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Candidate Early Predictors for Progression to Joint
Damage in Systemic Juvenile Idiopathic Arthritis
CHRISTY SANDBORG, TYSON H. HOLMES, TZIELAN LEE, KATHLEEN BIEDERMAN, DANIEL A. BLOCH,
HELEN EMERY, DEBORAH McCURDY, and ELIZABETH D. MELLINS

ABSTRACT. Objective. To assess if joint damage at 2 years after diagnosis in patients with systemic juvenile idio-
pathic arthritis (SJIA) can be predicted by clinical or laboratory features assessed up to 3 or 6 months
after diagnosis.
Methods.Medical records from 70 children were retrospectively reviewed. The primary outcome meas-
ure was presence of joint damage at 2 years after diagnosis (JD2) as defined by presence of erosions or
fusion in one or more joints. Potential predictor variables for JD2 in the first 3 and 6 months after diag-
nosis consisted of the highest observed white blood cell count, platelet count, erythrocyte sedimenta-
tion rate, active joint count, and presence of symptomatic pulmonary or cardiac disease or macrophage
activation syndrome, and treatment data.
Results. The outcome of interest, JD2, was identified in 15/70 patients. Classification-tree analysis
identified a pair of variables (highest observed platelet count and number of active joints) measured
within the first 3 months after diagnosis that together predicted progression to JD2 with an estimated
sensitivity of 87%, specificity of 82%, and positive predictive value of 57%. Multivariate logistic
regression analyses at 3 months found that higher quantities of joints with active arthritis and early use
of methotrexate (MTX) were factors significantly associated with increased odds of progression to JD2
(active joints odds ratio = 1.08, 95% CI 1.00–1.16, p = 0.04; MTX OR = 11.85, 95% CI 1.89–74.26, 
p = 0.01). Unsupervised cluster analysis identified 2 major phenotypes of patients at 3 months charac-
terized by different ages at onset, acute phase markers, active joint counts, and presence of serositis.
These phenotypes differed 3-fold in proportion of subjects progressing to JD2 (p < 0.05).
Conclusion. By 3 months after diagnosis, a clinical phenotype based on active joint count and platelet
count may be prognostic of an increased risk of progression to JD2. Use of corticosteroids did not
appear to change the risk of joint damage. In contrast, the presence of serositis appeared to be associ-
ated with decreased risk of joint damage. (First Release Sept 1 2006; J Rheumatol 2006;33:2322–9)
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Systemic juvenile idiopathic arthritis (SJIA) is characterized
by uniquely disparate outcomes: from remission with rare
relapses and minimal if any residual problems, to a relapsing

course with symptom-free intervals, to a progressive and often
relentless destructive arthritis with chronic disability1. The
global longterm outcome of children with SJIA depends upon
the degree of growth impairment, psychosocial effects, and
severity of disability due to joint damage and arthritis2. The
key pathophysiologic abnormalities that are responsible for
these adverse outcomes are persistent inflammation, joint
damage, and secondary treatment side effects.

A major problem in care of children with SJIA is the inabil-
ity to reliably predict with adequate specificity and sensitivity
which patients require more aggressive therapy early in the
disease course in order to prevent poor outcome. Three stud-
ies have evaluated the relationship of clinical measures at 6
months of disease to the outcomes of active erosive arthritis or
functional disability at 2 or more years after onset3-5. These
studies identified systemic features such as persistent fever,
corticosteroid therapy, thrombocytosis, lymphadenopathy,
and activity and distribution of arthritis, as possible predictors
of poor outcomes. We sought to confirm and expand these
findings, including whether the presence of more severe SJIA
manifestations such as symptomatic cardiopulmonary serosi-
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tis or macrophage activation syndrome (MAS) identified a
subset with different outcomes and whether accurate predic-
tion can be obtained earlier (i.e., at 3 months of disease). In
addition, we specifically evaluated whether early treatment
with methotrexate (MTX), other disease modifying
antirheumatic drugs (DMARD), or corticosteroids modified
outcomes.

The outcome chosen for this study was the presence of
severe joint damage at 2 years after diagnosis (JD2), as meas-
ured by radiographic evidence of joint destruction (erosions or
joint fusion). Radiographic joint damage is the endpoint of
greatest biologic and clinical importance because early radio-
graphic changes represent an aggressive disease course6-8.

The 3 major goals of our study were to identify predictors
of severe joint damage early in the disease course (by 3 or 6
months after diagnosis). Specifically, we sought (1) to identi-
fy a candidate prognostic model that, if validated, could be
used by clinicians in making early treatment decisions and in
designing clinical trials; (2) to identify general associations
between early features of disease and joint damage not
revealed in the prognostic model; and (3) to distinguish major
phenotypes of patients early in their disease course that may
predict JD2. We relied heavily upon multivariate statistical
methods because diseases such as SJIA appear to have com-
plex pathophysiology, with diverse and interdependent clini-
cal and biologic variables.

MATERIALS AND METHODS
Patient population. Medical records of all patients with SJIA (n = 94) fol-
lowed at the University of California at San Francisco Medical Center and
Lucile Salter Packard Children’s Hospital at Stanford University between
January 1990 and March 2004 were reviewed, retrospectively. Criteria for
inclusion in the study included definite diagnosis of SJIA, complete records
available from the time of diagnosis, interval between symptom onset and
diagnosis of SJIA < 5 months, and at least 2 years of followup after diagno-
sis. Definite diagnosis of SJIA is defined by the International League of
Associations for Rheumatology (ILAR)9,10 revised criteria for JIA and sub-
types as onset before age 16 years of arthritis exceeding 6 weeks’ duration,
with or preceded by daily fever of at least 2 weeks’ duration, and accompa-
nied by one or more of the following: (1) evanescent, non-fixed erythematous
rash; (2) generalized lymph node enlargement; (3) hepatomegaly or
splenomegaly; or (4) serositis. All analyses were based on time since diagno-
sis of SJIA. The 24 patients who did not meet inclusion criteria were 4 who
had a delay in diagnosis > 5 months, 14 who received their early care else-
where, 5 without adequate data at 2 years, and 1 patient with comorbidity
(serious joint infection) confounding radiological analysis. The excluded
patients were similar in age at onset (7.2 yrs) and sex distribution (50% male)
to the study cohort, but had an increased incidence of erosive joint disease
(47%), found almost exclusively in those patients with late referral to pedi-
atric rheumatology centers.
Data collection and management. Comprehensive clinical information was
entered into the Stanford Juvenile Arthritis and Rheumatic Disease Database
(JARDD), designed and maintained by the authors. Quality control of data
entry included audit of all entered data from source documents. JARDD was
queried for the following candidate predictors for analysis: age of onset, lag
time between onset of symptoms and diagnosis, sex, presence of symptomatic
pulmonary disease, presence of symptomatic cardiac disease, presence of
MAS, highest observed white blood cell (WBC) count (cells/mm3), highest
observed platelet count (cells/mm3), highest observed erythrocyte sedimenta-

tion rate (ESR; mm/min), highest observed active joint count, and any use of
prednisone (including intravenous forms, PRED), MTX or tumor necrosis
factor (TNF) inhibitor. A “highest observed” value was the largest value
observed on a measure over the period of interest (i.e., 0–3 months or 0–6
months) and was chosen to reflect the most extreme representation of a given
variable. Pulmonary involvement was defined as symptomatic pleuritis, pleu-
ral effusion, or pneumonitis confirmed by radiograph. Cardiac involvement
was defined as presence of symptomatic pericarditis or myocarditis, con-
firmed by echocardiogram. MAS was diagnosed based on preliminary crite-
ria for diagnosis11: (1) laboratory criteria including decreased platelet count ≤
262,000, elevated aspartate aminotransferase > 59, decreased WBC count ≤
4000, and fibrinogen ≤ 250 mg/dl; (2) clinical criteria including evidence of
hemorrhage, central nervous system irritability, and hepatomegaly; and (3)
histopathologic confirmation of hemophagocytosis. Diagnosis of MAS
requires 2 laboratory criteria or 2 or more laboratory and/or clinical criteria,
with histologic confirmation required only in doubtful cases. Active joint
count was defined as the number of joints observed with swelling or limita-
tion of motion with pain (range 0–67)12. Since all patients had fever, and >
90% had other features of SJIA such as rash, lymphadenopathy, and
organomegaly, these variables were not included as they would not distin-
guish between clinical subsets. Persistence of these features was not evaluat-
ed as the effect of corticosteroids may mask the feature in certain patients,
making the features less reliable as predictors. No data were missing for any
of the candidate predictors in this data set.

The outcome variable, joint damage at 2 years, was also obtained from
JARDD and was defined as the presence of joint erosions or fusion on plain
radiograph in one or more joints. Patients with no clinical evidence of articu-
lar disease (no active, limited, or painful joints) at 2 years did not have radi-
ographic examination to minimize patients’ exposure to radiation. Patients
with active or limited joints had affected joints evaluated radiographically. All
radiographs were reviewed by the attending radiology faculty at the 2 institu-
tions. Because of the retrospective design of this study, a portion of the actu-
al radiographs for each patient were no longer available for review, so that
subtler progressive changes such as joint space narrowing could not be eval-
uated. For this reason, presence of clearly defined and accepted bony changes
(erosions or fusion) was used as the endpoint.
Statistical analysis. Analyses addressed the study’s primary, secondary, and
tertiary objectives in 3 steps. Step 1: We used classification trees to estimate
that particular subset of our candidate predictors that together best predict
progression to JD2. Step 2: Using logistic regression, we estimated if and how
each of our candidate predictors was associated with progression to JD2. This
second step was included because a candidate variable could be associated
with JD2 and yet not be among that best subset of predictors of JD2 identi-
fied in step 1. Step 3: Unsupervised cluster analysis allowed us to use our can-
didate predictors to categorize patients into distinct post-diagnosis pheno-
types. We then compared rates of JD2 among these phenotypes to assess if
these phenotypes, although derived without reference to the outcome, never-
theless differed in risk of progression to JD2. For all 3 steps, separate analy-
ses were run using candidate predictors measured during 0–3 months or 0–6
months post-diagnosis to identify the earliest yet most significant candidate
predictors. Statistical significance is defined by attained significance levels of
p < 0.05.

Classification trees13 were employed to identify that combination of can-
didate predictors that are most predictive of either having or not having JD2.
Classification trees are constructed by repeated splits of groups of patients
into pairs of descendant subgroups. Beginning with the entire sample, each
candidate predictor is tentatively used to split all patients into 2 groups: the
particular split that best succeeds in producing a high proportion of patients
that progress to JD2 in one group and a low proportion in the other is chosen
to serve as the first split. Each of these 2 resultant groups is then separately
split by this same procedure. Repeated splitting in this way produces a full
tree. The full tree is then “pruned back” to give a final reduced tree of mini-
mum cross-validated misclassification risk. The most descendant subgroups
of the final trees (see Figure 1) provide predictions of outcome. Sensitivity
(proportion of patients progressing to JD2 that are correctly classified) and
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specificity (proportion of patients not progressing to JD2 that are correctly
classified) were calculated14. Classification trees were constructed using the
RPART package15, which was run in S-Plus® 6.1 for Windows, Professional
Edition, Release 1.

For our second objective, logistic regression analyses were used to iden-
tify which of the 0–3 month or 0–6 month demographic, clinical, laboratory,
and treatment variables had statistically significant associations with JD2.
Separate univariate and multivariate logistic regression analyses were used
for this purpose, with the demographic, clinical, laboratory, and treatment
variables serving as candidate predictors, and presence or absence of JD2

serving as the dependent variable. Univariate regressions consisted of regress-
ing JD2 on each candidate predictor separately, while multivariate regression
regressed JD2 on all candidate predictors together in one model.

For our third objective, we used unsupervised cluster analysis to identify
subsets of patients of markedly different phenotypes at 0–3 months or 0–6
months, based on all candidate predictors (demographic, clinical, laboratory,
and treatment). Separately for each time period (0–3 and 0–6 months), an ini-
tial set of several phenotypes was identified using hierarchical cluster analy-
sis16, which were then reduced to 2 major phenotypes using k-means cluster-
ing (k = 2)17. To ensure that results were not affected by measurement units,

Figure 1. Classification trees for predicting progression to joint damage at 2 years (JD2) from the 0–3 month data (A) and the
0–6 month data (B). White circles denote groups that are predicted not to progress to JD2. Shaded circles denote groups that
are predicted to progress to JD2. Numbers of subjects with and without joint damage are shown for each split.
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each variable was standardized in preparation for hierarchical cluster analysis by
subtracting the variable’s sample mean from each observation and dividing this
difference by the variable’s sample standard deviation. Rates of JD2 were com-
pared between the 2 phenotypes via continuity-corrected chi-square analyses.

RESULTS
Characteristics of the study sample. A total of 70 patients with
SJIA who met study criteria were identified (Table 1). The
mean lag time between onset of symptoms and diagnosis of
SJIA was 6.8 weeks (SD 6.1). Patients were diagnosed
between 1990 and 2004 when MTX was in wide use, but
fewer patients had access to TNF inhibitors or other biologics.
Because only 1 patient in this cohort started taking a different
DMARD other than MTX (sulfasalazine) in the first 6 months
after diagnosis, MTX was the only DMARD evaluated in
these analyses. Highest observed values for WBC count, ESR,
platelet count, and active joint counts were obtained over the
0–3 or 0–6 month periods from an average of 0.8 measure-
ments per patient per month. The variation among subjects of
the highest observed WBC count was due to factors other than
steroid use as the correlation between WBC count and pred-
nisone or methylprednisolone pulses was weak (r = 0.35).
Race/ethnicity is included in Table 1 and is similar to propor-
tions of different racial and ethnic groups in the 0–18-year age
group in the Northern California Bay Area at last census,
reflecting the diversity of this population. Due to small num-
bers of subjects in each group, race/ethnicity is not included in
any analysis other than the descriptive analyses of Table 1.

The outcome variable (JD2, erosions and/or fusions) was
observed in 15 of the 70 patients studied. Radiographic ero-
sions were noted in 14 patients; 12 had multiple joints with
erosions (7 bilateral hips, 8 bilateral wrists, then variably,
fingers, knees, shoulders) and 2 patients had single joints
involved (hip and wrist, respectively). One patient had fusion
of the posterior processes of the cervical spine only. One
patient had fusion of posterior processes of the cervical spine
as well as erosions in other joints. Forty-seven patients (67%)
had no evidence of active arthritis or joint damage at 2 years.
Forty-five patients who had quiescent disease (no evidence of
active arthritis or limitation of motion) and a normal joint
examination did not have radiographs. All 23 patients with
active arthritis or limitation of motion had radiographs of
affected joints at 2 years, except for 2 patients. One patient’s
family refused radiographs because the patient had been doing
well and was undergoing a brief flare of disease that subse-
quently resolved. The other did not have radiographs until 3
years after diagnosis, and these were normal. Two patients
with quiescent disease and no limited joints had normal radio-
graphs. In the 19 patients with active arthritis at 2 years, the
mean number of active joints was 8.0 (SD 6.8). To evaluate if
the 2-year outcome was an accurate measure of eventual joint
damage, we examined a subset of patients in this cohort (N =
34) that were followed for at least 4 years. Baseline charac-
teristics of this subset were not statistically different from the
larger cohort (mean age 6.4 yrs, male:female 1:1, highest

Table 1.  Demographic, laboratory, clinical, and therapeutic characteristics.

Demographic Mean (SD) or Percentage

Age at onset, yrs 6.74 (3.83 SD)
Interval between symptom onset to diagnosis, weeks 6.8 (6.2 SD)
Sex 35 male/35 female
Ethnicity, %

Caucasian, non-Hispanic 53 (37/70)
Caucasian, Hipanic 33 (23/70)
Asian 11 (8/70)
African American 3 (2/70)

Clinical 0–3 Months (n = 70) 0–6 Months (n = 70)
Highest observed WBC/mm3 21.3 (10.3 SD) 22.8 (11.5 SD)
Highest observed platelet count, cells/mm3 611,000 (193,000 SD) 648,000 (209,000 SD)
Highest observed ESR, mm/min 93 (31 SD) 93 (31 SD)
Highest observed active joint count 7.7 (10.3 SD) 10.5 (12.6 SD)
Pulmonary disease, % 17 (12/70) 17 (12/70)
Cardiac disease, % 11 (8/70) 11 (8/70)
MAS, % 10 (7/70) 10 (7/70)
Taking prednisone, any dose, % 54 (38/70) 61 (43/70)
Taking MTX, % 23 (16/70) 37 (26/70)
Taking TNF inhibitors, % 1 (1/70) 6 (4/70)

Joint outcomes at 2 years after diagnosis
No active joint counts or joint limitation, % 67 (47/70)
Active joint count > 0, % 27 (19/70)
Active joint count and joint damage, % 16 (11/70)
Joint damage, % 21 (15/70)

WBC: white blood cell count, ESR: erythrocyte sedimentation rate, MAS: macrophage activation syndrome,
TNF: tumor necrosis factor.
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platelet count 633,000, highest active joint count 11.7).
Among these, all 14 patients with joint damage at 4 years
already had radiographic evidence of joint damage by 2 years.
Of the remaining 22 patients, 11 were in remission, and the
remainder had no bony changes on radiographs. This suggests
that in this cohort, JD2 was not overlooked in patients with
normal joint examinations at 2 years, even though radiographs
were not obtained. No patient with one or more active joints
and normal radiographs at 2 years subsequently developed
joint damage at 4 years.
Exploratory analysis of prognostic variables to identify sub-
sets of patients that differ in rates of progression to JD2. The
classification-tree algorithm seeks to identify the combination
of candidate predictors that best predict outcome.
Classification trees were generated using all 12 original can-
didate predictors as potential predictors. The 2 trees, one for
0–3 and one for 0–6 months, that gave the lowest cross-vali-
dated misclassification risk are shown in Figure 1. The
sequence of splits that produced each tree reads from the top
to the bottom in each panel of the figure.

Splitting begins with 70 patients, 55 with no JD2 and 15
with JD2 for the 0–3 month tree (Figure 1A) and for the 0–6
month tree (Figure 1B). For the 0–3 and the 0–6 month trees,
3 prediction groups (denoted by numbers 1 through 3) are
identified based on just 2 candidate predictors, highest
observed platelet count and highest observed active joint
count. Using this algorithm, 13/15 patients who developed
JD2 were correctly predicted at 3 months after diagnosis.
Groups labeled by shaded circles are predicted to progress to
JD2, while groups labeled by white circles are not. The first
split is at a highest observed platelet count of 788,000
cells/mm3. Patients with platelet counts > 788,000/mm3 over
0–3 months (Group 1) are predicted to progress to JD2, which
was true for 8 out of 14 patients in this data set (6 patients
were incorrectly classified as progressing to JD2, but did not).
Patients with highest observed platelet counts ≤ 788,000/mm3
are split again at a highest observed active joint count of 13.
Those with joint counts > 13 and a highest observed platelet
count not exceeding 788,000/mm3 are predicted to progress to
JD2 (Group 2), as was seen in 5 out of 9 patients (4 patients
were classified incorrectly). Patients assigned to Group 3 were
predicted to not progress to JD2, which was true for 45 of 47
patients (2 patients who did progress to joint damage were
included in this group). The tree predicts that patients with
highest observed platelet counts ≤ 788,000/mm3 will not pro-
ceed to JD2 if they have no more than 13 affected joints. In
terms of overall predictive performance of the 0–3 month tree,
87% of those patients with JD2 were correctly classified to
progress to JD2 (sensitivity) and 82% of those without JD2
were correctly classified to not progress to JD2 (specificity).
While positive predictive value (PPV) was only 57%, it was
over 2-fold greater than the percentage of patients with JD2
(15/70, 21%), indicating the gain in predictive value due to the
tree.

The optimal predictive tree obtained for 0–6 months
(Figure 1B) consisted of the same 2 candidate predictors with
the same thresholds obtained for 0–3 months. In the 0–6
month tree, all 15 patients who ultimately developed joint
damage were correctly classified. Therefore, for both trees,
sensitivity was high in that all or almost all patients with an
outcome of permanent joint damage were identified. Fourteen
patients who did not develop joint damage were incorrectly
predicted to develop joint damage, for a specificity of 75%
(similar to the 0–3 month tree). PPV was lower, at 52%.
Associations of candidate predictors with outcome JD2.
While classification trees can identify a subset of candidate
predictors that best predict outcome, they may not reveal all
associations between candidate predictors and the outcome.
For this reason, logistic regression analyses were used to test
for association between each candidate predictor and JD2 in
the first 3 months or first 6 months after diagnosis. Although
multivariate logistic regression provides a more comprehen-
sive analysis, especially in the presence of interdependent
candidate predictors, we include findings of the univariate
logistic regression analyses because the finding that a candi-
date predictor has a statistically significant association with
outcome in univariate regression as well as in multivariate
regression indicates an association that is more robust to
choice of statistical model. Because a large quantity of candi-
date predictors may lead to a spuriously good fit of a regres-
sion model18, 7 of the 12 candidate predictors were collapsed
to 3 new composite candidate predictors for a total of 8, as fol-
lows. Subanalysis on candidate predictors alone revealed that
2 of the major manifestations of systemic extraarticular dis-
ease — pulmonary and cardiac disease — were correlated
with each other; therefore, a single new indicator variable for
presence of any severe serositis (cardiac or pulmonary) was
used. Similarly, subanalysis revealed that WBC count, ESR,
and platelet count were correlated with each other; therefore,
a single-count variable was created that assumed the values
from 0 to 3 depending on how many of the following criteria
were met: ESR > 70 mm/min, platelet count > 500,000
cells/mm3, or WBC > 20,000 cells/mm3. Thresholds for WBC
count, ESR, and platelet count were set using clinical consen-
sus of the authors prior to examination of the study data.
Multivariate regression analysis used all candidate predictors
simultaneously in one model.

For both time periods, the number of active joints was sig-
nificantly associated with an increase in the odds of JD2 (p ≤
0.04) in the univariate and the multivariate analyses (Table 2).
The estimated odds ratio of 1.06 (95% CI 1.00–1.12) for high-
est observed quantity of active joints over 0–3 months indi-
cates that the addition of a single active joint increases the
odds of progressing to JD2 by 6%, so that increased risk is
considerable if multiple joints are active. For example, rela-
tive to a patient with no active joints, the odds of progressing
to JD2 in a patient with 15 active joints increases by 2.3-fold
and with 30 active joints increases by 5.3-fold. In the multi-
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variate regression analyses, the odds of JD2 decreased signif-
icantly with the presence of pulmonary and cardiac serositis
measured over the 0–6 month period (p = 0.04), and the odds
of JD2 increased significantly with use of MTX (p = 0.01) in
the first 3 months, but this association was not detected using
the data over 0–6 months. This association is important,
because it demonstrates that MTX did not appear to decrease
the chance of progressing to joint damage; similarly, no asso-
ciation (positive or negative) with prednisone was seen.
Patient phenotypes based on candidate predictors. A third
method used to analyze this cohort was cluster analysis, a
technique for identifying groups (phenotypes) of patients
based on degree of similarity on multiple attributes (here,
demographic, clinical, laboratory and treatment candidate pre-
dictors). Results of unsupervised clustering (hierarchical clus-
ter analysis followed by k-means) are given in Table 3. For
0–3 months and for 0–6 months, the most pronounced differ-
ences between the major phenotypes were pulmonary
involvement, platelet count, use of MTX, age at onset, and
quantity of active joints. Although cluster analysis used only
early variables and did not utilize the outcome variable, the
proportion of patients who progressed to JD2 differed signifi-
cantly between the 2 major phenotypes for 0–3 months (p =
0.0454) and for 0–6 months (p = 0.0165), as assessed by chi-
square analysis.

DISCUSSION
The results demonstrate that there are characteristic profiles of
demographic and early clinical, laboratory, and treatment
variables that distinguish groups of patients with SJIA early in

their disease course, and that these clinical phenotypes can
potentially be used to identify patients at risk for progression
to severe joint damage. Introducing treatment variables also
allowed us to explore whether certain treatments were associ-
ated with protection or progression to severe joint damage.
Using 3 different analytic methods, classification trees,
regression analyses, and unsupervised cluster analysis, strong
themes emerged that were consistent across these diverse
methods, indicating the robustness of these conclusions.

The most important finding in this study, using classifica-
tion-tree analysis, is the potential that a very high proportion
of patients who will develop JD2 can be identified in the first
3 months after diagnosis. Among 0–3 month candidate pre-
dictors, the combination of highest observed platelet counts
and highest observed quantity of active joints correctly classi-
fied 13/15 patients who progressed to JD2. This result was
robust in that the same combination of candidate predictors
over the 6-month period correctly identified all 15 patients.
This prediction was sensitive (87%) and specific (82%), but
10/55 patients were incorrectly classified as at risk for devel-
oping JD2. The optimal balance of risks between overidenti-
fying at-risk patients and underidentifying patients with JD2
depends on how use of a prognostic tool might change treat-
ment decisions. We and others have found classification-tree
analysis is very helpful in treatment decisions and diagnostic
algorithms for diseases as diverse as brain cancer, addiction,
and rheumatic diseases, as well as areas of study including
public health and epidemiology19-22.

Unsupervised cluster analysis identified 2 major clinical
phenotypes based on subjects’ early features. Phenotypes dif-

Table 2.  Univariate and multivariate logistic regression analyses of outcome of joint damage at 2 years (JD2) on early variables present in the first 3 to 6
months of disease. Bold type indicates p < 0.05.

Joint Damage at 2 Years After Onset
0–3 Months 0–6 Months

Candidate Variable OR (95% CI) p OR (95% CI) p

Univariate
Cardiac/pulmonary serositis 0.28 (0.04–1.79) 0.17 0.27 (0.04–1.76) 0.17
Highest observed active joint count 1.06 (1.00–1.12) 0.04 1.06 (1.02–1.11) 0.01
Highest observed WBC/ESR/platelets 1.68 (0.87–3.27) 0.12 1.84 (0.93–3.64) 0.08
MAS 0.58 (0.06–5.47) 0.63 0.70 (0.07–6.77) 0.75
Prednisone use 1.00 (0.28–3.54) 0.99 1.42 (0.35–5.85) 0.62
MTX or TNF inhibitor use 3.19 (0.96–10.56) 0.06 2.06 (0.71–5.91) 0.18
Age of onset 0.91 (0.77–1.07) 0.23 0.90 (0.76–1.06) 0.22
Male sex 1.56 (0.48–5.07) 0.46 1.62 (0.49–5.28) 0.42

Multivariate
Cardiac/pulmonary serositis 0.16 (0.02–1.21) 0.08 0.10 (0.01–0.92) 0.04
Highest observed active joint count 1.08 (1.00–1.16) 0.04 1.07 (1.00–1.14) 0.04
Highest observed WBC/ESR/platelets 2.53 (0.90–7.13) 0.08 2.07 (0.76–5.62 0.15
MAS 0.09 (0.003–2.61) 0.16 0.15 (0.01–3.05) 0.21
Prednisone use 0.85 (0.17–4.27) 0.84 0.81 (0.14–4.86) 0.82
MTX or TNF inhibitor use 11.85 (1.89–74.26) 0.01 3.67 (0.79–16.92) 0.82
Age of onset 0.92 (0.73–1.17) 0.51 0.99 (0.79–1.25) 0.95
Male sex 5.06 (0.80–31.96) 0.08 4.54 (0.82–25.06) 0.08

WBC: white blood cell count, ESR: erythrocyte sedimentation rate, MAS: macrophage activation syndrome, TNF: tumor necrosis factor.
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fer on several features, including highest observed quantity of
active joints and highest observed platelet counts (Table 3),
which were also identified as prognostic by classification
trees, as well as age and pulmonary involvement. These phe-
notypes appear to be prognostic, as they differ in rates of JD2
within each time period (0–3 and 0–6 months), even though
the phenotypes were derived without use of JD2 as a variable.

The question of whether early and aggressive therapy
might influence progression to JD2 was important in this
study. The positive association of MTX usage with increased
risk of JD2 (Tables 2 and 3) suggests that the pediatric
rheumatologists who were caring for these children correctly
identified patients at risk for progression to JD2 early and then
initiated early DMARD therapy. These decisions were most
likely based on “clinical impression” derived from the same
clinical and laboratory features that formed the candidate pre-
dictors for this study. If so, then at least a portion of patients
at risk for JD2 were correctly identified early and treated with
standard aggressive therapy; despite early detection, progres-
sion to JD2 still occurred in these patients. This conclusion is
consistent with observations by others that SJIA is more
resistant to MTX than other types of rheumatoid arthritis3.
Interestingly, no treatment variable (MTX, prednisone, or
TNF inhibitors) possessed a strong enough association with
JD2 to be selected as a predictor in the classification-tree
analysis.

One major issue in this and other studies of outcome in
SJIA is how to define a measurable outcome that is meaning-
ful to patients. We chose to use evidence of the stringent cri-
teria of severe joint damage occurring in the first few years of
disease as the primary outcome, because the literature sug-
gests that destructive synovitis is associated with longterm
disability in adults and children6-8. Distinguishing permanent
joint damage from active arthritis and pain is also important
from the viewpoint of therapies. Functional status tools such
as the instrument most commonly used in children, the Child
Health Assessment Questionnaire23, are more responsive to
pain and disease activity in disease and therefore may not be
as sensitive in detecting actual joint damage until very late24.

Three other studies have examined early predictors of out-
come in SJIA, and although the measured outcomes were dif-
ferent in each study, clear parallels exist between these reports
and our findings3-5. These studies suggested that persistent
active polyarticular arthritis and thrombocytosis at 6 months
were associated with poorer outcomes as defined by erosive
arthritis or functional status. Our data may permit earlier evalu-
ation of prognostic risk (at 3 months), and further, suggest that
patients with severe systemic disease (as defined by presence of
symptomatic pulmonary or cardiac involvement) may be a
unique subgroup that is less likely to develop joint damage.

Our data set was employed as an exploratory sample (in
contrast to a validation sample) for purposes of the analyses;
as such, the estimated sensitivity, specificity, and positive pre-
dictive values from the classification-tree analysis are possi-
bly overestimated. Validation of these 3 measures of predic-
tive performance will require application of the classification
trees identified here to additional patients in an independent
data set. Our results suggest that it may be possible to predict
progression to JD2 in SJIA with good specificity and high sen-
sitivity and do so with economy, as only 2 candidate predic-
tors need to be measured. The 3-month tree potentially has
greater predictive accuracy than any other model offered in
the literature to date. Such findings should facilitate early
identification of those patients at risk for more severe disease
and allow timely intervention to prevent joint damage.
Refinement of our results and the predictive trees using other
data sets could assist prognostication and treatment decisions
regarding progression to joint damage in SJIA.
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