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Objectives: A previous 24-week randomised trial demonstrated that sulfasalazine (SSZ) treatment was
superior to placebo (PLAC) in suppressing disease activity in patients with oligo- and polyarticular onset
juvenile idiopathic arthritis (JIA). The current study determines the long-term outcome of the trial participants
and evaluates whether the benefits of SSZ allocation are sustained over time.
Methods: Between 2001 and 2003, 32 SSZ and 29 PLAC patients (90% of all patients) were prospectively
examined clinically and by chart review, median 9 years (range 7 to 10) after trial inclusion. In the follow-up
assessment, variables of the American College of Rheumatology Pediatric 30 (ACR Pedi 30) criteria were
collected. The assessor was blinded to trial treatment allocation.
Results: After the trial, patients had been routinely followed in rheumatology referral centres, and treated at
the discretion of the attending physician. Almost all patients continued or started disease-modifying
antirheumatic drugs (DMARDs) (SSZ 91%, PLAC 93%; SSZ treatment in about 80%). DMARD treatment
appeared less intensive in the SSZ group as evidenced by a significantly shorter duration of SSZ use (median
2.5 vs 5.2 years; p = 0.02) and a trend towards less use of methotrexate and other DMARDs. More than one-
third of the patients reported long periods of non-compliance with DMARD treatment in both groups.
At follow-up, 74% of the patients had active joints, and 30% showed active polyarthritis. Almost all outcome
scores were better for SSZ compared with PLAC patients. Differences (often exceeding 50%) were significant
for the number of active joints, patients’ overall well-being, number of patients with episodes of clinical
remission off medication (CROM) and duration of these episodes, patients in CROM and ACR Pedi 30
response at follow-up. Additional exploratory analyses performed to detect potential confounders related to
patient characteristics or follow-up treatment showed that DMARD treatment compliance was positively
correlated with an ACR Pedi 30 response (odds ratio 3.8, 95% confidence interval (CI) 1.1 to 13.4; p = 0.03).
Adjusted for compliance, an SSZ patient was 4.2 times as likely as a PLAC patient to be an ACR Pedi 30
responder at follow-up (95% CI 1.3 to 14.3; p = 0.02).
Conclusions: This follow-up study shows that effective suppression of disease activity by SSZ treatment early in
active disease in JIA patients has beneficial effects that persist for many years. Given these results, compliance
with DMARD treatment deserves serious attention.

J
uvenile idiopathic arthritis (JIA) is a heterogeneous group of
chronic inflammatory arthritis that begins before the age of
16 years and is quite distinct from adult rheumatoid

arthritis (RA). The clinical disease course varies widely
depending on the subtype of JIA and is difficult to predict.1–6

Some patients experience disease remission before adult age,
while others develop progressive joint destruction and serious
functional disability.7–10 In an effort to reduce long-term
morbidity, the attitude toward institution of disease-modifying
antirheumatic drug (DMARD) treatment in JIA changed in the
early 1990s.11 Since then, antirheumatic drug treatment in JIA
has moved to institution of more aggressive therapy early in the
disease course in line with treatment in RA. The short-term
results of this strategy seem favourable, but the long-term
effects are unknown.12

In the period 1992–1994, we conducted a 24-week rando-
mised placebo-controlled sulfasalazine (SSZ) study to test its
efficacy and safety in oligoarticular- and polyarticular onset JIA
patients.13 This trial showed SSZ to be superior to placebo in
suppressing disease activity. After the trial, participants were

treated without further protocol in Dutch paediatric rheuma-
tology referral centres and had optimal opportunities for
receiving contemporary care. We therefore consider this
Dutch cohort as a representative group of JIA patients who
had a relatively early opportunity of DMARD treatment in an
active phase of their disease in the nineties. The aim of this
study was to describe the outcome of this well-defined study
cohort of JIA patients and to determine whether early
intervention with SSZ would lead to long-term benefits in
disease activity and function.

Abbreviations: CROM, clinical remission off medication; DMARD,
disease-modifying antirheumatic drug; IQR, interquartile range; JIA,
juvenile idiopathic arthritis; LOM, limitation in range of motion; MTX,
methotrexate; NSAID, nonsteroidal anti-inflammatory; PGAS, physician’s
global assessment of disease activity score; PLAC, placebo; SSZ,
sulfasalazine
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PATIENTS AND METHODS
Design
The study is a cohort follow-up of a randomised trial. Patients
and their medical records were prospectively examined once by
the principal investigator in a series of site visits between 2001
and 2003.

Patients
All participants of the multicentre, double-blind, randomised,
placebo-controlled SSZ trial (SSZ trial) of 24 weeks’ duration
performed by the Dutch Juvenile Idiopathic Arthritis Study
group in the period 1992–1994 were invited to take part in the
follow-up study. To be eligible for enrolment in the original SSZ
trial, patients had to meet the European League Against
Rheumatism (EULAR)14 criteria for oligoarticular- or polyarti-
cular onset JCA, further referred to as oligoarticular- and
polyarticular onset JIA according to the current nomencla-
ture.15 16 The age limits were 2 to 18 years, with onset of JIA
before the age of 16. Further inclusion criteria were at least 1
joint with active arthritis (defined as a joint with swelling or a
joint with pain and limitation in range of motion (LOM)),17 and
an insufficient response to nonsteroidal anti-inflammatory
(NSAID) drug therapy. Concurrent treatment with prednisone
and prior treatment with SSZ were not allowed. Further details
of the SSZ trial have been reported previously.13

For the follow-up study, informed consent was obtained
according to the legal requirements. Eligible patients who
declined participation in the follow-up study were asked
permission to retrieve the most recent data on disease status
and treatment from their medical records.

Procedures
The database of the SSZ trial was used for data on onset of
arthritis; randomisation to PLAC or SSZ treatment; joint scores,
general assessments, laboratory data and adverse events during
the trial. Patients’ medical records were retrospectively
reviewed for the following information: clinical data (presence
of arthritis; occurrence of uveitis, and medical problems which
came to the attention of the treating physician); laboratory data
(presence of rheumatoid factor); treatment data (NSAIDs,
disease-modifying antirheumatic drug (DMARDs), systemic
corticosteroids, immunosuppressive drugs, antitumour necrosis
factor treatment (anti-TNF); reason for change of treatment
drug; reported compliance with DMARD treatment; intra-
articular corticosteroid treatment and joint surgery. A patient
was scored as non-compliant with DMARD treatment when the
physician on at least 2 occasions, more than 6 months apart,
had recorded that the patient did not take DMARDs as
prescribed in the past evaluation period because of resentment
(either by the patient or parents) against its use.

Outcome assessments
Participants were asked to visit one of the centres for physical
examination, completion of questionnaires and laboratory
assessment. An investigator (MVR) performed the physical
examinations, and questionnaires were completed with the
assistance of a research nurse (EDW-T). During the follow-up
assessment, the principle investigator was blinded to the
treatment assignment of the participant in the SSZ trial. The
physical examination included measurement of body height
and weight, a joint assessment (either swollen, tender/painful,
or LOM)17 and a physician’s global assessment of disease
activity on a 100-mm visual analogue scale (MD global VAS)
(anchoring words 0 = inactive, 100 = very severe) in conjunc-
tion with a graded score, the physician’s global assessment of
disease activity score (PGAS) (0 = none; 1+ = very low;
2+ = low; 3+ = moderate; 4+ = active; 5+ = very active) for

comparison with SSZ trial data. All measures related to the
assessment of the joints were reported as a joint count.18 19

Functional abili ty
To test functional ability, participants below the age of 18 years
were asked to complete the Dutch version of the Childhood
Health Assessment Questionnaire (CHAQ)20 and participants
above the age of 18 years to complete the Dutch version of the
Health Assessment Questionnaire (HAQ).21 These two ques-
tionnaires were chosen because they use age-appropriate
activities ranging from childhood to adulthood and can be
analysed together.8 22 23 The CHAQ and HAQ scores (C-HAQ
scores) were summarised in the disability index ranging from 0
to 3, with higher scores meaning a higher disability.23 For
facilitation of comparison with other outcome studies, the C-
HAQ scores were divided into 4 categories of disability:
0 = none; 0–0.5 as mild; 0.6–1.5 as moderate, and .1.5 as
severe.8 Discomfort was assessed by the completion of a 100-
mm VAS for the evaluation of pain (anchoring words 0 = no
pain; 100 = very severe pain) and a 100-mm VAS (anchoring
words 0 = very well; 100 = very poor) for the evaluation of
overall well-being.

Laboratory evaluation
HLA-B27 data and immunoglobulin M rheumatoid factor
(IgM-RF) concentrations during the disease course were
retrieved from medical records. Follow-up study samples were
locally measured for erythrocyte sedimentation rate (ESR) and,
together with stored samples from the SSZ trial, centrally
measured for C-reactive protein (CRP) and IgM-RF. CRP was
measured using a highly sensitive latex-enhanced assay
supplied by Roche Diagnostics (Almere, The Netherlands) on
a Hitachi 911 analyser (Roche Diagnostics), according to the
manufacturer’s instructions. IgM-RF was measured using an
inhouse enzyme-linked immunosorbent assay and an ES 300
analyser (Roche Diagnostics, Mannheim, Germany).

Definitions
The preliminary criteria for inactive disease and clinical
remission of JIA were used to evaluate outcome.24 We recorded
clinical remission on medication (inactive disease for a
minimum of 6 months)24 solely at the follow-up visit, whereas
clinical remission off medication (inactive disease for a
minimum of 12 months off medication)24 was registered both
at the follow-up visit and for the time interval between the start
of the SSZ trial and review for follow-up.

To evaluate the overall outcome in comparison with SSZ trial
inclusion, an adaptation of the ACR Pediatric 30 definition of
improvement (ACR Pedi 30)25 was made. Not all original trial
data were comparable with follow-up data; in the trial, parents
recorded patients’ general assessments, and data on functional
ability were not collected. We included the following variables
of the ACR Pedi 30 in the overall evaluation: (1) number of
active joints, (2) number of limited joints, (3) PGAS and (4)
ESR. Patients were classified as improved when they showed at
least 30% improvement in 3 of the 4 aforementioned variables,
and not one of the variables could be worsened by more than
30%.

Analysis
Data were collected on prepared forms and entered into a
database program (Access); analyses were performed using
SPSS. Analyses were based on data collected during the SSZ
trial13 and follow-up study. In the SSZ trial, data were analysed
according to the intention-to-treat principle, and missing
measurements were imputed by carrying the last observation
forward. Patients without baseline measurement on a certain
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item were excluded for the analysis of that specific item.
Measures with a normal distribution were expressed as means
and SD; otherwise medians and ranges were presented. For
comparisons of means, Student’s t test was used; medians were
compared by non-parametric tests. Non-parametric tests were
used to evaluate changes of the individual patients and joint
scores over time: Friedman/Cochran’s Q test for multiple
comparisons and Wilcoxon Signed Rank/McNemar test for
paired related samples. Overall differences in outcome between
the JIA subgroups were tested using non-parametric analysis:
Fisher’s exact, Mann–Whitney, Kruskal–Wallis or x2 test where
appropriate. At follow-up, individual outcome was described
using the physicians’ disease activity score (dichotomised with
group median PGAS level as a cut-off value) and ACR Pedi 30
improvement status. Logistic regression analysis with forward
selection was used to evaluate the association of outcome with
patient characteristics and treatment-related variables. Odds
ratios (OR) and 95% confidence intervals (CI) were calculated.
Variables tested univariately (x2 and t test where appropriate)
were: oligo- or polyarticular onset type of JIA, gender, age at
onset, rheumatoid factor positive JIA subtype classification, JIA
duration before introduction of DMARD therapy, number of
used DMARDs in the follow-up period, duration of SSZ
treatment, duration of methotrexate (MTX) treatment, reported
DMARD therapy compliance, JIA duration at follow-up, and
randomisation to SSZ or PLAC in the trial; followed by a
multivariate model to determine the independent factors
related with outcome. For all analyses, p values less than or
equal to 0.05 were considered statistically significant.

RESULTS
In the original SSZ trial, 69 oligoarticular- and polyarticular
onset JIA patients were enrolled.13 One patient was evaluated as
ineligible and excluded from the trial analysis. For the follow-
up study, 68 patients were eligible, and of these, 67 could be
contacted. Five eligible JIA patients refused a follow-up
assessment but allowed retrieval of actual clinical data from
their medical charts. Another patient had a change in
diagnosis; her symptoms were classified as Wegener’s vasculitis
7 years after enrolment in the SSZ trial. Regarding the whole
cohort of 66 (99%) eligible contacted JIA patients, the outcome
was as follows: 10 patients (15%) in clinical remission off
medication, 7 patients (11%) in clinical remission on medica-
tion and 49 patients (74%) with active disease. DMARDs
(including systemic corticosteroids, immunosuppressive treat-
ment and anti-TNF) were currently in use by 42 of 66 patients
(64%). NSAIDs were taken on a regular basis by 36 of 66
patients (55%).

In the original trial, 34 patients were randomised to PLAC
and 35 to SSZ treatment. In the present follow-up study, 29
(85%) of the PLAC and 32 (91%) of the SSZ patients
participated (p = 0.48). The 5 patients that refused further
follow-up examinations included: 1 male (PLAC group,
22 years) with clinical remission off medication since 5 years,
and 4 girls (3 PLAC and 1 SSZ group, mean age 14 years, range
11 to 16) with current active disease and actual DMARD
treatment. Thus, 61 patients (90%) underwent a complete
follow-up assessment. In this group, outcome was comparable
with that of the whole cohort (Fisher’s exact test): 9 patients
(15%) in clinical remission off medication; 7 patients (11%) in
clinical remission on medication; 45 patients (74%) with active
disease; 38 patients (62%) on DMARD therapy; and 33 patients
(54%) with regular use of NSAIDs.

The 61 participants in the follow-up study were examined at
a median age of 18 years (range 10 to 25) and median disease
duration of 10.7 years (range 8 to 23). The median interval
between SSZ trial inclusion and the follow-up visit was 9 years

(interquartile range (IQR) 8 to 9 years). Patient characteristics
are listed in table 1 and were comparable between PLAC and
SSZ allocated patients except for a lower age at JIA onset
(p = 0.02) of the SSZ group. When rheumatoid factor-positive
patients (n = 10) were excluded from analysis, all patient
characteristics were roughly similar (n = 51; data not shown).
In both treatment groups, DMARDs were introduced signifi-
cantly later in oligoarticular compared with polyarticular JIA
onset patients (p = 0.002).

Changes in classification of JIA subtype between trial
inclusion and follow-up assessment occurred in 11 patients
and were comparable in both treatment groups: 9 patients
developed a polyarticular pattern of joint involvement, whereas
it was oligoarticular in the original trial, in 2 patients psoriasis
was diagnosed during the follow-up period (including one
patient with development of polyarticular joint involvement),
and 1 patient changed into rheumatoid factor-positive disease.

General physical outcome
At follow-up, patients had a mean body height below the
normal range of the Dutch age-adjusted growth standard
curves with a mean body height standard deviation score (SDS)
of 20.55 (range 23.36 to + 1.75; p,0.001 one sample t); the
body weight was within the normal range.26 The mean age for
menarche was 13 years (range 10 to 15) in 34 out of 41 females,
which was concurrent with the mean age for menarche in the
Netherlands.26 Uveitis had occurred in 12 (20%) patients, and 2
patients underwent cataract surgery.

Joint surgery was performed in 8 patients (13%): synovect-
omy in 4 (ankles, knees, wrist), hip arthrotomy in 1, hip
replacement in 2 (bilateral in 1), finger joint prostheses in 1,
ankle arthrodeses in 1, corrective surgery in hand, foot, or
maxilla in 3 patients. All aforementioned outcome descriptions
were comparable in both treatment groups.

Long-term outcome of combined trial groups
In the outcome assessment, active joints were present in 74% of
the patients, including 30% with active polyarthritis. Compared
with the end of the trial, follow-up of both groups combined
showed a significant increase in joint limitation but otherwise a
more or less stable situation in clinical parameters and acute
phase reactants (table 2). The median C-HAQ for the whole
group was 0.25 (range 0 to 2). None to mild disability was
reported by 74% of the patients, moderate disability by 20% and
severe disability by 6% of the patients.

Follow-up of treatment per trial group
Thirty-two (52%) of the 61 study participants available for
follow-up had been randomised to SSZ and 29 (48%) to PLAC.
Treatment before SSZ trial start was comparable, as reported
previously.13 At the end of the trial, 23 (72%) of the SSZ patients
continued SSZ treatment, and 6 (19%) switched to other
DMARDs (total on DMARDs 91%; table 3). At follow up, 17
patients of the SSZ group (53%) were on DMARDs, including 4
still on SSZ. The median duration of SSZ treatment of SSZ
patients (including the trial period) was 2.5 years (IQR 0.5 to
4.9). In due course, 16 (50%) SSZ patients switched to another
DMARD treatment, including MTX in 15 (47%). The median
duration of MTX treatment of those SSZ patients was 3.0 (IQR
1.5 to 5.0) years. The median number of DMARDs used in the
follow-up period (from SSZ trial inclusion to review for follow-
up) for SSZ patients was 1.5 (range 1 to 5).

In the PLAC group, 24 of 29 patients started SSZ (83%), and 3
another DMARD (total on DMARDs: 93%; table 3). At follow-
up, 21 patients of the PLAC group (72%) were on DMARDs,
including 4 still on SSZ. The median duration of SSZ treatment
in the PLAC group was significantly longer than in the SSZ
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group: 5.2 years (IQR 2.1 to 8.0; p = 0.02). A similar (non-
significant) trend was seen for most other DMARDs. In due
course, 64% of the PLAC group switched to other DMARDs,
including MTX in 16 (55%) of the patients. The median
duration of MTX treatment of those PLAC patients was 4.0
(IQR 3.0 to 5.8) years. The median number of DMARDs used in
the follow-up period by PLAC patients was 2 (range 0 to 5).

Prednisone was rarely prescribed. During follow-up, 1 PLAC
and 3 SSZ patients experienced a (temporary) remission off
medication after an adverse event on SSZ treatment: 1 patient
with bruising, 1 with leucopenia, fever and rash, and 2 with
dysimmunoglobulinaemia.28 Intra-articular steroid treatment
was used in 52% of the PLAC patients, respectively, 56% of the
SSZ patients.

Long-term outcome per trial group
At follow-up, outcome scores were better in the SSZ group
compared with the PLAC group, except for identical results in
the C-HAQ (table 4). These differences were significant for the
number of active joints, patients’ overall well-being, ACR Pedi
30 response, patients with episodes of clinical remission off
medication (CROM), duration of CROM episodes, and patients

in CROM at the follow-up assessment. Results were unchanged
when 10 rheumatoid factor-positive JIA subtype patients were
excluded from analyses (results not shown).

The ACR Pedi 30 response during the SSZ trial was
significantly better sustained in the SSZ group. At follow-up,
15 of the SSZ patients (47%) classified as ACR Pedi 30
responder compared with 5 of the PLAC patients (p = 0.02):
11 of these SSZ patients (73%) were already classified as ACR
Pedi 30 responders at the end of the SSZ trial, and remained
‘‘improved’’, compared with none of the PLAC patients
(p,0.0001). The 11 SSZ patients that remained ‘‘improved’
were classified in the following JIA subtypes: oligo-persistent (3
patients), oligo-extended (4 patients), rheumatoid factor
positive (1 patient), enthesitis related arthritis (1 patient),
arthritis and psoriasis (1 patient), and other arthritis (1
patient).

Compliance with DMARD treatment
In the follow-up period, 24 (41%) of the 59 patients (including
14 (48%) PLAC and 10 (32%) SSZ patients; p = 0.18) who were
prescribed DMARDs by their treating physician reported
prolonged discontinuation of taking these DMARDs due to

Table 1 Characteristics of juvenile idiopathic arthritis trial cohort after median 9 years’ follow-up, by original treatment group*

Variable Placebo group n = 29 Sulfasalazine group n = 32 p value

Females 20 (69%) 21 (66%) 0.8
Age, median years (range) 19 (10 to 23) 16 (10 to 25) 0.1
Disease duration, median years (range) 10 (8 to 20) 11 (8 to 23) 0.3
Onset type JCA (EULAR classification)(14)

Oligoarticular 15 (52%) 18 (56%) 0.8
Polyarticular 14 (48%) 14 (44%)

Antinuclear antibody positive at onset 12 (46%) 16 (52%) 0.8
Age at onset JIA, median years (range) 8 (2 to 14) 3 (1 to 15) 0.021

Age at start SSZ trial inclusion, median, years (range) 11 (3 to 15) 8 (3 to 17) 0.1
Disease duration at start DMARD therapy: median, years (range)� 1.8 (0.5 to 12) 2.1 (0.4 to 13.2) 0.6

Oligoarticular onset JCA patients 2.5 (0.5 to 12.3)` 3.0 (0.5 to 13.2)` 0.8
Polyarticular onset JCA patients 1.1 (0.7 to 5.5) 1.5 (0.4 to 6.2) 0.6

Diagnosis of uveitis during disease course 3 (10%) 9 (28%) 0.08
Current JIA subtype classification (ILAR classification)(17)

Oligoarticular persistent 4 (14%) 4 (13%) 0.8
Oligoarticular extended 7 (24%) 9 (28%) 0.7
Polyarticular rheumatoid factor negative 8 (28%) 8 (25%) 0.8
Polyarticular rheumatoid factor positive 7 (24%) 3 (9%) 0.1
Arthritis and psoriasis – 2 (6%) 0.2
Arthritis and enthesitis 2 (7%) 5 (16%) 0.3
Other arthritis 1 (3%) 1 (3%) 0.9

*Values are the number (percentage) of patients unless otherwise indicated; �at follow-up, 2 placebo-allocated patients had never used DMARDs; `in both treatment
groups, disease duration before initiation of DMARD therapy was significantly longer in oligoarticular—compared with polyarticular onset JCA patients (p = 0.002);
1SSZ allocated patients were significantly younger at disease onset but were of a similar age at SSZ trial inclusion. When all rheumatoid factor-positive JIA patients were
excluded from analysis (n = 10), all characteristics were roughly similar in both treatment groups (data not shown)

Table 2 Long-term outcome after median 9 years in comparison with trial data of 61 juvenile idiopathic arthritis patients who
participated in a randomised placebo-controlled sulfasalazine trial13*

Variable Trial baseline End of trial (24 weeks)
Follow-up (median
9 years)

Differences between end of
trial and follow-up p value

General assessments
Active joints (range 0 to 71) 5 (3 to 11) 2 (1 to 7) 2 (0 to 6) NS
Limited joints (range 0 to 67)� 4 (1 to 7) 2 (1 to 5) 5 (2 to 12) ,0.001
Physician’s score of disease activity (range 0 to 5)` 3 (3 to 4) 2 (1 to 3) 2 (1 to 3) NS
Erythrocyte sedimentation rate mm/h 27 (11 to 43) 11 (6 to 22) 8 (5 to 22) NS
C-reactive protein mg/l 6 (1 to 29) 2 (1 to 11) 2 (1 to 6) NS

No. (%) of patients with
No active joints 0 14 (23%) 16 (26%) NS
No limited joints 6 (10%) 9 (15%) 6 (10%) NS
.4 active joints 36 (59%) 20 (33%) 18 (30%) NS
.4 limited joints 26 (43%) 18 (30%) 33 (54%) ,0.001

*Values are given in median and interquartile range (IQR 25 to 75%) or number and percentage as indicated; �limited joints = joints with limitation in range of motion;17

`PGAS: 0 = none; 1+ = very low; 2+ = low; 3+ = moderate; 4+ = active; 5+ = very active.
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strong resentment against medication use. The outcome of
these patients differed considerably from the patients reporting
good compliance with the treatment regimen. Patients report-
ing good compliance showed significantly better scores for all
joint modalities (swelling, pain, LOM, active), physicians’
disease activity scores, patients’ VAS pain and patients’ VAS
overall well-being scores (results not shown). Compliant
patients also experienced a higher number of episodes of
clinical remission off medication (p = 0.007) and a lower
number of operations (p = 0.03), and showed more often
inactive disease at review for follow-up (p,0.0001).

Potential confounders
We performed additional exploratory analyses to detect
potential confounders in the relationship between group

allocation in the original trial and outcome. For these analyses,
good outcome was defined as PGAS (2 or the presence of ACR
Pedi 30 response at follow-up. In univariate analysis, a PGAS
good outcome was associated with allocation to the SSZ group
(OR 3.5 (95% CI 1.1 to 11.1), p = 0.03), male sex (OR 6.4 (1.3 to
31.0), p = 0.01) and compliance (OR 4.3 (1.4 to 13.5), p = 0.01).
In multivariate analysis, male sex (OR 6.0 (1.2 to 31.0),
p = 0.03) and compliance (OR 4.1 (1.2 to 13.6), p = 0.02)
remained significant factors. Adjusted for gender and compli-
ance, the odds for PGAS good outcome in the SSZ group were
3.3 times higher (95% CI 0.6 to 12.5, p = 0.06) than the odds for
PLAC.

In a univariate analysis, the ACR Pedi 30 response correlated
positively with allocation to SSZ (OR 4.2 (1.3 to 13.9), p = 0.02)
and compliance with DMARD therapy (OR 3.8 (1.1 to 13.4),

Table 3 DMARD use in the follow-up period from SSZ trial inclusion to review for follow-up of 61 juvenile idiopathic arthritis
patients who participated in a placebo-controlled sulfasalazine trial13*

Variable Placebo group n = 29 Sulfasalazine group n = 32 p value

Medication use in follow-up period
No. of DMARDS used in follow-up period, median (range) 2 (0 to 5) 1.5 (1 to 5) NS
No. (%) of patients with SSZ use 24 (83) 32 (100) 0.02

Duration of SSZ use in years, median (IQR) 5.2 (2.1 to 8.0) 2.5 (0.5 to 4.9) 0.02
No. (%) of patients with MTX use 16 (55) 15 (47) NS

Duration of MTX use in years, median (IQR) 4.0 (3.0 to 5.8) 3.0 (1.5 to 5.0) NS
No. (%) of patients with prednisone use 3 (10) 2 (6) NS

Duration of prednisone use in years, median (IQR) 2.0 (2.0 to 6.0) 0.9 (0.3 to 1.5) NS
No. (%) of patients with intramuscular gold use 3 (10) 5 (16) NS

Duration of intramuscular gold use in years, median (IQR) 4.0 (1.5 to 7.0) 1.5 (0.5 to 2.8) NS
No. (%) of patients with hydroxychloroquine use 0 3 (9) –

Duration of hydroxychloroquine use in years, median (IQR) 0 6.2 (0.1 to 6.5) –
No. of patients with use of other DMARDs� 1 1 –
Current medication use
No. (%) of patients with current DMARD use 21 (72) 17 (53) NS
No. of patients with current use of:

SSZ monotherapy 10 4 –
SSZ in combination treatment 4 MTX 2 MTX –
MTX monotherapy 6 8 –
MTX in combination treatment 4 SSZ, 1 prednisone 2 SSZ, 1 HCQ –
Hydroxychloroquine 0 1 –
Antitumor necrosis factor 0 1 –

*SSZ, sulfasalazine; HCQ, hydroxychloroquine; �other DMARDs included: in 1 PLAC patient: 9 months’ treatment with ciclosporin and an autologous bone marrow
transplantation,27 respectively in 1 SSZ patient: 6 months of leflunomide treatment followed by recent introduction of anti-TNF-treatment.

Table 4 Comparison of outcome variables of PLAC and SSZ patients who participated in a placebo-controlled sulfasalazine trial13

and long-term follow-up study*

Variables

Trial baseline End of trial (24 weeks) Follow-up (median 9 years)

PLAC group n = 29 SSZ group n = 32 PLAC group n = 29 SSZ group n = 32 PLAC group n = 29 SSZ group n = 32

Active joints (range 0 to 71) 6 (3 to 11) 5 (2 to 11) 4 (1 to 11) 1*** (0 to 5) 4 (1 to 7) 2** (0 to 3)

Limited joints (range 0 to 67) 4 (1 to 8) 3 (1 to 6) 3.5 (1 to 6) 2 (1 to 4) 7 (3 to 13) 4 (1 to 12)

PGAS (range 0 to 5) 4 (3 to 4) 3 (2 to 4) 3 (2 to 3.5) 1**** (0 to 2) 2 (1 to 3) 1.5 (0 to 2)

Erythrocyte sedimentation rate mm/h 35 (11 to 54) 25 (12 to 38) 14 (8 to 29) 9 (6 to 15) 10 (7 to 26) 6 (4 to 18)

Physician’s VAS disease activity (range 0 to 100) NA NA NA NA 18 (3 to 31) 7 (0 to 16)

Patient’s VAS overall well-being (range 0 to 100) NA NA NA NA 13 (2 to 55) 2** (1 to 28)

C-HAQ score (range 0 to 3) NA NA NA NA 0.25 (0 to 2) 0.25 (0 to 1.8)

No. (%) of patients improved according to ACR Pediatric 30
definition`

NA NA 6 (21) 18 (56)�**** 5 (17) 15 (47)**

No. (%) of patients in remission at follow-up1 NA NA NA NA 1 (3) 8 (25)**

No. (%) of patients with episodes of remission between SSZ trial
inclusion and follow-up

NA NA NA NA 4 (14) 13 (41)**

Duration of episodes of remission in years NA NA NA NA 3.5 (2.3 to 6.3) 5.0** (3.5 to 7.0)

*Values are median and interquartile range (IQR), unless otherwise indicated. PLAC, placebo; SSZ, sulfasalazine; NA, not applicable; C-HAQ, CHAQ and HAQ results combined. PGAS: 0 = none;
1+ = very low; 2+ = low; 3+ = moderate; 4+ = active; 5+ = very active; Physicians’ visual analogue scale (VAS) disease activity (anchoring words 0 = inactive, 100 = severe) and patients’ VAS overall-
well-being (anchoring words 0 = very well; 100 = very poor); �of the 18 SSZ patients who were improved according to the ACR Pedi 30 at the end of the trial, 11 (73%) remained ‘‘improved’ at
follow-up; of the 6 PLAC patients who were improved at the end of the trial, none remained improved at follow-up (p,0.001); `improvement according to the ACR Paediatric 30 (ACR Pedi 30)
definition.

25
Variables included were: (1) number of active joints, (2) number of limited joints, (3) physicians’ global assessment of disease activity, and (4) erythrocyte sedimentation rate. Patients

were classified as improved when they showed at least 30% improvement in 3 of 4 aforementioned variables, and not one of the variables could be worsened by more than 30%; 1remission was
defined as clinical remission off anti-arthritis and anti-uveitis medication for at least 12 months;

24
episodes of remission were defined as the presence of episodes of disease remission off medication

during the disease course between trial inclusion and follow-up.
**, ***, ****p values of ,0.05, ,0.01 and ,0.001 for the differences in outcome scores between the treatment groups.
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p = 0.03). Duration of MTX treatment (OR 0.7 (0.5 to 0.97),
p = 0.02) and number of DMARDs used during the follow-up
period (OR 0.4 (0.2 to 0.9), p = 0.03) correlated negatively with
ACR Pedi 30 response. In multivariate analysis, only compli-
ance remained a significant factor. Adjusted for compliance, the
odds for ACR Pedi good outcome were 4.2 times higher (1.3 to
14.3, p = 0.02) in the SSZ group than the odds for PLAC.
Adjustment in addition for duration of MTX treatment and
number of DMARDs used during the follow up period changed
the odds ratio for the presence of the ACR Pedi 30 response in
the SSZ group to 4.7 (1.2 to 18.3, p = 0.03).

The study group was too small to reliably analyse the effects
across JIA onset subtypes. Nevertheless, the long-term advan-
tage of SSZ over PLAC was maintained in both oligoarticular
onset (n = 33) and polyarticular onset (n = 28) subgroups,
although statistical significance was lost in the latter (data not
shown).

DISCUSSION
The findings presented here demonstrate that in relatively early
JIA, a 6-month head start in the initiation of SSZ therapy leads
to a better outcome 9 years later. At review for follow-up,
patients in the SSZ group were in better health than patients in
the PLAC group: numerical differences, often exceeding 50%,
were apparent in almost all comparisons, and many of these
were statistically significant. We believe this is the first strong
evidence to support early intervention with DMARD in active
JIA. Patients’ compliance with prescribed DMARD treatment
appeared to be another important factor related to the presence
of active disease and overall outcome.

Almost all measures studied point to a lower level of disease
activity over time in the SSZ group. It is of note that post-trial
treatment appeared less intensive in the SSZ group as
evidenced by the lower number of used DMARDs, the lower
median duration of use of different DMARDs, and the lower
number of patients with current DMARD use at follow-up. This
suggests that SSZ patients were in better condition, and needed
less treatment to maintain good disease status. This would also
explain the results of the confounder analysis, where a longer
duration of MTX therapy correlated with less likelihood of ACR
Pedi 30 improvement. Our trial showed that SSZ was effective
in suppressing disease activity and retarding radiological
progression in JIA.13 29 These observations support the concept
that the level of disease activity is set at an early active stage of
the disease, and that pharmacological resetting of the disease
process is easiest to achieve within a narrow time frame. This
so-called ‘‘window of opportunity’’ has been observed in several
studies in adults but not yet in JIA.30–34 Notably, we observed
this window even though SSZ could be termed ‘‘moderately
active’’ and its onset late by current standards.35 36

Despite these promising results, and despite the low median
C-HAQ values in both groups, the range of C-HAQ values, the
presence of active disease and the increase in limited joints at
follow-up points to substantial room for improvement in JIA
care. For the 1990s, treatment of the study participants can be
qualified as intensive compared with other JIA outcome
studies.2 4 Probably the trial cohort preferentially included
severe cases of oligoarticular- and polyarticular onset JIA
patients. Another explanation for persistent disease is the
impressive non-compliance we were able to document.
Compliance is known to be a precarious issue, especially in
adolescents with chronic disease.37 Results of our study show a
clear relation between therapy compliance and a better disease
outcome as reflected in joint scores, patients’ scores and
probability of surgical intervention. The results of this study
suggest that unrelenting attention to this issue is needed in
daily practice.

This study has limitations. Treatment initiation would not be
called early by current standards. In addition, although its start
as a trial suggests equal prognosis of treatment groups at
baseline, the small group size, the uncontrolled treatment
strategy and retrospective data collection all increase the chance
of bias. Exploratory analyses increase the chance of type 1
errors. Nevertheless, from the additional confounder analyses,
it appears unlikely that the better outcome of SSZ patients is
due to differences in patient characteristics or consecutive
DMARD therapy. The observation that in both treatment
groups, the delay of DMARD introduction was similar in
oligoarticular respectively polyarticular onset JIA precluded this
form of treatment bias. We cannot completely rule out that
despite stratification per JIA onset subtype and randomisation
for treatment assignment, patients with more progressive
disease were unequally divided over the treatment arms.
Prospective controlled studies are preferable to determine the
influence of timing and sequence of specific DMARD treatment
in different subtypes of JIA, but it is very hard to organise these
type of studies.

In summary, this is the first follow-up study to show that
effective suppression of disease activity by SSZ treatment early
in an active phase of disease in oligo- and polyarticular onset
JIA patients has beneficial effects that persist for many years.
This study supports the assumption that early institution of
aggressive antirheumatic treatment relates to a better long-
term outcome for JIA patients. In addition, patients’ treatment
compliance deserves attention. Future studies have to elaborate
which antirheumatic treatment strategy is most effective in
suppression of disease activity and prevention of long-term
joint damage.
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