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ABSTRACT

Objectives This study aimed to derive and validate a cut-
off for severe disease activity (SDA) using the SLE Disease
Activity Score (SLE-DAS) and compare its accuracy and
impact on health-related quality of life (HR-QoL) with the
British Isles Lupus Assessment Group 2004 (BILAG-2004)
and SLE Disease Activity Index 2000 (SLEDAI-2K).
Methods We performed a post hoc analysis of pooled
placebo arm data from the MUSE (A Phase Il, Randomized
Study to Evaluate the Efficacy and Safety of MEDI-546

in Subjects with Systemic Lupus Erythematosus),

TULIP-1 and TULIP-2 (Treatment of Uncontrolled Lupus
via the Interferon Pathway) trials, including 438 patients
with moderate-to-severe SLE. SLE-DAS was scored
retrospectively, and a cut-off for SDA was derived using
receiver operating characteristic (ROC) curves against

the BILAG-2004 numerical score >11 as gold standard.
Multiple linear regression analysis and Cohen’s d effect
size were applied to evaluate the effectiveness of SLE-
DAS, BILAG-2004 and SLEDAI-2K SDA classifications in
capturing HR-QoL patient-reported outcomes (PROs).
Results The optimal SLE-DAS cut-off for SDA was >9.90
(area under the ROC curve=0.847, sensitivity=77.8%,
specificity=79.6%). Patients classified as SDA by both
SLE-DAS and BILAG-2004 or only by SLE-DAS exhibited
similar disease activity, while those classified by
BILAG-2004 alone had less severe disease and better
HR-QoL. The SLE-DAS cut-off was associated with worse
HR-QoL across multiple PROs more consistently than
BILAG-2004 or SLEDAI-2K.

Conclusion The SLE-DAS cut-off for SDA provides an
accurate definition of SDA in SLE, with good discriminative
power and consistent associations with worse HR-QoL.
This SLE-DAS definition enhances disease activity
classification and offers a practical tool for guiding
treatment decisions in clinical practice, as well as selecting
patients with SDA for inclusion in clinical trials.

INTRODUCTION

Accurate assessment of SLE disease activity
with a validated instrument is recommended
for guiding treatment decisions, monitoring

%% Carla Henriques
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The SLE Disease Activity Score (SLE-DAS) is a val-
idated tool for assessing global disease activity in
SLE, supporting treat-to-target strategies with val-
idated definitions for remission and low, mild and
moderate-to-severe disease activity.

WHAT THIS STUDY ADDS

= This study derives and validates the SLE-DAS cut-off
(>9.90) for severe disease activity (SDA), demon-
strating good discriminatory ability and a superior
association with worse health-related quality of
life compared with British Isles Lupus Assessment
Group 2004 and SLE Disease Activity Index 2000.

= It highlights discrepancies in SDA classification
between SLE-DAS and other tools, emphasising
SLE-DAS’s superior association with clinical and
patient-reported outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This SLE-DAS definition enhances disease activity
classification and provides a practical tool for guid-
ing treatment decisions in clinical practice, as well
as selecting patients with SDA for inclusion in clin-
ical trials.

= Future research could adopt SLE-DAS as a contin-
uous measure for efficacy endpoints in trials, re-
fining therapeutic strategies and improving patient
outcomes.

treatment response and predicting patient
outcomes."™ According to the 2028 Euro-
pean Alliance of Associations for Rheuma-
tology (EULAR) recommendations for the
management of SLE, treatment should be
tailored according to the intensity of SLE
disease activity, categorised as mild, moderate
and severe.”

However, there are no consensual defini-
tions for categories of SLE disease activity.

BM) Group
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This is a significant obstacle to implementing evidence-
based, standard-of-care treatment recommendations in
the clinical setting, therefore compromising the patient
outcomes. Discrimination of mild, moderate and severe
SLE disease activity based on the SLE Disease Activity
Index (SLEDAI) or the British Isles Lupus Assessment
Group (BILAG) index has been proposed, but these
instruments have limitations and were not validated for
this purpose." ' The SLEDAI has limited measurement
performance to discriminate disease activity because it
dichotomously scores (as present/absent) each manifes-
tation, thus failing to capture the extent of disease activity
within each organ manifestation.?*’ In addition, it assigns
inappropriate weights for some activity items (eg, severe
thrombocytopenia scores lower than oral ulcers) and does
not include several severe lupus features, such as haemo-
lytic anaemia, and gastrointestinal and cardiopulmonary
manifestations.’” The BILAG index, while offering a more
comprehensive assessment across multiple organ systems
and providing a graded severity for each manifestation,
also has its drawbacks. It relies on subjective definitions
of severity, which can lead to inconsistent scoring, and its
transitional nature may cause disease activity to be cate-
gorised differently based on the physician’s perception of
changes over time.' Additionally, BILAG’s severity scoring
does not account for differences in the relative serious-
ness of organ involvement. For instance, an ‘A’ score for
severe mucosal ulceration is graded equivalently to life-
threatening complications like lupus nephritis, pneumo-
nitis or enteritis.”? Hence, there is an important unmet
need for more accurate and validated definitions of SLE
disease activity categories for use in clinical trials and in
daily practice.

The SLE Disease Activity Score (SLE-DAS) may provide
a solution for accurate and practical discrimination of
disease activity categories. The SLE-DAS is a validated,
composite instrument for measuring global disease
activity, which was developed to provide an accurate,
sensitive-to-change and feasible measure in the clinical
setting. It comprises 17 weighted clinical and laboratory
parameters, including continuous measures for arthritis,
proteinuria, thrombocytopenia and leucopenia.” '*'2
The SLE-DAS provides a balanced weighting system of
disease activity features and includes haemolytic anaemia,
and cardiopulmonary and gastrointestinal involvement,
making it a comprehensive tool. The SLE-DAS provides
validated definitions for the remission and low disease
activity treatment targets, which demonstrated high clas-
sification performance.””® Additionally, the SLE-DAS
definitions of mild activity (2.08<SLE-DAS<7.64) and
moderate-to-severe activity (SLE-DAS >7.64) presented in
validation a high performance, as compared with either
the expert assessment or the BILAG."” These SLE-DAS
categories are accurate and feasible in the clinical setting,
taking only 1-2 min to assess with its free-to-use online
calculator (http://sle-das.eu) 13

The aim of this study is to derive and validate the SLE-
DAS definition for severe disease activity (SDA).

PATIENTS AND METHODS

Study population

We performed a post hoc analysis of the intention-to-
treat pooled data from the placebo arms of the MUSE
(A Phase II, Randomized Study to Evaluate the Efficacy
and Safety of MEDI-546 in Subjects with Systemic Lupus
Erythematosus) (NCT014?>8489),17 TULIP-1 (Treatment
of Uncontrolled Lupus via the Interferon Pathway)
(NCT02446912)"® and TULIP2 (NCT02446899)"
placebo-controlled, randomised, double-blind, 52-week
trials that assessed the efficacy and safety of anifrolumab
in patients with moderate-to-severe disease activity who
were receiving standard therapy. The study design and
methods have been published in detail."” ™" Briefly,
eligible patients were required to meet the American
College of Rheumatology 1997 classification criteria for
SLE* and exhibit active disease at baseline defined cumu-
latively as a SLE Disease Activity Index 2000 (SLEDAI-2K)
score >6, a clinical SLEDAI-2K score >4, a BILAG-2004
organ domain score =1 A item or >2 B items and a Physi-
cian Global Assessment (PGA) score 21, despite receiving
at least one standard-of-care medication. Patients with
severe active renal or central nervous system disease
were excluded.'”"® The MUSE and TULIP trials were
conducted according to the principles of the Declara-
tion of Helsinki. The protocols were approved by institu-
tional review boards, and all participants provided written
informed consent. For this post hoc analysis, access to the
individual patient data from the placebo arms of these
randomised clinical trials (RCTs) was granted by Astra-
Zeneca through the Vivli consortium.

Patient assessments

We analysed the prospectively assessed individual patient
data from SLEDAI-2K, BILAG-2004, Cutaneous Lupus
Erythematosus Disease Area and Severity Index (CLASI),
28-swollen joint count (28-SJC), analytical results and the
health-related quality of life (HR-QoL) patientreported
outcomes (PROs) ((Lupus Quality of Life (LupusQoL),
EuroQol 5 Dimension (EQ-5D), Functional Assessment
of Chronic Illness Therapy-Fatigue (FACIT-F) and
Patient Global Assessment (PtGA)) from the dataset.
All data necessary to retrospectively score the SLE-DAS
were available using the SLEDAI-2K, BILAG-2004, CLASI
individual items, 28-SJC and analytical results from the
dataset.

Statistical analysis

Derivation and validation of the SLE-DAS cut-off for SDA
Derivation and validation of the SLE-DAS cut-off for SDA
were performed using data from week 12. At this visit,
the proportion of patients with SDA versus non-SDA
was expected to be balanced, based on the timepoint
results from the MUSE and TULIP trials. To establish a
gold standard for SDA, we used the numerical scoring
scheme developed and validated by the BILAG group
as comparator.” Specifically, we employed a numerical
threshold of BILAG-2004 >11 based on prior applications
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in disease stratification.”’ Although the specific threshold
of BILAG-2004 >11 for defining SDA has not been exten-
sively validated, several studies confirmed the numerical
transformation of BILAG-2004, showing that it is sensi-
tive to change in disease activity and associated with treat-
ment decisions, with other disease activity indices, flares
and damage accrual.?’* Derivation was performed using
data from the MUSE and TULIP-2 trials and applying
receiver operating characteristic (ROC) curves against
the BILAG-2004 numerical definition of SDA (numerical
BILAG-2004 >11). The area under the ROC curve (AUC)
was considered as a measure of discriminatory ability. The
optimal cut-off was determined by applying the Closest to
(0,1) Criteria (ER), where the optimal threshold is the
point closest to the point (0,1) on the ROC curve. Boot-
strap ClIs for the cut-off were calculated using 2000 boot-
strap replicates.

Validation was assessed using data from the TULIP-1
trial. Sensitivity, specificity and geometric mean (G-mean)
for the cutoff value of SLE-DAS SDA against BILAG-
2004 were calculated. We performed additional analyses,
assessing the discordant classification of SDA between
SLE-DAS and BILAG-2004. To this purpose, we compared
the physician-assessed disease activity features and the
HR-QoL PROs of the group of patients fulfilling the SDA
definition by both SLE-DAS and BILAG-2004 with the
group classified as SDA only according to SLE-DAS (but
not BILAG-2004) and the group as SDA only by BILAG-
2004 (but not SLE-DAS), applying Fisher’s exact test, x>
test or Mann-Whitney U test, using for these sensitivity
analyses the aggregated data of MUSE and both TULIP
trials.

Comparison of HR-QoL between patients classified as SDA and
non-SDA by SLE-DAS, BILAG-2004 or SLEDAI-2K

We further analysed the classification of all patients
at week 12 with SDA using the derived cut-off of SLE-
DAS, the prespecified numerical BILAG-2004 >11 and
SLEDAI-2K >12. The selection of SLEDAI-2K >12 was
based on its adoption in the EULAR recommendations for
the treatment of SLE and its use in the Safety of Estrogens
in Lupus Erythematosus National Assessment (SELENA)-
SLEDAI Flare Index to define severe flares.”* ** However,
it is important to acknowledge that there is no SLEDAI
cut-off extensively validated as an independent definition
of SDA. The agreement between these different classifi-
cations was assessed using Fleiss’ kappa, a generalisation
of Cohen’s kappa for three or more raters. Additionally,
we assessed if patients classified as SDA as compared
with non-SDA by each of the SLE-DAS, SLEDAI-2K or
BILAG-2004 criteria had a worse HR-QoL using the
Mann-Whitney U test. To quantify the magnitude of the
differences, we calculated Cohen’s d, which is a standard-
ised effect size used to measure the difference between
two means, allowing for the comparison of effect sizes
across different variables.”” Multiple linear regression
analysis with backward elimination method was applied
to evaluate the effectiveness of SLE-DAS, BILAG-2004

and SLEDAI-2K SDA classifications in capturing HR-QoL
PROs. Only the SDA definitions retained in the final
model were considered relevant for predicting HR-QoL
PROs. This methodology ensured that the most pertinent
predictors were identified, providing insights into which
disease activity classifications best capture the patients’
perspective in HR-QoL.

Patient and public involvement
Patients and/or the public were notinvolved in the design,
conduct, reporting or dissemination of this research.

RESULTS

Patient characteristics

We assessed a total of 438 patients with SLE (95, 174 and
169 from the MUSE, TULIP-1 and TULIP-2 RCTs, respec-
tively). These were all the placebo arm participants made
available by AstraZeneca through Vivli, and no additional
selection criteria were applied. Baseline characteristics
of the patients included are presented in online supple-
mental table 1 and in more detail in the original publica-
tions of MUSE, TULIP-1 and TULIP-2 trials.

Derivation and validation of the SLE-DAS cut-off for SDA

At week 12, 46.6% and 42.4% of 438 patients with SLE
were classified as SDA by BILAG-2004 in the derivation
and validation cohorts, respectively. In the derivation
cohort, the best cut-off to identify patients with SDA was
SLE-DAS >9.90 (bootstrap 95% CI 8.59 to 10.24), yielding
an AUC=0.847 (95% CI 0.811 to 0.882) (online supple-
mental figure 1). When applied in the validation cohort,
this cut-off showed a sensitivity of 77.8% and a specificity
of 79.6% (online supplemental table 2). Online supple-
mental tables 3 and 4 present a cross-tabulation of SLE-
DAS and BILAG-2004 disease activity categories, as well as
the performance of the >9.90 SLE-DAS cut-off in patients
with moderate-to-severe disease activity according to
BILAG-2004. When this cut-off was reassessed within this
subgroup, sensitivity remained unchanged in both the
derivation and validation cohorts (76.8% and 77.8%,
respectively), while the specificity decreased slightly,
resulting in a modest reduction in G-mean from 78.7 to
73.5 in the validation cohort.

At week 12, from the 438 patients with SLE, 34% were
classified as SDA by both SLE-DAS and BILAG-2004,
12.6% only by SLE-DAS and 10% only by BILAG-2004.
Among the patients classified as SDA based on SLE-DAS,
the most prevalent manifestations were arthritis (85.3%)
and cutaneous involvement, including cutaneous rash
(82.4%) and alopecia (76%) (online supplemental
table 5). Mucosal ulcers were also frequently observed,
affecting 33.8% of patients. Renal involvement was iden-
tified in 15.2% of patients, while serositis was present
in 11.8%. Haematological abnormalities included
leucopenia (8.8%) and thrombocytopenia (2%). Less
frequent manifestations included neuropsychiatric
symptoms (2.5%), systemic vasculitis (0.6%), cardiopul-
monary involvement (0.5%) and myositis (3.9%). The
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Table 1

Comparison of disease features of patients fulfilling the severe disease activity (SDA) definition both by SLE-DAS and

BILAG-2004 with those in SDA only by SLE-DAS (but not BILAG-2004) or only by BILAG-2004 (but not SLE-DAS)

SDA by SLE-DAS and

BILAG-2004 SDA only by SLE-DAS SDA only by BILAG-2004
n=149 (34.0%) n=55 (12.6%) n=44 (10%)
Neuropsychiatric, n (%) 4 (2.68) 1(1.82) 0 (0.00)
P value* NA NA
Systemic vasculitis, n (%) 1(0.67) 0 (0.00) 0 (0.00)
P value* NA NA
Mucocutaneous vasculitis, n (%) 30 (20.13) 8 (14.55) 5(11.36)
P value* 0.363 0.185
Cardiopulmonary, n (%) 1(0.67) 0 (0.00) 0 (0.00)
P value* NA NA
Serositis, n (%) 19 (12.75) 5(9.09) 1(2.27)
P value* 0.471 0.049
Lupus nephritis, n (%) 24 (16.11) 7 (12.73) 0 (0.00)
P value* 0.551 0.002
Arthritis, n (%) 129 (86.58) 45 (81.82) 25 (56.82)
P value* 0.394 <0.0001
28-SJC, median, IQR 4 (2; 8) 3(1;7) 1(0; 2

P value* 0.2668 <0.0001
Myositis, n (%) 6 (4.03) 2 (3.64) 0 (0.00)

P value* 1 0.34
Mucocutaneous involvement, n (%) 142 (95.30) 51 (89.09) 41 (93.18)

P value* 0.117 0.698
Thrombocytopenia, n (%) 3 (2.01) 1(1.82) 1(2.27)

P value* 1 1
Leucopenia, n (%) 13 (8.72) 5(9.09) 4 (9.09)

P value® 1 1
Hypocomplementaemia, n (%) 72 (48.32) 28 (50.91) 19 (43.18)

P value* 0.743 0.548
Increased anti-dsDNA, n (%) 77 (51.68) 31 (56.36) 13 (29.55)

P value* 0.552 0.01
Severe CLASI-A, n (%) 9 (6.04) 0 (0.00) 2 (4.55)

P value* 0.117 1
SLEDAI-2K, median (IQR) 12 (8; 14) 10 (8; 12) 8(6;9)

P value* 0.0996 <0.0001

*Comparison between patients classified as SDA by SLE-DAS+BILAG-2004 versus patients classified as SDA only by SLE-DAS or
BILAG-2004 using y? test, Fisher’s exact test or Mann-Whitney U test as appropriate. Significant p values are presented in bold.

SDA by BILAG-2004, British Isles Lupus Assessment Group 2004 index numerical score >11; SDA by SLE-DAS, SLE Disease Activity Score
>9.90; Severe CLASI-A, Cutaneous Lupus Erythematosus Disease Area and Severity Index activity score >21; 28-SJC, number of swollen

joints in a 28-joint count; SLEDAI-2K, SLE Disease Activity Index 2000.

groups classified as SDA according to both SLE-DAS
and BILAG-2004 and those classified only by SLE-DAS
did not present discernible differences in active disease
features and HR-QoL PROs (table 1 and figures 1 and
2). In contrast, patients classified as SDA only by BILAG-
2004 presented lower SLEDAI-2K score, less cases with
active serositis, nephritis, arthritis and with anti-dsDNA

positivity as compared with patients classified as SDA by
both SLE-DAS and BILAG-2004. Notably, patients classi-
fied as SDA by BILAG-2004 alone presented significantly
less severe impact in HR-QoL PROs, including in five of
eight domain scores of the LupusQoL, FACIT-F, PtGA,
EQ-5D visual analogue scale (VAS) and EQ-5D index
(figure 2).

4 Jesus D, et al. Lupus Science & Medicine 2025;12:€001499. doi:10.1136/lupus-2025-001499
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by SLE Disease Activity Score (SLE-DAS) and British Isles Lupus Assessment Group 2004 (BILAG-2004) with those classified
as SDA only by SLE-DAS (but not BILAG-2004) or only by BILAG-2004 (but not SLE-DAS) at week 12. The height of the bars
represents the mean values, and the number in each bar of the graph represents the median and the IQRs are listed below. P

values were calculated using the Mann-Whitney U test.

HR-QoL comparison between patients classified as SDA and non-
SDA by SLE-DAS, BILAG-2004 or SLEDAI-2K
Atweek 12, 11.6% of the 438 patients with SLE were classi-
fied as SDA by all three definitions (SLEDAI-2K, SLE-DAS
and BILAG-2004), 22.4% only by SLE-DAS and BILAG-
2004, 3.0% only by SLE-DAS and SLEDAI-2K, 0.2% only
by BILAG-2004 and SLEDAI-2K, 9.6% only by SLE-DAS,
9.8% only by BILAG-2004 and 0.7% only by SLEDAI-2K.
The agreement between SLE-DAS, BILAG-2004 and
SLEDAI-2K was fair (Fleiss’ kappa=0.33, 95% CI 0.28 to
0.39, p<0.0001).%®

Patients classified as SDA as compared with patients clas-
sified as non-SDA by SLE-DAS and BILAG-2004 presented
significantly worse impact in HR-QoL in all domains of
LupusQoL, FACIT-F, PtGA and the EQ-5D (figure 3 and
online supplemental figure 2). In contrast, patients clas-
sified as SDA or non-SDA by SLEDAI-2K did not present
significantly different impact in five of eight domains of
LupusQoL, FACIT-F, PtGA and EQ-5D (online supple-
mental figure 3). Notably, the SLE-DAS SDA presented
numerically higher effect sizes for all HR-QoL PROs
compared with BILAG-2004 and SLEDAI-2K (figure 3
and online supplemental figures 2 and 3).

Multiple linear regression was applied to predict
HR-QoL. The results from the full model including the
SLE-DAS, BILAG-2004 and SLEDAI-2K SDA definitions

are presented in online supplemental table 6 and the
results from the backward selection model in table 2.
The SLE-DAS SDA was the only SDA definition retained
in the final model from backward selection for PtGA,
FACITF, five of the eight domains of LupusQoL and both
the EQ-5D index and VAS (table 2). In contrast, the SDA
definition of BILAG-2004 was the only SDA definition
retained in the final model for the body image domain
of LupusQoL. Meanwhile, the SLEDAI-2K SDA defini-
tion showed a positive partial correlation with the pain
domain of LupusQoL and the EQ-5D index, when the
SDA category according to SLE-DAS is held constant.
Interestingly, this suggests that within the same SLE-DAS
category (SDA or non-SDA), being classified as SDA by
SLEDAI-2K is linked to lower reported pain levels and
better overall quality of life by the EQ-5D index. Overall,
the SLE-DAS SDA definition was associated with worse
HR-QoL across multiple PROs more consistently than
BILAG-2004 or SLEDAI-2K SDA.

DISCUSSION

In this study, we derived and validated the SLE-DAS cut-off
value for SDA and evaluated its effectiveness in capturing
HR-QoL in patients with SLE. Our findings demonstrate
that the SLE-DAS is a trustworthy and accurate tool for
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Figure 2 Health-related quality of life patient-reported
outcomes among patients fulfilling the severe disease activity
(SDA) definition by SLE Disease Activity Score (SLE-DAS) and
British Isles Lupus Assessment Group 2004 (BILAG-2004)
and those in SDA only by SLE-DAS (but not BILAG-2004)

or only by BILAG-2004 (but not SLE-DAS) at week 12. (A)
Comparison of Functional Assessment of Chronic lliness
Therapy-Fatigue (FACIT-F). (B) Comparison of Patient Global
Assessment. (C) Comparison of EuroQol 5 Dimension (EQ-
5D) visual analogue scale (VAS). (D) Comparison of the EQ-
5D index. The height of the bars represents the mean values,
and the numbers inside the bars represent the median and
the IQRs. P values were calculated using the Mann-Whitney
U test.

identifying patients with SDA exhibiting good discrimi-
natory ability (AUC=0.837). Additionally, it is associated
with worse HR-QoL across multiple PROs, presenting
high predictive value for worse HR-QoL. compared with
BILAG-2004 and SLEDAI-2K SDA.

The SLE-DAS SDA cut-off value of >9.90 exhibited
good discriminatory ability, with sensitivity and specificity
around 80% in the validation cohort, offering a robust
alternative to the existing measures such as SLEDAI-2K
and BILAG-2004. To further explore the performance
within the moderate-to-severe range, we conducted an
additional analysis restricted to patients with BILAG-
defined moderate-to-severe activity. Sensitivity remained
stable, while specificity decreased slightly, as expected
due to the reduced contrast in this subset. These findings
support the robustness of the >9.90 SLE-DAS cut-off even
in a more challenging subset. Importantly, when we evalu-
ated disease features and HR-QoL PROs in cases of discor-
dant classification between SLE-DAS and BILAG-2004,
patients classified as SDA by either SLE-DAS and BILAG-
2004 or only by SLE-DAS showed similarly severe disease.

In contrast, those classified as SDA only by BILAG-2004
presented less severe disease, as assessed by both physi-
cian and patient evaluations. Moreover, the SLE-DAS SDA
was consistently associated with worse HR-QoL across all
PROs, including PtGA, FACIT-F, LupusQoL and EQ-5D,
highlighting its utility in capturing the broader impact of
SDA on patients’ lives.

The previously validated SLE-DAS cut-off of >7.64 for
identifying moderate-to-severe disease activity was origi-
nally validated against the BILAG."” In the present study,
we further refined disease activity classification by identi-
fying a cut-off of >9.90 to define SDA, using the same gold
standard. These results support the interpretation of the
SLE-DAS range greater than 7.64 and lower than or equal
to 9.90 as representing moderate disease activity and rein-
force the clinical applicability of the SLE-DAS for disease
activity stratification.

The multiple regression analysis showed that the SDA
of BILAG-2004 was the most pertinent predictor of
HR-QoL only in the body image domain of LupusQoL.
This suggests that although BILAG-2004 SDA is associ-
ated with HR-QoL, the SLE-DAS SDA reflects better the
overall burden of severe disease on HR-QoL. Further-
more, the non-significant differences between SDA and
non-SDA according to SLEDAI-2K, with respect to overall
quality of life, call into question the validity of SLEDAI-2K
as an accurate measure of SDA and its impact on patients’
quality of life.

Itis important to note the limitation of the BILAG-2004
in categorising global disease activity. Unlike SLEDAI and
SLE-DAS, which weight organ manifestations according
to their relative severity, the BILAG assigns the same
grading (from A to E in the original version or from 12
to 0 in the numerical version) to each of its nine organ
domains. This approach does not consider the rela-
tive severity of SLE involvement in these systems. For
example, an ‘A’ or ‘12’ score could result from severe
mucosal ulceration (mucocutaneous domain) or fever
with anorexia and weight loss (constitutional domain),
and it is graded the same as severe lupus nephritis, pneu-
monitis or enteritis. Therefore, the BILAG score is best
regarded as intrinsic to each organ system rather than
as a tool for assessing global disease activity. This limita-
tion may explain why patients classified as SDA by either
SLE-DAS and BILAG-2004 or only by SLE-DAS showed
similarly severe disease, while those classified as SDA
only by BILAG-2004 presented with less severe disease, as
assessed by both physician and patient evaluations. Addi-
tionally, while increasing the BILAG-2004 cut-off could
theoretically refine its classification of severe disease, such
modifications would exclude patients with single-domain
‘A’ scores (eg, severe lupus nephritis) unless accompa-
nied by other high-activity domains. Since no validation
studies have assessed alternative numerical thresholds for
defining SDA, further research is needed to evaluate their
clinical applicability.

The PGA has been proposed as an alternative method
to define SDA, serving as an independent measure of
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Figure 3 Health-related quality of life patient-reported outcomes among patients classified as severe disease activity (SDA)
and non-SDA according to SLE Disease Activity Score (SLE-DAS) at week 12. The radial chart (A) illustrates the comparisons
of Lupus Quality of Life (LupusQoL) mean domain scores; the bar charts (B), (C), (D) and (E) illustrate the comparisons of
Functional Assessment of Chronic lliness Therapy-Fatigue (FACIT-F), Patient Global Assessment, EuroQol 5 Dimension (EQ-
5D) visual analogue scale (VAS) and EQ-5D index, respectively. The height of the bars represents mean scores, while the
whiskers represent SD. P values were calculated using the Mann-Whitney U test, and Cohen’s d was assessed to compare the

magnitude of these differences.

disease activity in SLE; however, its application as gold
standard is limited. A systematic review highlighted a wide
variability in inter-rater reliability, reducing its robustness
for defining SDA.% Furthermore, as stated in the PGA
International Standardisation Consensus in SLE study,
the PGA should be rated by the same medical doctor at
each visit, restricting its applicability in our study.” Given
these limitations, we opted to use the numerical transfor-
mation of BILAG-2004, which provides a more reproduc-
ible and standardised method for defining SDA.

Unlike SLEDAI-2K, which dichotomously scores disease
activity in each organ domain, and BILAG-2004, which is
time consuming and provides organ-based categories, the
SLE-DAS offers a global score that can be easily calculated
during clinical visits. This feature enhances its feasibility
and applicability in routine clinical practice, allowing for
timely and accurate assessment of disease activity.

It is important to acknowledge that categorising a
continuous score inevitably leads to some loss of infor-
mation. However, the classification of disease activity
into discrete categories plays a critical role for decision-
making in clinical practice and research. This approach
enables the tailoring of treatment strategies based on

disease intensity, aligning with EULAR recommenda-
tions that advocate for treatment decisions based on
predefined disease activity categories.” Additionally, cate-
gorical classifications of disease activity are essential for
selecting patients in clinical trials, ensuring homogeneity
in study populations and facilitating comparability across
studies. Future research should further investigate the
performance of these indices across their full spectrum
of scores to enhance understanding of their relationship
with clinical outcomes and disease burden.

The limitations of our study include the post hoc nature
of the analysis and the use of pooled data from clinical
trials that may limit the generalisability of our findings to
broader SLE populations. However, the study is strength-
ened by using prospectively collected data of rigorously
conducted, double-blind RCTs, in which all parameters
needed to score the SLE-DAS were collected.

Despite these limitations, our study provides important
insights into the assessment of SDA in SLE and under-
scores the potential of the SLE-DAS as a valuable tool
for guiding treatment decisions and improving patient
outcomes. Another key aspect of this study is the appli-
cation of criterion validity in comparing disease activity
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Table 2 Multiple linear regression for health-related quality
of life comparison between patients classified as SDA
versus non-SDA according to SLE-DAS (>9.90), BILAG-2004
(numerical score >11) and SLEDAI-2K (>12), based on
backward selection

Regression
coefficient SE P value
PtGA
SLE-DAS SDA 11.31 2.31 <0.001
FACIT-F
SLE-DAS SDA -7.31 1.17 <0.001
LupusQoL
Physical health
SLE-DAS SDA -14.16 2.42 <0.001
Pain
SLE-DAS SDA -18.33 2.86 <0.001
SLEDAI-2K SDA 8.65 3.95 0.029
Planning
SLE-DAS SDA -14.11 2.79 <0.001
Intimate relationships
SLE-DAS SDA -10.91 3.29 0.001
Burden to others
SLE-DAS SDA -9.44 3.48 0.007
BILAG-2004 SDA -7.36 3.50 0.036
Emotional health
SLE-DAS SDA -10.88 2.35 <0.001
Body image
BILAG-2004 SDA -10.46 2.64 <0.001
Fatigue
SLE-DAS SDA -13.68 2.54 <0.001
EQ-5D VAS
SLE-DAS SDA -10.15 1.98 <0.001
EQ-5D index
SLE-DAS SDA -0.12 0.02 <0.001
SLEDAI-2K SDA 0.07 0.03 0.019

BILAG-2004, British Isles Lupus Assessment Group 2004; EQ-5D,
EuroQol 5 Dimension; FACIT-F, Functional Assessment of Chronic
lliness Therapy-Fatigue; LupusQoL, Lupus Quality of Life; PtGA,
Patient Global Assessment; SDA, severe disease activity; SLEDAI-
2K, SLE Disease Activity Index 2000; SLE-DAS, SLE Disease
Activity Score; VAS, visual analogue scale.

classifications. While BILAG-2004 was used to derive
the SLE-DAS SDA cut-off, the comparison between SLE-
DAS, SLEDAI-2K and BILAG-2004 SDA definitions was
conducted through HR-QoL PROs, an external and
clinically relevant criterion reflecting patients’ burden.
This approach ensures that SDA classification aligns with
both physician-assessed disease activity and its impact on
patients. By accurately identifying patients with SDA, the
SLE-DAS can help clinicians tailor therapeutic strategies

3

more effectively, ultimately enhancing the quality of life
for patients with SLE. Additionally, our methodology
ensured a comprehensive validation of the SLE-DAS SDA
threshold by including patients across the full spectrum
of disease activity. This approach was necessary to avoid
selection bias and ensure that the ROC analysis accurately
defined the optimal cut-off for distinguishing severe from
non-severe disease.

Future research should focus on further validating the
SLE-DAS SDA cut-off in diverse patient populations and
exploring its application in different clinical scenarios.
Additionally, longitudinal studies are needed to assess the
impact of using the SLE-DAS SDA on long-term patient
outcomes and to evaluate its responsiveness to changes in
disease activity over time.

In conclusion, the SLE-DAS SDA definition is a prac-
tical and accurate measure for identifying SDA in SLE,
presenting high discriminative power and consistent
associations with worse HR-QoL across multiple PROs.
These findings highlight its potential to enhance clin-
ical management and improve patient outcomes. The
SLE-DAS offers a practical and comprehensive tool for
assessing disease activity, addressing key limitations of
existing measures and providing a valuable addition to
the armamentarium for treat-to-target management of
SLE.
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