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Abstract

Objective: Our objective was to develop and validate a composite disease flare definition
for juvenile spondyloarthritis that would closely approximate the clinical decision made to
reinitiate/not reinitiate systemic therapy after therapy de-escalation.

Methods: Retrospective chart reviews of children with spondyloarthritis who underwent
systemic therapy de-escalation of biologic or conventional disease-modifying antirheumatic drugs
(b DMARDSs; cDMARDSs) were used to develop and validate the flare outcome. Independent
cohorts for development (1 center) and validation (4 centers) were collected from large tertiary
healthcare systems. Core measure thresholds and candidate disease flare outcomes were assessed
using sensitivity, specificity, positive (PPV) and negative predictive values (NPV), and area under
the receiver operating characteristic (AUROC) curve with physician assessment of “active disease
plus re-initiation of standard dose of systemic therapy as the reference standard.

Results: Of the candidate definitions, clinically meaningful worsening in =3 of the following five
core measures performed best: caregiver/patient assessment of well-being, physician assessment
of disease activity, caregiver/patient assessment of pain, physical function, and active joint

count. AUROC was 0.91, PPV 87.5%, NPV 98.1%, sensitivity 82.4%, and specificity 98.7%.
Cronbach’s a was 0.81, signifying internal consistency and factor analysis demonstrated the
outcome measured one construct. “JSpAflare” had face validity according to 21 surveyed pediatric
rheumatologists. JSpAflare had AUROC 0.85, PPV 92.3%, and NPV 96.8% in the validation
cohort.

Conclusions: There is initial support for the validity of JSpAflare as a tool to identify disease
flare in juvenile spondyloarthritis patients de-escalating therapy and is potentially applicable in
clinical practice, observational studies, and therapeutic trials.

Clinical trials in juvenile spondyloarthritis are greatly needed both for efficacy of novel
targeted agents as well as for therapy de-escalation strategies in those who have achieved
sustained remission. Since the introduction of biologic disease modifying anti-rheumatic
drugs (b DMARDs) such as tumor necrosis factor inhibitors (TNFi), inactive disease is a
realistic goal. In 2018, an international task force of pediatric rheumatologists developed
recommendations for treating juvenile arthritis, including spondyloarthritis, to target.(1) The
primary treatment target for juvenile arthritis was inactive disease, defined as the absence

of all clinical signs and patient-experienced symptoms of inflammatory disease activity.
Current treatment approaches for children with spondyloarthritis have resulted in up to 60%
attaining inactive disease while on therapy.(2-4)

The international pediatric task force specified several overarching principles for the
management of juvenile arthritis, which included not only controlling signs and symptoms
of disease but also avoidance of drug toxicities and optimization of personal well-being.

(1) The use of injectable biologics can affect quality of life, cause anxiety, and create a

sense of “being different” in children.(5) Recently, the COVID-19 pandemic has prompted
numerous inquiries from families and patients regarding whether being on a conventional or
biologic disease modifying antirheumatic agent (cDMARD; bDMARD) increased the risk of
infection with SARS-CoV-2, and, if infected, whether being on a cDMARD or bDMARD
increased the risk of having more severe disease. In the absence of definitive answers, many
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families’ next question was, “Can we stop the medication?” There is limited to no data to
guide therapy de-escalation in juvenile SpA. In order to study the risk of flare after therapy
de-escalation, a validated composite measure of flare that closely approximates the clinical
decision made in routine care to reinitiate or not reinitiate systemic therapy after therapy
de-escalation is greatly needed.

There are no validated definitions of flare in juvenile spondyloarthritis though juvenile
idiopathic arthritis (JIA) flare measures have been developed and used in randomized
withdrawal trials and biologic de-escalation trials in polyarticular JIA.(6-8) The validity

of those metrics has not been examined in juvenile spondyloarthritis, which encompasses
different disease manifestations that are important to consider. The existing flare definitions,
(6-8) based on the American College of Rheumatology (ACR) pediatric six core response
variables,(9) are heavily dependent on the presence of peripheral joint disease with

separate measures for the active joint and limited range of motion counts. A recent

TNFi withdrawal trial of polyarticular patients in remission used a modified ACR core

set definition of flare. In addition to meeting the 30% worsening from baseline in three
cores, the change from baseline had to exceed the clinically important change in each

core (e.g. an increase in the active or limited range of motion joint count by at least 2).

(7) The potential application of this flare definition to the spondyloarthritis population is
problematic as only one-third of children have polyarticular disease, and early disease flare
in spondyloarthritis can also manifest as recurrence of enthesitis and/or axial symptoms,
neither of which are encompassed with the juvenile arthritis flare criteria. In 2014, a juvenile
spondyloarthritis disease activity (JSpADA) index was developed using modified Delphi
consensus techniques with input from 106 physicians from 14 countries.(10) The JSpADA
index contains eight items all scored 0-1 for a total score of 8. JSpADA items include
active joint and enthesis counts, patient pain scores, inflammatory markers (erythrocyte
sedimentation rate or C-reactive protein), morning stiffness, clinical sacroiliitis, uveitis, and
back mobility. A 7-item version of the JSpADA that excluded the measure of back mobility
was also prospectively validated.(11)

We aimed to leverage the work done to develop the JIA flare criteria used in polyarticular
JIA (7, 9) and the JSpADA index (10) to develop and validate a composite flare

outcome for patients with juvenile spondyloarthritis called the juvenile spondyloarthritis
flare (JSpAflare). JSpAflare was designed to closely mirror the disease activity threshold
that triggers reinitiation of systemic therapy after therapy de-escalation in children with
spondyloarthritis in routine care.

PATIENTS AND METHODS

Human Subjects protections.

The protocol for this retrospective study was reviewed and approved by the Institutional
Review Boards at Children’s Hospital of Philadelphia, the University of Utah and
Primary Children’s Hospital, University of Texas Southwestern, University of Alabama at
Birmingham, and University of Minnesota.
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Patients.

The source population for the development cohort was a retrospective longitudinal data set
of children with spondyloarthritis who were evaluated at a large tertiary care center in a
rheumatology clinic. Patients who met the following criteria were eligible for inclusion:
fulfilled International League of Associations for Rheumatology enthesitis related arthritis
criteria, treatment de-escalation of a cDOMARD or bDMARD was initiated secondary to
inactive disease and outcome data available for the reference visit and at least 1 follow-up
visit. Children with a history of inflammatory bowel disease, psoriasis, uveitis, or amplified
pain were excluded as these comorbidities may confound treatment recommendations. The
source population for the validation cohort was an independent data set from four large
tertiary care centers and the inclusion and exclusion criteria were the same as for the
development cohort.

Data.

Data was abstracted from the electronic medical record or paper charts. Patient reported
outcomes at 1 site (Utah) were obtained from the Childhood and Arthritis Research Alliance
(CARRA) Registry. The following data elements were abstracted from each eligible clinic:
demographics, clinical exam features (active joint count, tender enthesis count), caregiver/
patient assessment of well-being, physician assessment of disease activity, caregiver/patient
assessment of pain, physical function (Child Health Assessment Questionnaire [CHAQ](12),
NIH Patient Reported Outcomes Measurement Information System [PROMIS] mobility(13)
or upper extremity function(13) short forms, or 4-question function form modeled to be a
streamlined version of the CHAQ), medication use, and physician’s impression of disease
activity (inactive, active, or uncertain).

Active joint count was defined as the number of joints with swelling or, in the absence

of swelling, limitation of motion accompanied by pain or warmth. The caregiver/patient
assessment of well-being was scored 0-10 with anchors “Very well” and “Very poor” with
higher scores indicating poorer well-being. The physician assessment of disease activity
was scored 0-10 with anchors “Not active” and “Very active” with higher scores indicating
higher magnitude of disease activity. The caregiver/patient assessment of pain was scored
0-10 with anchors “No pain” and “Very severe pain” with higher scores indicating higher
magnitude of pain. All visual analogue scale measures were scored on a traditional 10-
centimeter line, an integer-based scale, or an electronic sliding scale depending on the way
these measures were collected as part of routine care in the clinic. Function was assessed
by the NIH PROMIS mobility or upper extremity function short forms, the CHAQ, or

the 4-question function-related portion of a clinic intake form. The PROMIS short forms
have been validated in children with JIA(13) and each include 8 questions. A T-score of
‘50’ represents the healthy population mean score with standard deviation equal to 10.

The minimal clinically important difference (MCID) for the pediatric PROMIS measures is
approximately 3.(14) The CHAQ is a validated pediatric measure and includes 30 questions
covering 8 functional ability domains with scores ranging from 0 to 3 with higher scores
indicating more functional impairment(15). The MCID for the CHAQ is =0.125.(16) The
clinic function form at 1 site was a streamlined functional questionnaire consisting of 4
questions — 1) limitations in rigorous/athletic activities due to arthritis 2) limitations in
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normal daily activities due to arthritis, 3) required assistance for others for normal activities,
4) use of aids or devices for normal activities. A positive response on any of the 4 questions
was determined to be equivalent to an increase of at least the MCID seen in the CHAQ
(0.125).

The reference visit was defined as the visit at which inactive disease was identified by

the treating provider (or there was a physician global assessment of disease activity of 0

if disease activity was not explicitly assessed as “active” or “inactive”) anda bDMARD

or cOMARD medication was withdrawn or tapered (either dosing interval increased or
dose decreased). In the event a patient self-discontinued bDMARD or cDMARD due to
inactive disease between clinical assessments, the next visit was used as the index visit

if the disease was assessed as “inactive” or the physical global assessment was 0. In the
event core measures were missing at the first inactive disease visit, the second visit was
used as the reference visit (N=4, validation cohort) if the disease was assessed as “inactive”
or the physical global assessment was 0. Data was collected for all visits until bDMARD
or cDMARD was restarted, standard dose or dosing interval was restarted or the end of
follow-up. Only visits with complete core flare variable data or for which flare or no flare
could be definitively concluded were included. If subjects underwent more than 1 episode of
therapy de-escalation for inactive disease, all episodes were included.

Developing Candidate Flare Definitions.

The preliminary core set of measures evaluated for JSpAflare included six core measures:
caregiver/patient assessment of well-being, physician assessment of disease activity,
caregiver/patient assessment of pain, physical function, active joint count, and tender
enthesis count.

Initial candidate definitions for disease flare were based upon published values of minimally
important change in disease measures.(9, 14, 20) In order to verify the optimal cut-off

for change in each of the 6 core measures in the development cohort, we calculated the
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),

and area under the receiver operating characteristic (AUROC) curve for each of the core
variables. Various thresholds for absolute change from the reference time point (date of
inactive disease and clinical decision to start therapy de-escalation) were tested using
physician assessment of active disease p/us re-initiation of systemic therapy as the reference
standard of flare. Maximization of the AUROC was prioritized among the metrics for the
choice of optimal threshold.

Next, using physician assessment of “Active disease” plus re-initiation of systemic therapy
as the reference standard of flare, we assessed the measurement characteristics of the
composite candidate flare definitions by calculating the sensitivity, specificity, PPV, and
NPV to detect flare. We also plotted receiver operator characteristic curves and calculated
AUROC. An AUROC >0.5 is typically considered responsive to change.(9) From the pool
of generated candidate flare definitions, the final definition was selected according to the
AUROC, PPV, and NPV, in order of importance.
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Internal consistency of the measure was assessed using Cronbach’s a coefficient. Estimates
less than 0.6 were considered as poor, 0.6-0.64 for slight, 0.65-0.69 for fair, 0.7-0.79 for
moderate, 0.8-0.89 for substantial, and greater than 0.9 for almost perfect consistency.(21)
Principal component analysis (PCA) was done to confirm the dimensional structure of the
candidate items measured a single construct. This analysis generates loadings that indicate
the strength of association of the core measures with its latent factor(s).

The flare definitions derived from the development cohort were validated using an
independent dataset of children with spondyloarthritis who underwent cDMARD or
bDMARD therapy de-escalation at four large tertiary care centers. We compared the
development and validation cohorts using two-sample t-test for continuous variables and
Chi-square test for categorical variables. Face validity of the final flare definition was
assessed through a REDCap survey to rheumatologists at 21 centers across the US. These
rheumatologists were chosen because they all have established expertise in JIA clinical
research and their centers expressed interest in participation in a therapy de-escalation trial
for spondyloarthritis. Each rheumatologist was provided with the list of core measures,
range of possible scores and clinically meaningful change for each. Respondents were asked
to indicate “do you think this outcome for juvenile spondyloarthritis has face validity to
capture flare”. If the respondent answered “no”, then s/he was subsequently asked to share
why not.

We assessed discrimination, the ability to correctly classify patients with or without flare,

in the validation cohort using the model derived from the development cohort. Specifically,
we calculated AUROC, specificity, sensitivity, PPV, and NPV using physician assessment of
“active disease” plus re-initiation of systemic therapy as the reference standard.

The demographics and core measures at the reference time point for both the development
and validation cohorts are shown in Table 1. Thirty-nine patients, 45 systemic therapy
de-escalation episodes and 180 visits met inclusion criteria for the flare development cohort.
Sixty-four percent were male, and median age at therapy de-escalation was 14.1 years

(IQR 11.9-17.3). In the validation cohort, there were 36 patients, 39 systemic therapy
de-escalation episodes, and 164 visits. Sixty-four percent of the validation cohort was male
and the median age at the index visit was 14.3 years (IQR 12-15.8). The median patient
follow-up time was 18.7 months (IQR 8.5-30.4) in the development cohort and 14.2 months
(IQR 9.6-23.4) in the validation cohort. As defined by the reference standard, there were 17
episodes of flare in the development cohort and 10 in the validation cohort. As expected,

the mean and standard deviation (SD) for the core measures indicated minimal clinical signs
and patient-experienced symptoms of disease activity in both the development and validation
cohorts. Missingness of core measures in the development cohort ranged from 0 to 7.7% and
from 0-24.4% in the validation cohort. Patient-reported physical function outcomes had the
highest percentage of missingness in both cohorts.
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Absolute change thresholds for core measure.

Absolute change was tested for each core measure and not percentage change, given the
minimal values at the reference visit. The data, as measured by AUROC, PPV, NPV,
sensitivity, and specificity, supported using a meaningful absolute change of >2 for all visual
analogue scale measures (caregiver/patient assessment of well-being, physician assessment
of disease activity, and caregiver/patient assessment of pain). Physical function outcome data
supported setting a cutoff of >3 unit change in the PROMIS T-scores, =0.125 unit change

in the CHAQ, and =1 item in the clinic intake questionnaire, =1 unit change in active joint
count, and =2 unit change in the tender enthesis count (see supplemental table).

Flare definition based on absolute change of core measures.

The test properties of the candidate flare definitions are shown in Table 2. Flare definitions
based on meaningful change in the physician disease activity assessment plus meaningful
change in 2 or 3 of the other core measures did not perform better than those including all
the core measures. Flare definitions inclusive of meaningful change in tender enthesis count
(6 core measures) did not perform better than those excluding the tender enthesis count (5
core measures). Based on high AUROC, PPV, and NPV, the best candidate definition for
“JSpAflare” included five core measures and defined flare as meaningful change in 3 or
more core measures (Table 2; Figure 1). AUROC was 0.91, PPV was 87.5, and NPV was
98.1. The frequency of meaningful change in each of the core measures in children who
met the final JSpAflare criteria were as follows: caregiver/patient global assessment of well-
being (75%), physician assessment of disease activity (81%), caregiver/patient assessment of
pain (88%), physical function (80%), and active joint count (75%)(Table 3). Of note, only
13% of children had meaningful change in the tender enthesis count.

The Cronbach’s a coefficient in the development cohort was 0.81, demonstrating substantial
internal consistency. Factor analysis demonstrated that the JSpAflare measured only one
construct. Correlation between individual items and the latent factor was greatest for
caregiver/patient assessment of pain (0.43), caregiver/patient global assessment of well-
being (0.43), physician disease activity assessment (0.51), active joint count (0.48), and
patient-reported function (0.36). This one key factor explained 53% of the variance.

Validation.

Validation of JSpAflare was performed on an independent data set of children with
spondyloarthritis who underwent cDOMARD or bDMARD therapy de-escalation at four
additional large tertiary care centers. Face validity of the final flare definition was verified
through a REDCap survey of pediatric rheumatologists at 21 centers across the US. Twenty-
one of 21 rheumatologists (100%) agreed that the 5 core measures and thresholds for
clinically meaningful change had face validity to capture flare in juvenile spondyloarthritis.

We assessed the ability of the top performing JSpAflare model from the development cohort
to discriminate between patients with or without flare in the validation cohort using the same
test statistics and reference standards (Table 2). The AUROC (0.85, 95% CI: 0.74-0.96),
PPV (92.3, 95% CI: 64-99.8), NPV (96.8, 95% CI: 92.8-99), sensitivity (70.6, 95% ClI:
44-89.7), and specificity (99.4, 95% CI: 96.4-100) were all high.
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DISCUSSION

We describe the development and validation of a composite measure of spondyloarthritis
disease flare, the JSpAflare, which includes 5 core measures evaluating overall disease
activity, well-being, pain, function, and peripheral disease activity. A flare definition based
on meaningful change in the physician disease activity assessment plus meaningful change
in 2 or 3 of the other core measures did not perform better than those including all the
core measures. Flare definitions inclusive of meaningful change in tender enthesis count
did not perform better than those excluding the tender enthesis count; further, there was

a low frequency of meaningful change in the tender enthesis count in the development
cohort. The final JSpAflare definition harmonizes 4 measures that are part of the pediatric
ACR core response(9) and 2 measures included in the JSpADA index.(10) The JSpAflare
is based upon absolute change in 3 or more core measures from the reference visit and

is straightforward to determine. The AUROC and PPV were very high. The JSpAflare
demonstrated substantial internal consistency and factor analysis revealed the core variable
measured one construct. Validation was performed on an independent cohort from 4

large tertiary care referral centers, which likely represent the spectrum of children with
spondyloarthritis seen by pediatric rheumatologists across the United States.

Our aim was to develop an outcome that closely approximates the point-of-care decision

to re-initiate systemic therapy after cOMARD or bDMARD de-escalation that can be used
in pragmatic trials of therapy de-escalation. While physician global assessment is often
considered a gold standard measure of disease activity, it is a metric that is subjective

and varies considerably amongst providers and institutions.(22) Therefore, while we felt

it was important to include, we did not want the outcome of disease flare to rely solely
upon this metric with poor interrater reliability.(22) The JSpAflare core measures are a mix
of physician and patient-reported outcomes, which is critical given that only patients can
report on domains like well-being, pain, and function, and physician and patient-reported
disease assessments are often not correlated.(23) Additionally, JSpAflare includes an
enhanced functional assessment over prior metrics. The CHAQ is the functional assessment
traditionally included in tools such as the juvenile arthritis flare criteria. Prior work has
demonstrated the MCID for worsening of the CHAQ approximates the smallest possible
change in the CHAQ and that measure is relatively non-responsive to both short-term and
clinically meaningful change in juvenile arthritis activity.(16) Conversely, the PROMIS
functional measures of mobility and upper extremity function, which are included along
with the CHAQ in the JSpAflare, do discriminate between meaningfully different disease
states in juvenile arthritis.(24, 25)

There are several caveats of the study that should be kept in mind while interpreting the
results. First, this was a retrospective study and, as expected, there was missing data.
However, the missing data was minimal in the final analysis cohorts. Second, the flare
definition was developed and validated in children with inactive disease undergoing open-
label use and de-escalation of cOMARDSs and bDMARDs. Therefore, the flare definition
may not be valid for a randomized withdrawal trial where at the time of randomization
children are typically not in inactive disease. Future work should include a post-hoc analysis
of such a trial. Next, since the data collection and exam were not protocolized, there
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may have been differences in the number of joints and entheses examined. However, this
variability as part of routine care is also something we aimed to capture with this measure,
as the hope is to use this measure in pragmatic trials that may not specify which peripheral
joints to examine. Additionally, the peripheral joint exam is not protocolized in other well-
accepted tools such as the clinical juvenile disease activity score (CJADAS) (26) and the
JSpADA (10). Lastly, our sample size for the development and validation cohorts is small,
but this is offset to some extent by having a robust number of clinical visits in each cohort
for use in the analysis. However, despite our sample size we were able to demonstrate
excellent performance of the JSpAflare across a cohort from 4 institutions. Further, the size
of the development cohort is comparable to that used to develop the juvenile arthritis flare
criteria.(9)

In summary, we have developed and validated a new composite flare outcome, JSpAflare,
for spondyloarthritis that comprises 5 clinically relevant core measures for this condition.
This tool is feasible and easily applicable at point-of-care for children who have inactive
disease and have started to de-escalate therapy. In validation analyses, the JSpAflare had
excellent measurement properties, indicating that it is potentially applicable in clinical
practice, observational studies, and therapeutic trials. Future studies should test the validity
of the JSpAflare in a prospective cohort of patients and an ad-hoc analysis of a randomized
withdrawal phase 3 clinical trial including spondyloarthritis patients. In accordance with
recent recommendations to not only control signs and symptoms of disease but also to
avoid drug toxicities and optimize personal well-being,(1) the development of the JSpAflare
makes evaluation of cDMARD and bDMARD therapy de-escalation feasible for children in
sustained remission.

Supplementary Material

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

. Developed and validated a composite disease flare definition for juvenile
spondyloarthritis (JSpAflare) designed to closely approximate the disease
activity threshold that triggers re-initiation of systemic therapy after therapy
de-escalation.

. JSpAflare will be applicable in clinical practice, observational studies, and
therapeutic trials and is the first flare outcome for juvenile spondyloarthritis.

. Performance of JSpAflare in comparison to our reference standard of
physician-defined active disease plus re-initiation of systemic medication was
strong: in the development cohort the AUROC was 0.91, PPV was 87.5%, and
NPV was 98.1% and in the validation cohort, AUROC was 0.85, PPV was
92.3%, and NPV was 96.8%.
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=0 PGA plus 23 cores with meaningful change in remaining 4 cores
=0O=>>2 cores with meaningful change (5 core definition)

ce @ ¢+ >3 cores with meaningful change (5 core definition) - JSpAflare

Figure 1.
Visual representation of the diagnostic test statistic performance of select candidate

definitions in the development cohort. AUROC = Area under the receiver operating
characteristic curve; PPV = positive predictive value; NPV = negative predictive value; Sens
= sensitivity; Spec = specificity.
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Table 1.

Patient characteristics in the development and validation cohorts

Development cohort Validation cohort

1duosnuey Joyiny

1duosnuen Joyiny

Unique patients

Therapy de-escalation episodes

Total visits

Age (years) at index/reference visit, median (IQR)
Male, Freq. (%)

bDMARD use at reference visit, Freq. (%)

TNFi use at reference visit, Freq. (%)

cDMARD use at reference visit, Freq. (%)

Core measures at reference visit
Caregiver/patient assessment of well-being (0-10)
Physician assessment of disease activity (0-10)
Caregiver/patient assessment of pain (0-10)
CHAQ (0-3)

PROMIS mobility t-score (14-59) *

PROMIS upper extremity t-score (10-57) *

Active joint count

Tender enthesis count

39
45
180

14.1 (11.9-17.3) [N=45]

25 (64.1%) [N=39]
34 (75.6%) [N=39]
33 (73.3%) [N=39]
22 (48.9%) [N=39]

36
39
164

14.3 (12-15.8) [N=39]

23 (63.9%) [N=36]
33 (84.6%) [N=36]
29 (74.4%) [N=36]
22 (56.4%) [N=36]

Mean (SD)

0.74 (1.11) [N=45]
0.09 (0.36) [N=45]
0.84 (1.19) [N=45]
0.02 (0.04) [N=16]

56.33 (4.08) [N=29]

55.66 (3.62) [N=29]
0 (0) [N=45]
0.2 (0.73) [N=45]

0.91 (1.42) [N=39]
0.08 (0.29) [N=39]
1.08 (1.81) [N=39]
0.09 (0.19) [N=24]
48.88 (8.01) [N=8]

51.63 (6.52) [N=8]
0 (0) [N=39]
0.05 (0.22) [N=39]

*
PROMIS short forms are converted to T-scores, with higher scores representing more of the trait (i.e. more mobility and higher upper extremity
function).

Abbreviations: Freq = Frequency; bDMARD = biologic disease-modifying antirheumatic drug; cDMARD = conventional synthetic disease-
modifying antirheumatic drug; CHAQ = Child Health Assessment Questionnaire; PROMIS = Patient Reported Outcomes Measurement
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Information System.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2024 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Weiss et al.

Table 2.

Page 15

Model diagnostics (95% CI) for candidate definitions of juvenile spondyloarthritis flare (JSpAflare)

Composite definition Meaningful change
in...

AUROC

PPV

NPV

Sensitivity

Specificity

PGA plus 22 5 core measures
PGA plus 23 5 core measures
=2 6 core measures

23 6 core measures

PGA plus =2 4 core measures”
PGA plus =3 4 core measures”
22 of the 5 core measures”

Vat =3
>3 of the 5 core measures

JSpAflare

Development cohort

0.88 (0.78-0.98)
0.77 (0.64-0.9)
0.96 (0.93-0.98)
0.91 (0.81-1)

0.88 (0.78-0.98)
0.83 (0.69-0.97)
0.93 (0.87-0.99)

0.91 (0.81-1)

92.9 (66.1-99.8)
100 (63.1-100)

56.7 (37.4-74.5)
87.5 (61.7-98.4)

92.9 (66.1-99.8)
100 (63.1-100)
57.1 (37.2-75.5)

87.5 (61.7-98.4)

Validation cohort

0.8 (0.64-0.96)

100 (54.1-100)

97.6 (93.9-99.3)
95.9 (91.7-98.3)
100 (97.3-100)

98.1 (94.4-99.6)

97.6 (93.9-99.3)
97.6 (93.9-99.3)
99.3 (96.1-100)

98.1 (94.4-99.6)

97.4 (93.4-99.3)

76.5 (50.1-93.2)
53.3 (26.6-78.7)
100 (80.5-100)

82.4 (56.6-96.2)

76.5 (50.1-93.2)
66.7 (34.9-90.1)
94.1 (71.3-99.9)

82.4 (56.6-96.2)

60 (26.2-87.8)

99.4 (96.6-100)
100 (97.8-100)

91.3 (85.6-95.3)
98.7 (95.4-99.8)

99.4 (96.6-100)
100 (97.7-100)
92.1 (86.5-95.8)

98.7 (95.4-99.8)

100 (97.6-100)

Legend. Test properties of candidate disease flare definitions. AUROC = Area under the receiver operating characteristic curve; PPV = positive
predictive value; NPV = negative predictive value; PGA = Physician global assessment. Core measures tested include: Physician global assessment
of disease activity VAS, caregiver/patient assessment of well-being VVAS, caregiver/patient assessment of pain VAS, caregiver-/patient-reported
physical function, active joint count, and tender enthesis count. Meaningful change was considered =2 for all VAS measures, =3 unit change in the
PROMIS T-scores, 20.125 unit change in the CHAQ, =1 unit change in active joint count, and =2 unit change in the tender enthesis count.

N
Tender enthesis count not included as core measure.

AA
This is the definition for the “JSpAflare” that was tested in the validation cohort.
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Juvenile spondyloarthritis flare (JSpAflare) core measures and frequency of flare visits where each core met

the clinically meaningful change from index visit.

Clinically meaningful (absolute)

Core measures . A
change from reference/ index visit

Frequency meeting flare criteria N (%0)

Development Cohort  Validation Cohort

1. Caregiver/patient assessment of overall well-being >2
2. Physician assessment of disease activity 22
3. Caregiver/patient assessment of pain >2
4. Function: PROMIS mobility or upper extremity PROMIS: =3 CHAQ: 20.125

function or CHAQ

5. Active joint count 21

12 (75.0)
13 (81.3)
14 (87.5)
8(80.0)

12 (75.0)

4(80.0)
5(83.3)
3(50.0)
2 (40.0)

6 (100.0)

Legend. Flare defined as clinically meaningful worsening in absolute values of >3 core measures from the reference visit. PROMIS = Patient
Reported Outcomes Measurement Information System; CHAQ = Child Health Assessment Questionnaire.
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