of this review is to report the current treat- 

ment options for pediatric non-infectious uveitis. We will 

focus on medications described in pediatric uveitis pa- 

tients enrolled in the Childhood Arthritis and 

Rheumatology Research Alliance (CARRAnet) Registry, a 

large registry of North American pediatric rheumatology 

patients to examine practice patterns of pediatric rheuma- 

tologists [16••]. Furthermore, we suggest a stepwise ap- 

proach to the use of immunomodulatory therapy, in 

particular JIA, which is the most common rheumatologic 

condition in childhood (Fig. 1). 

 

Treatment 

 Pharmacologic treatment  

The goal for treatment of pediatric non-infectious uveitis is threefold: (1) 

resolve intraocular inflammation, (2) achieve remission and prevent recur- 

rences, and (3) preserve vision and prevent ocular complications [8]. 

Corticosteroids (CS) are the first-line treatment for non-infectious uveitis and 

are effective for acute inflammation [2]. The mechanism of action involves 

modulating gene expression of pro-inflammatory cytokines. CS can achieve this 

effect either through local or systemic administration and the mode of admin- 

istration typically depends on location of uveitis [15]. Local treatments include 

topical drops or periocular and intraocular injections or implants. 
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Fig. 1. Stepwise approach to the treatment of pediatric non-infectious uveitis. Topical corticosteroids are the typical first-line 

agent in anterior uveitis. Systemic corticosteroids may be used for rapid control of inflammation in intermediate, posterior, or 

panuveitic uveitis. In children with severe and/or refractory uveitis, DMARDs are the next step in management with methotrexate 

being the preferred agent. Anti-TNF agents are used as second-line agents in children refractory to methotrexate or as a first-line 

treatment in children with severe and complicated disease at presentation. In patients who fail anti-TNF agents, there is no 

agreement on subsequent therapy. Alternative biologics include abatacept, tocilizumab, and rituximab. Many patients require a 

combination of medications or require short-term systemic corticosteroids for intermittent flares. 

 

 Local corticosteroids  

Topical corticosteroids are first-line treatment in anterior segment inflamma- 

tion and were used in 90% of patients with idiopathic uveitis enrolled in the 

CARRAnet Registry [16••]. The most commonly used topical CS is predniso- 

lone acetate 1%, which is administered at a frequency corresponding to the 

severity of inflammation. Topical difluprednate 0.05% (Durezol) is a more 

potent medication with superior intraocular penetration and requires less 

frequent dosing [20]. However, long-term use of topical CS, in particular 

Durezol, is associated with corticosteroid-induced ocular hypertension and 

cataracts [21, 22]. Evidence has shown that the need for 92 drops a day leads to 

increased ocular complications. 

Periocular or intraocular injections of triamcinolone acetonide (TA) have 

been effective at treating intermediate, posterior, and panuveitis by providing a 

high concentration of drug at the site of inflammation [20]. While systemic side 

effects are minimized, local TA injections in the pediatric population often 

require general anesthesia, which poses its own risk to the patient. Moreover, 

the relatively short duration of action necessitates frequent repeat injections 

[23]. Longer duration intraocular therapy includes Dexamethasone implant 

(Ozurdex) and 0.59-mg Fluocinolone acetonide implant (Retisert) [23–28]. 

Ozurdex implantation lasts 6 months whereas Retisert implantation lasts for 
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nearly 3 years, which reduces the overall risk associated with anesthesia com- 

pared to repeat TA injections [24, 26]. An emerging option is a 0.19-mg 

Fluocinolone acetonide injectable (Illuvien) that was FDA approved for the 

management of diabetic retinopathy. Reddy et al. reported good outcomes on 

the off-label use of Illuvien in the management of uveitis and macular edema 

[29]. While more studies are needed, especially in the pediatric population, the 

Illuvien implant is a promising medication that lasts for nearly 3 years and is 

significantly less expensive than Retisert. Suprachoroidal TA administration is a 

novel route that is currently under investigation as another local treatment 

option for non-infectious uveitis [30]. As with all forms of local therapy, in 

particular periocular and intraocular CS, there is a high risk for cataract forma- 

tion, elevated intraocular pressure, and worsening of pre-existing glaucoma 

[30–33]. 

 

 

 Systemic corticosteroids  

Systemic steroids are excellent for acute control of inflammation that is refrac- 

tory to local therapy, especially in children with intermediate, posterior, or 

panuveitis. Approximately 94% of children with idiopathic uveitis in the 

CARRA registry were treated with systemic steroids during the disease course 

[16••]. Oral prednisone can be prescribed at a starting dose of 1–2 mg/kg body 

weight and tapered according to the inflammatory response. Intravenous (IV) 

corticosteroids are occasionally used in cases of severe ocular inflammation, 

including Behcet’s disease, serpiginous choroiditis, or uveitis with optic nerve 

involvement [2]. However, long-term use of systemic steroids has potential 

adverse effects in the pediatric patient that include growth retardation, hyper- 

glycemia, weight gain, hypertension, osteoporosis, peptic ulcers, cataracts, and 

glaucoma [23, 24]. 

Topical and systemic corticosteroids are not considered long-term treatment 

of chronic uveitis and there should not be a delay in initiating DMARDs or 

biologics. 

 Immunosuppressive therapy  

Due to steroid toxicity, it is prudent to initiate steroid-sparing disease-modify- 

ing anti-rheumatic drugs (DMARDs) and biologics early in the disease course to 

control ocular inflammation and prevent complications and vision loss [15]. 

Options for long-term immunosuppression include first-line conventional 

immunotherapy with methotrexate (MTX), and less commonly, mycopheno- 

late mofetil (MMF), and cyclosporine A (CsA). 

 

 Methotrexate  

Methotrexate was used to treat 76% of patients with idiopathic juvenile uveitis 

enrolled in the CARRA Registry making it the most frequently used steroid- 

sparing agent [16••]. There are several reports of its use in pediatric patients 

with uveitis [34–38]. MTX is a folic acid analog that inhibits DNA replication 

and RNA transcription in B and T lymphocytes [2]. The recommended starting 

dose is 10–15 mg/m2 once a week orally or subcutaneously. Dosing can be 

increased to 30 mg/m2 if administered by the subcutaneous route. There is a 
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lack of evidence for preferred administration route. However, parenteral ad- 

ministration achieved higher efficacy and bioavailability in adult patients with 

rheumatoid arthritis and pediatric patients with JIA [39–43]. Foeldvari et al. 

reported good outcomes in JIA-associated uveitis (JIA-U) wherein 84% (21/25) 

of patients achieved remission after a mean treatment dose of 15.6 mg/m2 

(range 10–25 mg/m2) for an average of 4.25 months (range 1–12) [37]. A 

recent meta-analysis suggests MTX is effective in controlling inflammation in 

pediatric non-infectious uveitis wherein the proportion of responding subjects 

in nine eligible studies was 0.73 (95% confidence interval 0.66–0.1) [44•]. 

Common side effects associated with MTX in children include gastrointestinal 

(GI) toxicity (oral ulcers, nausea, vomiting) and hepatorenal toxicity. Patients 

must have routine lab work to evaluate blood count and liver function (AST/ 

ALT). In addition, folic acid should be supplemented on a daily basis to prevent 

GI-related toxicity. 

Methotrexate is considered first-line therapy in most patients with chronic 

non-infectious uveitis and can be an effective treatment for ocular inflammation. 

 

 Mycophenolate mofetil  

MMF inhibits inosine monophosphate dehydrogenase, which is an enzyme 

critical to the de novo pathway of purine synthesis [45]. Unlike other cell types, 

lymphocytes lack alternative pathways for purine synthesis and are therefore 

selectively suppressed by MMF [2]. The optimal dose for uveitis is unknown, 

but most pediatric rheumatologists initiate therapy at dosages used in pediatric 

renal transplant recipients—600 mg/m2 twice daily or 2–3 g/day in divided 

doses. To date, there are only two reports of MMF therapy in pediatric uveitis 

[46, 47]. Chang et al. reported on 52 children with autoimmune uveitis treated 

with MMF monotherapy wherein 73% achieved uveitis control after 2 months. 

Approximately 60% (16/25) of patients with JIA-U achieved quiescence for at 

least 2 years of therapy. Furthermore, visual acuity was stable or improved in 

94% [47]. MMF may be useful in the management of pediatric non-infectious 

uveitis, although less in JIA-U since it may not be as effective for arthritis 

compared to other agents. Side effects include hair loss, fatigue, gastrointestinal 

discomfort, and leukopenia [2, 15]. 

 

 Cyclosporine A  

CsA belongs to the class of calcineurin inhibitors (CNIs) whose mechanism is to 

block the activity of calcineurin, an enzyme that facilitates gene expression of IL- 

2 and other cytokines [48]. Down-regulation of these molecules impairs T cell 

proliferation resulting in immunosuppression. There are only a few studies 

reporting outcomes with CsA in pediatric non-infectious uveitis [49–52]. 

Tappeiner et al. reported on 82 patients with JIA-U, the largest retrospective 

series to date. CsA monotherapy had minimal efficacy in this study, with only 6/ 

25 (24%) achieving inactivity. Efficacy increased to 48.6% (35/72) when 

combined with other immunosuppressive medications, suggesting the optimal 

role for CsA in treating pediatric non-infectious uveitis is as adjunct therapy 

[52]. Pediatric dosing of CsA is recommended between 2.5 and 5 mg/kg/day in 

divided doses to avoid systemic side effects [53]. Nephrotoxicity, hypertension, 

hepatotoxicity, anemia, nausea, vomiting, hirsutism, and hypercholesterolemia 

154154



 

6 Pediatric Rheumatology (M Becker and J Harris, Section Editors) 
 

 

are potential side effects [15]. Routine testing should include renal and liver 

function and blood pressure monitoring [2]. 

CsA is infrequently used to treat pediatric non-infectious uveitis, and other 

agents are preferred. 

 

 

 Biologics  

Biologics represent a newer class of medications used to treat ocular inflam- 

mation. These agents target molecules in the immune system that play a key 

role in the ocular inflammatory process [54]. For example, TNF-alpha, inter- 

leukins (IL), and interferons are pro-inflammatory cytokines produced by 

immune cells and are consistently elevated in serum and aqueous fluid of 

patients with uveitis [55, 56]. Experimental autoimmune uveitis studies in 

animals also confirm the role of TNF-alpha in mediating intraocular inflam- 

mation [57–59]. Therefore, targeting these molecules with biologic therapy 

appears to be an attractive approach for long-term control of uveitis refractory 

to corticosteroids or conventional immunotherapy. Therapeutic options within 

the class of biologics include anti-TNF-alpha agents, anti-IL agents, and anti-B 

and T lymphocyte agents [19]. Screening for hepatitis and tuberculosis before 

initiation is important. Anti-TNF-alpha agents, specifically infliximab (IFX) and 

adalimumab (ADA), have been most commonly used with excellent success 

[60]. 

 Anti-tumor necrosis factor agents  
 

Infliximab  
Infliximab is a chimeric (75% humanized, 25% mouse) monoclonal antibody 

that binds to and inhibits circulating and membrane bound TNF-alpha [61]. It 

is FDA approved for several autoimmune conditions, including rheumatoid 

arthritis, ankylosing spondylitis, psoriatic arthritis, plaque psoriasis, and in- 

flammatory bowel disease [54]. Numerous prospective and retrospective stud- 

ies support IFX’s use for non-infectious uveitis, but dosage and interval vary [62, 

63, 64•, 65–67]. Kahn et al. reported on 17 patients with refractory uveitis (10 

JIA-U, 2 VKH, 2 sarcoidosis, 3 idiopathic) treated with 10–20 mg/kg of IFX every 

4–8 weeks [64•]. Intraocular inflammation was undetectable after the first or 

second infusion in 76% (13/17). High-dose IFX was effective and well tolerated 

in all patients in this series. Ardoin et al. reported on a cohort of 16 children 

with uveitis (5 JIA-U, 11 idiopathic) treated with 8.2 mg/kg median dose (range 

2.0 to 12.9) of IFX at median frequency of 5.6 weeks (range 4 to 10). At 1 year, 

64% had no active inflammation and increased to 79% if criteria were modified 

to include zero inflammation or a 2-step decrease in AC inflammation. 

Furthermore, all patients were on topical CS at baseline, whereas by 12 months, 

approximately 69% (11/16) of patients discontinued use [67]. Sukumaran et al. 

compared varied doses of IFX: low dose (G10 mg/kg), moderate dose (≥10– 

15 mg/kg), and high dose (≥15–20 mg/kg) every 4 weeks in 34 children with 

refractory non-infectious uveitis [68]. After 1 year, there was significant im- 

provement in anterior chamber cells, flare, and VA in all groups. However, 

escalated doses may be necessary to achieve disease control since 935% 
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required an increase in dose to ≥10 mg/kg, and 94% were on high dose at end 

of study. 

IFX is administered intravenously with a loading dose of 3–5 mg/kg at weeks 

0, 2, and 6 followed by maintenance dosing at 5 –10 mg/kg every 4–8 weeks. 

Additionally, methotrexate is recommended as an adjunct to prevent the for- 

mation of anti-TNF antibodies. In refractory uveitis, an increased dose of 20 mg/ 

kg has been used successfully [64•, 68, 69]. Potential side effects include 

increased susceptibility to infections, reactivation of tuberculosis or histoplas- 

mosis, malignancy, and development of lupus-like syndrome [2, 54]. Mild and 

moderate infusion reactions occurred in 17% of patients in one study [70]. 

IFX can be an effective treatment for uveitis but is often needed at high doses. 

There has been variability in the dosing and interval of IFX administration 

which may have led to the differences in patient outcomes. 

 
 

Adalimumab  
Adalimumab (ADA) is a fully humanized monoclonal antibody that also binds 

to and inhibits TNF-alpha and is the only US Food and Drug Administration 

(FDA)-approved non-corticosteroid medication for the treatment of non- 

infectious uveitis [71]. Jaffe et al. recently published results from a multi- 

national phase 3 randomized controlled trial assessing the efficacy and safety of 

ADA for adults with non-infectious intermediate, posterior, or panuveitic uve- 

itis [72••]. All 217 patients had active, vision threatening, non-infectious uveitis 

and were randomly assigned to ADA 80-mg dose at baseline followed by 40-mg 

doses every 2 weeks (110 patients) or placebo (107 patients). They described a 

significantly lower risk of treatment failure compared to placebo wherein 

treatment failure occurred at 24 weeks in the ADA group and 13 weeks in the 

placebo group (HR, 0.50; 99% confidence interval, 0.36 to 0.70; P G 0.001). 

Nguyen et al. reported on 229 patients with inactive uveitis on 10–35 mg/ 

day of oral prednisone to maintain uveitis inactivity [73••]. They were ran- 

domly assigned to ADA (115 patients) or placebo (114 patients). Prednisone 

was tapered to 0 mg by week 19. Treatment failure was increased in the placebo 

group (61 (55%)) compared to the ADA group (45 (39%)), and there was 

significant improvement in time to treatment failure in patients receiving ADA. 

Several prospective and retrospective studies support ADA treatment for 

pediatric uveitis [74–79, 80•, 81–84]. Diaz-Llopis et al. reported a prospective 

multi-center study of 131 patients (39 with JIA-U) treated with ADA for 

6 months [75]. Children received 40 mg of ADA subcutaneously (SC) every 

other week (children between ages 4 and 12 received 24 mg/m2 body surface 

area up to maximum dose of 40 mg SC every other week). There was a 

statistically significant decrease in anterior chamber and vitreous inflammation 

and overall gain in visual acuity [75]. 

There are reports on the development of antibodies against ADA (AAA) in 

other diseases, leading to decreased drug efficacy and adverse effects. Recently, 

Cordero-Coma described 25 patients (2 JIA-U) with active refractory uveitis 

who were followed prospectively for 6 months [85]. At least three trough serum 

ADA and AAA were measured prior to ADA administration. Only 11 (44%) had 

a complete clinical response, seven (28%) had a partial response, and seven 

(25%) no response. There were increased ADA levels in responders and an 

association between worse uveitis outcome in patients with permanent AAA (4 
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(14%)). Development of AAA was not associated with use of other immuno- 

suppressive agents which is interesting since methotrexate is often used in 

conjunction with IFX for JIA. The relevance of measurement of ADA trough 

levels and AAA remains unclear. 

ADA is administered subcutaneously at a dose of 10 - 40 mg every 2 weeks. In 

children with severe uveitis, dose and interval of administration can be increased 

to 40 mg weekly to increase efficacy. Side effects are similar to IFX, including 

increased susceptibility to infections and reactivation of TB or histoplasmosis [2]. 

Reports on the successful use of ADA in pediatric uveitis and ease of 

administration at home versus infusions make it an excellent option for many 

families. 

 

 
 

Golimumab  
There have been limited reports on Golimumab, a fully humanized anti-TNF 

monoclonal antibody that is administered subcutaneously every 4 weeks. 

Miserocchi et al. examined 13 patients with JIA-U and 4 with HLA-B27 

spondyloarthropathy who had an inadequate response to other TNF-alpha 

blockers or other biologics such as rituximab and abatacept [86]. Patients 

received golimumab 50 mg every 4 weeks as subcutaneous injections. They 

were all ≥18 years of age and had anterior uveitis or panuveitis. Response was 

evident in 14 patients, wherein two of the non-responders had JIA-U. At the last 

visit, 12 of 17 had inactive disease. This is a promising anti-TNF therapy for 

uveitis patients. 

 

 Emerging therapies  
 

Abatacept  
Abatacept (ABA) is a soluble fusion protein composed of human cytotoxic T 

lymphocyte antigen 4 (CTLA-4) and modified FC domain of human IgG. It 

binds to CD80/CD86 on antigen-presenting cells and prevents activation of T 

cells [87]. Abatacept is FDA approved for JIA and RA, but off-label use in 

pediatric and adult uveitis has been reported [87–89, 90•, 91]. In 2008, we first 

reported on a 16-year-old female with psoriatic arthritis with long-standing 

uveitis that was refractory to conventional IMT and biologics, including trials of 

rituximab, IFX, etanercept, and daclizumab. Abatacept infusions were started at 

10 mg/kg. Ocular inflammation rapidly improved and remained well con- 

trolled 18 months after initiation of therapy [87]. A recent case series described 

three children with idiopathic uveitis that was successfully controlled with 

Abatacept [89]. However, Tappeiner et al. reported on the visual outcomes in 21 

patients with JIA-U [90•]. All patients had severe and chronic uveitis with mean 

duration of 7.5 years and were treated with 10 mg/kg, max 750 mg every 

4 weeks. Patients had previously failed tCS, systemic CS, methotrexate, and 

several biologics (IFX, etanercept, ritixuimab, golimumab). Uveitis inactivity 

was achieved in 11 patients after starting ABA (median time of 6 months) but 

recurred in eight of these patients. Abatacept failed to suppress inflammation in 

10/21 (48%) of patients. In addition, new onset complications occurred in 
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three, and best corrected visual acuity (BCVA) did not significantly improve. 

Hence, ABA did not appear to be effective in this cohort compared to earlier 

studies. Birolo et al. compared ABA as a first-line or second-line biologic agent 

in 31 patients with severe JIA-U after 12 months of follow-up [92•]. Fourteen 

received ABA as first-line biologic therapy (at least 6 months of MTX) and 17 as 

a second-line biologic agent. Clinical remission was achieved in 54.8% of the 

total patients (17/31), but there was no significant difference in improvement 

in those who received ABA as first line (57%) versus second line (52.9) [92•]. 

Dosing is 10 mg/kg at 0 and 15 days followed by monthly administration [2]. 

Side effects include infections, gastrointestinal disorders, and low risk for ma- 

lignancy [2, 20]. 

There are reports on the use of Abatacept in children with uveitis, but 

attainment of remission varied. 

 
 

Tocilizumab  
Interleukin-6 (IL-6) is a cytokine produced by T cells, B cells, and monocytes. 

Signaling through IL-6 appears to play a critical role in the immune system, 

including T cell activation, immunoglobulin secretion, and angiogenesis [93, 

94]. The importance of IL-6 in mediating ocular inflammation has also been 

demonstrated in animal models of experimental uveitis that show that treat- 

ment with anti-IL6 receptor antibody reduces uveitic inflammation [95]. 

Furthermore, elevated IL-6 concentrations were noted in vitreous fluid of 

patients with VKH, Behcet’s, sarcoidosis, and idiopathic uveitis compared to 

controlled non-uveitic patients [95]. Therefore, targeting IL-6 appears to be an 

attractive approach. 

Tocilizumab (TCZ) is an IL-6 receptor antibody approved for RA and JIA and 

is an emerging treatment for uveitis and cystoid macular edema [93, 94, 96••, 

97, 98, 99••]. It is a humanized recombinant antibody that binds the IL-6 

receptor, leading to inhibition of the downstream signaling of IL-6 and pro- 

inflammatory effects. Tappeiner et al. reported on 17 patients treated with TCZ 

for chronic refractory JIA-U, including systemic corticosteroids, DMARDs, and 1 

TNF-alpha inhibitor [97]. Patients were treated with intravenous TCZ 8 mg/kg 

body weight at 4 week intervals and were followed for a mean of 8.5 months. 

Inactive uveitis was observed in 10/17 patients after at least one follow-up, but 

there was a recurrence in three. In seven patients who did not respond to TCZ, 

four had improved ocular activity, two had no change, and one worsened. 

Additionally, four patients experienced new ocular complications during treat- 

ment, and there was no significant change in BCVA at the end of follow-up. 

There were no adverse events requiring discontinuation of TCZ in this study. In 

2016, Silpa-archa et al. reported their experience with Tocilizumab in 17 

patients with recalcitrant ocular inflammatory disease (10 uveitis, 6 scleritis, 1 

orbital pseudotumor) [94]. In the uveitis cohort, five patients (age range 14– 

50 years) had inflammation associated with JIA. After 9 months of treatment, 

71% of uveitis and 50% of scleritis patients achieved the primary outcome: 

absence of inflammation and achievement of steroid sparing. However, serious 

side effects requiring cessation of therapy were reported in 24% of patients, 

including neutropenia, severe angioedema, dizziness, and abdominal pain. 

Recently, Calvo-Rio et al. reported on the use of TCZ in 25 patients with JIA-U 

refractory to conventional IMT and at least one biologic agent including anti- 
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TNF-alpha drugs, abatacept, rituximab, and anakinra [99••]. Dosing was 8 mg/ 

kg IV every 2, 4, or 8 weeks or 2.9 mg/kg/subcutaneously every week. At 

6 months of follow-up in 23 patients, BCVA improved and anterior chamber 

cells decreased in 79%. This was consistent at 1 year in 15/17 patients (88%). 

Clinical trials evaluating the efficacy of TCZ in non-infectious intermediate, 

posterior, or panuveitis (STOP-Uveitis) and JIA-U are on-going (www. 

clinicaltrials.gov) [93]. 

TCZ is a promising treatment for pediatric uveitis, but additional studies are 

needed to determine optimal dosing and intervals. 

 

Rituximab 
Rituximab is a chimeric antibody directed against the B cell marker CD20 

thereby inducing B cell apoptosis [100••]. Rituximab initially gained FDA 

approval in 1997 for the treatment of lymphoma and leukemia [101]. Since 

then, the medication has been approved for RA, microscopic polyangiitis, and 

granulomatosis with polyangiitis [54]. Rituximab’s use in ocular conditions has 

been limited, but several reports have shown efficacy for the management of 

scleritis, peripheral ulcerative keratitis, VKH, and more recently, in JIA-U [102– 

105]. Miserocchi et al. reported on a cohort of eight patients (15 eyes) with 

severe JIA-U treated with rituximab who were previously resistant to IMT and 

TNF-alpha inhibitors [106]. The mean follow-up time on rituximab was 

44.75 months with a mean number of 8.75 infusions. Uveitis was inactive in all 

patients at last follow-up, and improvement was noted 4 months after the first 

infusion. Mean systemic CS dose before initiating rituximab was 18 mg/day and 

decreased to 1.8 mg/day at final follow-up, with discontinuation in six patients. 

Similarly, conventional IMT was discontinued in 5/8 patients and reduced from 

MTX + CSA to only MTX in one patient. The two remaining patients continued 

with baseline MTX throughout rituximab treatment. These are promising results 

for refractory uveitis associated with JIA, but further prospective trials need to be 

conducted to assess the efficacy of rituximab in pediatric uveitis. 

Rituximab is given intravenously and dosed at 1000 mg on days 1 and 14 

and repeated after 6 months if needed. Effect on B cells lasts 6 to 9 months 

making this an attractive biologic compared to anti-TNF-alpha agents that 

require more frequent dosing [107]. Side effects include infusion reactions, 

which can be mitigated with corticosteroids, as well as neutropenia, heart 

failure, and rarely progressive multifocal leukoencephalopathy. 

 Future directions  

Several challenges exist in the timely and optimal treatment of children with 

uveitis. There is a lack of randomized controlled trials, and adalimumab is the 

only FDA-approved drug for non-infectious intermediate, posterior, and 

panuveitic uveitis in adults. Thus, treatment is usually guided by collective 

expertise, case reports/case series, retrospective studies, and panel guidelines 

[17–19]. 

Advances have emerged in the study of biomarkers for early detection of 

disease, indicators of active disease, and targeted therapy. Potential biomarkers 

associated with pediatric chronic anterior uveitis and JIA-associated uveitis were 

detected in the iris, serum, and aqueous humor, but most studies have been 
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Conclusions 

conducted in adults with varied involvement and associated diseases. 

Alterations in the inflammatory cells, autoantibodies, cytokines, chemokines, 

and soluble adhesion molecules have been reported, most recently erythrocyte 

sedimentation rate (ESR), plasma cells, interleukin-29/interferon-λ1, S100A8/ 

A9, and S100A12 [108–118]. The analysis of tear fluid for biomarkers in 

chronic anterior non-infectious uveitis is a potential non-invasive collection 

method [119–121]. With further developments in research and science, the 

potential exists to utilize markers to inform clinicians of optimal therapy choice 

as we gain more insight into promising drug targets. 

 

 
Chronic pediatric non-infectious uveitis can lead to severe ocular complications 

and permanent vision loss. Timely and optimal management improves visual 

outcomes. There are no standardized treatments and few randomized con- 

trolled trials for pediatric uveitis. We report on conventional DMARDs and anti- 

tumor necrosis factor agents but also discuss newer biologics for children with 

refractory uveitis. Additional studies are needed to determine optimal treatment 

and dose in this population. 
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Key messages 

What is known: 

Uveitis exhibits specific clinical and demographic characteristics concerning geographic location, 

ethnicity, age group, and sex. 

Epidemiological data in South America is scarce. 

 

What is new? 

This is the first multicenter study conducted in South America, providing a detailed and representative 

analysis of this population's uveitis distribution and clinical features. 

Infectious uveitis is the most common etiology in Colombia, a South American country, with ocular 

toxoplasmosis as the most frequent cause. However, compared to previous studies, an increase in 

noninfectious conditions was observed. 
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Abstract 

Purpose To describe the epidemiology, clinical features, and classification of uveitis in a large cohort of Colombian patients. 

Methods Data were collected from seven ophthalmological referral centers in the four main cities in Colombia. The study 

included patients with a confirmed diagnosis of uveitis from January 2010 to December 2022. Information on demographics, 

ophthalmic examination findings, uveitis classification, and etiology was recorded. 

Results The study reviewed 3,404 clinical records of patients with uveitis. The mean age at diagnosis was 41.1 (SD 19.0) years, 

and 54.2% of the patients were female. Overall, 1,341(39.4%) were infectious, 626 (18.4%) non-infectious, and four masquerade 

syndromes (0.1%). The most common types of uveitis were unilateral (66.7%), acute (48.3%), and non-granulomatous (83%). 

Anterior uveitis was the most common anatomical localization (49.5%), followed by posterior uveitis (22.9%), panuveitis (22.3%), 

and intermediate uveitis (5.2%). A diagnosis was established in 3,252 (95.5%) cases; idiopathic was the most common cause 

(27.7%), followed by toxoplasmosis (25.3%) and virus-associated uveitis (6.4%). The age group between 30 and 50 exhibited 

the highest frequency of uveitis. 

Conclusion This multicenter study comprehensively describes uveitis characteristics in Colombian patients, providing valua- 

ble insights into its demographic and clinical features. The study findings emphasize the need to continue updating the chang- 

ing patterns of uveitis to improve diagnosis and treatment strategies for diseases associated with intraocular inflammation. 
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Introduction 

The term “uveitis” encompasses several diseases charac- 

terized by intraocular inflammation. It can be infectious or 

noninfectious, including autoimmune, autoinflammatory, 

traumatic, post-surgical, drug-induced, and idiopathic. 

Each type of uveitis has particular demographic and clin- 

ical characteristics, but in general, they predominantly 

affect people of working age, generating a significant eco- 

nomic burden [1–3]. 

Uveitis prevalence oscillates from 36.2 to 730 per 

100,000 inhabitants, and its incidence ranges from 17 

to 52.4 per 100,000 inhabitants [4]. These values vary 

according to the region and the study design that informs 

them. Similarly, global epidemiological patterns vary due 

to the influence of several factors, such as environmental, 

socioeconomic, and epigenetic elements, contributing to 

different etiologies' prevalence in each region [5–8]. 

In Colombia, Polania et al. presented the demographic 

and clinical characteristics of 489 uveitis patients, 

indicating a notable transition from infectious to immune- 

mediated etiologies in the last few years as the leading cause 

of uveitis in the country's capital city [9]. However, data 

was collected from a single center and may only partially 

represent the broader reality. Therefore, this multicenter 

study aims to describe the epidemiology, clinical features, 

and classification of uveitis in a large cohort of Colombian 

patients from diverse cities nationwide. 

 

 

Methods 

Study design Multicenter cross-sectional study. It adhered 

to the Strengthening the Reporting of Observational Studies 

in Epidemiology (STROBE) guidelines. 

 

Ethics consideration The Ethics Committee of Universidad 

del Rosario approved this study. In addition, this study fol- 

lows the ethical principles for human research established by 

the Helsinki Declaration, the Belmont Report, and Colom- 

bian Resolution 008430 of 1993. 

 

Data source and study population We collected data from 

seven ophthalmological referral centers across four major 

cities (Bogotá, Cali, Medellín, and Bucaramanga) and span- 

ning approximately 20 departments within Colombia. The 

data collection period was extended from January 2010 to 

December 2022. To ensure the privacy and confidentiality 

of the patients, all clinical information was procured using a 

unique identification code, thereby maintaining anonymity. 

Collected data include demographic details, medical history, 

specific etiological diagnosis (non-infectious, infectious, 

undetermined, and idiopathic), visual acuity, uveitis locali- 

zation, onset, duration, clinical course, and ocular complica- 

tions (cataract, uveitic glaucoma, macular edema, epiretinal 

membrane, vitreous hemorrhage, and retinal detachment, 

among others). Demographic data were primarily acquired 

during the initial patient visit by administering a question- 

naire about uveitis risk factors and systemic symptoms sup- 

plemented with a comprehensive physical examination. Ocu- 

lar findings were collected at the first consultation. 

 

Co-investigators trained in data entry and management were 

responsible for filling the database to ensure consistency and 

reliability. Furthermore, two investigators independently 

verified the accuracy and completeness of the data. Uveitis 

patients with incomplete or inconsistent data or who were 

exclusively diagnosed with conditions such as keratitis, optic 

neuritis, and scleritis were excluded from the dataset (n = 92). 

 

Ophthalmological assessment Best-corrected visual acuity 

(BCVA) was measured with Snellen charts, and the values 

were converted to logarithms of minimal angle of resolution 

equivalent units (logMAR) for statistical calculations. All 

patients underwent a comprehensive evaluation by a uveitis 

specialist, including slit lamp biomicroscopy, intraocular 

pressure, and dilated fundus examination. Furthermore, 

clinical data, such as the time of initial uveitis diagnosis, 

the frequency of uveitis episodes, and laterality, were 

documented. 

Uveitis definition Uveitis and anterior chamber grading 

classification were determined using the Standardization of 

Uveitis Nomenclature (SUN) criteria [10]. Vitreous haze 

was graded according to the National Eye Institute system 

with binocular indirect ophthalmoscopy [11]. 

Diagnosing systemic disease associated with uveitis 

was established in a multidisciplinary approach with other 

medical specialists, including internal medicine, rheuma- 

tologists, infectious diseases specialists, and pediatricians. 

The condition that was the most prominent or more likely 

related to uveitis was regarded as the primary diagnosis 

whenever two or more systemic diseases occurred concur- 

rently with uveitis. The diagnosis of ocular sarcoidosis was 

made according to the SUN 2021 revised criteria [12] and 

the International Workshop on Ocular Sarcoidosis [13]. A 

chest X-ray was used as the screening tool for chest imag- 

ing; computed tomography scanning was used in cases of 

equivocal chest radiographs or cases with high suspicion of 

other grounds. Additionally, in instances where sarcoidosis 

was highly suspected, yet imaging results were inconclusive, 

it was ruled out using serological tests like Angiotensin- 

Converting Enzyme levels [14, 15]. 
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Diagnosis of Blau syndrome was confirmed by NOD2 

mutation [16]. The criteria for a diagnosis of presumed 

ocular tuberculosis included the identification of a tuber- 

culous etiology by Quantiferon Gold TB positivity or 

Mantoux tuberculin skin test, having or not having abnor- 

malities on chest X-ray, exclusion of other possible causes 

of uveitis and response to anti-tuberculosis treatment [17]. 

The diagnosis of the other systemic diseases was deter- 

mined using the internationally standardized criteria for 

each disease. 

Traumatic iritis was defined as inflammatory cells or flare 

in the anterior chamber in a patient with recent trauma and 

in whom infectious and non-infectious uveitis was ruled out. 

Lens-induced uveitis was defined as an immune reaction 

to lens material. Moreover, Idiopathic Persistent Iritis after 

cataract surgery (IPICS) was defined as a transient, non- 

infectious inflammatory response in the eye that occurs after 

surgical procedures [18]. 

Regarding viral uveitis, an initial panel of serology tests 

was conducted, which included screening for antibodies 

against Herpes simplex, Herpes zoster, and Cytomegalo- 

virus. When available, patients with atypical presentations 

underwent aqueous-vitreous humor sampling and a Poly- 

merase Chain Reaction (PCR) [19, 20]. A diagnosis of con- 

firmed virus-associated uveitis was established if a positive 

result was obtained in PCR. In contrast, in cases where 

the diagnosis relied only on clinical features and response 

to antiviral therapy, it was categorized as suspected viral 

virus-associated uveitis. Furthermore, the diagnosis of 

ocular toxoplasmosis was made based on clinical criteria, 

which included positive anti-Toxoplasma IgG and/or IgM 

test results with an active creamy-white focal retinal lesion 

with/without hyperpigmented retinochoroidal scars [21]. 

In cases where an etiology could not be discovered due 

to a lack of follow-up of the patients, without having ruled 

out all possible diagnoses, it was considered undetermined. 

Idiopathic etiology was reserved for cases where the diag- 

nosis could not be determined after ruling out infectious and 

noninfectious causes of uveitis. It is important to note that 

while 'Pars planitis' falls under the umbrella of idiopathic 

conditions, this term was exclusively applied to cases char- 

acterized by non-infectious intermediate uveitis accompa- 

nied with vitritis and either inferior vitreous inflammatory 

condensates (“snowballs”) or pars plana “snowbanks”, unas- 

sociated with a systemic disease [22]. 

Uveitis diagnoses were categorized into five groups 

for analytical clarity and precision. These groups include 

infectious, non-infectious (encompassing autoimmune, 

autoinflammatory, and mixed etiologies as delineated by 

McGonagle and McDermott) [23], masquerade syndromes, 

idiopathic, and undetermined. Additionally, the category 

labeled 'others' includes specific etiologies such as traumatic 

iritis, IPICS, lens-induced uveitis, and drug-induced uveitis. 

Statistical analysis 

 
For the univariate analysis, the continuous variables were 

reported as mean and standard deviation (SD) or median and 

interquartile range (IQR) (25th–75th percentile) depending 

on its distribution, for categorical variables as relative and 

absolute frequencies and percentages. All the analyses were 

done using Jamovi (Version 2.3). 

 

Results 

From 3,496 clinical records, we included 3,404 patients 

diagnosed with uveitis, of which 54.2% (n = 1,847) were 

female. The mean age at onset was 35.7 years, ranging from 

1 to 96 years. Overall, 1,341(39.4%) were infectious, 626 

(18.4%) non-infectious, and four masquerade syndromes 

(0.1%). Bilateral involvement was observed in 33% of cases 

(n = 1,124), while 66.7% (n = 2,270) presented with unilat- 

eral compromise. Table 1, Figs. 1 and 2 show a summary of 

the demographic information of the included patients. 

In general, anterior uveitis was the most common locali- 

zation (n = 1,687, 49.5%), followed by posterior uveitis 

(n = 780, 22.9%), panuveitis (n = 759, 22.3%), and interme- 

diate uveitis (n = 178, 5.2%), as evidenced in Table 2. Both 

anterior and posterior uveitis more frequently presented 

with an acute course (50.9% and 57.9%, respectively), while 

intermediate uveitis and panuveitis showed a chronic course 

in most cases. Of all the anatomical localizations, panuvei- 

tis exhibited the highest incidence of complications, includ- 

ing cataracts (n = 256, 33.7%), retinal detachment (n = 138, 

18.2%), and macular edema (n = 125, 16.5%). For a more 

comprehensive overview, please refer to Table 2. 

A specific diagnosis was achieved in 3,252 (95.5%) 

cases. In 152 (4.5%) of the patients, the cause could not 

be determined (undetermined uveitis). Overall, idiopathic 

was the most common cause with 944 patients (27.7%), 

followed by toxoplasmosis with 858 cases (25.3%) 

and virus-associated anterior uveitis with 217 cases 

(6.4%). Regarding gender distribution, females were 

more commonly affected by idiopathic uveitis than men 

(60.6% vs 39.4%). On the contrary, men showed a higher 

prevalence of HLA-B27-associated acute anterior uveitis, 

accounting for 55.8% compared to 44.2% in women. 

There was a nearly equal distribution between the sexes 

for toxoplasmosis, with 433 cases (50.5%) in women and 

425 cases (49.5%) in men. (Table 3). 

In patients diagnosed with anterior uveitis, idiopathic 

was the most prevalent cause (n = 684, 40.8%), followed 

by virus-associated anterior uveitis (11.9%) (Table 4). On 

the other hand, in patients with intermediate uveitis, pars 

planitis remained the leading etiology (n = 130, 73%). In 

posterior uveitis and panuveitis cases, toxoplasmosis was 
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Table 1 Demographic 

characteristics of patients with 

 
 

Demographics Anterior Intermediate Posterior Panuveitis Total 
 

 

uveitis in Colombia Age (years) mean ± SD  

 At consultation 50.2 ± 17.8 33.5 ± 20.1 38.1 ± 19.5 42.7 ± 18.7 41.1 ± 19.0 

 At onset 

Gender n (%) 

46.2 ± 18.6 29.9 ± 20.8 29.4 ± 20.4 37.4 ± 18.7 35.7 ± 19.6 

 Female 935 (50.6) 98 (5.4) 404 (21.9) 410 (22.2) 1,847 (54.2) 

 Male 752 (48.6) 78 (5.0) 373 (24.1) 345 (22.3) 1,548 (45.5) 

 Missing data 

City of Origin n (%) 

0 2 (22.2) 3 (33.3) 4 (44.4) 9 (0.2) 

 Bogotá 578 (38.0) 69 (4.5) 452 (29.7) 422 (27.7) 1,521 (44.7) 

 Bucaramanga 106 (66.7) 0 (0.0) 23 (14.5) 30 (18.9) 159 (4.7) 

 Cali 697 (58.8) 58 (4.9) 201 (16.9) 230 (19.4) 1,186 (34.8) 

 Medellín 306 (56.9) 51 (9.5) 104 (19.3) 77 (14.3) 538 (15.8) 

 Etiology      

Infectious 339 (25.3) 19 (1.4) 634 (47.3) 349 (26.0) 1,341 (39.4) 

Non-infectious 411 (65.7) 23 (3.7) 30 (4.8) 162 (25.8) 626 (18.4) 

Masquerade 0 (0) 0 (0) 1 (25.0) 3 (75.0) 4 (0.11) 

Idiopathic 684 (63.7) 123 (11.5) 77 (7.2) 190 (1.8) 1,074 (31.6) 

Undetermined 89 (58.6) 8 (5.3) 18 (11.8) 37 (24.3) 152 (4.5) 

Others 152 (80.4) 3 (1.6) 18 (9.5) 16 (8.5) 189 (5.6) 

Missing data 12 (66.6) 2 (11.1) 2 (11.1) 2 (11.1) 18 (0.5) 

Total n (%) 1,687 (49.6) 178 (5.2) 780 (22.9) 759 (22.3) 3,404 (100.0) 

  

 

Discussion 

   

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Age distribution of the patients with uveitis in Colombia 

 

 

the most prevalent cause (n = 548, 70.3%, and n = 266, 

35%, respectively) (Table 4). 

The age group between 30 and 50 years exhibited the 

highest prevalence of uveitis, regardless of uveitis locali- 

zation. In the younger population (< 20 years), posterior 

uveitis was the most common localization, ranging from 

35.5% to 44.6%. Conversely, among individuals over 

60 years, anterior uveitis emerged as the most prevalent 

anatomical localization, ranging from 60.7% to 68.8%. 

Regarding specific diagnoses, toxoplasmosis was the most 

frequent in individuals under 40 (26.5% to 44%), while idi- 

opathic cases were more common in those over 40 (29.1% 

to 49.1%). For detailed data, please refer to Tables 5, 6. 

In Colombia, two prior studies have focused on the epi- 

demiology of uveitis. The first was conducted in 2009, 

encompassing 693 patients from two centers in Bogotá 

[24]. The second was conducted in 2023 by Polania et al., 

evaluating 489 patients from a single private center in 

Bogotá [9]. In the current study, patients from the Polania 

et al. study were incorporated and combined with six other 

referral centers from various Colombian cities. 

In accordance with prior literature, the demographic 

group most significantly affected is working-age individu- 

als [25, 26]. The mean age at uveitis diagnosis in our study 

population was 41.1 years, closely mirroring the findings 

of a previous single-center report [9]. However, a notable 

divergence exists in the mean duration between symp- 

tom onset and diagnosis, with the current study reporting 

5.4 years compared to the previous report's 3.7 years. This 

discrepancy is concerning, given the substantial burden 

that delayed treatment initiation can impose in cases of 

uveitis. 

The significant delay between the onset of uveitis symp- 

toms and its diagnosis in Colombia may be attributed to the 

scarcity of uveitis specialists in the country. This leads to ini- 

tial referrals of uveitis patients to general ophthalmologists 

or retina specialists, ultimately resulting in delayed diagnosis 
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Fig. 2 Most common etiologies and ages of onset and diagnosis 

among the geographical areas covered. Colombian geographical map 

is divided by departments; yellow represents the areas covered by 

Medellín centers, orange areas covered by Cali’s centers, green areas 

covered by Bucaramanga’s centers, and aquamarine areas covered by 

Bogotá centers. Departments in white are areas where these centers 

usually do not have coverage. Distribution of main etiologies of uvei- 

tis across the different regions 

 

and treatment. The frequency of complications related to 

anatomical localization of uveitis is presented in Table 2. 

Regional differences were observed in the time from the 

initial uveitis presentation to diagnosis. Cali reported an 

average diagnosis time of 3.53 ± 6.88 years, while Bucara- 

manga had a lower average of 1.29 ± 3.44 years. Conversely, 

Bogotá exhibited a considerably a higher diagnosis time of 

6.23 ± 6.28 years. This divergence can be attributed to the 

fact that Bogotá is the most populated city, where the wait- 

ing time to be attended could be longer due to high demand 

and low number of specialists [27]. 

Although Polania et al. found a higher incidence of 

uveitis among females [9], the present study shows simi- 

lar proportions between males and females, similar to what 

other studies have reported [28]. Including more centers in 

this study contributes to the heightened representability of 

uveitis characteristics, which could account for the observed 

sex differences [29, 30]. Specifically, our study found a 

higher occurrence of idiopathic uveitis in females (60%). 

This observation suggests a potential link to the hypothesis 

that idiopathic uveitis may be influenced by underlying 

non-infectious conditions and the role of female hormones 

in stimulating autoimmune responses where inflammation 

plays a vital role [31]. However, further comprehensive 

research is essential to fully understand and substantiate 

these associations. 

In the 2009 study, the prevailing characteristics of uvei- 

tis included a predominance of unilateral cases (73.4%), 

an acute clinical course (68.3%), and a non-granulomatous 

nature (90.6%) [24]. In contrast, Polania et al. in 2023 

reported a shift with a higher prevalence of bilateral involve- 

ment (52.8%), recurrent presentations (47.6%), and a per- 

sistent non-granulomatous pattern (90.8%) [9]. In the cur- 

rent study, the most frequently encountered type of uveitis 

remains unilateral (66.7%), presenting acutely (48.3%) and 

maintaining a non-granulomatous nature (83.0%). These 

consistent features are typically associated with idiopathic 

uveitis, which emerged as the most prevalent etiology in 

our study. 

Regarding the specific diagnoses, idiopathic uveitis 

emerged as the most prevalent cause, with toxoplasmosis 

occupying the second position and virus-associated uveitis 
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Table 2 Characteristics of uveitis in the Colombian population divided by anatomical site of inflammation 
 

Characteristics Anterior N = 1,687 Intermediate N = 178 Posterior N = 780 Panuveitis N = 759 Total N = 3,404 

Ocular involvement (%) 

Unilateral 

 

1,184 (70.2) 

 

68 (38.2) 

 

569 (72.9) 

 

449 (59.2) 

 

2,270 (66.7) 

Bilateral 502 (29.8) 108 (60.7) 208 (26.7) 306 (40.3) 1,124 (33.0) 

Missing data 1 (0.1) 2 (1.1) 3 (0.4) 4 (0.5) 10 (0.2) 

Course 

Acute 

 

859 (50.9) 

 

55 (30.9) 

 

452 (57.9) 

 

275 (36.2) 

 

1,641 (48.3) 

Chronic 421 (25.0) 83 (46.6) 192 (24.6) 329 (43.3) 1,025 (30.1) 

Recurrent 400 (23.7) 35 (19.7) 124 (15.9) 146 (19.2) 705 (20.7) 

Missing data 7 (0.4) 5 (2.8) 12 (1.5) 9 (1.2) 33 (0.9) 

Type of Inflammation 

Non-granulomatous 

 

1,485 (88.0) 

 

150 (84.3) 

 

638 (81.8) 

 

546 (71.9) 

 

2,819 (83.0) 

Granulomatous 186 (11.0) 25 (14.0) 130 (16.7) 201 (26.5) 542 (15.9) 

Missing data 16 (0.9) 3 (1.7) 12 (1.5) 12 (1.5) 43 (1.2) 

Complications at consultation 

Cataract 293 (17.3) 41 (23.0) 77 (9.9) 256 (33.7) 667 (19.7) 

Glaucoma 165 (9.8) 14 (7.9) 24 (3.1) 101 (13.3) 304 (9.0) 

Macular edema 75 (4.4) 28 (15.7) 35 (4.5) 125 (16.5) 263 (7.8) 

Epiretinal membrane 38 (2.3) 17 (9.6) 43 (5.5) 72 (9.5) 170 (5.0) 

Vitreous hemorrhage 13 (0.8) 6 (3.4) 21 (2.7) 40 (5.3) 80 (2.4) 

Retinal detachment 18 (1.1) 15 (8.4) 64 (8.2) 138 (18.2) 235 (6.9) 

Band keratopathy 23 (1.4) 11 (6.2) 4 (0.5) 37 (4.9) 75 (2.2) 

Bullous keratopathy 16 (0.9) 3 (1.7) 1 (0.1) 18 (2.4) 38 (1.1) 

BCVA (LogMAR) 0.67 ± 0.75 0.76 ± 0.81 1.09 ± 0.93 1.35 ± 1.04 0.96 ± 0.88 

BCVA Best corrected visual acuity 

 

ranking third. This pattern of idiopathic uveitis as the pre- 

dominant etiology is consistent with findings from studies 

conducted in developed and developing countries [32–38]. 

This study reinforces the transition in the predominant 

causes of uveitis in Colombia from infectious to immune- 

mediated etiologies [9]. 

Ocular toxoplasmosis remains one of the major causes of 

uveitis in South America. This is expected due to the higher 

seroprevalence of Toxoplasma gondii in South American 

countries (45.2%) compared to other regions like Europe 

(30%) or Western Pacific (11.2%) [39]. Also, clinical pres- 

entation tends to be more severe than in other regions [40, 

41]. In Colombia, 47.1% of the population have positive IgG 

titers against Toxoplasma gondii and 10.5% of the popula- 

tion have reticochoroidal scars [42]. A nationwide popula- 

tion-based study, found an increasing trend in toxoplasmosis 

incidence between 2015 and 2019 [43]. This highlights the 

importance of ongoing patient education about Toxoplasma 

gondii infection. In this context, adhering to practical clini- 

cal guidelines is crucial [44]. 

For anterior uveitis, idiopathic etiology remained the 

primary cause, followed by virus-related etiologies such as 

Herpes simplex or zoster and HLA-B27-associated uveitis. 

Other studies in Colombia similarly report idiopathic uveitis 

as the leading cause [9]. The higher prevalence of virus- 

related uveitis in the present study compared to the study 

conducted by Polania et al. in 2023 could be attributed to the 

multicenter nature of the current study. This study included 

several geographic regions, each with differing prevalence of 

viral diseases, potentially influencing the observed increase 

[45]. 

For posterior uveitis and panuveitis, toxoplasmosis 

remained the primary cause; numerous factors contribute 

to this, including the Colombian geographical localization 

in a tropical area with high rainfall (pluviosity) [46] and the 

presence of certain strains with virulence factors like rhoptry 

virulent-alleles of proteins (ROP) 16 and ROP 18 [40, 41]. 

Intermediate uveitis was the least common localization 

of uveitis, accounting for only 5.2% of the cases, and it was 

most frequently associated with an idiopathic etiology (pars 

planitis); this aligns with the typical pattern observed in 

intermediate uveitis epidemiological data [32, 33, 35–38, 

47]. Some studies report diseases like sarcoidosis, multiple 

sclerosis, and intraocular lymphoma as possible causes of 

intermediate uveitis [25, 48]. Although these diseases were 

present in our cohort, they did not represent a significant 

number of intermediate uveitis [4]. Etiological diagnosis of 

intermediate uveitis varies between age groups. In children, 
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Table 3 Laterality and gender distribution of uveitis etiologies in Colombia 
 

Diagnosis N 3404 % Affected eye Gender distribution 
 

 Bilateral n (%) Unilateral n (%)  Female n (%) Male n (%) 

Idiopathic 944 27.73 336 (35.5) 607 (64.3) 
 

572 (60.6) 372 (39.4) 

Toxoplasmosis 858 25.34 179 (20.9) 679 (79.1)  433 (50.5) 425 (49.5) 

Virus-associated uveitis (confirmed) 217 6.41 18 (8.3) 199 (91.7)  111 (51.2) 106 (48.8) 

HLA-B27 Associated Acute Anterior Uveitis 165 4.87 67 (40.6) 98 (59.4)  73 (44.2) 92 (55.8) 

Undetermined 152 4.5 48 (31.6) 11 (73.0)  87 (57.2) 72 (47.4) 

Pars planitis 130 3.82 80 (61.5) 50 (38.4)  74 (56.9) 56 (43.1) 

Traumatic iritis 114 3.37 1 (0.9) 113 (99.1)  21 (18.4) 93 (81.6) 

Spondyloarthropathies 83 2.42 39 (47.0) 44 (53.0)  39 (47.0) 44 (53.0) 

VKH 73 2.16 0 73 (100.0)  60 (82.2) 13 (17.8) 

Toxocariasis 72 2.13 6 (8.3) 66 (91.7)  39 (54.2) 33 (45.8) 

Undifferentiated autoinflammatory disease 67 1.98 42 (62.7) 25 (37.3)  42 (62.7) 25 (37.3) 

Fuchs uveitis syndrome 52 1.54 14 (26.9) 38 (73.1)  31 (59.6) 21 (40.4) 

Rheumatoid arthritis 44 1.30 24 (54.5) 20 (45.5)  37 (84.1) 7 (15.9) 

Lens induced uveitis 39 1.15 6 (15.4) 33 (84.6)  19 (48.7) 20 (51.3) 

Juvenile Idiopathic Arthritis 37 1.09 29 (78.4) 8 (21.6)  26 (70.3) 11 (29.7) 

Syphilis 28 0.83 9 (32.1) 19 (67.9)  15 (53.6) 13 (46.4) 

Cytomegalovirus – posterior segment infection 21 0.6 9 (42.9) 12 (57.1)  3 (14.3) 18 (85.7) 

Presumed Ocular Tuberculosis 21 0.62 16 (76.2) 5 (23.8)  10 (47.6) 11 (52.4) 

Granulomatous polyangiitis 19 0.56 5 (26.3) 14 (73.7)  11 (57.9) 8 (41.0) 

SLE 15 0.44 8 (53.3) 7 (46.7)  14 (93.3) 1 (7.7) 

Retinitis pigmentosa 15 0.44 13 (86.7) 2 (13.3)  6 (40.0) 9 (60.0) 

Sarcoidosis (presumed) 15 0.44 13 (86.7) 2 (13.3)  12 (80.0) 3 (20.0) 

Sarcoidosis (definite) 13 0.38 11 (84.6) 2 (15.4)  11 (84.6) 2 (15.4) 

Drug-induced uveitis 13 0.38 4 (30.8) 9 (69.2)  13 (100.0) 0 

HIV associated 13 0.38 7 (53.8) 6 (46.2)  2 (15.4) 11 (84.6) 

Sjögren syndrome 13 0.38 5 (38.5) 8 (61.5)  11 (84.6) 2 (15.4) 

Posner-Schlossman Syndrome 12 0.35 3 (25.0) 9 (75.0)  5 (41.7) 7 (58.3) 

Behçet's disease 9 0.27 6 (66.7) 3 (33.3)  4 (44.4) 5 (55.6) 

Endophthalmitis (acute) 9 0.27 1 (11.1) 8 (88.9)  4 (44.4) 5 (55.6) 

Serpiginous Choroidopathy 9 0.24 7 (77.8) 2 (22.2)  4 (44.4) 5 (55.6) 

Sympathetic ophthalmia 9 0.27 0 9 (100.0)  5 (55.6) 4 (44.4) 

Ulcerative colitis 9 0.27 5 (55.6) 4 (44.4)  6 (66.7) 3 (33.3) 

Multiple sclerosis 8 0.24 5 (62.5) 3 (37.5)  6 (75.0) 2 (25.0) 

Virus-associated uveitis (suspected) 7 0.21 1 (14.3) 6 (85.7)  3 (42.9) 4 (57.1) 

IPICS 6 0.17 1 (16.6%) 5 (83.3)  2 (33.3) 4 (66.6) 

Immune recovery uveitis 5 0.15 2 (40.0) 3 (60.0)  2 (40.0) 3 (60.0) 

Eales’ disease 4 0.12 2 (50.0) 2 (50.0)  2 (50.0) 2 (50.0) 

TINU 4 0.12 3 (75.0) 1 (25.0)  3 (75.0) 1 (25.0) 

Birdshot chorioretinopathy 3 0.09 3 (100.0) 0  2 (66.7) 1 (33.3) 

Cytomegalovirus – anterior segment infection 3 (0.09) 0 3 (100.0)  1 (33.3) 2 (66.7) 

Endophthalmitis (chronic) 3 0.09 1 (33.3) 2 (66.7)  3 (100.0) 0 

Histoplasmosis suspected 3 0.09 2 (66.7) 1 (33.3)  1 (33.3) 2 (66.7) 

Idiopathic multifocal choroiditis 3 0.09 3 (100.0) 0  2 (66.7) 1 (33.3) 

MEWDS 3 0.06 2 (66.7) 1 (33.3)  3 (100.0) 0 

Primary intraocular lymphoma 3 0.09 2 (66.7) 1 (33.3)  1 (33.3) 2 (66.7) 

Epstein Barr-Virus 2 0.06 1 (50.0) 1 (50.0)  1 (50.0) 1 (50.0) 

Multifocal Choroiditis and Panuveitis 2 0.06 2 (100.0) 0  1 (50.0) 1 (50.0) 

Psoriasis 2 0.06 1 (50.0) 1 (50.0)  0 2 (100.0) 
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Table 3 (continued) 
 

Diagnosis N 3404 % Affected eye Gender distribution 
 

 Bilateral n (%) Unilateral n (%)  Female n (%) Male n (%) 

Relapsing polychondritis 2 0.06 1 (50.0) 1 (50.0)  2 (100.0) 0 

UGH syndrome 2 0.06 0 2 (100.0)  0 2 (100.0) 

AZOOR 1 0.03 1 (100.0) 0  1 (100.0) 0 

Blau syndrome 1 0.03 1 (100.0) 0  0 1 (100.0) 

Brucellosis suspected 1 0.03 0 1 (100.0)  0 1 (100.0) 

CREST Syndrome 1 0.03 0 1 (100.0)  1 (100.0) 0 

Crohn’s disease 1 0.03 1 (100.0) 0  1 (100.0) 0 

Cryoglobulinemic vasculitis 1 0.03 0 1 (100.0)  1 (100.0) 0 

Cysticercosis 1 0.03 0 1 (100.0)  0 1 (100.0) 

IRVAN syndrome 1 0.03 1 (100.0) 0  0 1 

Leptospirosis (confirmed) 1 0.03 0 1 (100.0)  0 1 (100.0) 

Leptospirosis (suspected) 1 0.03 1 (100.0) 0  0 1 (100.0) 

Reactive arthritis 1 0.03 0 1 (100.0)  0 1 (100.0) 

Takayasu arteritis 1 0.03 1 (100.0) 0  1 (100.0) 0 

Undifferentiated vasculitis 1 0.03 0 1 (100.0)  1 (100.0) 0 

AZOOR Acute zonal occult outer retinopathy, IPICS idiopathic persistent iritis after cataract surgery, SLE Systemic lupus erythematosus, 

MEWDS Multiple evanescent white dot syndrome, TINU syndrome Tubulointerstitial nephritis and uveitis syndrome, UGH Uveitis-Glaucoma- 

Hyphema syndrome, VKH Vogt-Koyanagi-Harada disease 

 

Pars planitis accounts for most of the cases; this was also 

observed in this study [49, 50]. Conversely, in older popu- 

lations (> 70 years old), suspicion of other etiologies like 

Primary intraocular lymphoma (PIOL) must be considered; 

[51] the setting of molecular and pathological diagnosis 

greatly influences the rate of lymphoma detection, in this 

cohort, PIOL presents as posterior inflammation (1 case) or 

panuveitis (2 cases). However, we acknowledge the setting 

of molecular and pathological diagnosis greatly influences 

the rate of lymphoma detection [52]. 

Regarding regional variances, anterior uveitis prevailed 

as the primary localization in Bucaramanga, Cali, and 

Medellín, in line with global literature [53–55]. However, in 

Bogotá, posterior uveitis was the most frequently observed, 

accounting for 29.7% of cases. This divergence can be attrib- 

uted to the specialization of one of the Bogotá centers in 

treating toxoplasmosis. 

In patients under 16 years, posterior uveitis was the most 

frequent localization, a pattern attributed to toxoplasmo- 

sis being the primary etiology in this age group. As age 

increased, the frequency of anterior uveitis rose, reaching a 

peak in the age group between 40 and 60 years, after which it 

decreased. In the 2009 Colombian study, panuveitis was the 

most common localization in young and middle-aged adults 

(16–50 years) [24]. However, the study of Polanía et al. 

also evidences a change to anterior uveitis [9]. This may 

be attributed to an increase in idiopathic cases where ante- 

rior uveitis was the most common localization and a greater 

capacity to perform the test for HLA-B27 + identification. 

In patients over 50 years old, anterior uveitis remained 

the predominant localization [9]. This could be associated 

with increased idiopathic cases and virus-associated uvei- 

tis, where anterior uveitis was more commonly observed. 

Specifically, the incidence of Herpes zoster ophthalmicus in 

Colombia increased from 0.85 to 1.35 per 100,000 persons 

between 2015 and 2019, with people over 50 most affected 

[45]. 

Compared with other multicenter, population-based stud- 

ies worldwide, our findings align with the observation that 

working-age females are predominantly affected, especially 

for non-infectious conditions. In a study encompassing 3,000 

patients in the UK, Jones identified a clear preference for the 

female gender in cases of Juvenile idiopathic arthritis-asso- 

ciated uveitis (78%), Punctate Inner Choroidopathy (76%), 

and Chronic Anterior Uveitis (62%) [56]. In our analysis, 

females significantly outnumbered males in conditions such 

as Multiple evanescent white dot syndrome (100%), Vogt- 

Koyanagi-Harada syndrome (82.2%), Multiple Sclerosis 

(75%), and idiopathic etiology (60%). Conversely, males 

showed a higher prevalence of trauma iritis (81.6%), IPICS 

(66%), and infectious causes like Human Immunodeficiency 

Virus (89.6%) and Acute Retinal Necrosis (78.8%). Differ- 

ent factors could contribute to these differences, including 

genetics, sex hormones, and social factors [57–59]. 

Anterior uveitis is the more prevalent localization 

in both the Western [53, 56] and Eastern world, [54, 

55], with idiopathic etiology leading the list, trailed by 
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Table 4 Causes of uveitis according to the anatomical site of inflammation 
 

Diagnosis N (%) Anterior N = 1, Intermediate Posterior N = 780 (%) Panuveitis 
  687 (%) N = 178 (%)  N = 759 

     (%) 

Idiopathic 944 (27.73) 684 (40.8) * 77 (9.9) 183 (24.1) 

Toxoplasmosis 858 (25.34) 42 (2.5) 3 (1.7) 548 (70.3) 266 (35.0) 

Virus-associated uveitis (confirmed) 217 (6.41) 199 (11.9) 3 (1.7) 0 15 (2.0) 

HLA-B27 Associated Acute Anterior Uveitis 165 (4.87) 153 (9.1) 7 (3.9) 0 5 

Undetermined 152 (4.5) 89 (58.6) 8 (5.3) 18 (11.8) 37 (24.3) 

Pars planitis 130 (3.82) 0 130 (73.0) 0 7 (0.9) 

Traumatic iritis 114 (3.37) 100 (5.9) 2 (1.1) 4 (0.5) 8 (1.1) 

Spondyloarthropathies 83 (2.42) 73 (4.4) 1 (0.6) 0 9 (1.2) 

VKH 73 (2.16) 4 (0.2) 1 (0.6) 5 (0.6) 63 (8.3) 

Toxocariasis 72 (2.13) 2 (0.1) 3 (1.7) 55 (7.1) 12 (1.6) 

Undifferentiated autoinflammatory disease 67 (1.98) 47 (2.8) 2 (1.1) 1 (0.1) 17 (2.2) 

Fuchs uveitis syndrome 52 (1.54) 49 (2.9) 2 (1.1) 0 1 (0.1) 

Rheumatoid arthritis 44 (1.30) 34 (2.0) 1 (0.6) 0 9 (1.2) 

Lens induced uveitis 39 (1.15) 34 (2.0) 0 0 5 

Juvenile Idiopathic Arthritis 37 (1.09) 26 (1.6) 2 (1.1) 1 (0.1) 8 (1.0) 

Syphilis 28 (0.83) 8 (0.5) 3 (1.7) 5 (0.6) 12 (1.6) 

Cytomegalovirus – posterior segment infection 21 (0.6) 0 0 13 (61.9) 8 (38.1) 

Presumed Ocular Tuberculosis 21 (0.62) 5 (0.3) 4 (2.2) 2 (0.3) 10 (1.3) 

Granulomatous polyangiitis 19 (0.56) 15 (0.9) 0 0 4 (0.5) 

SLE 15 (0.44) 11 1 (0.6) 1 (0.1) 2 (0.3) 

Retinitis pigmentosa 15 (0.44) 0 0 13 (1.7) 2 (0.3) 

Sarcoidosis (presumed) 15 (0.44) 6 (0.4) 3 (1.7) 1 (0.1) 5 (0.7) 

Sarcoidosis (definite) 13 (0.38) 1 (0.1) 2 (1.1) 0 10 (1.3) 

Drug-induced uveitis 13 (0.38) 10 (0.6) 1 (0.6) 1 (0.1) 1 (0.1) 

HIV associated 13 (0.38) 6 (0.4) 0 3 (0.4) 4 

Sjögren syndrome 13 (0.38) 10 (0.6) 0 0 3 (0.4) 

Posner-Schlossman Syndrome 12 (0.35) 12 (0.7) 0 0 0 

Behçet's disease 9 (0.27) 5 (0.3) 0 1 (0.1) 3 (0.4) 

Endophthalmitis (acute) 9 (0.27) 4 (0.2) 0 1 (0.1) 4 (0.5) 

Serpiginous Choroidopathy 9 (0.24) 0 0 7 2 (0.3) 

Sympathetic ophthalmia 9 (0.27) 0 0 2 (0.3) 7 (0.9) 

Ulcerative colitis 9 (0.27) 9 (0.5) 0 0 0 

Multiple sclerosis 8 (0.24) 2 (0.1) 2 (1.1) 2 (0.3) 2 (0.3) 

Virus-associated uveitis (suspected) 7 (0.21) 5 (0.3) 0 0 2 (0.3) 

IPICS 6 (0.17) 6 (0.3) 0 0 0 

Immune recovery uveitis 5 (0.15) 3 (0.2) 1 (0.6) 0 1 (0.1) 

Eales’ disease 4 (0.12) 1 (0.1) 0 3 (0.4) 0 

TINU 4 (0.12) 2 (0.1) 0 0 2 (0.3) 

Birdshot chorioretinopathy 3 (0.09) 0 0 0 3 (0.4) 

Cytomegalovirus – anterior segment infection 3 (0.09) 3 (0.2) 0 0 0 

Endophthalmitis (chronic) 3 (0.09) 0 0 1 (0.1) 2 (0.3) 

Histoplasmosis suspected 3 (0.09) 1 (0.1) 0 1 (0.1) 1 (0.1) 

Idiopathic multifocal choroiditis 3 (0.09) 0 0 0 3 (0.4) 

MEWDS 3 (0.06) 0 0 3 (0.4) 0 

Primary intraocular lymphoma 3 (0.09) 0 0 1 (0.1) 2 (0.3) 

Epstein Barr-Virus 2 (0.06) 0 0 0 2 (0.3) 

Multifocal Choroiditis and Panuveitis 2 (0.06) 0 0 0 2 (0.3) 

Psoriasis 2 (0.06) 0 0 1 (0.1) 1 (0.1) 

 

 

174174



2610 Graefe's Archive for Clinical and Experimental Ophthalmology (2024) 262:2601–2615 
 

 
Table 4 (continued)  

Diagnosis N (%) Anterior N = 1, 

687 (%) 

Intermediate 

N = 178 (%) 

Posterior N = 780 (%) Panuveitis 

N = 759 

(%) 

Relapsing polychondritis 2 (0.06) 2 (0.1) 0 0 0 

UGH syndrome 2 (0.06) 2 (0.1) 0 0 0 

AZOOR 1 (0.03) 0 0 1 (0.1) 0 

Blau syndrome 1 (0.03) 0 0 0 1 (0.1) 

Brucellosis suspected 1 (0.03) 1 (0.1) 0 0 0 

CREST Syndrome 1 (0.03) 1 (0.1) 0 0 0 

Crohn’s disease 1 (0.03) 1 (0.1) 0 0 0 

Cryoglobulinemic vasculitis 1 (0.03) 1 (0.1) 0 0 0 

Cysticercosis 1 (0.03) 0 0 1 (0.1) 0 

IRVAN syndrome 1 (0.03) 0 0 1 (0.1) 0 

Leptospirosis (confirmed) 1 (0.03) 1 (0.1) 0 0 0 

Leptospirosis (suspected) 1 (0.03) 0 1 (0.6) 0 0 

Reactive arthritis 1 (0.03) 1 (0.1) 0 0 0 

Undifferentiated vasculitis 1 (0.03) 1 (0.1) 0 0 0 

AZOOR Acute zonal occult outer retinopathy, IPICS idiopathic persistent iritis after cataract surgery, SLE Systemic lupus erythematosus, 

MEWDS Multiple evanescent white dot syndrome, TINU syndrome Tubulointerstitial nephritis and uveitis syndrome, UGH syndrome Uveitis- 

Glaucoma-Hyphema-syndrome, VKH Vogt-Koyanagi-Harada disease, HIV Human immunodeficiency virus, HLA-B27 Human leukocyte antigen 

B27 *see pars planitis 

 

infectious and non-infectious [54]. However, distinct 

patterns emerge in certain developing countries. For 

instance, Brazil reported a deviation from this trend, with 

posterior uveitis accounting for most cases (43.1%); [26], 

although this was observed in 1,053 patients, they were 

all from a single center. Similarly, in Colombia, poste- 

rior uveitis was the most common localization decades 

ago [24]. Nevertheless, this study noted a recent increase 

in cases of anterior uveitis. This shift is explained by 

the increase in idiopathic cases, which were commonly 

anterior. 

To rule out an infectious etiology is a pivotal step 

of uveitis diagnosis and treatment, then it is essen- 

tial to know the main etiologies according to the 

geographical prevalence. In South America, toxoplasmo- 

sis remains the predominant infectious cause, with viral 

anterior uveitis following closely. This aligns with other 

South American countries where toxoplasmosis accounts 

for 24.03% of all uveitis cases [26]. However, it differs 

from Asian countries where ocular tuberculosis is more 

prevalent compared to our population (19.6% vs. 0.3%) 

[54]. Other infections, such as syphilis, although not the 

most common, must always be ruled out [55]. 

The main strength of this study is the multicenter meth- 

odology across different cities in Colombia, providing 

a comprehensive description of uveitis. Prior research 

has often relied on small samples from tertiary cent- 

ers or focused solely on specific causes, limiting their 

 

 

Table 5 Uveitis anatomical 

distribution regarding age 

groups 

 

Age group Anterior N = 1,687 Intermediate N = 178 Posterior N = 780 Panuveitis N = 759 

0–9 12 (14.5) 12 (14.5) 37 (44.6) 22 (26.5) 

10.-19 64 (24.2) 51 (19.2) 94 (35.5) 56 (21.1) 

20–29 143 (31.8) 22 (4.9) 167 (37.1) 118 (26.2) 

30–39 252 (43.9) 23 (4.0) 147 (25.6) 152 (26.5) 

40–49 337 (56.4) 24 (4.2) 105 (18.2) 123 (21.3) 

50–59 348 (59.8) 17 (3.0) 91 (16.1) 119 (21.1) 

60–69 269 (60.7) 19 (4.3) 71 (16.0) 84 (19.0) 

70–79 185 (65.6) 6 (2.1) 43 (15.2) 48 (17.0) 

> 80 77 (68.8) 1 (0.9) 16 (14.3) 18 (16.1) 

*48 patients had not reported their age in the clinical record 
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Table 6 Causes of uveitis by age in Colombia 
 

Diagnosis 0–9 

N = 83 

10–19 

N = 265 

20–29 

N = 450 

30–39 

N = 574 

40–49 

N = 589 

50–59 

N = 575 

60–69 

N = 443 

70–79 

N = 282 

> 80 

N = 112 

Idiopathic 15 (1.6) 47 (5.0) 99 (10.5) 139 (14.7) 160 (17.0) 160 (17.0) 143 (15.1) 118 (12.5) 54 (5.7) 

Toxoplasmosis 22 (26.5) 88 (33.2) 198 (44.0) 197 (34.3) 119 (20.6) 102 (18.1) 74 (16.7) 40 (14.2) 12 (10.7) 

Virus-associated uveitis (confirmed) 1 (1.2) 8 (3.0) 20 (4.4) 34 (5.9) 36 (6.2) 39 (6.9) 42 (9.5) 24 (8.5) 11 (9.8) 

HLA-B27 Associated Acute Anterior 

Uveitis 
2 (2.4) 4 (1.5) 15 (3.3) 30 (5.2) 42 (7.3) 40 (7.1) 19 (4.3) 9 (3.2) 2 (1.8) 

Undetermined 2 (2.4) 7 (2.6) 7 (1.6) 24 (4.2) 25 (4.2) 29 (5.0) 24 (5.4) 22 (7.8) 4 (3.5) 

Pars planitis 10 (13.0) 42 (32.3) 19 (14.6) 18 (13.8) 17 (13.1) 8 (6.2) 11 (8.5) 3 (2.3) 1 (0.8) 

Traumatic iritis 1 (1.2) 6 (2.3) 19 (4.2) 26 (4.5) 33 (5.6) 14 (2.5) 8 (1.8) 4 (1.4) 3 (2.7) 

Spondyloarthropathies 0 0 7 (1.6) 11 (1.9) 26 (4.5) 17 (3.0) 16 (3.6) 6 (2.1) 0 

VKH 0 3 (1.1) 10 (2.2) 10 (1.7) 19 (3.3) 19 (3.4) 7 (1.6) 3 (1.1) 0 

Toxocariasis 12 (14.5) 26 (9.8) 17 (3.8) 8 (1.4) 5 (0.9) 3 (0.5) 0 1 (0.4) 0 

Undifferentiated autoinflammatory 

disease 
1 (1.2) 6 (2.3) 1 (0.2) 13 (2.3) 12 (2.1) 18 (3.2) 13 (2.9) 3 (1.1) 0 

Fuchs uveitis syndrome 0 0 1 (0.2) 11 11 (1.9) 16 (2.8) 6 (1.4) 4 (1.4) 3 (2.7) 

Rheumatoid arthritis 0 0 1 (0.2) 1 (0.2) 2 (0.3) 3 (0.5) 3 (0.7) 3 (1.1) 2 (1.8) 

Lens induced uveitis 0 0 0 3 (0.5) 4 (0.7) 7 (1.2) 9 (2.0) 13 (4.6) 3 (2.7) 

Juvenile Idiopathic Arthritis 10 (12.0) 17 (6.4) 7 (1.6) 0 2 (0.3) 1 (0.2) 0 0 0 

Syphilis 0 0 3 (0.7) 3 (0.5) 5 (0.9) 8 (1.4) 4 (0.9) 3 (1.1) 2 (1.8) 

Cytomegalovirus – posterior segment 

infection 
1 (1.2) 0 1 (0.2) 7 (1.2) 8 (1.4) 4 (0.7) 0 0 0 

Presumed Ocular Tuberculosis 2 (2.4) 0 3 (0.7) 2 (0.3) 4 (0.7) 3 (0.5) 6 (1.4) 1 (0.4) 0 

Granulomatous polyangiitis 0 0 0 2 (0.3) 3 (0.5) 5 (0.9) 4 (0.9) 2 (0.7) 3 (2.7) 

SLE 0 0 0 0 2 (0.3) 2 (0.4) 5 (1.1) 3 (1.1) 0 

Retinitis pigmentosa 0 0 0 0 0 1 (0.2) 1 (0.2) 0 0 

Sarcoidosis (presumed) 1 (1.2) 2 (0.8) 0 2 (0.3) 1 (0.2) 3 (0.5) 3 (0.7) 0 1 (0.9) 

Sarcoidosis (definite) 0 0 0 4 (0.7) 9 (1.6) 12 (2.1) 14 (3.2) 4 (1.4) 1 (0.9) 

Drug-induced uveitis 0 0 0 2 (0.3) 0 7 (1.2) 4 (0.9) 0 0 

HIV associated 0 0 2 (0.4) 3 (0.5) 2 (0.3) 4 (0.7) 2 (0.5) 0 0 

Sjögren syndrome 0 0 1 (0.2) 1 (0.2) 0 3 (0.5) 3 (0.7) 0 1 (0.9) 

Posner-Schlossman Syndrome 0 0 0 0 1 (0.2) 0 0 2 (0.7) 1 (0.9) 

Behçet's disease 0 0 2 (0.4) 3 (0.5) 0 4 (0.7) 0 0 0 

Endophthalmitis (acute) 0 0 1 (0.2) 0 0 2 (0.4) 2 (0.5) 2 (0.7) 2 (1.8) 

Serpiginous Choroidopathy 1 (1.2) 3 (1.1) 1 (0.2) 1 (0.2) 3 (0.5) 1 (0.2) 2 (0.5) 2 (0.7) 1 (0.9) 

Sympathetic ophthalmia 0 0 0 1 (0.2) 2 (0.3) 4 (0.7) 1 (0.2) 1 (0.4) 0 

Ulcerative colitis 0 0 0 2 (0.3) 2 (0.3) 1 (0.2) 2 (0.5) 1 (0.4) 1 (0.9) 

Multiple sclerosis 0 0 1 (0.2) 1 (0.2) 0 0 0 0 0 

Virus-associated uveitis (suspected) 0 1 (0.4) 1 (0.2) 0 1 (0.2) 2 (0.4) 1 (0.2) 0 0 

IPICS 0 2 (0.5) 0 0 0 0 2 (0.5) 0 2 (0.5) 

Immune recovery uveitis 0 0 0 1 (0.2) 3 (0.5) 1 (0.2) 0 0 0 

Eales’ disease 0 0 1 (0.2) 0 1 (0.2) 1 (0.2) 1 (0.2) 0 0 

TINU 1 (1.2) 1 (0.4) 0 0 1 (0.2) 0 1 (0.2) 0 0 

Birdshot chorioretinopathy 0 0 0 0 1 (0.2) 0 0 2 (0.7) 0 

Cytomegalovirus – anterior segment 

infection 
0 0 0 2 (0.3) 0 0 0 1 (0.4) 0 

Endophthalmitis (chronic) 0 0 0 0 0 1 (0.2) 1 (0.2) 1 (0.4) 0 

Histoplasmosis suspected 0 0 1 (0.2) 0 1 (0.2) 0 0 0 1 (0.9) 

Idiopathic multifocal choroiditis 0 0 0 1 (0.2) 0 2 (0.4) 0 0 0 

MEWDS 0 1 (0.4) 0 2 (0.3) 3 (0.5) 5 (0.9) 2 (0.5) 1 (0.4) 1 (0.9) 

Primary intraocular lymphoma 0 0 1 (0.2) 1 (0.2) 3 (0.5) 6 (1.1) 1 (0.2) 0 0 
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Table 6 (continued)          

Diagnosis 0–9 10–19 20–29 30–39 40–49 50–59 60–69 70–79 > 80 

 N = 83 N = 265 N = 450 N = 574 N = 589 N = 575 N = 443 N = 282 N = 112 

Epstein Barr-Virus 0 0 0 1 0 0 1 (0.2) 0 0 

Multifocal Choroiditis and Panuveitis 0 0 1 (0.2) 1 (0.2) 0 0 1 (0.2) 0 0 

Psoriasis 0 0 0 0 1 (0.2) 1 (0.2) 0 1 (0.4) 0 

Relapsing polychondritis 0 0 0 0 1 (0.2) 0 0 0 0 

UGH syndrome 0 0 0 0 0 1 (0.2) 0 1 (0.4) 0 

AZOOR 0 0 0 0 0 1 (0.2) 0 0 0 

Blau syndrome 1 (1.2) 0 0 0 0 0 0 0 0 

Brucellosis suspected 0 0 1 (0.2) 0 0 0 0 0 0 

CREST Syndrome 0 0 0 0 0 0 1 (0.2) 0 0 

Crohn’s disease 0 0 0 0 0 1 (0.2) 0 0 0 

Cryoglobulinemic vasculitis 0 0 0 1 0 0 0 0 0 

Cysticercosis 0 1 (0.4) 0 0 0 0 0 0 0 

IRVAN syndrome 0 0 1 (0.2) 0 0 0 0 0 0 

Leptospirosis (confirmed) 0 0 1 (0.2) 0 0 0 0 0 0 

Leptospirosis (suspected) 0 1 (0.4) 0 0 0 0 0 0 0 

Reactive arthritis 0 0 1 (0.2) 0 0 0 0 1 (0.4) 0 

Takayasu arteritis 0 0 0 0 1 (0.2) 0 0 0 0 

Undifferentiated vasculitis 0 0 0 1 (0.2) 0 0 0 0 0 

AZOOR Acute zonal occult outer retinopathy, IPICS idiopathic persistent iritis after cataract surgery, SLE Systemic lupus erythematosus, 

MEWDS Multiple evanescent white dot syndrome, TINU syndrome Tubulointerstitial nephritis and uveitis syndrome, UGH syndrome Uveitis- 

Glaucoma-Hyphema-syndrome, VKH Vogt-Koyanagi-Harada disease, HIV Human immunodeficiency virus, HLA-B27 Human leukocyte antigen 

B27 

 

generalizability. Our study includes seven referral cent- 

ers from four main cities in Colombia, providing a com- 

prehensive representation of patients from the central 

regions of the country (where most of the population is 

located) (Fig. 2). Uveitis is generally an alarming entity 

that forces patients to consult and in most cases general 

ophthalmologists refer patients to the uveitis specialist, so 

we estimate that many of the patients who live in cities 

other than the evaluated surely consulted in one of these 

centers, which reduces the potential loss of cases. 

Our study has some limitations. Due to economic and 

accessibility disparities among the country's regions, the 

potential for selection bias cannot be entirely ruled out. 

Nonetheless, by encompassing private and public centers 

in our study, we aimed to reduce this risk, considering the 

extensive coverage reported by the Colombian health sys- 

tem (97.78%). Furthermore, as our data was gathered from 

tertiary referral centers, there is a potential for overestimat- 

ing rarer etiologies and underestimating cases of uveitis that 

are easily treatable. Moreover, previous Colombian stud- 

ies reported the prevalence of an undetermined etiology at 

around 16.5% and 21.6%, but in our study, it was only 4.5% 

[9, 24]. Therefore, we acknowledge the possibility that some 

undetermined cases could have been mistakenly catego- 

rized as idiopathic. However, given that experienced uvei- 

tis specialists conducted most diagnoses, and the data was 

meticulously recorded by knowledgeable personnel follow- 

ing the SUN criteria, the likelihood of this risk is minimized. 

Moreover, we report diagnoses like rheumatoid arthritis, sys- 

temic lupus erythematosus, and antiphospholipid syndrome. 

However, these diseases should be understood as possible 

systemic associated conditions to uveitis and not as a direct 

cause [9, 60–63]. 

In conclusion, this is the most extensive multicenter 

study conducted in South America, focusing on the 

epidemiology of uveitis. Infectious uveitis remains the 

most common etiology, with ocular toxoplasmosis as 

the most frequent cause. However, compared to previ- 

ous studies, an increase in non-infectious conditions was 

also observed. This study emphasizes the importance of 

conducting multicenter research to identify changes in 

the patterns of uveitis and keep updated the epidemio- 

logical knowledge of these group of diseases. 

Abbreviations JIA: Juvenile idiopathic arthritis; AZOOR: Acute 

zonal occult outer retinopathy; BCVA: Best-corrected visual acuity; 

HIV: Human Immunodeficiency Virus; HLA-B27: Human leukocyte 

antigen B27; IOL: Intra-ocular lens; IPICS: Idiopathic persistent iritis 

after cataract surgery; MEWDS: Multiple evanescent white dot syndrome; 

PIOL: Primary intraocular lymphoma; SUN: Standardization of uveitis 

nomenclature; STROBE: Strengthening the reporting of observational 

studies in epidemiology; SLE: Systemic lupus erythematosus; TINU syn- 

drome: Tubulointerstitial nephritis and uveitis syndrome; UGH: Uveitis- 

Glaucoma-Hyphema syndrome; VKH: Vogt-Koyanagi-Harada disease 
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T 

PERSPECTIVES 
Standardization of Uveitis Nomenclature for 

Reporting Clinical Data. Results of the First 

International Workshop 
 

 
THE STANDARDIZATION OF UVEITIS NOMENCLATURE (SUN) WORKING GROUP 

 

 

● PURPOSE: To begin a process of standardizing the 
methods for reporting clinical data in the field of uveitis. 
● DESIGN: Consensus workshop. 
● METHODS: Members of an international working group 
were surveyed about diagnostic terminology, inflamma- 
tion grading schema, and outcome measures, and the 
results used to develop a series of proposals to better 
standardize the use of these entities. Small groups em- 
ployed nominal group techniques to achieve consensus 
on several of these issues. 
● RESULTS: The group affirmed that an anatomic classi- 
fication of uveitis should be used as a framework for 
subsequent work on diagnostic criteria for specific uveitic 
syndromes and that the classification of uveitis entities 
should be on the basis of the location of the inflammation 
and not on the presence of structural complications. 
Issues regarding the use of the terms “intermediate 
uveitis,” “pars planitis,” “panuveitis,” and descriptors of 
the onset and course of the uveitis were addressed. The 
following were adopted: standardized grading schema for 
anterior chamber cells, anterior chamber flare, and for 
vitreous haze; standardized methods of recording struc- 
tural complications of uveitis; standardized definitions of 
outcomes, including “inactive” inflammation, “improve- 
ment” and “worsening” of the inflammation, and “corti- 
costeroid sparing,” and standardized guidelines for 
reporting visual acuity outcomes. 
● CONCLUSIONS: A process of standardizing the ap- 
proach to reporting clinical data in uveitis research has 
begun, and several terms have been standardized.  (Am 
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HE FIELD OF UVEITIS DEALS WITH MULTIPLE DISEASE 

entities, some of which are caused directly by 
infectious agents and others of which appear to be 

immune-mediated. Many uveitic entities are associated 
with systemic immune-mediated diseases, such as sarcoid- 

osis, the HLA-B27-associated spondyloarthropathies, and 
Behçet’s disease, whereas others are limited to the eye. 
Although attempts have been made to standardize some 
aspects of uveitis,1 in general there is limited standardiza- 
tion of classification criteria, inflammation grading 
schema, and outcomes.2 Standardization would enhance 
greatly the comparability of clinical research from different 
centers, permit meta-analyses, and assist in the develop- 
ment of a more complete and meaningful picture of the 
clinical course of these diseases and their response to 

treatment. 
The American College of Rheumatology (ACR) has 

developed classification criteria for many of the rheumatic 
diseases such as rheumatoid arthritis and systemic lupus 
erythematosus.3,4 These criteria have been developed 
through a standard process and validated against large 
databases, in an effort to maximize sensitivity and speci- 
ficity. In the field of uveitis, provisional criteria have been 
developed for a limited number of disorders (acute retinal 
necrosis, progressive outer retinal necrosis, Vogt-Koyanagi- 
Harada disease, and tubulointerstitial nephritis with uve- 
itis),5– 8 and they still await validation. Additionally, there 
are criteria for the systemic portion of three diseases in 
which uveitis is an important feature (ankylosing spondy- 
litis, juvenile idiopathic arthritis, and Behçet’s dis- 
ease),9 –11 but not for the uveitis in these diseases. Like the 
ACR classifications of arthritis and vasculitis, which are on 
the basis of the anatomic pattern of the disease, the most 
widely used classification of uveitis is the one devised by 
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the International Uveitis Study Group (IUSG),1 and is 
based on the anatomic location of the inflammation. 
Nevertheless, there are ambiguities in its use, and it does 
not provide criteria for the diagnosis of specific uveitic 
entities. Although the establishment of criteria for specific 
uveitic entities is a major undertaking, resolution of some 
of the ambiguities can be addressed more easily. 

Grading schema for intraocular inflammation typically 

uses an ordinal scale ranging from 0 to 4+. However, there 
are at least four systems for anterior chamber cells,12–15 

three for anterior chamber flare,12–15 two for vitreous 
cells,14,15 and three for vitreous haze or debris.15–17 Al- 
though these systems generally are similar, there are 
differences, and the number of ordinal grades ranges from 
six to nine. Therefore, data from different groups are 
difficult to compare, and concepts, such as a two-step 
increase in the inflammation, are difficult to apply. A 

 
 
 
 
 
 
 

 
Type 

 
 
 
 
 
 

 
Primary Site of 

Inflammation† Includes 
 
 
 
 
 
 
 
 
 
 
 

 

diffuse choroiditis 

Chorioretinitis 

Retinochoroiditis 

Retinitis 

Neuroretinitis 

standardized set of criteria for grading the four aspects of 
intraocular inflammation (anterior chamber cells, anterior 
chamber flare, vitreous cells, and vitreous haze or debris) 
would enable the data from different groups and different 
studies to be compared directly. Although disease-specific 
scoring systems may require more complicated grading 
schema (for example, for the multifocal choroidopathies), 
these four grading schema form the building blocks of more 
complicated systems, and for some types of uveitis (for 
example, anterior uveitis) they may suffice. 

The choice of outcomes for a clinical study depends on 
the goals of the study, and for many studies, multiple 
outcomes are appropriate. Nevertheless, for many clinical 
studies, particularly therapeutic studies, a primary outcome 
is needed, and for randomized clinical trials, one outcome 
typically is chosen as the basis for the sample size calcula- 
tion. In rheumatology, composite scoring systems, such as 
the ACR scoring systems for improvement in rheumatoid 
arthritis (ACR 20, 50, and 70), are used.18 However, in 
ophthalmology the ability to observe directly the amount 
of inflammation and measure directly the eye’s ability to 
function (visual acuity and visual field) may allow simpler 
systems to be used. For long-term studies of visual impair- 
ment in uveitis, loss of visual function, such as visual acuity 
or visual field,19 may be appropriate outcomes. For short- 
term studies of the effect of a new treatment on active 
uveitis, control of the inflammation is an appropriate 
outcome. For studies of corticosteroid-sparing agents, such 
as immunosuppressive drugs or biologic agents, in patients 
on chronic corticosteroid treatment with quiet disease, the 
ability to taper the prednisone dose below a clinically 
meaningful threshold20 while maintaining inactive disease 
is an appropriate outcome. Although the outcome of 
choice will vary with the type of study, standardized 
terminology and standardized definitions are needed. 

To begin the process of addressing these issues, the First 
International Workshop on Standardization of Uveitis 
Nomenclature was held on November 8 to 9, 2004 in 
Baltimore, Maryland, USA. Attendees included individu- 

Panuveitis Anterior 

chamber, 

 
retina or 

 

 
 

 
 

als invited to ensure a diverse group from leading centers 
around the world. Additionally, the meeting was an- 
nounced and opened to all interested parties, although 
attendance was capped at 50 participants in order for the 
breakout sessions to be a manageable size. Fifty individuals 
from 35 centers in 13 countries participated in some part of 
the process, and 45 individuals from 33 of the 35 centers in 
these countries attended the meeting. The leaderships of 
American Uveitis Society (AUS) and of the International 
Uveitis Study Group (IUSG) endorsed the workshop, the 
process involved, and its conclusions, and members of both 
organizations participated in the workshop. 

 

 

METHODS 

BEFORE THE WORKSHOP, THE MEETING ORGANIZERS DIS- 

cussed possible areas to be addressed by the working group. 
A survey was developed to determine where there were 
areas of agreement and where there was a diversity of 
opinions. The survey instrument was pilot-tested on a 
small group of participants and revised. It then was sent to 
the members of the working group, and the responses 
compiled. 

The working group then met for the workshop. At the 
meeting, the first one-half day was devoted to prepared 
presentations detailing the issues involved, and the results 
of the survey were presented. The 45 attendees were 
assigned to one of three groups for the afternoon sessions, 
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vitreous, and 

choroid 

*SUN = Standardization of uveitis nomenclature. 
†As determined clinically. Adapted from the International 

Uveitis Study Group anatomic classification in reference 1. 

 
TABLE 1. The SUN* Working Group Anatomic 

Classification of Uveitis 

Anterior uveitis Anterior chamber Iritis 

  Iridocyclitis 

  Anterior cyclitis 

Intermediate uveitis Vitreous Pars planitis 

  Posterior cyclitis 

  Hyalitis 

Posterior uveitis Retina or choroid Focal, multifocal, or 
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each of which addressed one of the three following 
subjects: (1) terminology; (2) grading inflammation and 
documenting complications; and (3) outcomes and results 
reporting. The small group sessions used nominal group 
techniques to achieve consensus when possible.21 Items for 
which consensus could not be reached were tabled for 
future work. On the second day, the results of the small 

 

 
Category Descriptor Comment 
 

 
Insidious 

group sessions were presented to the entire group for 
review and acceptance (or tabling if there was substantial 
disagreement from the other groups). Issues related to the 
definitions of glaucoma and elevated intraocular pressure 
were tabled at the workshop and were addressed further by 
Delphi techniques21 after consultation with glaucoma 
experts outside the group. 

Persistent 
 
 
 
 
 

 
Chronic 

>3 months duration 

and limited duration 

periods of inactivity without 

Persistent uveitis with relapse in <3 

 

RESULTS 

● TERMINOLOGY: There was consensus that an anatomic 
classification of uveitis should be used and should serve as 
a framework for subsequent work on diagnostic criteria for 
specific uveitic diagnoses. The IUSG anatomic classifica- 
tion scheme1 (Table 1) was endorsed. Furthermore, it was 
agreed that the classification of the anatomic location of 
the uveitis should be on the basis of the site(s) of 
inflammation and not on the presence of structural 
complications. 

Ambiguities in the IUSG system were addressed. There 
was consensus that the term intermediate uveitis should be 
used for that subset of uveitis where the vitreous is the 
major site of the inflammation, and that the presence of 
peripheral vascular sheathing and macular edema should 
not change the classification. The diagnostic term pars 
planitis should be used only for that subset of intermediate 
uveitis where there is snowbank or snowball formation 
occurring in the absence of an associated infection or 
systemic disease (that is, “idiopathic”). If there is an 
associated infection (for example, Lyme disease) or sys- 
temic disease (for example, sarcoidosis), then the term 
intermediate uveitis should be used. The term panuveitis 
should be reserved for those situations in which there is no 
predominant site of inflammation, but inflammation is 
observed in the anterior chamber, vitreous, and retina 
and/or choroid (that is, retinitis, choroiditis, or retinal 
vasculitis). For the definition of panuveitis, structural 
complications such as macular edema or neovasculariza- 
tion should not be considered in classifying the anatomic 
location of the uveitis. Inflammation in the anterior 
chamber and vitreous (that is, more vitritis than in an 
iridocyclitis and more anterior chamber inflammation than 
in intermediate uveitis) should be referred to as anterior 
and intermediate uveitis and not as panuveitis. 

The term retinal vasculitis was addressed. There was 
consensus that it is a descriptive term for those situations 
in which there is evidence of ocular inflammation and 
retinal vascular changes. The presence of occlusive retinal 

 

 
vasculopathy, in the absence of visible inflammation such 
as in the antiphospholipid antibody syndrome, should not 
be considered retinal vasculitis. Achieving consensus on 
which retinal vascular changes constituted retinal vascu- 
litis was more problematic. Although the group provision- 
ally agreed to consider perivascular sheathing and vascular 
leakage or occlusion on fluorescein angiogram as evidence 
of retinal vascular disease for the classification of retinal 
vasculitis, there was consensus that the definition of retinal 
vasculitis required more work. For example, it was unre- 
solved as to how to distinguish between retinal vasculitis 
and the peripheral vascular sheathing sometimes seen in 
intermediate uveitis. 

The terms “acute” and “chronic” have been used incon- 
sistently in the literature and have been used variably to 
refer to the onset of the uveitis, the duration of an attack 
of uveitis, or to the course of uveitis. Consensus was 
obtained that the use of these terms should be reserved for 
the description of the clinical course of the uveitis, and 
that other terms should be used to describe the onset of the 
uveitis and the duration of an attack of uveitis (Table 2). 

The onset of uveitis should be described either as sudden or 
insidious. The duration of an attack of uveitis should be 
described as either limited, if it is 3 months or less in 
duration or as persistent, if it is greater than 3 months in 
duration. The term acute should be used to describe the 
course of specific uveitic syndromes characterized by sud- 
den onset and limited duration, such as HLA-B27-associ- 
ated “acute anterior uveitis.”22 The term recurrent should 
be used to describe repeated episodes of uveitis separated 
by periods of inactivity without treatment, in which these 
periods of inactivity without treatment are at least 3 
months in duration. The term chronic should be used to 

describe persistent uveitis characterized by prompt relapse 
(in less than 3 months) after discontinuation of therapy. 
It was agreed that the appearance of the keratic precip- 
itates potentially conveys useful clinical information and 
may have diagnostic implications. However, keratic pre- 
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TABLE 2. The SUN* Working Group Descriptors of Uveitis 

Onset Sudden 

*SUN = Standardization of uveitis nomenclature. 

months after discontinuing treatment 

treatment ≥3 months in duration 

Recurrent  Repeated episodes separated by 

Course Acute Episode characterized by sudden onset 

Duration  Limited ≤3 months duration 
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Grade Cells in Field† 

0 <1 

0.5+ 1–5 

1+ 6–15 

2+ 16–25 

3+ 26–50 

4+ >50 
 

 

 
cipitates are not described in a universally standardized 
fashion. Although no consensus could be reached either 
on how to describe keratic precipitates or on the use of the 
term “granulomatous” as a descriptor for keratic precipi- 
tates, there was consensus that a series of standardized 
photographs should be used by a panel of experts to 
develop appropriate descriptive terms and then published 
as a standard reference. 
 
● GRADING INFLAMMATION AND DOCUMENTING COM- 

PLICATIONS: Consensus was achieved regarding standard 
methods for grading anterior chamber cells (Table 3) and 
anterior chamber flare (Table 4). Additionally, there was 
consensus that a set of standardized photographs should be 
developed to assist in grading anterior chamber flare. 

Although the level 0.5+ was selected over the term 
“trace,” the system is an ordinal one, in which the levels 
represent a nonlinear hierarchy of increasing magnitude, 
but do not have a numerical relationship to the amount of 
inflammation. For the grading of anterior chamber cells, 
the presence or absence of a hypopyon should be recorded 
separately. Although it was agreed that the presence of 
vitreous cells was an important clinical feature, no con- 
sensus could be reached on a standard grading system for 
vitreous cells. The National Eye Institute system for 
grading vitreous haze was adopted with the proviso that 

the designation “trace” be recorded as 0.5+.17 

The level of evidence required for reporting structural 
complications of uveitis depended on the complication 
being reported. It was agreed that macular edema could be 
reported as present or absent as determined clinically. 
However, ancillary testing can provide a greater level of 
sensitivity and specificity, and macular edema may be 
confirmed or excluded by either fluorescein angiography or 
optical coherence tomography. Similarly it was agreed that 
epiretinal membrane formation could be reported as 
present or absent as determined clinically and may be 
confirmed or excluded by either fundus photography or 
optical coherence tomography. It was expected that retro- 
spective studies might report both levels of evidence, 
particularly if there was a variable use of ancillary studies, 
but that for clinical trials and epidemiologic studies in 
which there is prospective data collection, reporting results 
on the basis ancillary studies is preferable. 

For reporting purposes, it was agreed that subretinal 
neovascularization should be reported only if confirmed by 
either fluorescein angiography or fluorescein angiography 
and indocyanine green angiography. Disk and retinal 
neovascularization should be reported if confirmed by 
fundus photography and fluorescein angiography. Al- 
though clinical grading of these outcomes may be accept- 
able in the setting of other retinal diseases, for uveitis, in 
which these complications are less common, the group 
decided that reporting was appropriate only if based on the 
appropriate ancillary testing. Although there was consen- 
sus that ancillary tests that document retinal dysfunction, 
such as perimetry or electroretinography, should be used 
for those diseases that cause diffuse retinal dysfunction (for 
example, birdshot chorioretinitis), there was no consensus 
on which tests are most appropriate for which disease. 

There was consensus that the term glaucoma should not 
be considered synonymous with elevated intraocular pres- 
sure in a patient with uveitis, but that it should be reserved 
for those situations where there is either observed glauco- 
matous disk damage or demonstrated visual field loss. The 
term elevated intraocular pressure should be used for those 
situations where there is an intraocular pressure above a 
defined normal range or when there is an increase in 
intraocular pressure from baseline during a study with 
longitudinal data. The threshold for considering a rise in 
intraocular pressure substantial (for example, as in a rise in 
intraocular pressure attributable to corticosteroid use) was 

10 mm Hg or greater. Although consensus was not 
achieved on the threshold for considering an intraocular 
pressure as elevated, the choices were narrowed to two. 
The first was to report at two levels: above 21 mm Hg (the 
traditional “upper limit of normal”) and above 30 mm Hg 
(a level above which many practitioners would initiate 
treatment even without evidence of glaucomatous dam- 
age). The second option was to report intraocular pressure 
above the 24 mm Hg as elevated, as the risk of glaucoma 
appears to increase substantially as the intraocular pressure 
increases beyond this level.23–25 The use of antiglaucoma 
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TABLE 3. The SUN* Working Group Grading Scheme for 

Anterior Chamber Cells 

Grade Description 

1+ Faint 

3+ Marked (iris and lens details hazy) 

Adapted from reference 12. 

*SUN = Standardization of uveitis nomenclature. 

4+ Intense (fibrin or plastic aqueous) 

2+ Moderate (iris and lens details clear) 

0 None 

 
TABLE 4. The SUN* Working Group Grading Scheme for 

Anterior Chamber Flare 

*SUN = Standardization of uveitis nomenclature. 
†Field size is a 1 mm by 1 mm slit beam. 
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or increase from grade 3+ to 4+ 

 
Worsening activity Two step increase in level of inflammation (e.g. anterior chamber cells, vitreous haze) 

Improved activity Two step decrease in level of inflammation (e.g. anterior chamber cells, vitreous 

 
Remission Inactive disease for ≥3 months after discontinuing all treatments for eye disease 

 

 
 

treatment can be reported, but because of the variability 
among practitioners in indications for treatment, it should 
not be used as the only criterion for reporting elevated 
intraocular pressure. 
 
● OUTCOMES  AND  RESULTS  REPORTING:  The  activity 
of anterior chamber inflammation should be on the basis of 
the cells in the anterior chamber. High-speed optical 
coherence tomography of the anterior chamber has dem- 
onstrated that a rare cell (but less than 1 per field on 
standard slit-lamp examination) may be present in the 
anterior chamber of normal individuals.26 Therefore, it was 
agreed that for reporting purposes, inactive anterior uveitis 
should be defined as rare cells or less. The presence of one 

cell in every field is indicative of 0.5+ cells (or in some 
systems “trace cells”) and, for reporting purposes, should 
not be considered inactive uveitis. As with the inability to 
reach consensus on a grading system for vitreous cells, no 
consensus could be reached on a definition of inactive 
vitritis on the basis of vitreous cells. 

Although the goal of treatment of uveitis is to suppress 
the inflammation completely (“inactive” disease), for the 
short-term evaluation of new therapies, it may be appro- 
priate to determine whether the inflammation has im- 
proved or worsened (Table 5). Given the semiquantitative 
nature of the grading systems (for example, for anterior 
chamber cells, vitreous haze), it was agreed that at least a 
two-step decrease in the level of inflammation for improve- 
ment and at least a two-step increase in the level of 
inflammation for worsening were better criteria than one- 
step changes. However, because of floor and ceiling effects 

(that is, 3+ only can increase by one step and 0.5+ only 
can decrease by one step), the definition of improvement 

should include a decrease in inflammation from 0.5+ to 
inactive, and the definition of worsening should include an 

increase from 3+ to the maximum grade. Hence, improve- 
ment in the inflammation will be defined as either a 
two-step decrease in the level of inflammation or a 
decrease to “inactive,” and worsening of the inflammation 
will be defined as either a two-step increase in the level of 
inflammation or an increase to the maximum grade. The 
group considered several definitions of the term remission, 

including inactive disease on treatment, inactive disease 
after discontinuing treatment, and inactive disease for a 
specified duration after discontinuing treatment. Because 
chronic uveitis may be a life-long problem, which can be 

controlled by treatment but relapses promptly after discon- 
tinuing treatment, there was consensus that the term 

remission should be reserved for inactive disease for at least 
3 months after discontinuing all treatments for eye disease. 
Clinical studies of immunosuppressive drugs and bio- 
logic agents for severe uveitis can evaluate either the 
response of active uveitis to the drug being evaluated or 
the ability of the drug being evaluated to maintain inactive 
disease in the face of tapering other drugs, such as systemic 
corticosteroids. Although global scoring systems for a 
reduction in the total corticosteroid and immunosuppres- 
sive drug regimen may be a desirable goal for research 
studies, in clinical practice a reduction in the prednisone 
dose for adults to 10 mg per day or less is a primary goal of 
immunosuppressive drug therapy.20 Therefore, there was 
consensus that for reporting purposes in studies of adult 
patients, reduction in the dose of prednisone to 10 mg per 
day or less (or its equivalent for other corticosteroids) 
while maintaining inactive uveitis be considered the pri- 
mary outcome for successful corticosteroid sparing. Although 
other outcomes also may be reported (for example, discon- 
tinuation of prednisone), in studies where corticosteroid 
sparing is an outcome, reduction in the dose of prednisone 
to 10 mg per day or less should be reported and should be 

the primary measure of this outcome. 
Data from clinical series should use accepted statisti- 

cal methods and should not report events or outcomes as 
the proportion of a population when there is variable 
follow-up.27 Instead, the proportion with the outcome at 
presentation (or study entry) should be reported and the 
event rate during follow-up should be reported for 
longitudinal studies. In those series with complete or 
nearly complete follow-up, the distribution of outcomes 
at defined time point(s) after presentation (or study 
entry) can be reported. “Final visual acuity,” defined as 
the last measured acuity in a series of patients with 
variable follow-up, should not be reported, because it is 
a flawed concept that may introduce uncontrolled bias 
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Term Definition 

Inactive Grade 0 cells† 

 
TABLE 5. The SUN* Working Group Activity of Uveitis Terminology 

haze) or decrease to grade 0 

*SUN = Standardization of uveitis nomenclature. 
†Applies to anterior chamber inflammation. 
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into the study.27,28 Instead, rates of visual acuity loss or 
gain either below or above specified thresholds or the 
rate of acuity change (for example, doubling of the 
visual angle), should be reported. Alternatively, when 
there is complete or nearly complete follow-up, the 
distribution of visual acuities at a specified time after 
presentation (or study entry), also known as “interval 
visual acuity results,”28 may be reported. There was 
consensus that key visual acuity thresholds that should 
form the basis for reporting results of uveitis studies 
include 6/15 or worse (20/50 or worse) and 6/60 or worse 
(20/200 or worse), and that key acuity changes include 
a doubling of the visual angle (or for improvement, a 
halving of the angle). The latter measurement is the 
basis for the widely used “three lines on an ETDRS 
visual acuity chart.”29 In situations where logarithmic 
visual acuity charts, such as the ETDRS charts, are not 
available, other acuity measurements (for example, 
Snellen acuities) should be converted to logMAR for- 
mat to evaluate doubling of the visual angle. The 
formula for logMAR is: 

logMAR = — log10(visual acuity fraction) 

Although logMAR reporting is superior to the num- 
ber of lines on a Snellen chart approach, there remain 
problems introduced by the limitations of Snellen 
Charts, particularly in the poorer ranges of visual acuity 
(that is, 20/100 or worse), where a line may be repre- 
sented by one or two letters. Therefore, the use of 
logarithmic charts, especially in prospective studies, is 
encouraged. 
 

 

CONCLUSIONS 

THE FIRST INTERNATIONAL WORKSHOP ON STANDARDIZA- 

tion of Uveitis Nomenclature (SUN) has produced con- 
sensus on several items, beginning the process of 
developing international standards for reporting clinical 
data in the field of uveitis. Standardization should provide 
greater precision and enhance comparability among re- 
ports from different groups. Long term, a set of classifica- 
tion criteria for specific uveitic entities, completion of the 
process of standardizing the grading of inflammation, and 
the development of disease-specific outcomes are needed. 
The SUN Working Group advocates that the standards 
herein be applied in all studies of uveitis begun after 
publication of this manuscript. 
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ABSTRACT 
Background In 2012, a European initiative called 
Single Hub and Access point for pediatric Rheumatology 
in Europe (SHARE) was launched to optimise and 
disseminate diagnostic and management regimens in 
Europe for children and young adults with rheumatic 
diseases. Juvenile idiopathic arthritis (JIA) is the 
most common rheumatic disease in children and 
uveitis is possibly its most devastating extra-articular 
manifestation. Evidence-based guidelines are sparse and 
management is mostly based on physicians’ experience. 
Consequently, treatment practices differ widely, within 
and between nations. 
Objectives To provide recommendations for the 
diagnosis and treatment of JIA-associated uveitis. 
Methods Recommendations were developed by 
an evidence-informed consensus process using the 
European League Against Rheumatism standard 
operating procedures. A committee was constituted, 
consisting of nine experienced paediatric rheumatologists 
and three experts in ophthalmology from Europe. 
Recommendations derived from a validated systematic 
literature review were evaluated by an Expert Committee 
and subsequently discussed at two consensus meetings 
using nominal group techniques. Recommendations were 
accepted if >80% agreement was reached (including all 
three ophthalmologists). 
Results In total, 22 recommendations were accepted 
(with >80% agreement among experts): 3 on diagnosis, 
5 on disease activity measurements, 12 on treatment and 
2 on future recommendations. 
Conclusions The SHARE initiative aims to identify best 
practices for treatment of patients suffering from JIA- 
associated uveitis. Within this remit, recommendations 
for the diagnosis and treatment of JIA-associated 
uveitis have been formulated by an evidence-informed 
consensus process to suggest a standard of care for JIA- 
associated uveitis patients throughout Europe. 

 

 

 
INTRODUCTION 
In 2012, Single Hub and Access point for pediatric 
Rheumatology in Europe (SHARE) was launched 
with the aim of optimising and disseminating diag- 
nostic and management regimens for children and 

adolescents with rheumatic diseases. The European 
League against Rheumatism (EULAR) has produced 
a number of recommendations in the area of paedi- 
atric rheumatology such as juvenile dermatomyositis1 
using a standardised procedure2 and referring to a 
generalised instrument for guideline assessment: the 
Appraisal of Guidelines for Research & Evaluation.3 

Juvenile idiopathic arthritis (JIA) is the most 
common rheumatic disease in children, and uveitis 
is the most frequent and potentially most devastating 
extra-articular manifestation. There are no interna- 
tional consensus statements specifically relating to 
the diagnosis and treatment of JIA-associated uveitis 
although there are national guidelines from Germany 
and Spain.4 5 Management is therefore based on physi- 
cians’ personal experience; and considerable variation 
in clinical practice, both in terms of investigation and 
management of JIA-associated uveitis, was found in an 
extensive survey of uveitis experts.6 

With the rapid development of novel therapies 
for JIA, clear recommendations based on avail- 
able best evidence and expert opinion (when trial 
evidence is lacking) will help physicians in the care 
of patients with JIA-associated uveitis. The uveitis 
seen with JIA is usually chronic anterior uveitis 
which is asymptomatic, but acute anterior uveitis 
can also be seen in the enthesitis-related arthritis 
subtype.7 8 There is a clear need to regularly update 
those managing patients with JIA uveitis through 
expert opinion. While the majority of treatments 
available for the treatment of arthritis have a solid 
evidence base from clinical trials, corresponding 
data for patients with uveitis may not be known or 
the level of evidence may not be as strong at the 
time of their introduction into clinical practice. 

The primary aims of the recommendations 
forwarded by the Expert Group were to develop 
agreed strategies to 
► prevent or reduce the likelihood of JIA-associ- 

ated uveitis from occurring and minimise the 
damage at the time of diagnosis 

► recommend treatments and management 
strategies that would reduce inflammation 
and prevent the development of those ocular 
complications most likely to cause irreversible 
visual loss. 
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METHODS 
A committee of 12 experts (AH, BV, CP, CE, SC-G, IF, JdB, 
JA, KW, RG, YU, NW) in paediatric rheumatology (n=9) or 
ophthalmology (n=3) was established to develop recommenda- 
tions for JIA-associated uveitis based on consensus, but evidence 
informed, using EULAR standard operating procedures for 
developing best practice.2 3 

 
Systematic literature search 
The electronic databases PubMed/MEDLINE, Embase and 
Cochrane were searched independently by two researchers for 
eligible articles in February 2015. All synonyms of JIA were 

searched in Medical Subject Headings/Emtree terms, titles 
and abstracts (figure 1). Reference tracking was performed in 
all included studies (full search strategy is shown in figure 1). 
Experts (TC, AP, VB) selected papers relevant to uveitis asso- 
ciated with JIA investigations and/or treatment to be taken 
forward for validity assessment (inclusion and exclusion criteria 
shown in figure 1) by members of the expert committee. 

 
Validity assessment 
The selected articles were randomly allocated to the expert 
group, and two members per paper independently assessed the 
methodological quality of those papers meeting the inclusion 

 

 
Figure 1 Summary of search strategy for identification of key articles. 
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Table 1  Recommendations for diagnosis and screening in juvenile idiopathic arthritis (JIA)-related uveitis 

Recommendation L S Agreement (%) References 

1. All patients in whom a diagnosis of JIA is being considered should be screened for uveitis according to a 2A B 100 13–32 

contemporary and audited protocol. Formal screening protocol should be administered in all centres, where patients     

with JIA are seen.     

2. Frequency of ophthalmological follow-up visits must be based on disease severity and needs to be decided in 

conjunction with an expert ophthalmologist. 

4 D 100 13–27 33–66 

3. Patients with JIA stopping any systemic immunosuppressant are at risk of developing new onset uveitis or 2B B 100 67–70 

recurrence of uveitis after a prolonged remission. After stopping systemic immunosuppression, it is recommended     

that all patients with JIA are screened by an ophthalmologist at least every three months for at least 1 year.     

Agreement indicates the % of experts that agreed on the recommendation during the final voting round of the consensus meeting. 

1A, meta-analysis of cohort studies; 1B, meta-analysis of case–control studies; 2A, cohort studies; 2B, case–control studies; 3, non-comparative descriptive studies; 4, expert 

opinion; A, based on level 1 evidence; B, based on level 2 or extrapolated from level 1; C, based on level 3 or extrapolated from level 1 or 2; D, based on level 4 or extrapolated 

from level 3 or 4 expert opinion. L, level of evidence; S, strength of evidence. 

 

criteria (figure 1). Data were extracted using predefined scoring 
forms for diagnostic and therapeutic studies. Disagreements 
were resolved by discussion or by the opinion of a third expert. 
Adapted classification tables for diagnostic, therapeutic and 
epidemiological studies were used to determine the level of 
evidence and strength of each recommendation.9–11 

 
Establishment of recommendations 
As part of the EULAR standard operating procedure, experts 
described the main results and conclusions of each paper, along 
with their validity and level of evidence. These descriptions 
were collated by five experts (TC, GS, YU, RG, JdB) and used 
to formulate provisional recommendations which were reviewed 
by a panel of three experts (IF, NW, JdB). A summary of the 
evidence was presented along with each provisional recommen- 
dation to the expert committee. The recommendations were 
revised and discussed at a face-to-face meeting in March 2014 
(Genova: 12 participants), using a Nominal Group Technique 
to reach a consensus.12 A non-voting expert (AR) facilitated the 
process. Recommendations were accepted when ≥80% (10 of 
12) of the experts agreed (including all three ophthalmologists). 

 
RESULTS 

Literature review 
The literature search yielded a total of 1323 papers which, after 
deduplication, left 1259 unique articles. Evaluation of inclusion/ 
exclusion criteria in titles and/or abstracts resulted in a core 
reference database of 176 articles for which full-text copies 
were obtained for quality screening by the expert committee. Of 

these, 117 were selected to support the development of consen- 
sus-based recommendations by the expert group (figure 1). 

 
Recommendations 
The sections that follow report the recommendations of the expert 
committee based on the supporting literature.13–128 Tables 1–4 
summarise the recommendations, the level of evidence that 
they provide and the strength of the recommendation, and the 
percentage of experts who agreed with these assessments. 

 
Background 
JIA is the most common chronic rheumatic disease in children 
with an incidence of 8.2 (7.5–9.0)/100 000 of the population 
under 16 and an annual prevalence of approximately 70.2 [16 
– 140]/100 000.129 130 The wide prevalence range has been 
attributed to the different study designs employed, but the inci- 
dence is thought to vary little worldwide.130 The incidence of 
JIA-associated uveitis is thought to be approximately 1/10 000 
and there is some evidence that it is less frequent in oriental 
populations with JIA.7 131 

Structural complications, some of them leading to irrevers- 
ible visual loss, include cataracts, glaucoma, band keratopathy, 
macular oedema, retinal detachment and sequelae associated 
with chronic hypotony. The uveitis usually has an insidious time 
course and can be chronic or recurrent but, most frequently, 
JIA-associated uveitis is a chronic relapsing condition lasting 
several years. It almost universally starts as an anterior uveitis, 
but in rare instances can become a panuveitis. JIA-associated 
uveitis is usually asymptomatic in the age group in which it 

 

 

Table 2  Recommendations for disease activity measurement in juvenile idiopathic arthritis (JIA)-related uveitis 

 L S Agreement (%) References 

4. There should be good communication between the ophthalmologist and the paediatric rheumatologist 

concerning changes in disease activity treatment changes and responsibility for treatment monitoring. 

3 C 100 71 

5. There is a need to develop shared outcome measures to help guide decisions on systemic treatment. 4 D 100  

6. At present, there is no validated biomarker to follow the activity of uveitis. 2A B 100 4 21 29 31 32 37 41 46 72–76 

7. At present, no widely accepted definition of inactive disease for JIA-related uveitis is available. The goal 2B B 100 4 69 78 

of treating JIA-associated uveitis should be no cells in the anterior chamber. The presence of macular and/     

or disk oedema, ocular hypotony and rubeosis iridis may require anti-inflammatory treatment even in the     

absence of AC cells.     

8. We recommend 2 years of inactive disease off topical steroids before reducing systemic 

immunosuppression (both DMARDs and biological therapies). 

3 C 92 67 

Agreement indicates the % of experts that agreed on the recommendation during the final voting round of the consensus meeting. 

1A, meta-analysis of cohort studies; 1B, meta-analysis of case–control studies; 2A, cohort studies; 2B, case–control studies; 3, non-comparative descriptive studies; 4, expert 

opinion; A, based on level 1 evidence; B, based on level 2 or extrapolated from level 1; C, based on level 3 or extrapolated from level 1 or 2; D, based on level 4 or extrapolated 

from level 3 or 4 expert opinion. DMARD, disease-modifying anti rheumatic drugs; L, level of evidence; S, strength of evidence. 
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Table 3  Recommendations for treatment in juvenile idiopathic arthritis (JIA)-related uveitis 

 L S Agreement (%) References 

9. Active uveitis in JIA usually requires immediate treatment. 2B B 100 69 71 78–80 

10. Topical corticosteroids (preferably prednisolone acetate or dexamethasone) are the first-line treatment 

of anterior uveitis. 

4 D 100 81 

11. Topical and systemic NSAIDs have no demonstrable effect as monotherapy, but may be used as 

additional therapy. 

3 C 92 79 81 82 

12. Systemic immunosuppression in active uveitis is recommended if poor prognostic factors are present at 

the first visit. Poor prognostic factors including lack of remission later on during the disease course require 

systemic immunosuppression. 

2A  100 4 19 22 29 55 56 65 78 83 84 

13. Systemic immunosuppression is recommended if inactivity could not be reached within 3 months or 

inflammation is reactivating during steroid dose reduction. 

2B B 100 55 59 68 69 78 80 85–87 

14. Methotrexate is the first choice as systemic immunosuppression. 4 D 100 68 84 88–95 

15. In case of methotrexate inefficacy or intolerance, adding or switching to biological treatment is 

recommended. 

3 C 92 91–104 

16. The use of anti-TNF treatment strategies (adalimumab>infliximab>golimumab) is recommended in 

patients with uveitis refractory/resistant to DMARD therapy, principally methotrexate. 

3 C 100 86 100 101 104–117 120–124 126 127 

17. Based on the current evidence, etanercept should not be considered for JIA-associated uveitis. 1B A 100 87 100 109 117–121 

18. Switching between different anti-TNF treatments might be valuable if uveitis is refractory to the first 

anti-TNF, even though the present evidence comes from small case series or inception cohorts. 

3 C 100 87 113 116 122 

19. In case of lack of efficacy, consider testing for antidrug antibodies and drug trough level. If the patient 

has no antibodies but has low trough levels, consider increasing the dose or shortening the interval. 

4 D 100  

20. Tocilizumab, rituximab and abatacept might be potential options for cases refractory to previous anti- 

TNF therapy. 

3 C 100 123–125 

Agreement indicates the % of experts that agreed on the recommendation during the final voting round of the consensus meeting. 

1A, meta-analysis of cohort studies; 1B, meta-analysis of case–control studies; 2A, controlled study without randomisation; 2B, quasi-experimental study; 3, descriptive study; 

4, expert opinion; A, based on level 1 evidence; B, based on level 2 or extrapolated from level 1; C, based on level 3 or extrapolated from level 1 or 2; D, based on level 4 or 

extrapolated from level 3 or 4 expert opinion.; DMARD, disease-modifying antirheumatic drugs; L, level of evidence; NSAIDs, non-steroidal anti-inflammatory drugs; S, strength 

of evidence; TNF, tumour necrosis factor. 

 

most commonly develops (age 3–7 years), but severe inflamma- 
tion may cause symptomatic pain and redness and these symp- 
toms and signs, as well as pupil distortion, may be noticed by 
carers and lead to early referral. Reduced visual function is an 
uncommon cause of presentation in small children unless it is 
severe and usually secondary to irreversible structural damage. 
The presence of antinuclear antibodies (ANA), oligoarthritis and 
early onset of arthritis are predominant risk factors for chronic 
anterior uveitis in those with JIA, and improved identifica- 
tion of children at risk is a key priority for targeted screening 
programmes. This exercise only looked at chronic anterior 
uveitis associated with JIA and not at acute anterior uveitis seen 
in human leukocyte antigen (HLA) B27-positive children with 
enthesitis-related arthritis. 

Timely and aggressive treatment is clearly needed where there 
is significant damage at the time of diagnosis. However, the vari- 
able course of the disease means that some significant events may 
occur years after therapy commences and there remains consid- 
erable disagreement among expert practitioners about the timing 
and indications for treatment escalation.132 133 

 
Recommendations for diagnosis and screening in JIA-related 

uveitis 

Screening for JIA-associated uveitis 
All patients with JIA should be screened for uveitis according to 
contemporary and audited screening protocols which should be 
implemented in all centres in which patients with JIA are being 
managed.42 43 There is no necessity for the screening process to 

   take place in the same institution as the rheumatological care. It 
is especially important, however, that all children in whom the 
diagnosis of JIA is being considered should have a timely check 
by a local ophthalmologist rather than wait for confirmation of 
the diagnosis from a paediatric rheumatology referral centre. It 
is the responsibility of paediatric rheumatologist to ensure chil- 
dren with JIA are referred for screening. Screening starts with all 
individuals with a ‘suspected’ diagnosis of JIA and the clinical 
responsibility for organising this service needs to be clear. This 

Agreement indicates the % of experts that agreed on the recommendation during 

the final voting round of the consensus meeting. 

1A, meta-analysis of cohort studies; 1B, meta-analysis of case–control studies; 2A, 

cohort studies; 2B, case–control studies; 3, non-comparative descriptive studies; 

4, expert opinion (diagnostic studies); 1A, meta-analysis of randomised controlled 

trials; 1B, randomised controlled study; 2A, controlled study without randomisation; 

2B, quasi-experimental study; 3, descriptive study; 4, expert opinion (therapeutic 

studies); A, based on level 1 evidence; B, based on level 2 or extrapolated from 

level 1; C, based on level 3 or extrapolated from level 1 or 2; D, based on level 4 

or extrapolated from level 3 or 4 expert opinion. , level of evidence; S, strength of 

evidence . 

is independent of whether it is the remit of the ophthalmolo- 
gist not specialised in uveitis, paediatrician or rheumatologist 
(table 1). The evidence published to suggest that the risk factors 
originally proposed for the development of chronic uveitis in 
the JIA population (early-onset arthritis, ANA positivity and 
oligoarticular subtype) is suboptimal: the expert group noted 
that despite the fact that a number of screening protocols have 
been published there is no evidence to suggest that any one of 

them is superior.5 23 26 61 74 
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Table 4 Recommendations for future plans in juvenile idiopathic 

arthritis (JIA)-related uveitis 

 L S Agreement (%) References 

21. Validated outcome measures for 

JIA-associated uveitis are needed 

3 C 100 73 126–128 

22. Controlled clinical trials are needed 

for JIA-associated uveitis 

1B A 100 119 
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Advances in genetics have not found any more specific 
diagnostic markers than the HLA types originally reported 
as being associated with both oligoarticular disease and 
uveitis.14 15 30 32 38 48 50 56 There is no evidence, at present, that 
genotyping adds specificity to the established clinical risk 
factors on which contemporary screening programmes are 
based. 

Despite the advances in subtyping ANAs in other rheumatic 
disorders, there has been little advance in our understanding 
of the association of ANAs with the risk of JIA-associated 
uveitis28 34 35 41 60 67 although antibodies to nuclear structures 
such as histones and chromatin16 21 41 52–54 64 77 and ocular anti- 
gens have been reported.13 33 51 75 Two studies found that chil- 
dren with higher inflammatory activity (as determined by higher 
erythrocyte sedimentation rate (ESR) values) when oligoarthritis 
or polyarthritis was diagnosed had an increased risk of devel- 
oping uveitis.27 31 

There is a clear unmet need to adapt screening policies to the 
contemporary usage of early systemic immunosuppressant treat- 
ment of arthritis57 61 62 64 and novel biomarkers and future geno- 
typing may improve targeting of the population being screened. 

 
Monitoring during follow-up 
The risk of visual symptoms and potential for relapse in patients 
initially responding to treatment highlights the necessity for 
maintained regular close ophthalmological scrutiny. The expert 
group recommended that the frequency of ophthalmological 
follow-up should be based on ocular disease severity and decided 
upon in conjunction with an expert ophthalmologist. 

 
Screening after stopping treatment of uveitis 
Methotrexate (MTX) is the immunosuppressive therapy of 
choice in patients with JIA-related uveitis (see recommen- 
dation 14, table 3). Once long-lasting remission of uveitis is 
achieved, MTX is usually stopped, but the optimal period of 
disease control prior to withdrawal of both topical and systemic 
treatment remains unclear. Patients stopping MTX are at risk 
of developing new onset uveitis or recurrence of uveitis after 
prolonged remission in the first year. Indeed, the majority of 
patients in a recently reported series relapsed within 24 months 
of stopping therapy.67–70 Consequently, after stopping immu- 
nosuppression with MTX (prescribed for arthritis or uveitis) it 
is recommended that all patients with JIA are screened by an 
ophthalmologist at least every three months for a minimum of 
1 year. 

It also remains unclear for those patients on multiple treat- 
ments, in which order treatments are best withdrawn. Relapse 
of uveitis after withdrawal of MTX appears to be delayed in 
older patients, those who have been on treatment for longer 
duration.67 The authors recommended that the period of uveitis 
inactivity should be >2 years before MTX is withdrawn.67 
The expert group also recommend that patients should have 2 
years of inactive disease while not using topical steroids before 
reducing systemic immunosuppression. 

There is a clear need for continuing monitoring in the early 
period of remission after medications are stopped, especially in 
patients on long-term therapy, topical or systemic, which had 
maintained disease control. The expert group recommends that 
monitoring of disease in remission by an ophthalmologist should 
be at least every three months and should continue for at least 
3 years off all forms of treatment. The length of remission best 
predicting lifetime remission remains unknown. More robust 
data on effective screening strategies are required. 

Recommendations for disease activity measurement in JIA- 

associated uveitis 
A pivotal goal in the management of JIA-associated uveitis is 
to minimise loss of vision through the early diagnosis of ocular 
morbidity. Early referral and appropriate treatment to eliminate 
ocular inflammation are seen to be crucial in preserving visual 
acuity. Visual loss is mainly caused by glaucoma, macular damage 

from inflammatory oedema, hypotony or amblyopia: structural 
damage can occur prior to diagnosis and also arise following 
years of poorly controlled inflammation. 

Multiple studies have found delayed presentation with damage 
at diagnosis, surgery and length of follow-up to be the major 
risks for lifelong visual loss.4 68 78 Male gender and non-Cau- 
casian race may be additional risk factors for some complica- 
tions.18 19 37 56 65 71 Immunosuppressive treatment is therefore 
aimed at reducing agreed measures of active intraocular inflam- 
mation which include the level of cellular infiltrate, breakdown 
of vascular barriers (eg, flare) and macular oedema: few of these 
measures have been validated and different markers may be 
appropriate in eyes with different levels of structural damage or 
at different stages of disease.134 

In one study, an increase in anterior chamber cell grade was 
associated with elevated rates of visual loss in a dose-dependent 
fashion, whereas immunotherapy was associated with a reduced 

risk of visual loss, particularly for the 20/50 or worse outcome 
(HR 0.40; P<0.01).78 Others have found anterior chamber flare 
a better predictor of visual loss.63 

There are no established biomarkers currently available for 
predicting disease activity or guiding treatment in JIA-associated 
uveitis and research efforts in this area need to be intensified 

(table 2).24 32 34 35 40 44 49 75–80 

In a small group of children with JIA-related anterior uveitis, 
serum interleukin-2R levels were significantly increased,72 while 
in a larger cohort of children there was a significant correlation 
between the presence of anterior uveitis and aqueous humour 
levels of transthyretin.73 Until reliable biomarkers are found, 
management relies on frequent ophthalmic examination. Future 
opportunities might include gene expression and proteomic 
profiling of the serum, peripheral blood leucocytes and 
aqueous humour; measurement of acute-phase reactants; HLA 
typing and determination of ANAs.74 Evidence-based guidelines 
by the German Ophthalmological Society, the Society for Child- 
hood and Adolescent Rheumatology and the German Society for 
Rheumatology noted that macular oedema, ocular hypotony and 
rubeosis iridis are often associated with chronic inflammation 
and anti-inflammatory treatment should be initiated (or intensi- 
fied) even in the absence of cells in the anterior chamber.4 The 

expert group recommended that the goal of treating JIA-associ- 
ated uveitis should be no cells in the anterior chamber although 
this may not be practically possible (table 2). With reference to 
the Standardization of Uveitis Nomenclature (SUN) Working 
Group, a multinational interdisciplinary group (MIWGUC) 
developed a set of core outcome measures for uveitis that may 
provide a framework for evaluating disease severity and its 
course, risk for structural impairment, levels of impairment in 
visual function and responses to treatment.74 These would be 
invaluable in clinical studies involving patients with JIA-associ- 
ated uveitis. However, these proposed outcome measures remain 
to be validated in children.135 To best guide treatment decisions, 
there should be good communication between the ophthalmol- 
ogist and the paediatric rheumatologist concerning changes in 
disease activity treatment changes and responsibility for treat- 
ment monitoring. Recently published guidance for management 
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of non-infectious uveitis in adults has some important principles 
for the management of panuveitis in all age groups.136 

 
Recommendations for treatment in JIA-associated uveitis 
Active uveitis in JIA usually requires immediate treatment. In a 
comparison of two cohorts of patients with new-onset JIA, sepa- 
rated by a 10-year interval, the more recently treated patients 
received early intensive treatment and close monitoring, and 
reported fewer complications and milder uveitis with visual 
loss avoided in most cases.80 Treatment factors reported to be 
associated with improved outcomes included introduction of 
immunosuppressive therapy earlier in the course of the disease 
or at a younger age69 and treatment with immunosuppressants 
generally.71 78 

Based on past usage, the expert group recommend that topical 
corticosteroids (preferably prednisolone or dexamethasone) are 
the first-line treatments of choice for both acute and chronic 
anterior uveitis.4 5 81 129 Children with JIA-related uveitis are 
frequently treated with topical corticosteroids over extended 
periods, and this increases the risk of cataract formation and 
glaucoma. 

One study found that the increased risk of cataract formation 
with high-dose topical steroids was independent of active uveitis 
or presence of posterior synechiae.81 The risk increased as the 
number of drops of topical corticosteroids instilled increased. 
The data suggested that patients may be treated with low doses 
of topical corticosteroids (≤3 drops daily) over moderate periods 
of follow-up (median 4 years; range 0.5–15 years) with a low 
risk of developing cataracts.81 Among eyes receiving ≤2 drops 
daily, the incidence of cataract was 0/eye year. There appears to 
be no evidence to suggest that less potent topical steroids reduce 
adverse effects in this patient population (table 3). Systemic 
corticosteroids are not usually preferred in children due to 
risks of growth suppression and osteopenia; however, they are 
potentially helpful in individual cases for rapid control of severe 
uveitis or in the presence of macular oedema. 

In a retrospective study, the adjunctive use of non-steroidal 
anti-inflammatory drugs (NSAIDs) for the treatment of chronic 
iridocyclitis was evaluated in 14 patients, 8 with JIA and 6 with 
idiopathic iridocyclitis.82 In all patients, the activity of the irido- 
cyclitis improved with the addition of NSAIDs to their treatment 
regimens, permitting reduction in the dose of corticosteroid 
drugs. These data suggest that NSAID therapy may have an 
adjunctive role in the treatment of chronic iridocyclitis in child- 
hood, but not as monotherapy. 

Systemic immunosuppression for active uveitis is recom- 
mended to reduce complications in those cases where topical 
steroids are insufficient to eliminate ocular inflammation 
short term, or such high doses are required that treatment risks 
outweigh the beneficial effects. However, the threshold for 
introducing systemic treatment is lower in those with multiple 
risks for visual loss as discussed earlier.129 Immediate systemic 
immunosuppression in active uveitis is recommended if poor 
prognostic factors are present at the first visit. Studies suggest 
instituting aggressive immunosuppression in high-risk patients 
even before there is any clear evidence of complications devel- 
oping.27 39 Poor prognostic factors include uveitis antedating 
arthritis19 22 74; posterior synechia55 68 74 75; male gender19 22 55; 
band keratopathy, glaucoma and cataract55; poor initial vision, 
hypotony, macular oedema and dense vitreous body opacifica- 
tion55; and lack of remission later on during the disease course 
(table 3). Age at the time of uveitis onset does not appear to be 
a risk factor.22 56 

Definition of treatment failure 
Treatment failure should lead to a change in treatment dose, 
route or modality taking into consideration the fact that many of 
the drugs require different times to achieve their optimal effect 
and there are sometimes only a limited number of drugs avail- 
able. Inappropriate drug changes may result from difficulties in 
achieving consensus on the definition of treatment failure. In 
a retrospective study, the clinical outcome of 23 patients with 
JIA-associated uveitis unresponsive to corticosteroids was ascer- 
tained. Uveitis was controlled using immunosuppressive therapy 

in all cases.86 Patients treated within 4–30 months from onset 
of uveitis achieved better improvement of vision compared 
with patients who received immunosuppressive therapy after 3 
years (P<0.005 for right and left eyes pooled; P=0.0075 for 
best eyes; P=0.0375 for worst eyes). These data are supported 
by findings from the SITE study which reported that among 
patients with JIA-associated uveitis receiving tertiary care use 
of immunosuppressants reduced the risk of vision loss by about 
60%.78 The expert group recommended that systemic immuno- 
suppression should be used if inactivity cannot be achieved with 
topical steroids within 3 months or inflammation is reactivated 
during steroid dose reduction. The benefits of immunosuppres- 
sive therapy are now well recognised, and, in general, patients in 
remission received this treatment earlier in the course of disease 
compared with patients who relapsed.55 59 68 78–87 

Based on findings of efficacy and tolerability/safety from a 
number of studies, the expert group recommended that MTX 
is the immunosuppressive therapy of choice in patients with 

JIA-related uveitis.68 84 88–90 Other forms of immunosuppres- 
sive therapy such as azathioprine, sulfasalazine, mycopheno- 
late mofetil, cyclosporine and leflunomide have been assessed 
in patients with uveitis, often in MTX-resistant cases.91 95 The 
studies have generally included a small numbers of patients, and 
in the case of cyclosporine, the clinical efficacy was poor and the 
authors noted that it has limited value in this indication.94 The 
results with other forms of immunosuppressive therapy were 
more encouraging, but were in fewer patients.91–93 95 At this 
stage they may prove to be useful treatment options in patients 
not responding to, or who cannot tolerate, MTX and they also 
have a place accompanying biological treatment in those who 
are MTX-intolerant. There is also evidence of the greater effec- 
tiveness of MTX in controlling arthritis in JIA compared with 
other conventional immunosuppressants. It is not uncommon 
for treatment to fail when treatments other than MTX are used 
because of recurrent arthritis rather than failure to control the 

uveitis. 
As noted above, the evidence with other forms of immu- 

nosuppressive therapy in patients with JIA-related uveitis is 
low,91–95 whereas many conventional immunosuppressants are 
used in adult onset uveitis with no specific agent favoured as 
the first choice. In both adult and childhood patients who fail 
to respond to conventional immunosuppressants, expert groups 
recommend adding or switching to biological treatments. There 
is a growing number of studies supporting the use of biological 
therapy in MTX refractory uveitis.93–108 A wide range of biolog- 
ical therapies have been investigated in JIA-related uveitis refrac- 
tory to conventional therapy, with adalimumab being the most 
widely studied; other agents investigated include infliximab, 
daclizumab, etanercept, golimumab, abatacept, tocilizumab and 
rituximab.96–108 123–125 

All of the biological therapies investigated produced some 
benefit in patients with uveitis refractory to conventional 
therapy.86 100–127 There are very few comparative studies. One 
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study found infliximab to be significantly superior to etanercept 
in children with refractory JIA-associated chronic uveitis.100 
In another small study, adalimumab was more efficacious than 
infliximab when used as first-line anti-TNF treatment.106 Adali- 
mumab also produced higher remission rates versus infliximab in 
the medium-term treatment (at least 12 months) of patients with 
JIA-related uveitis107 and in children with uveitis it was signifi- 
cantly superior to infliximab in maintaining remission over a 
3-year treatment period.102 The expert group recommends treat- 
ment with anti-tumour necrosis factor (TNF) agents (adalimum- 
ab>infliximab>golimumab) in patients with uveitis refractory/ 
resistant to disease-modifying antirheumatic drug (DMARD) 
therapy, principally methotrexate.86 100–127 

The use of TNF inhibitors in uveitis was hypothesised based on 
their proven efficacy in a range of systemic inflammatory disor- 
ders including JIA, rheumatoid arthritis and Crohn’s disease.109 
Etanercept is a recombinant DNA dimeric fusion protein that 

antagonises TNF-, and it has proven to be effective in chil- 
dren with polyarticular JIA.118 Evidence for the clinical benefit 
of etanercept in uveitis has generally been disappointing; it was 
associated with a high relapse rate and a high risk for developing 
uveitis flares.87 100 109 117–121 Based on these findings, the expert 
group recommend that etanercept should not be considered for 
JIA-associated uveitis. 

Findings from studies including small numbers of patients 
provide evidence that if treatment with one anti-TNF agent 

becomes ineffective switching to a different anti-TNF agent 
could prove to be clinically beneficial.87 113 116 122 The efficacy 
and safety of adalimumab was evaluated in in 26 children with 
JIA resistant to current therapy (disease-modifying drugs in 17 
cases and anti-TNF agents in 9 cases). Switching to adalimumab 
had a beneficial impact on disease control in 17 (65.4%) of 
patients.113 In total, 17 patients with severe recalcitrant uveitis 
(resistant to etanercept, infliximab, adalimumab, rituximab or 
abatacept) were switched to golimumab and 14 achieved a posi- 
tive response, and in 12 of these the disease was inactive at the 
final visit (mean duration 22 months; range 6–29 months).116 
Dhingra et al reported preliminary evidence that in seven 
cases of refractory uveitis switching between biological agents 
(over a period of 5–24 months) helped to control intraocular 
inflammation.122 

While the literature search revealed no direct evidence of the 
effects of low drug trough levels or the development of anti-drug 
antibodies (ADAs) on the clinical efficacy of biological agents in 
patients with uveitis, the expert group considered findings from 
other clinical settings. They concluded that in cases of loss of 
efficacy over time consideration should be given to testing for 
ADAs and drug trough levels.137 138 If the patient has no anti- 
bodies, but has low trough levels, increasing the dose or short- 
ening the interval may be an option.139 

In keeping with an earlier recommendation (18, table 3), there 
are data from small studies that in patients with JIA-related uveitis 

 

Table 5 Proposed domains and items for outcome measures of juvenile idiopathic arthritis (JIA)-associated uveitis (from the Multinational 

Working Group in JIA-related uveitis)74 

Domains Items 

Grade of cells in anterior chamber Slit-lamp examination (according to SUN criteria) 

Grade of flare in anterior chamber* Slit-lamp examination for routine clinical practice and prospective trials (according to SUN criteria) 

Laser flare photometry for prospective trials 

Number of visits with active uveitis Records of treating physician 

► Duration of activity over a minimum of four visits/year 

Visual acuity (appropriate test for age) Best-corrected visual acuity 

Thresholds: ≤20/50, ≤20/200 and no light perception 

Estimate contribution of amblyopia, yes/no 

Development of structural complications Synechiae, yes/no 

► Initial and additional 

Ocular hypotony, yes/no (<5 mm Hg) 

Ocular hypertension, yes/no (>21 mm Hg) 

Glaucoma, yes/no 

Cataract, yes/no 

Band keratopathy in the central cornea, yes/no 

Macular oedema by optical coherence tomography, yes/no 

► Funduscopy and optical coherence tomography for routine clinical practice (for macula and optic disc) 

► Funduscopy and optical coherence tomography for prospective trials 

Epiretinal membrane formation, yes/no 

► Funduscopy for routine clinical practice 

► Funduscopy and optical coherence tomography for prospective trials 

Quality of life Childhood Health Assessment Questionnaire 

Child Health Questionnaire 

Pediatric Quality of Life Inventory 

Uveitis-specific quality of life instrument (not yet available for non-English speaking countries) 

Overall uveitis-related disability Assessment by parents, visual analogue scale 

Assessment by children, visual analogue scale 

Assessment by treating ophthalmologist, visual analogue scale 

Assessment by treating paediatric rheumatologist, visual analogue scale 

Social outcome School/kindergarten absence 

Anti-inflammatory medication* Reduction of corticosteroid dose—topical dose—systemic dose 

Surgery* Yes/no 

Biomarkers Research tools (not currently available 

*Not an outcome measure, but should be documented. 

SUN, Standardization of Uveitis Nomenclature. 
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refractory to conventional therapy and at least one anti-TNF 
therapy switching to drugs such as abatacept, rituximab or tocili- 
zumab may be beneficial.123–125 This included patients in whom 
the main cause of poor visual acuity was macular oedema.125 
There is now growing evidence for the role of tocilizumab in 
macular oedema associated with uveitis.140 141 There is also an 
ongoing trial of tocilizumab in children with anti-TNF refractory 
JIA-associated uveitis (http://www.aptitude-trial.org.uk/). 

The optimum time for surgery in children with complica- 
tions from refractory uveitis has not been addressed as a recom- 
mendation due to paucity of evidence. Recent literature does 
demonstrate that a significant number of children with uveitis 
still require surgery for complications.142 

 
Recommendations for future plans in JIA-related uveitis 
A MIWGUC identified the need for clinical trials and longitu- 
dinal studies to determine the benefits and costs of health inter- 
ventions in this setting.74 To achieve this the group proposed 
a core set of outcomes aimed at ensuring that changes in rele- 
vant outcomes were measured, and that standardisation of 
outcome measures would facilitate data pooling and compar- 
isons between interventions (tables 4 and 5). The outcomes 
should be agreed on by both researchers and patients, and 
they will provide a common focus for interventional studies. 
Disease-specific and universally agreed on validated outcomes 
are likely to reduce selective reporting and reporting bias.74 
A limitation of this core set of outcomes is that, despite the 
fact that there was consensus by the Working Group regarding 
their utility, they still remain unvalidated. Visual impairment 
has a significant impact on the quality of life (QOL) of patients 
with JIA-related uveitis and vision-related QOL relates to 
the degree to which vision impacts the individual’s ability to 
perform activities of daily living as well as social, emotional 
and economic well-being.126–128 The Effects of Youngsters’ 
Eyesight QOL is a useful instrument for measuring the effects 
of uveitis on QOL which is currently being validated. 

The expert group indicated a need for more well-controlled 
clinical trials in children with JIA-related uveitis to provide 
the scientific best evidence in the areas of diagnosis, screening, 
disease activity and treatment to enable the optimal care of these 
patients. 

 
DISCUSSION 
Following a systematic review of the literature and Nominal 
Group Technique methodology, under the auspices of SHARE 
and EULAR operating procedures, 22 recommendations for 
the screening, diagnosis, disease activity monitoring, treatment 
and future plans for children with JIA-associated uveitis were 
accepted with at least 80% agreement. In a disease setting where 
the evidence base is limited by small numbers of patients, and 
which is developing rapidly, these expert recommendations 
should help specialists with the evidence-based advice to provide 
optimal care for their patients. 

It should be noted that, in general, the level of evidence 
was quite low with 13 of 22 recommendations being level 3 
or 4, seven level 2 and only two level 1. This highlights the 
need for more research in this clinical setting where a number 
of new therapies, particularly biological agents, have been 
introduced in recent years. At the time that the data search 
for this article took place, the expert group noted a need for 
more well-controlled clinical trials in children with JIA-related 
uveitis. The goal being to ensure that scientific best evidence is 
used to support optimal treatment. In the interim period, but 

clearly outside the search time frame of this review, a well-de- 
signed randomised controlled trial (RCT) has been published 
which compared adalimumab with placebo in children with 
JIA-related uveitis who were taking a stable dose of MTX.135 
Active treatment was shown to control inflammation and was 
associated with a lower rate of treatment failure compared 
with placebo. These results do not alter the recommendations 
of the expert group, but reinforce the intent of recommen- 
dation 15 in table 3: ‘In case of methotrexate inefficacy or 
intolerance, adding or switching to biological treatment is 
recommended’. The only difference being that this recommen- 
dation is now supported by level 1 evidence, rather than level 
3 evidence. More recently, another smaller RCT of adalim- 
umab has also been published showing efficacy of adalimumab 
in JIA–uveitis although this study used flare as the primary 
outcome measure.143 The utility of biological therapies is 
receiving wider attention, for example, a number of studies 
have reported the benefits of tocilizumab.141 144 These findings 
from outside the systematic data search time period empha- 
sise the need to regularly update the recommendations of the 
JIA-associated uveitis expert group so as to provide the highest 
levels of care in this clinical setting. 
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