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Abstract

Objective: The Systemic Lupus International Collaborating Clinics (SLICC) 2012 SLE
classification criteria and the revised American College of Rheumatology (ACR) 1997 criteria
are list-based, counting each SLE manifestation equally. We derived a classification rule based
on giving variable weights to the SLICC criteria, and compared its performance to the revised
ACR 1997, unweighted SLICC 2012 and the newly reported European League Against
Rheumatism (EULAR)/ACR 2019 criteria.

Methods: The physician-rated patient scenarios used to develop the SLICC 2012 classification
criteria were re-employed to devise a new weighted classification rule using multiple linear
regression. The performance of the rule was evaluated on an independent set of expert-
diagnosed patient scenarios and compared to the performance of the previously reported
classification rules.

Results: Weighted SLICC criteria and the EULAR/ACR 2019 criteria had less sensitivity but
better specificity compared to the list-based revised ACR 1997 and SLICC 2012 classification
criteria. There were no statistically significant differences between any pair of rules with respect
to overall agreement with the physician diagnosis.

Conclusion: The two new weighted classification rules did not perform better than the existing
list-based rules in terms of overall agreement on a dataset originally generated to assess the
SLICC criteria. Given the added complexity of summing weights, researchers may prefer the
unweighted SLICC criteria. However, the performance of a classification rule will always
depend on the populations from which the cases and non-cases are derived, and whether the goal

IS to prioritize sensitivity or specificity.



Significance and Innovations

e In an independent, multi-national cohort, the EULAR/ACR 2019 classification criteria
did not perform significantly better than the ACR 1997 and SLICC 2012 classification
criteria.

e The performance of classification rules depend on the populations from which the cases

and non-cases are derived.



Introduction

The Systemic Lupus International Collaborating Clinics (SLICC) classification criteria
for SLE were derived from a set of 702 expert-rated patient scenarios. Recursive partitioning was
used to derive an initial rule that was simplified and refined based on SLICC physician
consensus. The SLICC group then validated the classification criteria on a new validation sample
of 690 expert-rated patient scenarios (1). In previous validation work, the SLICC 2012 SLE
classification criteria (1) were more sensitive than the American College of Rheumatology
(ACR) 1997 revised criteria (2,3), but less specific. Subsequent studies in other cohorts
confirmed these conclusions (4-6).

The 1997 ACR revised criteria and the SLICC 2012 criteria counted each SLE
manifestation equally with one exception: the SLICC criteria counted lupus nephritis by biopsy
as a “stand alone”, sufficient for classification. However, when physicians evaluate a patient for
SLE, they may give greater weight to some non-renal criteria over other non-renal criteria.
Therefore, we hypothesized that a classification score that gave greater weight to some non-renal
criteria than others might have greater agreement with physician diagnosis. Therefore, our
objective was to derive and test a classification rule which differentially weighted the variables
used in the SLICC classification rule. We then compared this rule to the European League
Against Rheumatism (EULAR)/ACR 2019 classification rule (7) that used a weighted approach.
We also compared the revised ACR 1997 and the original SLICC classification rule to the new

EULAR/ACR 2019 classification rule.



Patients and Methods

The physician-rated patient scenarios used to develop the SLICC 2012 classification
criteria (the “training set””) were re-employed to devise a weighted classification rule (1). In
brief, these were based on patients with a clinical diagnosis of SLE (n=293) or non-SLE (n=423:
rheumatoid arthritis (119), myositis (55), chronic cutaneous lupus erythematosus (50),
undifferentiated connective tissue disease (44), vasculitis (37), primary antiphospholipid
syndrome (33), scleroderma (28), fibromyalgia (25), Sjogren’s syndrome (15), rosacea (8),
psoriasis (7), sarcoidosis (1) and juvenile inflammatory arthritis (1)).

These patient scenarios were then classified as either SLE or non-SLE based on ratings
by 32 SLICC rheumatologists. Based on these scenarios and ratings, the SLICC group
developed the SLICC 2012 classification criteria.

To derive the new weighted SLICC classification rule, a multiple linear regression model
was fit to these data, using the SLICC 2012 criteria variables as predictors and the binary
outcome (physician classification of SLE, the “gold standard”) as the outcome. To generate the
weights for each criterion, we then multiplied each criterion’s coefficient by 100 and rounded to
the nearest integer. The Direct Coombs criterion was not included in the weighted score because
its weight was very small. The weights for the remaining SLICC 2012 manifestations and for
the EULAR/ACR 2019 manifestations are shown in Table 1 (7).

A cutoff for classification was chosen as the score that maximized the sum of sensitivity
and specificity of the new weighted criteria with physician diagnosis. We evaluated the
performance of these weighted SLICC criteria on the independent “validation set” of patient
scenarios collected by SLICC investigators to validate the SLICC 2012 classification rule. These

patient scenarios were collected and rated in a similar manner to those used in the derivation
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step. As in the “training set”, there were SLE (n=337) and non-SLE (n=353: RA (118),
undifferentiated connective tissue disease (89), primary antiphospholipid antibody syndrome
(30), vasculitis (29), chronic cutaneous lupus (24), scleroderma (20), Sjogren’s syndrome (15),
myositis (14), psoriasis (8), fiboromyalgia (4), alopecia areata (1), and sarcoidosis (1)) scenarios.
We then compared the performance of the newly derived weighted rule to the performance of the
revised ACR 1997 criteria, the previous SLICC 2012 criteria, and the new EULAR/ACR 2019
criteria. In classifying patients based on the EULAR/ACR criteria, we did not include fever
because that variable was not in our data set. In addition, because we did not have information
about biopsy class, all those with lupus nephritis were given the maximum number of lupus
nephritis points in computing the EULAR/ACR 2019 score. To address the issue of the omission
of “ANA negative” lupus from the EULAR/ACR 2019 criteria, we did an additional subset
analysis omitting the ANA negative SLE and disease controls.

All patients gave informed written consent to participate in the study. The study was
approved by the Johns Hopkins University School of Medicine Institutional Review Board and

complied with the Helsinki Declaration.

Results

A new modification of the SLICC 2012 criteria, assigning a weight to each criterion, was
developed. The weights derived for each criterion are shown in Table 1, and are juxtaposed to
the weights in the EULAR/ACR 2019 criteria. The weights for the SLICC criteria were derived
by statistical modeling, and did not reflect physician judgment.

By using physicians’ diagnosis as the gold standard, it was determined that sensitivity

and specificity were optimized when patients were classified as SLE if they had lupus nephritis
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and/or if on the new weighted criteria they achieved 56 points or more with at least one clinical
component and one immunologic component.

Table 2 shows the performance of the four classification rules. As can be seen, the
highest sensitivity was achieved by the SLICC 2012 criteria, whereas the revised ACR 1997
criteria had the highest specificity. The new weighted SLICC criteria, and the EULAR/ACR
2019 classification criteria had intermediate specificity and sensitivity. All four sets of criteria
had similar overall agreement with the physician diagnosis, without statistically significant
differences (at the 0.05-level) between any pair of rules. Table 3 shows the additional analysis
omitting ANA negative SLE and disease controls from the SLICC dataset. In general, the
sensitivities were similar to those in Table 2, but the specificities were better. There was
significantly better performance of the SLICC criteria than the weighted SLICC criteria (p =

0.0065) or the revised ACR criteria (p = 0.035).

Discussion

The existence of the SLICC patient scenarios gave us a unique opportunity to study the
performance of the new EULAR/ACR 2019 classification criteria and whether weighting criteria
made a difference.

First, the EULAR/ACR 2019 criteria were reported to be more sensitive/specific than the
SLICC 2012 criteria in the EULAR/ACR validation phase (7). There was no difference in our
current study in overall agreement between revised ACR 1997, SLICC 2012 or the
EULAR/ACR 2019 criteria. The performance obviously depends on the “controls” or non-SLE

comparison cases. In the case of the SLICC dataset, most of the non-SLE cases were
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autoimmune diseases in which a positive ANA 1:80 (the entry criterion for EULAR/ACR 2019
criteria) would be common.

Second, weighting did not improve the performance of the SLICC 2012 criteria. The
weighted SLICC classification rules did not perform better than the existing list-based SLICC
rules in terms of overall agreement. In particular, the original SLICC classification criteria
already heavily “weighted” lupus nephritis as a “stand alone” criterion. Therefore, we do not
recommend use of the weighted SLICC criteria.

Third, for some manifestations, the relative weights used in the weighted SLICC
classification rule differed strikingly from the weights in the EULAR/ACR 2019 criteria. For
example, in computing the weighted SLICC rule, oral ulcers were assigned a substantially higher
weight than arthritis, whereas in the EULAR/ACR 2019 criteria this was not the case. This
highlights the different approaches used to generate the weights. The SLICC weights were
generated by a statistical analysis based on a set of SLE and non-SLE patient scenarios, whereas
the weights for EULAR/ACR 2019 criteria were largely derived based on expert opinion. This
also highlights the importance of the populations used to generate the validation data sets. The
control group in the SLICC validation set consisted of patients with other rheumatic diseases.
Many of these control patients also had arthritis, so the importance of arthritis for distinguishing
SLE patients was attenuated. However, fewer of the non-SLE cases had oral ulcers, so the
importance for distinguishing SLE from non-SLE was increased.

Fourth, one essential difference in the SLICC patient scenarios was that all cases and
controls had the same autoantibody assays done in a central laboratory, such that there were
almost no missing data. For example, in clinical practice, patients with rheumatoid arthritis might

not have complement checked, or SLE patients might not have IgA anticardiolipin or IgA anti-
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beta 2 glycoprotein checked, if the local laboratory was unable to perform the assay. If missing
data were counted as negative, the EULAR/ACR criteria might appear to have better
discrimination.

Fifth, the original SLICC 2012 criteria and the weighted SLICC 2012 criteria allowed for
“ANA negative” SLE. In our analysis that omitted ANA negative SLE and disease controls, the
SLICC 2012 criteria had a higher kappa than the other criteria. Given assay variability and the
existence of true “ANA negative” SLE (8), questions have been raised over whether ANA
positivity should be employed to determine eligibility for clinical trials (9). In particular, ANA
negative lupus can include lupus nephritis (biopsy proven) which would always be classified as
SLE using the SLICC 2012 criteria (10,11).

Sixth, we compared the various classification rules to the set of patient scenarios
originally generated to validate the SLICC rule. One caveat is that this set was gathered and
rated by the same investigators that originally generated the SLICC classification criteria. Thus,
while statistically independent of the data used to generate the SLICC rule, some of the same
opinions may have been driving the ratings of both the training and validation set. This is both a
limitation (in comparing original SLICC to weighted SLICC) but also a potential strength in
comparing the EULAR/ACR 2019 criteria to SLICC 2012 criteria.

Seventh, while the overall performance of the four classification rules did not differ
significantly, components of agreement (sensitivity and specificity) differed by as much as 10-14
percentage points in some comparisons. Thus, the choice of a classification rule might depend
on whether the researcher wanted to cast a wider net, or to reduce the risk of false positives. It
should also be noted that for any score, the tradeoff between sensitivity and specificity can be

altered by choosing a different cut-off.
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In summary, we modified the SLICC 2012 classification criteria for SLE by including
weighting, and compared these modified criteria with the established criteria and with the
(weighted) EULAR/ACR 2019 criteria. All four sets of criteria performed well when using the
physicians’ diagnosis as the reference, without statistically significant or clinically convincing
differences. However, the performance of these rules may vary in different populations or with
different choices of control patients. We therefore recommend any of these criteria for SLE

classification purposes.
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Tables

Table 1: Weighting factors for manifestations scored in the 2012 SLICC! and the 2019

EULAR/ACR? criteria (7)
Manifestation 2012 SLICC EULAR/ACR
Weighting Weighting Factors
Factors
acute cutaneous 26 Maximum score of either:
chronic cutaneous 12 6 - acute cutaneous
oral ulcers 16 4 - subacute cutaneous
alopecia 9 4 - discoid lupus
2 - oral ulcers or
2 - alopecia
arthritis 9 6 arthritis
serositis 16 Maximum score of either:
6 - acute pericarditis or
5 - effusion
renal without biopsy 9 Maximum score of either:

renal with biopsy

neurologic

automatically

classified

17

10 - class 111/1V nephritis
8 - class 11/V nephritis or
4 - proteinuria >0.5g/day
Maximum score of either:

5 - seizures



Manifestation 2012 SLICC EULAR/ACR
Weighting Weighting Factors

Factors

3 - psychosis or

2 - delirium
hemolytic anemia 1 Maximum score of either:
leukopenia or lymphopenia 14 4 - autoimmune hemolysis
thrombocytopenia 15 4 - thrombocytopenia or

3 - leukopenia

ANA 17 pre-requisite 1:80

anti-dsDNA 19 6 - anti-Sm or

anti-Sm 16 6 - anti-dsDNA
antiphospholipid antibodies 8 2 antiphospholipid antibodies
low complement 11 Maximum score of either:

4 - low C3 and C4 or

3-lowC3orC4

fever 2 fever

!Note, to satisfy the weighted SLICC criteria, the patient had to have either biopsy-
proven lupus nephritis, or a score of 56 or higher with both clinical and immunologic

manifestations.
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Note, to satisfy the EULAR/ACR criteria, the patient had to be positive for ANA, have a

total score of 10 or more, and have at least one clinical manifestation.
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Table 2: Sensitivity and specificity of four different SLE classification rules based on physician

diagnoses of patient scenarios

Sensitivity Specificity Overall Agreement  Kappa
(n=349) (n=341) (n=690) (Chance-
Classification Rule
adjusted
N (%) 95% ClI N (%) 95% CI N (%) 95% CI Agreement)

Revised ACR1997 290 79%-87% 326 93%-98% 616 87%-92% 0.79

(83%) (96%) (89%)
SLICC 2012 340  96%-99% 288 81%-88% 628  89% - 93% 0.82
(97%) (84%) (91%)

EULAR/ACR 2019 317 88%-94% 302 85%-92% 619 87%-92% 0.79

(91%) (899%) (90%)

Weighted SLICC 310 86%-92% 304 86%-92% 614 87%-91% 0.78

2012 (89%) (89%) (89%)
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Table 3: Sensitivity and specificity of four different SLE classification rules, omitting ANA

negative SLE and disease controls from the SLICC dataset.

Sensitivity Specificity Overall Agreement  Kappa
(n=341) (n=197) (n=538) (Chance-
Classification Rule
N (%) 95% CI N (%) 95% CI N (%) 95% ClI adjusted
Agreement)

Revised ACR 1997 284  T79%-87% 184 90%-97% 468  84% - 90% 0.73

(83%) (93%) (87%)
SLICC 2012 334 96%-99% 154 72%-84% 488  88% - 93% 0.79
(98%) (78%) (91%)

EULAR/ACR 2019 317 90%-96% 158 75% - 86% 475  86% - 91% 0.74

(939%) (80%) (88%)
Weighted SLICC 306 86%-93% 162 77%-88% 468  84%- 91% 0.72
2012 (90%) (82%) (87%)
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