
The American College of Rheumatology Provisional Criteria for 
Global Flares in Childhood-Onset Systemic Lupus 
Erythematosus

Hermine I. Brunner, MD, MSc*,1, Michael Holland, MD*,1, Michael W. Beresford, MBChB, 
PhD2, Stacy P. Ardoin, MD3, Simone Appenzeller, MD, PhD4, Clovis A. Silva, MD, PhD5, 
Francisco Flores, MD6, Beatrice Goilav, MD7, Scott E. Wenderfer, MD, PhD8, Deborah M. 
Levy, MD, MS9, Angelo Ravelli, MD10, Raju Khunchandani, MD11, Tadej Avcin, MD, PhD12, 
Marisa S. Klein-Gitelman, MD, MPH13, Brian M. Feldman, MD, MSc, FRCPC9, Nicola 
Ruperto, MD, MPH10, and Jun Ying, PhD14

1Department of Pediatrics, University of Cincinnati and Division of Rheumatology, Cincinnati 
Children’s Hospital Medical Center, Cincinnati, OH

2Institute of Translational Medicine, University of Liverpool, Liverpool, UK; Department of 
Paediatric Rheumatology, Alder Hey Children’s NHS Foundation Trust, Liverpool, UK

3Department of Pediatrics and Internal Medicine, Ohio State University, Division of Rheumatology, 
Nationwide Children’s Hospital and Wexner Medical Center, Columbus, OH

4Rheumatology Unit-Faculty of Medical Science; University of Campinas, Campinas, Brazil

5Children’s Institute, Hospital das Clinicas HCFMUSP; Faculdade de Medicina da Universidade 
de São Paulo, Brazil

6Department of Pediatrics, University of Cincinnati and Division of Nephrology & Hypertension, 
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH

7The Children’s Hospital at Montefiore, Division of Nephrology and Department of Pediatrics, 
Albert Einstein College of Medicine, Bronx, NY

8Department of Pediatrics, Baylor College of Medicine; Renal Section, Texas Children’s Hospital 
Houston, TX

9Department of Pediatrics, University of Toronto and Division of Rheumatology, Hospital for Sick 
Children, Toronto, Canada

10Clinica Pediatrica e Reumatologia, Istituto Giannina Gaslini, Genoa, Italy, and Dipartimento di 
Neuroscienze, Riabilitazione, Oftalmologia, Genetica e Scienze Materno-Infantili (DiNOGMI), 
Università degli Studi di Genova, Genoa, Italy

Address reprint requests to: Hermine Brunner MD, MSc., Cincinnati Children’s Hospital Medical Center, University of Cincinnati, 
William S. Rowe Division of Rheumatology, E 4010, 3333 Burnet Avenue, Cincinnati, OH 45229-3039, USA; 
hermine.brunner@cchmc.org.
*both authors contributed equally to this work

DR. SCOTT E WENDERFER (Orcid ID : 0000-0002-8991-8277)

Contributors relevant to this work are:
Important contributions to this work were provided by the physicians providing their expertise when rating the patient profiles. They 
are summarized in Appendix 2

HHS Public Access
Author manuscript
Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 June 01.

Published in final edited form as:
Arthritis Care Res (Hoboken). 2018 June ; 70(6): 813–822. doi:10.1002/acr.23557.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



11Pediatric Rheumatology; Jaslok Hospital Mumbai, India

12Department of Allergology, Rheumatology and Clinical Immunology, University Children’s 
Hospital, University Medical Centre Ljubljana, Slovenia

13Department of Pediatrics, Northwestern University Feinberg School of Medicine and Division of 
Rheumatology, Ann and Robert Lurie Children’s Hospital of Chicago, Chicago, IL

14Clinica Pediatrica e Reumatologia, PRINTO, Istituto Giannina Gaslini, Genoa, Italy

15Department of Environmental Health Sciences, University of Cincinnati, Cincinnati, OH

Abstract

Objectives—To validate the preliminary criteria of global flare for childhood-onset SLE (cSLE).

Methods—Pediatricians experienced in cSLE care (n=268) rated unique patient profiles (PP); 

results of standard cSLE laboratory testing and information about the cSLE flare descriptors were 

presented: global assessment of patient well-being, physician global assessment of disease activity 

(MD-global), disease activity index score, protein/creatinine ratio (PCR), and ESR. Using rater 

interpretation of the course of cSLE (baseline vs. follow-up as the gold standard), performance 

[sensitivity, specificity, area under the receiver operating characteristic curve (AUC)] of the 

preliminary flare criteria (Arthritis Care & Research, 2011) was tested. An international consensus 

conference was held to rank the preliminary flare criteria as per the ACR-recommendations and 

delineate threshold scores for minor, moderate and major flares.

Results—The accuracy of the two highest ranked candidate criteria which consider absolute 

changes (∆) of the SLEDAI or BILAG (numeric scoring: A=12; B=8; C=1; D/E=0), MD-global, 

PCR, and ESR were confirmed (both AUC > 0.93). For the SLEDAI-based criteria [0.5x 

∆SLEDAI + 0.45x ∆PCR + 0.5x ∆MD-global + 0.02x ∆ESR] flare scores ≥6.4/3.0/0.6 constituted 

major/moderate/minor flares. For the BILAG-based algorithm [0.4x ∆BILAG + 0.65x ∆PCR+0.5x 

∆MD-global + 0.02x ∆ESR] flare scores ≥7.4/3.7/2.2 delineated major/moderator/minor flares. 

These threshold values (SLEDAI, BILAG) were all >82% sensitive and specific for capturing flare 

severity.

Conclusions—Provisional criteria for global flares in cSLE are available to identify patients 

who experienced a flare. These criteria also allow for discrimination of the severity of cSLE 

exacerbations.
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INTRODUCTION

Systemic lupus erythematosus is a complex, chronic multi-system autoimmune 

inflammatory disease, with up to 20% of patients diagnosed during childhood (cSLE) (1, 2). 

When disease commences early in life rather than during adulthood, it has a less favorable 

prognosis, particularly due to multi-organ and kidney involvement (3, 4). The course of 

cSLE is characterized by episodes of disease flares; followed by periods of improvement, 
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generally due to more intensive drug therapy. There is international consensus that a flare of 

cSLE is “a measurable worsening of disease activity in at least one organ system, involving 
new or worse signs of disease that may be accompanied by new or worse SLE symptoms; 
depending on the severity of the flare, more intensive therapy may be required” (5). Further, 

using consensus formation techniques, agreement has been achieved regarding preliminary 

criteria of global flare of cSLE based on changes of the erythrocyte sedimentation rate 

(ESR), the protein/creatinine ratio (PCR), physician global assessment of cSLE activity 

(MD-global), and the score of the Systemic Lupus Erythematosus Disease Activity Index 

(SLEDAI) (6, 7) or the British Isles Lupus Activity Group index (BILAG) (8). Moreover, 

there is consensus around the need to discriminate flares as per their severity: mild/minor, 

moderate, and major/severe flares (5). However, there are no generally accepted criteria or 

algorithms to determine how to measure the severity of cSLE flares, nor have the 

preliminary cSLE flare criteria been validated in an independent dataset. Thus, the 

objectives of this phase of the project were to validate the preliminary criteria of global flare 

of cSLE and to apply consensus formation methodology to define flare threshold levels for 

minor, moderate and major flares. These criteria were created to define cSLE flares and their 

severity for use in clinical trials.

PATIENTS AND METHODS

The overall approach to this project was based on the methodological framework 

successfully employed in pediatric rheumatology criteria measures in the past (9–11), 

aligned with recommendations of the ACR Criteria Subcommittee and the Quality of Care 

Committee (QOC) (12). The initial results of the consensus process resulting in preliminary 

cSLE flare criteria have been described elsewhere (5, 13). Briefly, previous research 

demonstrated that the scores of a disease activity measure alone are inadequate for 

identifying flares (5). International agreement was reached regarding preliminary criteria to 

measure global flares of cSLE. Pediatric rheumatologists participated in Delphi surveys that 

yielded consensus around a common definition of cSLE global flares, and the delineation of 

cSLE flare descriptors. This was followed by exploration of candidate flare criteria (5) and 

the identification of preferred algorithms of global cSLE flares (14). Notably, data and 

analyses all suggested that uniform percentage changes of the cSLE flare descriptors are 

insufficient to capture cSLE flares with high sensitivity. Further, inclusion of the MD-global 

assessment of cSLE activity in highly accurate cSLE candidate flare algorithms proved 

necessary (5, 15). During the first Consensus Conference the top-performing candidate flare 

algorithms, derived either from multinomial logistic regression modeling or classification 

tree analysis (CART) were established.

We now present the phase of the project aimed at validating the preferred preliminary flare 

algorithms (14) via testing in an independent validation data set (Figure 1). These 

encompassed Patient Profiles PP ratings that were requested from 503 pediatric 

rheumatologists from Australia, Africa, Asia, Europe and the Americas who were members 

of at least one of the following organizations: Pediatric Rheumatology Collaborative Study 

Group, Childhood Arthritis Rheumatology Research Alliance, Pediatric Rheumatology 

European Society Juvenile Lupus Working Group, and Pan-American League of Arthritis & 

Rheumatology [Step 1].
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The interpretation of the flare or ‘true’ disease course of a given PP was determined using 

two approaches, which resulted in two distinct datasets for the subsequent validation 

exercises [Step 2]. Using the PP ratings, the preliminary criteria for cSLE global flares were 

tested for their ability to discriminate patients who experienced different levels of flares 

(minor, moderate, major) [Step 3]. Subsequently, during a Consensus Conference, the 

validity of the criteria was critically reviewed, taking into consideration information from 

the medical literature, statistical performance, reliability, feasibility, and face validity as per 

the ACR guidance document and the OMERACT filter (16) [Step 4].

Preliminary cSLE Flare Algorithms

We considered the top four preliminary flare algorithms (identified in the first Consensus 

Conference) based on feasibility, truthfulness and discrimination (17). Two of the four 

preliminary cSLE flare algorithms [SLEDAI-based criteria: 0.5x ∆SLEDAI + 0.45x ∆PCR 

+ 0.5x ∆MD-global + 0.02x ∆ESR; BILAG-based criteria: 0.4x ∆BILAG + 0.65x ∆PCR

+0.5x ∆MD-global + 0.02x ∆ESR] were derived by multinomial logistic regression that 

considered several of the cSLE flare descriptors, and yield “flare scores” (or log odds of 

flare), with higher score representing a higher likelihood of a flare to have occurred. The 

other two of the top preliminary flare criteria were derived from CART [SLEDAI-CART: 

Score=4 if 3 ≤ SLEDAI; Score=3 if 0.7 ≤ PCR and 3 > SLEDAI; Score=2 if 2 ≤ MD and 0.7 

> PCR and 3 > SLEDAI; and Score=1 Otherwise; BILAG-CART: Score=4 if 2 ≤ BILAG; 

Score=3 if 0.7 ≤ PCR and 2 > BILAG; Score=2 if 2 ≤ MD and 0.7 > PCR and 2 > BILAG; 

Score=1 Otherwise]. Similar to algorithms derived by multinomial logistic regression, 

CART-based criteria yield ‘CART-scores’ that can be used to decide on the presence of a 

flare, including its severity (18).

Step A: Patient Profiles & Ratings of Disease Course of a Patient Profile

Two of the authors (MH, HIB) conducted a pilot study to test the format of the PP. Built on 

this pilot study, we generated over 2,996 unique PPs, using prospectively collected data of 

cSLE patients from the CCHMC Lupus Registry (19), the PRINTO Lupus Cohort (20), the 

United Kingdom Juvenile-onset SLE Cohort Study (21), and the APPLE trial (22). Missing 

observations in the datasets were imputed using multiple imputation methods and 

expectation–maximization algorithms in computation (23–25).

Each PP provided data about a patient at the time of a baseline visit and a follow-up visit. 

For each PP visit, the cSLE flare descriptors were provided (5): [1] MD-global, measured on 

a visual analog scale (VAS) (0 = inactive disease; 10 = very active disease); [2] parent 

assessment of patient overall well-being, measured on a VAS with a range from 0 to 10 (0 = 

very poor; 10 = very well); [3] proteinuria, measured by timed urine collection or spot PCR; 

[4] ESR; [5] levels of complement C3 and C4; [6] item and summary scores of the SLEDAI, 

version 2k (7), or the domain and summary scores of the BILAG using the following 

numeric conversion: A=12; B=8; C=1; D/E=0 (8). Information on complete blood counts 

and differential, serum chemistry, urinalysis and anti-dsDNA antibodies were also provided. 

Details on PP formats are provided in Appendix 1.
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Disease Course—PP raters were randomly assigned to assess the disease course of a 

maximum of 51 PP. Response options offered were: major flare; moderate flare; minor flare; 

unchanged; improved; or “I do not have enough information to make this assessment”. A 

global flare was considered as “present” whenever the disease course was rated as minor, 

moderate, or major flare.

Step B: Adjudication of Disease Course of the PP

A randomization scheme was pre-planned to ensure that each PP was sent to about 13 raters, 

with the ratio of American and international raters matching that of the PP raters’ pool 

(about 1:1). PP with fewer than 4 ratings were regarded as “invalid” or “unqualified” and 

excluded from further consideration. Only “qualified” PP with successful adjudication were 

considered in Step 3.

Adjudication of the (true) disease course—Given that PP raters may not necessarily 

agree on the disease course, the “true” overall course of cSLE for a given PP was 

adjudicated using two approaches; (a) 67%-Rule: at least 2/3 of the raters agreed on a given 

disease course, (b) Majority-Rule: the majority of the raters of a PP agreed on a given 

disease course. Other Rules (50%-Rule and 75%-Rule) were also explored and results were 

similar to the Majority-Rule and the 67%-Rule, respectively; hence they are not presented 

herein.

Step C: Assessment of Performance

Statistical analysis in preparation of the testing of preliminary flare criteria—
Considering the intended widespread use of the cSLE flare criteria (14), we tested whether 

there were systematic differences in the ratings provided by raters (a) from different 

geographic regions, or (b) with varying professional experience as measured by the duration 

of medical practice. Agreement among raters was assessed using intra-class correlation 

coefficients (ICC) and/or Kappa (κ) statistics. An ICC or a κ value can be interpreted as 

follows: poor agreement: ICC or κ< 0.4; fair to good agreement: ICC or κ≥ 0.4– 0.75; 

substantial to excellent agreement: ICC or κ> 0.75 (26).

Performance & Accuracy—Each of the four flare algorithms (SLEDAI-based criteria, 

BILAG-based criteria, SLEDAI-CART, BILAG-CART) was assessed for diagnostic 

accuracy using receiver’s operating characteristic (ROC) curve analysis. Specifically, the 

area under the ROC curve (AUC) was calculated, and the diagnostic accuracy was 

considered outstanding, excellent, good, fair, and poor if the AUC was in the range of 0.9–

1.0, 0.81–0.90, 0.71–0.80, 0.61–0.70, and < 0.60, respectively (18, 27). Different from flare 

criteria derived from multinomial regression models (SLEDAI-based criteria, BILAG-based 

criteria), CART-based flare algorithms (SLEDAI-CART and BILAG-CART) result in a 

single discrete value for sensitivity and specificity, respectively. Considering all possible 

flare scores, the overall diagnostic accuracy of an algorithm can be estimated.

Threshold score candidates for algorithms derived by multinomial logistic 
analysis—In the absence of strong guidance from the ACR, we used two statistical 

methods to define potential threshold scores: (a) in an earlier phase of the project, consensus 
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had been achieved that “flare score threshold” for a given algorithm should reflect the 

highest conditional AUC among all candidate thresholds on a ROC curve. Hence, these flare 

score thresholds represent the point on the ROC curves with the highest precision of 

correctly classifying the severity of a cSLE flare. (b) We also explored a distribution-

weighted approach in which the flare score threshold was calculated based upon the average 

of means of scores in two neighboring flare states weighted by the standard deviations of the 

scores. The performance of the candidate thresholds from both statistical analyses (a, b) was 

calculated and average accuracies for the correct identification of minor, moderate and major 

flares for the SLEDAI-based and BILAG-based algorithms.

Step D: Ranking of Candidate Flare Criteria &Thresholds Score

To support decision making, Consensus Conference participants reviewed a syllabus that 

provided the results of the preceding Delphi surveys, relevant published medical literature 

and the results of the statistical analyses prior to the Consensus Conference (see Step 3). 

Participants in the Consensus Conference were 13 experienced pediatric rheumatologists and 

nephrologists from South America, North America, Asia, and Europe with substantial 

clinical and research experience in cSLE (HIB, MWB, SPA, SA, CAS, FF,BG, SEW, DML, 

AR, RK, TA, and MKG). A priori, the consensus level at the consensus conference was set 

at 75%, i.e. comparable or even somewhat higher than that chosen for similar studies in the 

past (15–19). Using nominal group technique guided by an experienced moderator (BMF), 

the expert panel assessed each of the four top candidate flare algorithms (14) and potential 

flare score thresholds according to [1] feasibility, i.e. practicability: can the items be 

measured easily?; [2] reliability, i.e. reproducibility: can the items be measured precisely?; 

[3] redundancy: are there two or more items included in the candidate criteria measuring the 

same aspect of the disease?); [4] face validity, i.e. credibility: are the criteria sensible?; [5] 

content validity, i.e. comprehensiveness: do the criteria sample all of the domains of the 

disease?; [6] criterion validity: based on AUC, do the criteria accurately approximate the 

“gold standard”, i.e. the adjudicated disease course as per 67%-Rule or Majority-Rule?; [7] 
sensitivity and specificity: do the criteria effectively identify patients with cSLE flares and 

distinguish them from patients who do not have a flare of their cSLE?; and [8] discriminant 

validity: do the criteria detect the smallest clinically important change? (i.e. discriminate 

patients with one of the following disease courses: minor flare, moderate flare, major flare, 

no flare). Based on the above considerations, the Consensus Conference experts were asked 

to rank the candidate flare criteria from 1 (lowest) to 4 (highest criterion).

The survey source data were batch-processed, and open source online survey software, 

Limesurvey, was used for response management and as a presentation layer (see http://

www.limesurvey.org/).

All analyses were done using SAS 9.4 (SAS, Cary, NC) software and SYSTAT 12 (Systat 

Software, Inc, Chicago, IL) software. P-values < 0.05 were considered statistically 

significant.
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Ethics Review

The study was approved by the institutional review boards of the participating pediatric 

rheumatology centers. Informed consent was obtained from all parents and, as appropriate, 

assent was given by the participants prior to the study procedures.

RESULTS

Patient Profile Raters and Validation Dataset (Steps A and 2)

A total of 2,996 ratings were provided to 503 pediatric rheumatologists and used for Step 2. 

The response-rate of the pediatric rheumatologists to the PP was 54% (274/503; locations: 

30% from the U.S. and Canada; 8% from Australia/Asia, 3% Africa/Middle East, 40% 

South and Central America, and 19% Europe). The majority (69%) of PP raters had over 10 

years of experience in treating cSLE. There were 1860 PP (1860/2996= 62%) that were 

rated by at least 4 raters, hence considered “qualified” for inclusion in Step 3. There were no 

significant differences of distribution of flares between qualified and unqualified PP 

(Fisher’s exact test, p=0.62).

When the Majority-Rule was applied to the “qualified” PP, there were 1318 PP representing 

global flares (510 minor flares, 483 moderate flares and 325 major flares) and 542 

unchanged/improved (29% of 1860 PP). When applying the 67%-Rule to the 1860, only 818 

PP remained available for analysis, among them 484 representing a flare (194 minor flares, 

146 moderate flares and 144 major flares) and 334 PP without cSLE flare. The patient 

characteristics reflected in these PP are summarized in Table 1. PP raters from different 

geographic locations did not differ systematically in the disease course assignment for a 

given PP (North America vs. other countries: ICC = 0.658). Similarly, there was fair to good 

agreement among PP raters with different duration of medical experience (3–5, 6–10, 10–15, 

>15 years) for the interpretation of the disease courses (ICC = 0.656). Additionally, we 

explored other selection criteria (50% Rule, 75% Rule) and found no systematic differences 

with the 50% Rule and 75% resulting in similar adjudication of the PP compared to the 

Majority-Rule and the 67%-Rule, respectively [data not shown].

Performance of Preliminary Algorithms of cSLE global flares (Step C)

The absolute baseline-to-follow-up changes of the parameters considered in the preliminary 

flare algorithms by flare severity and rule are provided in Table 2. Irrespective of the dataset 

(67%-Rule; Majority-Rule), most of the cSLE flare descriptors included in the preliminary 

cSLE flare criteria (ESR, PCR, MD-global, SLEDAI, BILAG) significantly changed 

between the baseline and follow-up visit, by flare severity.

Notably, the accuracy of the SLEDAI-based algorithm was outstanding [AUC= 0.93; 95% 

confidence interval (CI): 0.91– 0.95] as was that of the BILAG-based algorithm [AUC= 

0.93; 95% CI: 0.89– 0.98]. The CART-SLEDAI algorithm had an excellent accuracy for 

identifying patients with global flare of cSLE (any severity) [AUC= 0.89; sensitivity= 

88.8%; specificity= 87.1%]. The same was true for the CART-BILAG criteria [AUC= 0.84; 

sensitivity= 93.9%; specificity= 72.9%]. Comparisons of accuracies in the development data 

set in 2010 (18) and this validation data set are summarized in Table 3.
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Flare Thresholds—Figure 2, Panel A and B depict potential thresholds for defining 

minor, moderate and major flares. In this final Consensus Conference, again consensus 

(100%) was reached to use the statistically optimal threshold from logistic models to define 

all threshold scores for the both SLEDAI-based and the BILAG-based algorithms. As shown 

in Figure 3, Panel A and B using these threshold cut-off scores allows for the discrimination 

of minor from moderate or severe flares, all with sensitivities and specificities of ≥ 82%. 

Neither of the CART-based algorithms was suited to discriminate between mild and 

moderate cSLE flares (Figure 3, Panel C and D).

Ranking of the Preliminary cSLE Flare Algorithms (Step D)

Consensus Conference participants achieved consensus that the BILAG-based (92%) and 

SLEDAI-based (100%) flare algorithms have both construct validity for measuring global 

flares of cSLE. There was consensus (100%) to recommend both measures to be collected in 

future cSLE clinical trials and that either one may be chosen as the primary endpoint. 

Consistent with their performance in the validation data set, no consensus was reached 

whether one of these two algorithms was preferable to the other. Consensus was achieved 

that CART-based algorithms are not suited for use in clinical trials, given that these 

algorithms cannot be used to discriminate minor from moderate cSLE flares. The results of 

this study were reviewed by the ACR Criteria Subcommittee and the ACR Quality of Care 

Committee.

DISCUSSION

The need to develop internationally agreed upon criteria for disease flares has become more 

urgent since the introduction of randomized withdrawal trials in pediatric rheumatology, in 

which time to flare or the proportion of patients who experience a flare are used as primary 

efficacy measures (28). We confirm the outstanding accuracy of the previously developed 

preliminary criteria of global flares of cSLE, based on large international datasets used for 

validation. Consensus has been achieved on how to interpret flare scores. The preferred 

cSLE global flare algorithms for use in clinical trials were derived from multinomial logistic 

regression models. These algorithms consider the differential and complementary 

contribution of select cSLE flare descriptors in identifying disease flares in this disease with 

highly variable multi-organ involvement. Despite consensus that CART-based algorithms are 

potentially of value when used in clinical care settings, there was agreement that they should 

not be used in clinical trials.

As for SLE in adulthood, measures of the overall course are especially relevant because not 

all cSLE features improve or worsen in parallel. Current drugs used in cSLE therapy are not 

equally effective in reducing disease activity in the various organ systems. Thus it is 

reasonable to assume that the same holds true for new or emerging drugs for cSLE. In 

clinical trials aimed at reducing cSLE-mediated inflammation in certain organ systems, it 

appears mandatory to ensure that global disease, i.e. disease manifestations in other than the 

target organ systems, is not worsening. The results of this study support that the SLEDAI-

based and the BILAG-based flare scores are both highly suited to provide such information.
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Based on the current evidence about these algorithms they are similarly sensitive, specific 

and accurate. Hence, Consensus Conference experts considered both algorithms equally 

valuable and suitable for use in clinical trials. Different from what is currently used to gauge 

response to therapy in juvenile idiopathic arthritis (29), flare algorithms derived from 

regression models allow for consideration of the differential importance of changes in 

individual cSLE flare descriptors when recognizing cSLE flares. The SLEDAI-based and 

BILAG-based flare scores are reminiscent of the disease activity score (DAS) used in 

rheumatoid arthritis (30). However, the DAS score considers the natural logarithm of the 

ESR and square roots of the number of swollen or tender joints, while the preliminary cSLE 

flare criteria require at most simple arithmetic maneuvers to calculate a cSLE flare score, 

supporting their ease of use (18).

All flare score algorithms consider changes in proteinuria, despite the inclusion of 

proteinuria assessment in the SLEDAI and BILAG scores. This allows for detection of renal 

SLE flares that occur in patients with existing proteinuria and also allows for the 

consideration of increases in proteinuria that would otherwise not be captured given the item 

definition used in the SLEDAI and BILAG, respectively. As reported previously, exclusion 

of changes in proteinuria from the flare algorithms resulted in inferior accuracy in predicting 

cSLE flares (14).

In line with our earlier studies (5, 8) both cSLE flare criteria from CART and multinomial 

logistic regression analysis showed excellent or even outstanding accuracy. Statistically, they 

were superior to algorithms that considered equally weighted percentage changes from a 

statistical point of view in the past.

Given the simplicity of CART-based criteria, they appear particularly suited for clinical 

settings but a potential short-coming of CART-based criteria include so-called ‘over-fitting 

of the mathematical model’ which can make them prone to less favorable statistical 

performance in subsequent validation studies (14). Mild cSLE flares often do not prompt 

clinicians to change therapy, whereas moderate cSLE generally require more intensive anti-

inflammatory therapy. Although CART-based flare algorithms were highly accurate for 

discriminating any kind of global flare when tested in this validation data set, they were 

unable to distinguish minor from moderate cSLE flares. This limitation prompted the 

agreement among the Consensus Conference experts to not recommend CART-based 

algorithms for use as outcome measures in clinical trials.

We chose two approaches to adjudicate the disease course (67%-Rule, Majority-Rule) 

presented in the various PPs, which might have introduced bias. However, both approaches 

yielded comparable results.

The ACR has outlined a series of validation steps necessary before new criteria are to be 

widely used for clinical care or research (12). Among others, one step is to use data from 

clinical trials for developing response criteria. However, clinical trial data from interventions 

that impact cSLE activity are unavailable at present. In our study, the presence of a flare was 

based on the PP raters’ perception of the course of cSLE instead. Given their prospective 

character and the expertise of the PP raters, we consider the quality of our data to be high 
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and the number of PPs per flare severity category yielded robust provisional cSLE flare 

criteria.

We would like to point-out that PP raters from different parts of the world and different 

degrees of experience showed all excellent concordance (inter-rater agreement) in their 

assessment of the cSLE course. This supports the robustness of this validation study. A 

limitation might be that only 54% of those physicians approached to provide PP ratings 

provided feed-back. Nonetheless, responses from 274 pediatric rheumatologists were 

obtained, which is a much larger number than for many similar validation exercises (9–11).

In addition to criteria for global flare and improvement, criteria for changes of cSLE in 

specific organ systems are likely needed. Depending on the proposed effect of a cSLE drug 

candidate, the Cutaneous Lupus Activity and Severity Index (31), pediatric lupus nephritis 

response measures (32) and standardized joint assessments for children (29), have already 

been validated to adequately capture the proposed therapeutic effects. To further provide 

support for the accuracy of the provisional criteria of global flare of cSLE data from clinical 

trials will be needed.

Taken together a methodologically stringent validation process has been employed to 

calculate a flare score that can be used to interpret the course of cSLE over time with respect 

to the degree of worsening that might have occurred. Based on the data available these 

algorithms cannot be used to quantify potential improvement over time.
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APPENDIX 1

A. Patient Profiles considering the SLEDAI
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B. Patient Profiles considering the BILAG

Gerd Ganser St. Josef Stift Sendenhorst Ganser@St-Josef-Stift.De

Claas Hinze University Hospital Muenster Claas.Hinze@Gmail.Com

Markus Hufnagel University Children’s Hospital 
Freiburg

Markus.Hufnagel@Uniklinik-Freiburg.De

Thomas Lutz University Hospital Heidelberg Thomas.Lutz@Med.Uni-Heidelberg.De

Ralf Trauzeddel Helios Klinikum Berlin Buch Ralf.Trauzeddel@Helios-Kliniken.De
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Sorina Boiu Attikon University Hospital, 
Athens

Sboiu@Med.Uoa.Gr

Maria Trachana Hippokration Hospital, 
Aristotle University of 
Thessaloniki

Mtrachan@Auth.Gr

Elena Tsitsami Agia Sofia University 
Children’s Hospital

Elena@Tsitsamis.Gr

Guatemala:

Mayra Cifuentes Hospital General San Juan de 
Dios

Mayra.Cifuentes@Gmail.Com

Hungary:

Ilonka Orbán National Institute of 
Rheumatology and 
Physiotherapy

Orbanilon@Freemail.Hu

India:

Amita Aggarwal Sanjay Gandhi Postgraduate 
Institute, Lucknow

Aa.Amita@Gmail.Com

Sharath Kumar Columbia Asia Hospital, 
Bangalore

Arthritisdoctor.In@Gmail.Com

Sujata Sawhney Sir Ganga Ram Hospital, New 
Delhi

Drsujatasawhney@Gmail.Com

Israel:

Yonatan Butbul Aviel Meyer Children’s Hospital, 
Haifa

Yonatanbutbul@Gmail.Com

Yosef Uziel Meir Medical Center, Tel Aviv 
University

Uziely@Clalit.Org.Il

Italy:

Rolando Cimaz AOU Meyer Hospital Florence 
Italy

R.Cimaz@Meyer.It

Valeria Gerloni Azienda Ospedaliera Istituto 
Ortopedico Gaetano Pini, 
Milano

Valeria_Gerloni@Yahoo.It

Maria Cristina Maggio Università degli Studi di 
Palermo, Palermo

Sbenfratello@Libero.It

Serena Pastore IRCCS Burlo Garofolo, 
Pediatric Clinic

Serena.Pastore@Burlo.Trieste.It

Latvia:

Ingrida Rumba-Rozenfelde Children’s Hospital, 
University of Latvia

Rumba@Lu.Lv

Libya:

Soad Hashad Tripoli Children’s Hospital Khaines@Hackensackumc.Org

Malaysia:

Sern Chin Lim Hospital Selayang Sernchin@Gmail.Com

Mexico:

Carlos Abud Hospital Central Ignacio 
Morones Prieto

C_Abud@Hotmail.Com

Ruben Burgos-Vargas Hospital General de México R.Burgos.Vargas@Gmail.Com

Roberto Carreño-Manjarrez Hospital Infantil De Mexico Rcarrenom63@Gmail.Com

Ivonne Cespedes UMAE Hospital General 
Centro Medico Nacional “La 
Raza”

Ivonneadri@Yahoo.Com.Mx
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Sandra Enciso Hospital Infantil de Mexico 
Federico Gomez

Sandiaenciso@Gmail.Com

Hayde Hernandez-Huirache Hospital Regional de Alta 
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Little_Hayde@Hotmail.Com

Jorge Jaimes-Hernández Centro Médico ISSEMYM, 
Toluca

Jorjaimes@Yahoo.Com

Rocio Maldonado Hospital Infantil de Mexico Irama.Maldonado@Gmail.Com

Rogelio Martinez Hospital Infantil de México, 
Federico Gómez

Rexmtz@Hotmail.Com

Floricela Olivera Unidad de Especialidades 
Medicas, Sedena

Floricela_14@Hotmail.Com

Javier Orozco Universidad de Guadalajara, 
Guadalajara

jaorozcoa44@yahoo.com.mx

Ana Luisa Rodriguez-Lozano Instituto Nacional de Pediatria, 
Mexico City

Anarlozano@Yahoo.Com.Mx

Omar Ernesto Rojas Pacheco Cancun Rojaspacheco@Gmail.Com

Araceli Arellano UMAE, Pediatría, CMNO, 
IMSS, Guadalajara

enanara@yahoo.com.mx

Luz Maria Suárez Larios Hospital infantil del Estado de 
Sonora

Marysuhil@Hotmail.Com

Alfonso Ragnar Torres Jimenez Hospital General Centro 
Medico Nacional La Raza, 
IMSS

Dr-Poncho@Hotmail.Com

Gabriel Vega Hospital México Americano, 
Guadalajara

Gvc81@Hotmail.Com

Manuel Vera Hospital Infantil de 
Especialidades del Estado de 
Chihuahua,Chihuahua

Drhectorvera@Hotmail.Com

Julia Verónica Ramírez Miramontes Instituto Mexicano del Seguro 
Social, Mexico City

Juliver_Rami05@Hotmail.Com

Ivon Karina Ruíz Hospital General de México, 
Durango

Voniruiz75@Yahoo.Com.Mx

New Zealand

Anthony Concannon Starship Children’s Health, 
Auckland City

Anthony.Concannon@Middlemore.Co.Nz

Jacqueline Yan Starship Children’s Health, 
Auckland City

Jyan@Adhb.Govt.Nz

Nicaragua:

Martha Jarquin Jaime Hospital Infantil MJR La 
Mascota, Managua

Jorjaimes@Yahoo.Com

Oman:

Safiya Al Abrawi Royal Hospital, Muscat Safiassm@Yahoo.Com

Paraguay:

Cynthia Vega Hospital General Pediatrico 
Acosta Ñu, San Lorenzo

Cynvegab@Hotmail.Com

Jorge Lopez-Benitez La Costa Medical Center, San 
Lorenzo

Jmlopezbenitez@Gmail.Com

Zoilo Morel Universidad Nacional de 
Asunción, San Lorenzo

Zoiloma@Hotmail.Com

Peru:

Eliana Gastañaga Instituto Nacional de Salud del 
Niño, Lima

Fcuepaz@Infonegocio.Net.Pe
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Tatiana Guzmán Hospital Rebagliati, Lima Tmiraval@Hotmail.Com

Amparo Iban͂ez Instituto Nacional de Salud del 
Nin͂o, Lima

Amparoies@Yahoo.Com

Poland:

Violetta Opoka-Winiarska Medical University of Lublin Viola.Winiarska@Gmail.Com

Lidia Rutkowska-Sak National Institute of 
Geriatrics, Reumatology & 
Rehabilitation, Warsaw

Lidia.Rutkowska-Sak@Spartanska.Pl

Elzbieta Smolewska Medical University, 
Department of Pediatric 
Rheumatology

E.Smolewska@Wp.Pl

Portugual:

Marta Conde Hospital de Dona Estefânia, 
Lisboa

Marta.C.Conde@Gmail.Com

Margarida Guedes Porto Hospital Center, Porto Margguedes@Gmail.Com

Puerto Rico:

Enid del Valle San Jorge Children’s Hospital, 
San Juan

Enidjdelvalle@Gmail.Com

Elivette Zambrana HIMAHealth, San Juan Ezambrana@Hotmail.Com

Romania:

Constantin Ailioaie II Paediatric Clinic, Children’s 
Emergency Hospital “St. 
Mary”

Laserail_Mail@Yahoo.Com

Calin Lazar Pediatric Clinic, no.1, 
University of Medicine and 
Pharmacy Iuliu Hatieganu 
Cluj-Napoca

Calinlazar2004@Yahoo.Com

Russian Federation:

Ekaterina Alekseeva Scientific Centre of Children’s 
Health,Russian Academy of 
Medical Sciences

Alekatya@Yandex.Ru

Vladimir Keltsev Samara Regional Clinical 
Hospital, Samara

Keltsev@Mail.Ru

Saudi Arabia:

Sulaiman Al-Mayouf King Faisal Specialist Hospital 
& Research Center, Riyadh

Mayouf@Kfshrc.Edu.Sa

Abdurhman Asiri Prince Sultan Military Medical 
City (PSMMC)

Asiri1000@Yahoo.Com

Wafaa Sewairi King Fahad National Guard 
Hospital, King Abdulaziz 
Medical City

Sewairiw@Ngha.Med.Sa

Serbia:

Gordana Susic Belgrade Institute of 
Rheumatology, Belgrade

Susic.Gordana@Gmail.Com

Gordana Vijatov-Djuric Institute for Child and Youth 
Health Care of Vojvodina, 
Belgrade

Vijatovg@Sbb.Rs

Singapore:

Elizabeth Ang National University Children’s 
Medical Institute, Singapore

rheum_kids@nuhs.edu.sg

Thaschawee Arkachaisri KK Women’s and Children’s 
Hospital and Duke-NUS 
Medical School

Thaschawee.Arkachaisri@Kkh.Com.Sg
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Spain:

Alina Boteanu Hospital Universitario Ramón 
y Cajal, Madrid

al_boter@yahoo.com

Juan Carlos Lopez-Robledillo Hospital Infantil Universitario 
Niño Jesús, Madrid

Jclrobledillo@Gmail.Com

Marta Medrano San Ildefonso Hospital Miguel Servet 
Zaragoza, Zaqragoza

Mmedrano@Unizar.Es

Consuelo Modesto Hospital Vall D’Hebron, 
Barcelona

Cmodesto@Vhebron.Net

Calvo Penades Hospital Universitario 
Politecnico, La Fe

Calvo_Inm@Gva.Es

Sweden:

Anders Fasth Queen Silvia Children’s 
Hospital, Gothenburg

Anders.Fasth@Gu.Se

Jorge Sotoca-Fernandez Medicinkliniken Mälarsjukhuset, SörmlandYosoysoti@Yahoo.Es

Switzerland:

Isabel Bolt Kinderspital, Universität Zürich Isabel.Bolt@Insel.Ch

Singapore:

Soamarat Vilaiyuk Faculty of Medicine 
Ramathibodi Hospital, 
Mahidol University

Soamarat21@Hotmail.Com

The Netherlands:

Sylvia Kamphuis Sophia Children’s Hospital, 
Rotterdam

S.Kamphuis@Erasmusmc.Nl

Dieneke Schonenberg-Meinema Emma’s Children Hospital, 
Academical Medical Center, 
Amsterdam

D.Schonenberg@Amc.Nl

The Philippines:

Leonia Dans University of the Philippines-
Philippine General Hospital, 
Manila

Leonila.Dans@Gmail.Com

Karen Joy Kimseng Chong Hua Hospital and Cebu 
Institute of Medicine, Cebu 
City, Cebu

Yenkimseng@Gmail.Com

Turkey:

Seza Ozen Hacettepe University, Ankara Sezaozen@Hacettepe.Edu.Tr

United Kingdom:

Eileen Baildam Alder Hey Children’s 
Hospital, Liverpool

Eileen.Baildam@Alderhey.Nhs.Uk

Clare Pain Alder Hey Children’s NHS 
Foundation Trust, Liverpool

clare.pain@alderhey.nhs.uk

Eslam Al-Abadi Birmingham Children’s 
Hospital, Birmingham

Eslam.al-abadi@bch.nhs.uk

Lampros Fotis Queens Medical Center, 
Nottingham

Labfotis@Hotmail.Com

Clarissa Pilkington The Hospital for Sick 
Children, London

clarissa.pilkington@gosh.nhs.uk

Uruguay:

Juan Cameto Centro Hospitalario Pereira 
Rossell, Montevideo.

Cametojuan@Gmail.Com
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Rosario Jurado Centro Hospitalario Pereira 
Rossell, Montevideo.

Jurado@Femi.Com.Uy

Puerto RicoL

Ana Quintero-Del Rio Santurce, PR Anaquintero8293@Msn.Com

United States of 
America

Bryce Binstadt Masonic Children’s Hospital, 
Minneapolis,MN

Binstadt@Umn.Edu

David D. Sherry Children’s Hospital of 
Philadelphia, PA

Sherry@Email.Chop.Edu

Robert Sundel Boston Children’s Hospital, 
Boston, MA

Robert.Sundel@Childrens.Harvard.Edu

Leslie Abramson University of Vermont Medical 
Center, Burlington, VT

Leslie.Abramson@Vtmednet.Org

Khalid Abulaban Helen Devos Children’s - 
Spectrum Health, Green Bay, 
MI

Khalid.Abulaban@Helendevoschildrens.Org

Cassyanne Aquiar Children’s Hospital of the 
King’s Daughters, Norfolk, 
VA

cassyanne.aquiar@chkd.org

Bita Arabshahi Inova Childrne’s Hospital, 
Fairfax,VA

Barabshahi@Psvcare.Org

Fatima Barbar-Smiley Nationwide Children’s 
Hospital, Columbus, OH

Fatima.Barbar-Smiley@Nationwidechildrens.Org

John Bohnsack Primary Childrens’ Hospital, 
University of Utah Health 
Care, Salt Lake City, UT

John.Bohnsack@Hsc.Utah.Edu

Alexis Boneparth Rutgers Robert Wood Johnson 
Medical School, New 
Brunswick, NJ

Adb177@Rwjms.Rutgers.Edu

Amanda Brown Texas Children’s Hospital, 
Houston, TX

amanda.brown2@bcm.edu

Diane Brown Children’s Hospital of Los 
Angeles, CA

Debrown@Chla.Usc.Edu

Jon Burnham Children’s Hospital of 
Philadelphia, PA

Burnhams@Email.Chop.Edu

Elizabeth C. Chalom Childrens Hospital of New 
Jersey, Newark, NJ

Echalom@Barnabashealth.Org

Peter Chira Rady Children’s Hospital, Los 
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Pchira@Ucsd.Edu

Dominic Co American Family Children’s 
Hospital, Madison, WI

Dco@Mcw.Edu
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Corr0250@Umn.Edu
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Rcron@Peds.Uab.Edu
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SIGNIFICANCE & INNOVATION

• Results of the preliminary validation of criteria of global flare for childhood-

onset SLE are provided.

• Based on the flare scores mild flares, moderate flares and severe flares can be 

defined.
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Figure 1. Flow diagram of the entire process used to develop and validate the approved criteria 
of global flare of cSLE
The steps 1–5 have been summarized in Brunner & Klein-Gitelman: Arthritis Care Res 

(Hoboken). 2010;62(6):811–20; and Brunner & Mina: Arthritis Care & Research. 

2011;63(9):1213–23. The current report commences at step 5 and focuses on steps 6 – 8.
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Figure 2. Potential flare thresholds to define cSLE flare severity. Panel A: SLEDAI-based 
algorithm, Panel B: BILAG-based algorithm
Flare threshold values based on multinominal logistic regression models and distribution-

weighted strategies for each flare category (minor, moderate, major flare) were presented to 

the experts participating in the final concensus conference. There was 100% agreement to 

use threshold values derived from multinomial logistic regression, i.e. thresholds with the 

best statisticial performance in receiver-operating characteristic curve analysis. Each 

threshold had the largest summation of sensitvity and specificity on the ROC curve. Blue 

bars represent threshold scores from multinomial logistic regrssion models and yellow bars 
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depict those derived from distribution-weighted approaches. Red bars indicate the scores 

using each algorithm to assess the 2010 data (14).

 Distribution-weighted
 Logistic
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Figure 3. Flare score interpretation
Flare scores represent the cut-off score on the Receiver Operating Characteristic (ROC) 

curves that provide the best discrimination between adjacent disease states (no flare, minor 

or mild flare, moderate flare, major or severe flare) with cSLE. Sensitivities and specificities 

are shown for the SLEDAI-based algorithm in Panel A, and the BILAG-based algorithm in 

Panel B. As shown in Panel C, the SLEDAI-CART algorithm [Score= 4 if 3 ≤ SLEDAI; 

Score= 3 if 0.7 ≤ PCR and 3 > SLEDAI; Score= 2 if 2 ≤ MD and 0.7 > PCR and 3 > 

SLEDAI; and Score=1 Otherwise] and in Panel D the BILAG-CART algorithm [Score= 4 if 
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2 ≤ BILAG; Score= 3 if 0.7 ≤ PCR and 2 > BILAG; Score= 2 if 2 ≤ MD and 0.7 > PCR and 

2 > BILAG; Score= 1 Otherwise] are only able to distinguish major flares from other cSLE 

disease courses. Thus the other two of the top preliminary flare criteria (SLEDAI-CART, 

BILAG-CART) were unable to discriminate minor from moderate cSLE flare.
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Table 1

Baseline Characteristics of Validation Cohort

Values are % from N, unless stated otherwise Majority Rule (N=1860) 67% Rule (N=818)

Mean age (Years) 15.0 15.1

Gender (% Of Females) 81.7% 82.5 %

Protein-Creatinine Ratio* 0.39

 ≤ 0.2 63.8% 67.5%

 > 0.2 36.2% 32.5%

 > 0.5 14.5% 13.0%

 > 2.0 3.4% 2.7%

Organ Involvement With Active cSLE At Baseline 2.7% 7.0%

 Neuropsychiatric 12.4% 8.67%

 Musculoskeletal 21.7% 22.6%

 Mucocutaneous 15.4% 12.7%

 Hematologic 24.1% 20.5 %

 Renal 1.2% 1.0%

 Cardiopulmonary 2.7% 8.1%

 Constitutional symptoms

*
either from 24 hour urine or random urine sample; (mg protein/mg urine creatinine)
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Table 3

Comparison of the Performance of the Preliminary Flare Algorithm in the Development and Validation 

Dataset

Algorithm details Flare Category
Area under the ROCˆ 

curve

2010 data 2017 data

SLEDAI-based flare score$ Score=0.5 × SLEDAI + 0.45 × PCR** + 0.5 × MD 
+ 0.02 ESR

Major flare 0.95 0.93

At least moderate 
flare

0.85 0.94

At least minor flare 0.86 0.93

BILAG-based flare score$ Score=0.4 × BILAG + 0.65 × PCR + 0.5 × MD + 0.02 
ESR

Major flare 0.93 0.91

At least moderate 
flare

0.85 0.92

At least minor flare 0.85 0.93

SLEDAI-based CART rule

Score=4 if 3 ≤ SLEDAI;
Score=3 if 0.7 ≤ PCR and 3 > SLEDAI;
Score=2 if 2 ≤ MD and 0.7 > PCR and 3 > SLEDAI;
Score=1 Otherwise.

Major flare 0.85 0.76

At least moderate 
flare

0.80 0.80

At least minor flare 0.84 0. 89

BILAG-based CART rule

Score=4 if 2 ≤ BILAG;
Score=3 if 0.7 ≤ PCR and 2 > BILAG;
Score=2 if 2 ≤ MD and 0.7 > PCR and 2 > BILAG;
Score=1 Otherwise.

Major flare 0.86 0.71

At least moderate 
flare

0.80 0.75

At least minor flare 0.82 0.84

*
Details about algorithm development are provided in Brunner, H. I., Mina, R. “Preliminary criteria for global flares in childhood-onset systemic 

lupus erythematosus.” Arthritis Care Res (Hoboken) 2011, 63(9): 1213–1223.

$
Algorithm considers for the change (baseline – follow-up) of each of the flare descriptors included

†
Values presented represent the area under the ROC curve considering PP with consensus as defined by the 67%-Rule

**
PCR: Urine protein/creatinine ratio from random urine sample

#
MD-global: Physician global assessment of disease measured on a visual analog scale (range: 0–10; 0= inactive disease)

‡
Numeric values larger than or equal to the flare score signify a flare; higher scores are seen with more severe flare.

ˆ
Receiver operating characteristic
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