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Objective. To identify a core set of outcome
variables for the assessment of children with juvenile
arthritis (JA), to use the core set to develop a
definition of improvement to determine whether
individual patients demonstrate clinically important
improvement, and to promote this definition as a
single efficacy measure in JA clinical trials by the
kappa statistic.

Methods. A core set of outcome variables
wasestablished using a combination of statistical and
consensus formation techniques. Variables in the core
set consisted of 1) physician global assessment of
disease activity; 2) parent/patient assessment of overall
well-being; 3) functional ability; 4) number of joints
with active arthritis; 5) number of joints with limited
range of motion; and 6) erythrocyte sedimentation
rate. To establish a definition of improvement using
this core set, 21 pediatric rheumatologists from 14
countries met, and, using consensus formation
techniques, scored each of 72 patient profiles as
improved or not improved. Using the physicians’
consensus as the gold standard, the chi-square,
sensitivity, and specificity were calculated for each of
240 possible definitions of improve-
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ment. Definitions with sensitivity or specificity of
<80% were eliminated. The ability of the
remaining definitions to discriminate between the
effects of active agent and those of placebo, using
actual trial data, was then observed. Each
definition was also ranked for face validity, and
the sum of the ranks was then multiplied

Results. The definition of improvement
with the highest final score was as follows: at least
30% improvement from baseline in 3 of any 6
variables in the core set, with no more than 1 of
the remaining variables worsening by >30%. The
second highest scoring definition was closely
related to the first; the third highest was similar to
the Paulus criteria used in adult rheumatoid
arthritis trials, except with different variables.
Thisindicates convergent validity of the process
used.

Conclusion. We propose a definition of
improvement for JA. Use of a uniform definition
will help standardize the conduct and reporting of
clinical trials, and should help practitioners decide
if a child with JA has responded adequately to
therapy. We are in the process of prospectively
validating this definition and several others that
scored highly.

The assessment of clinical response in
juvenile arthritis (JA) clinical trials is not
standardized. Multiple measures of outcome are in
use, and different trials may use different end
points. Some of these end points have low validity
characteristics and are insensitive to change (1),
some are redundant (2), and some are nonreliable
(poor reproducibility) (3). Additionally, there is
little consensus about the amount of change in end
points which signifies clinically important
improvement or worsening. This lack of
standardization may lead to inefficient trials that
require larger-than-necessary sample sizes, an
increased risk of statistical error, possible reporting
bias, multiple or ambiguous interpretations of
results, and an inability to compare multiple
therapies using meta-analysis techniques (4-7).
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A similar situation in adult rheumatoid arthritis
(RA) led to the development of a core set of outcome
variables and a preliminary definition of improvement
(8,9). This definition of improvement in adult RA is not
appropriate for use in children with JA because of
several factors: JA is considered a different disease
entity, some core variables are less often abnormal or
have lower scores in children than in adults, and their
measurement is compromised due to age-related cogni-
tive problems (e.g.. self-reported pain).

The purpose of this project was to develop and
promulgate a core set of end points that can be used in
future clinical trials in children with JA, to describe the
amount of change in each variable that is considered
clinically important, and to use the entire core set to
develop a definition of improvement to aid in the
classification of individual patients as either improved or
not improved. The long-term goals are to increase the
efficacy of JA clinical trials, and facilitate future
meta-analyses of therapies for JA. We anticipated that
the definition of improvement might also be useful to
physicians when assessing patient improvement in rou-
tine practice. We used an approach similar to that
developed by the Outcome Measures in Rheumatoid
Arthritis Clinical Trials (OMERACT) project that led to
the development of the American College of Rheuma-
tology (ACR) core set and definition of improvement
used in adult RA (10). The OMERACT core set has
now been endorsed by the World Health Organization
and International League Against Rheumatism. (11).

PATIENTS AND METHODS

A multistep process was used in developing the JA
core set of variables and definition of improvement. This
process is described below and is summarized in Figure 1.

Selection of the preliminary core set of response
variables. In 1993, a 16-member Advisory Council was formed
consisting of 1) members of the Rheumatology Section of the
American Academy of Pediatrics, the Pediatric Section of the
ACR, and the Arthritis Foundation, 2) OMERACT partici-
pants, and 3) private and academic practitioners. Prior to
convening as meeting of this committee, a brief questionnaire
was mailed to each member asking about response variables
used when assessing clinical response in patients with A. The
questionnaire listed 25 variables that had been used in the
reporting of JAC clinical trials and asked the physicians to
rank-order their top 6 choices. An “other” category was
provided to add variables not included in the list. Variables
were ranked in order of priority votes received. A total of 16
variables received votes, and these became known as the
candidate variables for inclusion in the core set.

The questionnaire also asked if it would be acceptable
to combine a cores set of variables into a single definition of
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Council. Presentation of data,
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Identification of the definition of
Iimprovement with the best
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Core Set of Outcome Variables
1. MD Global assessment of
overall disease activity

2. Parent or patient global
assessment of overall well-being

3. Functional ability

4. No. of joints with active arthritis
5. No. of joints with limited range
of motion

6. ESR

At least 30% improvement in at

with no more than 1 remaining
variable worsening by >30%

Figure 1. Process of choosing a core set of outcome variables, and,
using the core set, a definition of improvement, for use in juvenile
arthritis. ESR = erythrocyte sedimentation rate.

improvement in order to dichotomously divide patients into
those who improve by a clinically important amount and those
who do not. A total of 91% of the respondents indicated that
a valid definition for designating improvement would be
acceptable to them.

The performance characteristics (validity, reliability
sensitivity to change, redundancy) of all variables that received
votes in the survey questionnaire were investigated using the
literature and the core data bank of the Pediatric Rheumatol-
ogy Collaborative Study Group (PRCSG) described previously
(12). (Briefly, this databank contains all data from all trials of
secondOline agents studied by the PRCSG [n=551])

In 1994, a conference of the Advisory Council was
convened in Florida, and the performance characteristics of
each candidate variable were reviewed for attendees by the
conference organizer (EHG). Next, using consensus formation
techniques (nominal group technique[13]), attendees devel-
oped a preliminary core set of response variables. The cores set
included the following 6 end points: 1) physicians’ global
assessment of overall disease activity (measured on a 10-cm
visual analog scale [VAS]); 2) parent (or, if appropriate in age,
patient) global assessment of overall well-being (measured on
a 10-cm VAS); 3) functional ability; 4) number of joints with
active arthritis (as defined by the ACR criteria: presence of
swelling [not due to currently inactive synovitis or to bony

least 3 of the 6 core set variables
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Table 1. Correlation of different juvenile arthritis core set variables cross-sectionally*

Overall Functional No. of active No. of joints
MD global well-being ability joints with LROM
Overall well-being 0.49
Functional abilityt 0.38 0.57
No. of active joints 0.56 0.30 0.36
No. of joints with LROM 0.39 0.24 0.51 0.82
ESR 0.53 0.43 0.33 0.22 0.29

* Correlations (r values) ?0.7 are considered evidence of redundancy. LROM = limited range of motion;

ESR = erythrocyte sedimentation rate.
+ Derived through regression analysis

enlargement] or, if no swelling is present, limitation of motion
accompanied by heat, pain, or tenderness [14,15]); 5) number
of joints with limited range of motion; and 6) erythrocyte
sedimentation rate (ESR).

Ascertainment of international consensus on the
core set of variables. Following the conference in Florida,
several issues and questions remained to be addressed: 1) A
broader consensus about the core set and its use to define
improvement had to be obtained from other North American
and international practitioners. 2) If the core set was to be
used to define improvement, decisions would have to be made
regarding how many of the variables would have to improve,
and by how much, before practitioners could classify the
patient as improved. 3) Since not all variables can be expected
to improve, decisions would have to be made regarding how
many variables could worsen, and by how much, while still
allowing the patient to be classified as improved.

To address these issues, a questionnaire was
designed and was mailed to a larger, more international
sample of practitioners to obtain their reaction to the core set
and its proposed use. The questionnaire was designed to
provide preliminary data for organization of the International
Consensus Conference, described below. The following
mailing lists were used; to sample practitioners: 1) all
members of the PRCSG and Pediatric Rheumatology
Database Research Group (a consortium of pediatric
rheumatology centers that collects data on the diagnoses of
patients visiting their clinics); 2) all attendees of the Second
European International Congress on Pediatric Rheumatology;
and 3) other practitioners of pediatric rheumatology known to
us who were not otherwise on the above mailing lists.

A total of 198 questionnaires were mailed, and 140
(71 %) were returned (88 from Europe, 52 from North Amer-
ica). Results validated the conclusions reached during the
Florida conference: When variables were ranked according to
their priority score, the same 6 chosen in Florida were scored
highest in the larger survey. Based on the results, it was also
determined that the median improvement that should be
observed in order to classify a patient as improved within a
given variable was 30% for all variables except for functional
ability, which was 35%. It was further determined that the
number of variables that should improve by the specified
amount in order to classify a patient as clinically importantly
improved was 3, and the number that could be ignored if they
worsened was 2 (>30%). One hundred twenty four (89%) of
the 140 respondents said that they would be willing to use the
core set in combination to define improvement in individual

patients. Differences between results from the US and the
international respondents were inconsequential.

Assessment of multicollinearity. Having verified
that the end points in the core set were acceptable to a large
proportion of practitioners, the amount of multicollinearity
existing between the variables had to be observed in larger
and more diverse data sets. For this exercise, we used the
PRCSG core databank (n = 551), an inception cohort of 227
children with JRA from the Cincinnati Special Treatment
Center and from Pavia, Italy, who had taken part in a study of
predictors of outcome (16,17), and a cohort of 55 patients
from Pavia, Italy who had been followed up by one of us
(AR) and assessed for each variable in the core set (18); r
values greater than 0.7 were taken as evidence of collinearity.
Only the number of joints with limited range of motion and
the number of active joints showed evidence of collinearity (r
= 0.82) (Table 1). The data banks used for this exercise had
repeated measures for these 2 variables, and the r value for the
change in the number of joints with limited range of motion
versus the change in the number of joints with active arthritis
was 0.65 (2). Thus, we concluded from this exercise that the
core set variables were correlated but not excessively
redundant.

Development and selection of a definition of
improvement. Because the literature contained no definitions
of improvement using combinations of the variables in the
core set, we developed, for testing, a set of 240 definitions
that seemed reasonable in consideration of the data from the
international survey questionnaire discussed -above. A second
conference, entitled International Consensus Conference on
Defining Improvement in Juvenile Arthritis, was held in
Pavia, Italy in May 1996. The meeting was attended by 21
pediatric rheumatologists from 14 different countries (see
Acknowledgments for list of the 18 attendees who are not
authors of this report), and was facilitated by 2 of us (EHG,
NR) with expertise in nominal group process. The overall
goal of the meeting was to decide upon a preliminary
definition of improvement based on the core set of end points,
using a combination of statistical and consensus formation
techniques. In order to achieve this, there were 5 objectives,
which are described in consecutive order below.

1. Rate each of 72 paper patient profiles as
clinically importantly improved or not improved, using
nominal group technique. Existing clinical trial data were
used for patient profiles presented to conference attendees for
evaluation of response. The Italian Pediatric Rheumatology
Study Group had conducted an open-label, uncontrolled trial
of methotrexate (MTX), 10 mg/m2/week (n = 94). This trial
was selected as
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a source of patients because it was the only one known to us
that had measured each of the core set variables. The profiles
elected were those near the threshold level of improvement, as
determined by the international survey described above (e.g.,
patients who showed 100% improvement in all outcome
variables were not good candidates for inclusion because
everyone would agree that the patient had improved, and all
the definitions of improvement would categorize the patient
as improved.) The Juvenile Arthritis Functional Assessment
Report (19) had, been used to assess functional ability. For
each core set variable, absolute values at baseline and 6
months were shown, as well as the absolute difference and
percent change from baseline. Participants were randomized
into equally sized nominal groups and asked to silently rate
each of 72 patient profiles as clinically importantly improved
or not improved. The moderator then asked each member how
he or she had voted on each patient. If an 80% consensus
about whether the patient was improved or not improved was
not achieved, the case was discussed in round-robin fashion
and a second vote taken. If 80% consensus was still not
attained, the patient profile was declared uninterpretable and
not used further in the nominal group. A plenary session was
then held in an attempt to resolve those cases scored
discordantly by the groups.

2. Using the physicians' consensus judgment as the
gold standard, calculate the percent false positive and
false-negative rates, chi-square, sensitivity, and specificity for
each definition of improvement. We evaluated the ability of
the 240 candidate definitions of improvement to classify
individual patients as improved or not improved and then
assessed the agreement between the "decision" of the criteria
and the consensus of the physicians. We used only patient
profiles for which physician consensus was achieved. For
each definition, we calculated the chi-square (1 degree of
freedom) and the corresponding P value, sensitivity (ability of
the definition to identify a patient as improved who had been
classified as improved by the physicians), specificity (ability
of the definition to identify a patient as not improved who had
been classified as not improved by the physicians), rate of
false-positivity ([number falsely identified as improved by
criteria/all patients identified as improved] x 100), and rate of
false-negativity ([number falsely identified as not improved
by the criteria/all. Patients identified as not improved] x 100).
Those definitions of improvement showing either a sensitivity
or specificity of <80% were eliminated from further
consideration. On the next day, the results of the statistical
exercises were presented to the group of physicians.

3. Observe the ability of the remaining definitions of
improvement to discriminate between active agent and
placebo using existing trial data. This phase of the exercise
was very limited in scope because placebo-controlled clinical
trial data-bases in which all of the core set variables had been
measured were not in existence. We used data from the 10
mg/m /week MTX-versus-placebo trial published previously
(20), for 2 reasons: the active treatment arm (MTX) produced
large effect sizes in the original trial analysis, and many (but
not all) of the core set variables had been measured. Those
core set variables that had not been measured were derived
through regression analysis using variables that had been
assessed and that correlate with core set variables, as
discussed in greater detail below.
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4. Using nominal group technique, decide upon
which of the remaining definitions of improvement is easiest
to use and most credible (highest face validity). The attendees
were again split into 2 groups, and, using nominal group
technique, were asked to decide upon which of the definitions
of improvement that performed best were easiest to use and
most credible (face validity), ranking the 5 best from 5
highest face validity) to 1 (lowest).

5. Multiply the face validity score by the kappa
values to obtain the "best" definition. We used the kappa
statistic as an additional measure of agreement between the
physicians' evaluation and the definitions; K values >0.7
were considered to be evidence of agreement. Finally, we
combined the face validity rankings by the 2 nominal groups
and multiplied this sum by its kappa statistic to obtain the
"best" definition (9).

RESULTS

Results of scoring the patient profiles. The
21 physicians scored 31 of the 72 patient profiles as
clinically importantly improved, 27 as not improved,
and 14 as uninterpretable. In no case did one nominal
group rate a patient as improved and the other group
rate the same patient as not improved.

Identification of 9  definitions  of
improvement as the best performers. Nine of the 240
definitions of improvement showed a sensitivity and
specificity > 80%. These 9 definitions, their
corresponding chi-square values, P values, percent
false-positive and false-negative rates, and kappa
statistics are shown.in Table 2.

Face validity of the 9 definitions of
improvement, and final resolution. After presentation
of the above data, the attendees, using nominal group
technique, ranked the 9 definitions for face validity on a
1-5 scale, with 5 being the highest. Another 5
definitions were added by the participants to the list to
be ranked for face validity, but all received a low
ranking in the final vote (data not shown). The sum of
the combined ranks from the 2 groups is presented in
Table 2 (range 9-70). Finally, the sum of the ranking
was multiplied by its kappa statistics to obtain the final.
score (range 7.4460.80), and the definitions of
improvement with the highest final score were
identified. The definition of improvement that scored
highest was as follows: at least 30% improvement in at
least 3 core set variables, with no more than 1 of the
remaining variables deteriorating by more than 30%.

As can be seen in Table 2, the definitions that
scored second and third highest were very similar to the
gist. The third definition is similar to the Paulus criteria
used in adult RA (21). The similarity of the top-ranking
definitions indicates convergent validity of the process.
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Table 2. Final results for the 9 best definitions of improvement*
False- False- Sum of face
Sensitivity, Specificity, positive, negative, K validity Final

Definition of improvement Xt % % % % statistic scores score
3 of any 6 improved by >30%; no more ~ 43.8 100 85 11 0 0.87 70 60.80
than 1 worse by >30%
3 of any 6 improved by >30%o0; no 40.7 100 81 14 0 0.84 54 45.23
more than 2 worse by >30%
4 of any 6 improved by >20%; no more ~ 43.0 94 93 6 7 0.86 41 35.32
than 1 worse by >30%
MD global improved by >20%; 3 of any ~ 43.0 94 93 6 7 0.86 33 28.43
remaining 5 improved by >20%; no
more than 1 worse by >30%
4 of any 6 improved by >20%; no more ~ 39.7 94 89 9 8 0.83 25 20.67
than 2 worse by >30%
3 of any 6 improved by >30%; none 27.9 81 89 11 20 0.69 22 15.27
worse by >30%
MD global improved by >20%; 2 of any ~ 36.9 97 81 14 4 0.80 19 15.16
remaining 5 improved by >30%; no
more than 1 worse by >30%
2 of any 6 improved by >40%; no more  30.3 90 81 15 12 0.72 11 7.96
than 1 worse by >30%
MD global improved by >20%; 3 of any ~ 39.7 94 89 9 8 0.83 9 7.44
remaining 5 improved by >20%; no
more than 2 worse by >30%
* See text for definitions of false-positive and false-negative rates and for other details.
T P values <0.001.

Discriminant validity of the 9 definitions To make some attempt at determination of

of improvement. As discussed above, our ability to
assess the discriminant ability of these 9 definitions
of improvement was compromised due to the lack of
placebo-controlled clinical trial data sets that use the
core set of variables.

discriminant validity, we used the 10 mg/m?*/week
MTX clinical trial data set of the PRCSG (20). The
results are presented in Table 3. While the percent of
MTX-treated patients who improved was high (range

56.7-80.0%) for

Table 3. Discriminant validity of the 9 definitions of improvement that yielded sensitivity and specificity

>80%*

% of MTX-treated
patients improved

% of placebo-treated

patients improved

Definition of improvement (n=38) (n=139)
3 of any 6 improved by >30%; no more 63.3 40.0
than 1 worse by >30%
3 of any 6 improved by >30%; no more 80.0 433
than 2 worse by >30%
4 of any 6 improved by >20%; no more 63.3 433
than 1 worse by >30%
MD global improved by >20%; 3 of any 63.3 433
remaining 5 improved by ?20%; no more
than 1 worse by >30%
4 of any 6 improved by >20%; no more 76.7 46.7
than 2 worse by >30%
3 of any 6 improved by >30%; none 56.7 30.0
worse by >30%
MD global improved by >20%; 2 of any 63.3 40.0
remaining 5 improved by >30%; no more
than 1 worse by >30%
2 of any 6 improved by >40%; no more 63.3 40.0
than 1 worse by >30%
MD global improved by >20%; 3 of any 66.7 433

remaining 5 improved by >20%; no more
than 2 worse by >30%

* Data from a clinical trial of methotrexate (MTX; 10 mg/m*week) versus placebo in juvenile arthritis (20)

were used for this analysis
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all definitions, the percent of placebo-treated patients
same who improved according to these definitions was
also high (30.0-46.7%). These data must be interpreted
with considerable caution. Since this data set does not
contain all of the core set variables, some had to be
derived and converted from other scales of measure.
The physician global evaluation and parent/patient
global evaluation had to be derived from a scale that
contained only the categories much better, better, same,
worse, and much worse. Functional ability had to be
derived through regression analysis using the number of
joints with limited range of motion, with which it has
shown good correlation in other data sets.

DISCUSSION

Using a consensus formation and statistical ap-
proach, our results suggest that improvement in patients
with JA can, be defined as follows: 3 of any 6 core set
variables improved by at least 30%, with no more than
1 of the remaining variables worsened by more than
30%. The variables included in the core set are 1)
physician global assessment of disease activity; 2)
parent/patient global assessment of overall well-being
(each scored on a 10-cm VAS); 3) functional ability; 4)
number of joints with active arthritis; 5) number of
joints with limited range of motion; and 6) ESR. This
set of end points has an intuitive appeal to the clinician
in that it combines aspects of the articular examination
with true outcome (functional ability and parent/patient
assessment of overall well-being).

We propose these end points as a core set
only; investigators can measure as many other variables
as they deem appropriate. Indeed, we believe other vari-
ables should still be measured and reported. Further-
more, the core set does not have to serve as the basis for
the primary outcome, but the core set variables should
always be measured. Patients should be evaluated as
improved or not improved by comparing the values of
the core end points at the end of the trial, or at
withdrawal from trial (intent-to-treat approach), with
baseline values.

The definition of improvement developed here
shows high sensitivity and specificity, and low false-
positive and false-negative rates. Moreover, the top 3
definitions with the highest final score showed conver-
gent validity: all 3 are very similar to each other, the
third highest is similar to the Paulus criteria (with
slightly different variables) that have been used by adult
rheumatologists for many years, and the international
questionnaire survey done in 1995 yielded nearly the
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definition of improvement in terms of the number of
variables that must improve, the percent change that
must be attained in order to call the variables improved,
and the number of variables that could worsen and the
patient still be classified as improved. Because of the
relatedness and similarity in performance of the top 3
definitions identified here, we intend to observe the
relative performance of each in prospective validation
studies.

Several issues remain unresolved. Because of
a lack of adequate data sets, we were not able to
provide firm conclusions about the discriminant ability
of the definitions under placebo-controlled trial.
Prospective validation of the definition will be a
necessary next step.

We did not specify which of the functional
ability tools currently available or under development
should be used. This issue may be of little importance
provided the instrument used has been validated in the
pediatric population, and all investigators use the same
instrument throughout a trial. When the instruments
now under development complete validity testing, it
may become possible to recommend one that combines
measurements of functional ability and health-related
quality of life.

The issue of redundancy between the number
of joints with active arthritis and the number of joints
with limited range of motion will have to be reviewed
carefully as the definitions are tested further. One
suggestion is to use the number of joints with swelling,
rather than active joints, as in the core set for adult RA.
However, this is not likely to solve the problem. The
number of joints with swelling also correlates with the
number with limited range of motion, and the further
problem of joints that are swollen due to bony
enlargement without currently active synovitis arises.

The lack of valid, widely available laboratory
markers of inflammation in children with JA leaves the
core set with only the ESR as a biochemical marker of
response. Some children enrolled in trials of
second-line agents have a normal ESR throughout the
study, thus compromising the utility of the definition of
improvement. As the science advances, investigators
should feel free to replace the ESR with another, more
specific laboratory marker. This can be done in the
prospective validation phase.

We did not attempt to create different
definitions of improvement for the various phenotypes
of JA. Rather, we attempted to make the definition
robust enough to cover all types of JA, focusing on the
central features of arthritis, function, and overall
well-being. The primary outcome in a study of
systemically ill
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children may be fever reduction, but the core set will
still be useful to assess.

Other issues that remain include whether it
would be more desirable to define levels of
improvement (none, mild, moderate, marked) by
using an approach similar to that used by the
European League Against Rheumatism (22), the
possibility of using reduced joint counts, the
acceptance of the definition of improvement and
Drug Administration, and the impact of the chang-ing
classification criteria for the idiopathic arthritides of
childhood (23).

In summary, we propose a definition of JA
improvement that has >80% sensitivity and
specificity and high face validity. Use of a uniform
definition will help standardize the conduct and
reporting of clinical trials, and may help practitioners
decide if a child with JA has responded adequately to
therapy.
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