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Objective. This study aimed to identify in patients with systemic lupus erythematosus (SLE) with clinically active dis-
ease the attainment of frequency and determinants of Lupus Low Disease Activity State (LLDAS) and Definition of Remis-
sion in SLE (DORIS) and the frequency and determinants of flare and damage accrual after target attainment.

Methods. Patients in a multinational cohort with SLE who had clinical disease activity but were not in LLDAS or
DORIS were observed prospectively.

Results. A total of 1,991 patients (93.2% female) were observed for a median (interquartile range) of 2.5 (0.7-4.5)
years, with 70.9% and 55.6% achieving LLDAS and DORIS, respectively. Nephritis and low complements were associated
with a longer time, and antimalarial and immunosuppressant use were associated with a shorter time to LLDAS attain-
ment. After the first LLDAS and DORIS attainment, 47.0% and 47.5% of the patients experienced flare(s), respectively,
and 9.5% and 7.9 % of patients accrued organ damage within 24 months, respectively. Longer cumulative time at target
and antimalarial use was associated with a longer time to flare and damage accrual, whereas dose reduction in glucocor-
ticoids and immunosuppressants was associated with a shorter time to flare. Reduction in immunosuppressants also cor-
related with a shorter time to damage accrual.

Conclusion. In patients with SLE with clinical disease activity, the proportion attaining LLDAS and DORIS under
usual care conditions is suboptimal. Longer maintenance of these states is significantly associated with reduced risk
of flare. Because flares and damage accrual still occur frequently following initial target attainment, further research is
needed to inform strategies for maintaining these targets.

INTRODUCTION

There is increasing interest in adopting the principle of treat-
to-target in systemic lupus erythematosus (SLE). The recommen-
dations for the management of SLE have emphasized the
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importance of treat-to-target in SLE and proposed “remission,
as defined by the Definition of Remission in SLE (DORIS) criteria,
or alternately, low disease activity states, such as the Lupus Low
Disease Activity State (LLDAS), as treatment targets.”' Multiple
large prospective and retrospective studies have demonstrated
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SIGNIFICANCE & INNOVATIONS

+ The present study focused on patients with sys-
temic lupus erythematosus (SLE) with clinically
active disease, defined according to the clinical
domains of the Systemic Lupus Erythematosus Dis-
ease Activity Index-2000.

+ Target attainment, including low disease activity
and remission, is not optimal in this group of
patients under usual care conditions, primarily
managed with conventional therapies, with 30%
not achieving either target over a median of
2.5 years.

+ Flare and damage accrual are still substantial after
reaching low disease activity or remission. Main-
taining these targets for longer may reduce the risk
of flares and organ damage, and tapering immuno-
suppressive treatment after target attainment is a
risk factor for these adverse outcomes.

+ This is the first study to comprehensively evaluate
target attainment and subsequent clinical out-
comes in patients with clinically active disease in a
large prospective cohort with SLE in the Asia-Pacific
region. Prospective clinical trials of a treating-
to-target strategy in SLE are needed, and data from
the present study can inform the design of such
clinical trials.

that in patients with SLE, attainment of these targets is associated
with improved outcomes, including reduced damage accrual,
better health-related quality of life (HRQol), and improved
survival.2® Although studies have indicated that attainment of low
disease activity or remission is protectively associated with reduced
damage accrual in patients with high disease activity (Systemic
Lupus Erythematosus Disease Activity Index-2000 [SLEDAI-2K]

and Union Chimique Belge to support data collection and data and proj-
ect management.
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> 6) at baseline,® significant knowledge gaps remain concerning
the timing and impacts of remission or low disease activity attain-
ment in the larger subset of patients who have any clinically active
disease, who are likely to be the patients recruited into future
treating-to-target intervention studies.”

We undertook a retrospective analysis of patients in the large
multinational  prospective Asia-Pacific Lupus Collaboration
(APLC) cohort, under usual care conditions. We observed
patients from their first visit with any clinical disease activity to
identify (i) frequency and time to attainment of low disease activity
and remission, defined by the LLDAS and DORIS criteria,
respectively,®® (i) determinants of attaining these targets,
(iii) frequency and time to flare and damage accrual subsequent
to LLDAS or DORIS attainment, and (iv) determinants of develop-
ing flare and damage accrual following target attainment.

PATIENTS AND METHODS

Patients. This study included all patients enrolled in the
APLC cohort between March 2013 and December 2020 who
newly developed any clinical disease activity following at least
one visit with clinical inactivity. Clinical disease activity was defined
as the clinical domains of the SLEDAI-2K (cSLEDAI-2K) >0 but
were not in DORIS or LLDAS. Baseline was defined as the first
observed clinical activity following an observed period of inactivity
to ensure time from the onset of activity to LLDAS or DORIS could
be correctly calculated. Patients were observed from this base-
line. A subgroup of patients who newly developed high disease
activity, defined as SLEDAI-2K >10, was also observed from their
first fulfilling high disease activity criteria.

The APLC cohort is a prospective multinational observa-
tional cohort of patients with SLE, including 25 sites across
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12 countries in the Asia—Pacific region. Patients eligible for
enroliment into the APLC cohort are those with newly diagnosed
or pre-existing adult patients with SLE (>18 years old), fuffiling
either the 1997 American College of Rheumatology (ACR) Mod-
ified Classification Criteria or the 2012 Systemic Lupus Interna-
tional Collaborating Clinics (SLICC) Classification Criteria for
SLE.®'° Patients are treated under standard care conditions
and are seen every three to six months. No specific treatment
algorithm was predefined.

Ethics. Human research ethical approval for data collection,
storage of the central dataset, analysis, and publication of data
collected by the APLC were obtained from the Monash University
Human Research Ethics Committee (project 18778). Local ethics
approvals have also been obtained at each participating site.
Informed consent was obtained from each participant before
enrollment.

Data collection. In the APLC cohort, patient demo-
graphics and SLE-related history were collected at enrollment.
SLE manifestations; SLEDAI-2K score'’; Physician Global
Assessment (PGA; scale 0-3) score'?; medication use including
antimalarials, prednisolone (or equivalent), methotrexate (MTX),
lefunomide  (LEF), azathioprine (AZA), mycophenolate/
mycophenolic acid (MMF/MPA), cyclosporin (CsA), tacrolimus
(Tac), cyclophosphamide (CYC), rituximalb, and belimumab; and
disease flares were collected at each visit. The SLICC/ACR Dam-
age Index (SDI) and the HRQoL 36-Item Short-Form Health Sur-
vey (SF36) were completed annually.'®'* All data were recorded
in a standardized electronic case report form."®

Data availability. Access to APLC pooled data is subject
to the specific guidelines outlined in the APLC Data Access Policy
(available on request). The APLC welcomes requests for aggre-
gate (summary) data or to perform analyses of new research
questions, and such requests can be submitted to the APLC
Steering Committee via the APLC Project Manager.

Definitions. LLDAS was defined as SLEDAI-2K <4, with no
activity in any major organ, no new disease activity since the pre-
vious assessment, PGA <1, and prednisolone (or equivalent) dos-
age <7.5 mg/day, with standard maintenance doses of
immunosuppressant (IS) and approved biologic agents allowed.®
The DORIS criteria require a cSLEDAI-2K of O (disregarding serol-
ogy including anti—-double-stranded DNA and complements) and
PGA <0.5. It allows a maximum prednisolone dosage of 5 mg/day
and IS treatment.® Disease flare was assessed using the flare def-
inition used in the Safety of Estrogens in Lupus Erythematosus
National Assessment (SELENA) trial —the SELENA-SLEDAI Flare
Index (SFI)."® Cumulative organ damage was defined according
to SDI. An SDI score >0 was an indication of the presence of
organ damage overall, and an increase in SDI of 1 unit or greater

was defined as damage accrual."® Minimum clinically important

difference (MCID) in the mental component summary (MCS) and
physical component summary (PCS) scores of the SF36 were
defined as a +2.5 increase in MCS and PCS scores.'”

Statistical analysis. Continuous variables are presented
as medians with interquartile ranges (IQRs), and categorical vari-
ables as numbers (percentages). Time to first LLDAS or DORIS
attainment was measured from the first visit that met the inclusion
criteria (study baseline) to the first subsequent visit that met the
LLDAS or DORIS criteria. After first reaching LLDAS or DORIS,
patients were further followed up, and time to first flare or damage
accrual was defined from the first LLDAS or remission point to the
first subsequent visit that met the definition for SFI or damage
accrual. The duration of the first episode of LLDAS or DORIS
was measured from the first visit that met the LLDAS or
DORIS criteria to the first subsequent visit that did not. Univariable
and multivariable time-varying covariate Cox regression analyses
across consecutive visits were used to account for time-varying
clinical features to determine factors associated with time to first
LLDAS or DORIS attainment and factors associated with time to
first flare and damage accrual following first LLDAS or DORIS
attainment. Age, gender, disease duration, ethnicity, current
smoking status, education level, clinical and serologic features
according to SLEDAI-2K, and treatment-related variables, includ-
ing prednisolone equivalent glucocorticoids dose, antimalarial
use, and IS use (categorized as MMF/MPA use and other IS use
including MTX, LEF, AZA, CsA, Tac, and CYC), were included in
the univariable analysis for determinants of target attainment.
Age, gender, disease duration, ethnicity, current smoking status,
education level, serologic features, cumulative time in LLDAS or
DORIS post-first target attainment until the current visit,
time-adjusted mean (TAM) daily prednisolone dose from cohort
enrollment up to the current visit, antimalarial use, reduction of
prednisolone dose, and reduction of IS dose were included in
the univariate analyses for flares and damage accrual after first
LLDAS or DORIS attainment. Dose reduction was defined as
any decrease in dose from the previous visit in prednisolone
equivalent glucocorticoids or oral IS therapy, including MTX,
LEF, AZA, MMF/MPA, CsA, and Tac, excluding antimalarials. All
the dose reductions were at the physician’s discretion. We
selected variables for multivariable Cox regression analysis based
on the results of univariate analyses and clinical relevance. All
analyses were performed with STATA version 17.0 (StataCorp),
and a P value of <0.05 was considered statistically significant.

RESULTS

Demographic and clinical characteristics at
baseline. Among 4,106 patients enrolled in the APLC cohort
from March 2013 to December 2020, 1,991 patients newly devel-
oped clinical disease activity during follow-up, including
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4,106 patients with 42,355 visits

1,254 patients with 7,750 visits
excluded (never having clinical
activity during follow-up);

861 patients with 5,535 visits
excluded (having clinical activity
at enrolment but turning to
clinical inactivity at one visit
during follow-up and never
having clinical activity again)

1,991 patients with 29,070 visits

8,815 visits before the visits with
the first clinical activity
excluded

1,991 patients with 20255 visits
included in the final analyses

Figure 1. Flow diagram depicting selection of patients and visits for
inclusion in analyses.

756 patients who newly developed high disease activity (SLEDAI-
2K > 10) on at least one occasion. For the included 1,991
patients, 8,815 visits that occurred before their first clinical activity
visit were excluded, leaving 20,255 visits in the analyses
(Figure 1). The 1,991 patients had a median (IQR) age at baseline
of 41 (32-51) years; 93.2% were female, and 87.7% had Asian
ethnicity. The median (IQR) disease duration at baseline was
10 (5-17) years, and the median (IQR) follow-up duration from
baseline was 2.5 (0.7-4.5) years. The median (IQR) SLEDAI-2K
score at baseline was 6 (4-8), with nephritis (41.2%), mucocuta-
neous involvement (32.5%), and arthritis (16.0%) as the most
common clinical features (Table 1). During follow-up, antimalarial,
prednisolone, 1S, and biologics were used in 76.1%, 85.8%,
73.5%, and 3.1% of patients, respectively, with a median (IQR)
TAM prednisolone dosage of 5 (2.5-9.2) mg/day. Compared to
the analyzed cohort overall, the high disease activity subgroup
was younger (36 [28-47] years old), had a shorter disease dura-
tion at baseline (9.0 [4.0-15.0] years), were more likely to be of
Asian ethnicity (88.7%), and had a significantly higher frequency
of nephritis (78.7%) and a higher median SLEDAI-2K score
(12 [10-14]) at baseline. During follow-up, more patients with high
disease activity were taking prednisolone (95.5%), IS (85.2%),
and biologics (6.9%), with a higher TAM prednisolone dosage
(7.9 [5-12.9] mg/day; Supplementary Table 1).

Target attainment from baseline. During follow-up,
1,412 (70.9%) patients attained LLDAS at least once, with a
median (IQR) time to first LLDAS attainment of 0.5 (0.3-1.0) years.
1,107 (565.6%) patients attained DORIS, with a median (IQR) of
0.6 (0.3-1.4) years to first attainment. The duration of the first epi-
sodes of LLDAS and DORIS were 0.5 (0.3-1.0) and 0.6 (0.3-1.2)
years, respectively (Table 2). Compared to the analyzed cohort

Table 1. Patient characteristics*

Baseline Cohort (n=1,991)
Age at baseline visit,” median (IQR), y 41 (32-51)
Age at diagnosis, median (IQR), y 29 (21-39)

Disease duration at baseline visit,?
median (IQR), y

Female, n (%)

Family history of SLE, n (%)

Asian ethnicity, n (%)

Smoker at baseline visit,® n (%)

Tertiary education, n (%)

Clinical features at baseline visit
according to SLEDAI-2K,? n (%)

10.0 (5.0-17.0)

1,856 (93.2)

153 of 1,963 (7.8)
1,738 of 1,982 (87.7)
110 of 1,972 (5.6)
908 of 1,819 (49.2)

Nephritis 820 (41.2)
Mucocutaneous 647 (32.5)
Arthritis 319(16.0)
Leukopenia 241 (12.1)
Thrombocytopenia 101 (5.1)
NPSLE 34.(1.7)
Serositis 29(1.5)
Fever 23(1.2)
Vasculitis 24.(1.2)
Myositis 8(0.4)
SLEDAI-2K at baseline visit,® median 6 (4-8)
(IQR)
PGA at baseline visit,” median (IQR) 0.7 (0.3-1.0)
Follow-up
Follow-up duration from baseline 2.5(0.7-4.5)
visit, median (IQR), y
Total visits per patient including 8(3-14)
baseline visit, median (IQR)
Medication ever used during follow-up
Antimalarial use,® n (%) 1,515 (76.1)
Prednisolone use, n (%) 1,709 (85.8)
TAM daily prednisolone dosage, 5(2.5-9.2)
median (IQR), mg/day
Immunosuppressant use,“ n (%) 1,464 (73.5)
Biologic use,” n (%) 61(3.1)
Deaths during follow-up, n (%) 45 (2.3)

* |QR, interquartile range; NPSLE, neuropsychiatric systemic lupus
erythematosus; PGA, Physician Global Assessment; SLE, systemic
lupus erythematosus; SLEDAI-2K, Systemic Lupus Erythematosus
Disease Activity Index-2000; TAM, time-adjusted mean.
@ Baseline visit was defined as the first visit with clinically active dis-
ease following a visit without clinical activity.

Antimalarials include hydroxychloroquine and chloroquine.
¢ Immunosuppressants include methotrexate, leflunomide, azathio-
prine, mycophenolate/mycophenolic acid, cyclosporin, tacrolimus,
and cyclophosphamide.
9 Biologics include rituximab and belimumab.

overall, the high disease activity subgroup showed a markedly
lower proportion of LLDAS (56.1%) and DORIS (39.7%) attain-
ment, with a longer time to attain the targets and a shorter dura-
tion in the targets (Supplementary Table 2).

Main outcomes following first target attainment.
After the first attainment of LLDAS, 663 of 1,412 (47.0%) of the
patients experienced flare(s) within a median (IQR) follow-up of 2.4
(0.8-4.0) years. The median (IQR) time to first flare was 0.6 (0.3
1.4) years. After the first attainment of DORIS, 526 of 1,107
(47.5%) patients had flare(s) within a median (IQR) of 2.7 (1.0-4.2)
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Table 2. Target attainment from baseline and associated outcomes*

LLDAS- and DORIS-associated outcomes

Cohort (n=1,991)

LLDAS attainment from baseline,® n (%)

Time to first LLDAS attainment, median (IQR), y

Duration of first LLDAS, median (IQR), y
Flare following first attainment of LLDAS, n (%)

Time to first flare, median (IQR), y
Damage accrual over 24 months following first attainment of LLDAS, n (%)

Time to first damage accrual, median (IQR), y
MCS MCIDP attainment over 24 months following first attainment of LLDAS, n (%)
PCS MCID® attainment over 24 months following first attainment of LLDAS, n (%)
TAM prednisolone dosage over 24 months following first attainment of LLDAS, median (IQR), mg/day
Death following first attainment of LLDAS, n (%)
DORIS attainment from baseline,® n (%)

Time to first DORIS attainment, median (IQR), y

Duration of first DORIS, median (IQR), y
Flare following first attainment of DORIS, n (%)

Time to first flare, median (IQR), y
Damage accrual over 24 months following first attainment of DORIS, n (%)

Time to first damage accrual, median (IQR), y
MCS MCIDP attainment over 24 months following first attainment of DORIS, n (%)
PCS MCID® attainment over 24 months following first attainment of DORIS, n (%)
TAM prednisolone dosage over 24 months following first attainment of DORIS, median (IQR), mg/day
Death following first attainment of DORIS, n (%)

1,412 of 1,991 (70.9)
0.5(0.3-1.0)
0.5(0.3-1.0)

663 of 1,412 (47.0)
0.6 (0.3-1.4)

68 of 717 (9.5)
1.9(1.0-3.1)
207 of 642 (32.2)
155 of 642 (24.1)
4.5(1.5-6.0)

22 of 1,412 (1.6)
1,107 of 1,991 (55.6)
0.6 (0.3-1.4)
0.6 (03-1.2)
526 of 1,107 (47.5)
0.7 (0.3-1.5)

47 of 592 (7.9)
2.1 (1.2-3.4)
177 of 543 (32.6)
144 of 543 (26.5)
3.7(0.9-5.1)

16 of 1,107 (1.4)

* DORIS, Definitions of Remission in SLE; IQR, interquartile range; LLDAS, Lupus Low Disease Activity State; MCID, minimum clinically important
difference; MCS, mental component summary; PCS, physical component summary; SLE, systemic lupus erythematosus; TAM, time-adjusted

mean.

@ Baseline visit was defined as the first visit with clinically active disease following a visit without clinical activity.
 MCID in the MCS or PCS scores of the 36-Item Short-Form Health Survey was defined as a +2.5 increase in MCS or PCS score.

years, and the time to first flare was 0.7 (0.3-1.5) years. The inci-
dences of flare during the follow-up period from first reaching
LLDAS and DORIS to the end of follow-up (after first LLDAS and
DORIS attainment) were 45 and 44 per 100 person-years, respec-
tively. However, for the same group of patients, the incidences of
flare from baseline to first reaching LLDAS and DORIS (before first
LLDAS and DORIS attainment) were 200 and 116 per 100 per-
son-years, respectively. After the first LLDAS and remission attain-
ment, 68 of 717 (9.5%) and 47 of 592 (7.9%) patients had damage
accrual over two years, respectively, with a median (IQR) of 1.9
(1.0-8.1) and 2.1 (1.2-3.4) years to first damage accrual, respec-
tively (Table 2). With HRQoL, the proportions of patients attaining
SF36 PCS and MCS MCID over two years after the first LLDAS or
DORIS attainment were similar (24.1% vs 26.5% for PCS and
32.2% vs 32.6% for MCS, respectively). The median (IQR) TAM
prednisolone dosages over two years after the first LLDAS and
DORIS attainment were 4.5 (1.5-6.0) and 3.7 (0.9-5.1) mg/day,
respectively. Concermning mortality rates, 22 of 1,412 (1.6%)
patients died following the first LLDAS attainment over a median
(IQR) follow-up of 2.4 (1.1-3.8) years; similarly, 16 of 1,107
(1.4%) of patients died over a median (IQR) of 3.1 (1.4-4.2)
years following the first DORIS attainment (Table 2). In the high
disease activity subgroup, more patients flared (58.0% and
59.3% after the first LLDAS and DORIS attainment, respec-
tively) and accrued damage (11.2% and 9.6% after the first
LLDAS and DORIS attainment over 24 months, respectively),
compared to the analyzed cohort overall, with a relatively
shorter time to first flare and damage accrual. However, the

frequency of PCS and MCS MCID attainment was higher than
the overall cohort, and the mortality rate was similar to the
overall cohort (1.4% and 1.7% after the first LLDAS and DORIS
attainment, respectively; Supplementary Table 2).

Determinants of target attainment from baseline.
Multivariable time-varying covariate Cox regression analysis in
the analyzed overall cohort identified nephritis, low complements,
and higher prednisolone dose were independently associated
with a longer time to attainment of LLDAS or DORIS. In addition,
thrombocytopenia showed a significant association with a longer
time to DORIS attainment. In contrast, older age, arthritis, antima-
larial use, and MMF/MPA or other IS use were associated with a
shorter time to attainment of LLDAS (Table 3).

Determinants of flare from first target attainment.
In the analyzed cohort overall, after first achieving LLDAS or
DORIS, longer cumulative time in LLDAS or DORIS (hazard
ratio [HR] 0.91, 95% confidence interval [Cl] 0.89-0.94,
P < 0.0001 for LLDAS, and HR 0.92, 95% CIl 0.89-0.94,
P < 0.0001 for DORIS) and antimalarial use were each found
to be protectively associated with subsequent flare, but pred-
nisolone dose reduction increased the risk of subsequent flare
(HR 1.21, 95% Cl 1.02-1.45, P = 0.033 in the LLDAS model,
and HR 1.23, 95% CI 1.00-1.51, P = 0.047 in the DORIS
model). In addition, IS dose reduction was also associated with
a shorter time to flare after LLDAS attainment (HR 1.27, 95% ClI
1.02-1.60, P = 0.036) but did not reach statistical significance

8518017 SUOUIWIOD aAe81D 8|t jdde ayy Aq pausenob ke Sspie YO ‘8sn JO SaInJ 10} Aeiq 1T 8ULUO /8|1 O (SUOTPUOD-PUR-SLLIBIW0D A8 | ARe.q Ul |uo//Sd1y) SUonIpuoD pue swie | ay) 8es *[9202/90/22] uo Areiqiauluo Ao ‘Ariqi AisieAlun BueAueH Aq 019Gz 108/200T OT/I0P/W0D A3 1M AeIq 1 BUIIUO'S FEUINO [198//:SdNY W0y papeojumod ‘€ ‘9202 ‘8S9vTSTZ



TREATMENT TARGET ATTAINMENT IN PATIENTS WITH ACTIVE SLE

383

Table 3. Multivariable models for time to first LLDAS or DORIS attainment from baseline*

LLDAS DORIS
Variables® HR (95% Cl) P value HR (95% Cl) P value
Age, per 10 years 1.05 (1.00-1.10) 0.036 1.02 (0.97-1.08) 0.47
Clinical features according to SLEDAI-2K
Mucocutaneous 0.98 (0.85-1.13) 0.78 0.88 (0.75-1.03) 0.1
Arthritis 1.19 (1.02-1.40) 0.031 1.09 (0.98-1.32) 0.42
Leukopenia 1.03(0.87-1.23) 0.73 0.83(0.67-1.02) 0.072
Thrombocytopenia 0.80 (0.58-1.11) 0.178 0.36 (0.21-0.61) 0.0002
Vasculitis 0.48 (0.21-1.12) 0.091 0.21 (0.03-1.50) 0.12
Nephritis 0.58 (0.51-0.67) <0.00071 0.69 (0.59-0.80) <0.0001
Serological features according to SLEDAI-2K
Anti-dsDNA positive 0.94 (0.84-1.05) 0.30 0.90 (0.79-1.03) 0.13
Low complements 0.85 (0.84-1.05) 0.0024 0.78 (0.68-0.89) 0.0003
Treatments
Prednisolone dosage, mg/day 0.93 (0.91-0.94) <0.0001 0.89 (0.87-0.90) <0.0001
Antimalarial use 1.16(1.02-1.31) 0.024 0.98 (0.86-1.13) 0.81
Immunosuppressant use
No immunosuppressant Reference Reference Reference Reference
MMF/MPA 1.16 (1.00-1.34) 0.044 1.16 (0.97-1.37) 0.095
Other immunosuppressantsb 1.15(1.00-1.31) 0.046 0.98 (0.84-1.14) 0.75

* Multivariable time-varying covariate Cox regression analysis was performed. Cl, confidence interval; DORIS, Def-
initions of Remission in SLE; dsDNA, double-stranded DNA; HR, hazard ratio; LLDAS, Lupus Low Disease Activity
State; MMF/MPA, mycophenolate/mycophenolic acid; SLE, systemic lupus erythematosus; SLEDAI-2K, Systemic
Lupus Erythematosus Disease Activity Index-2000.

@ Variables were at any visit from baseline to the first LLDAS or DORIS attainment. The baseline was defined as the
first visit with clinically active disease following a visit without clinical activity.

b Other immunosuppressants include methotrexate, leflunomide, azathioprine, cyclosporin, tacrolimus, and
cyclophosphamide.

after DORIS attainment (HR 1.23, 95% CI1 0.96-1.60, P =0.10;
Table 4).

Determinants of damage accrual from first target
attainment. In terms of determinants of damage accrual after
first LLDAS or DORIS attainment, older age and higher TAM daily
prednisolone dose from cohort enroliment were associated with a
shorter time to damage accrual, whereas antimalarial use was
associated with a longer time to damage accrual in both LLDAS

and DORIS models. Longer cumulative time in target since first
attainment positively related to a longer time to damage accrual,
especially the cumulative time in DORIS, which showed a statisti-
cally significant protective effect for subsequent damage accrual
(HR 0.97, 95% CI 0.94-1.01, P = 0.109 for LLDAS, and HR
0.96, 95% CI 0.93-0.99, P = 0.036 for DORIS). In addition, IS
dose reduction was associated with an increase in risk of damage
accrual, and this association reached statistical significance in the
LLDAS model (HR 1.87, 95% Cl 1.29-2.73, P = 0.001 in the

Table 4. Multivariable models for time to first flare from first LLDAS or DORIS attainment*

LLDAS DORIS

Variables®

HR (95% Cl) Pvalue

HR (95% CI) Pvalue

Age, per 10 years
Disease duration, per 5 years
Cumulative time in LLDAS/DORIS, per 3 months®
Treatments
Antimalarial use
Prednisolone reduction®

0.94 (0.88-1.01) 0.085
1.01 (0.95-1.06) 0.84
0.91 (0.89-0.94) <0.0001

0.66 (0.56-0.78
1.21(1.02-1.45

0.91 (0.85-0.99) 0.020
1.02 (0.96-1.08) 0.46
0.92 (0.89-0.94) <0.0001

<0.0001 0.70(0.58-0.83) <0.0001
0.033 1.23(1.00-1.51) 0.047

Immunosuppressant reduction® 1.27 (1.02-1.60) 0.036 1.23(0.96-1.60) 0.10

* Multivariable time-varying covariate Cox regression analysis was performed. Cl, confidence interval; DORIS, Def-
initions of Remission in SLE; HR, hazard ratio; LLDAS, Lupus Low Disease Activity State; SLE, systemic lupus
erythematosus.

@ Variables were at any visit between the first LLDAS or DORIS attainment and the first flare.

b Cumulative time in LLDAS or DORIS was defined as being since the first LLDAS or DORIS attainment up to this visit.
It was cumulative time in LLDAS for the LLDAS model and cumulative time in DORIS for the DORIS model.

¢ Prednisolone reduction was defined as any decrease in dose from the previous visit in prednisolone equiva-
lent glucocorticoids.

4 Immunosuppressant reduction was defined as any decrease in dose from the previous visit in any of the oral
immunosuppressants, including methotrexate, leflunomide, azathioprine, mycophenolate/mycophenolic acid,
cyclosporin, and tacrolimus, excluding antimalarials.
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Table 5. Multivariable models for time to first damage accrual from first LLDAS or DORIS attainment*

LLDAS DORIS
Variables® HR (95% Cl) P value HR (95% Cl) P value
Age, per 10 years 1.26 (1.11-1.42) <0.0001 1.38(1.20-1.57) <0.0001
Disease duration, per 5 years 1.07 (0.97-1.18) 0.155 1.11(1.01-1.23) 0.035
Cumulative time in LLDAS/DORIS, per 3 months® 0.97 (0.94-1.01) 0.109 0.96 (0.93-0.99) 0.036

Treatments
Antimalarial use
TAM prednisolone dosage, per 1 mg/day“
Immunosuppressants reduction®

0.66 (0.49-0.90) 0.008
1.03 (1.00-1.06) 0.029
1.87(1.29-2.73) 0.001

0.66 (0.47-0.92) 0.016
1.04(1.01-1.08) 0.022
1.47(0.92-2.35) 0.108

* Multivariable time-varying covariate Cox regression analysis was performed. Cl, confidence interval; DORIS, Def-
initions of Remission in SLE; HR, hazard ratio; LLDAS, Lupus Low Disease Activity State; SLE, systemic lupus erythe-

matosus; TAM, time-adjusted mean.

@ Variables were at any visit between the first LLDAS or DORIS attainment and the first damage accrual.

P Cumulative time in LLDAS or DORIS was defined as being since the first LLDAS or DORIS attainment up to this visit.
It was cumulative time in LLDAS for the LLDAS model and cumulative time in DORIS for the DORIS model.

¢ TAM daily dose of prednisolone equivalent glucocorticoids was from cohort enrollment up to this visit.

9 Immunosuppressant reduction was defined as any decrease in dose from the previous visit in any of the oral
immunosuppressants, including methotrexate, leflunomide, azathioprine, mycophenolate/mycophenolic acid,

cyclosporin, and tacrolimus, excluding antimalarials.

LLDAS model, and HR 1.47, 95% Cl 0.92-2.35, P = 0.108 in the
DORIS model; Table 5).

DISCUSSION

Patients enrolled in typical clinical trials of novel therapies in
SLE are recruited based on having moderate or severe disease
activity.’™®'® In contrast, future studies of treating-to-target
approaches in SLE are likely to include a wider subset of patients,
namely all those who are not in remission or LLDAS and have any
clinical activity. Less is known about the rates, determinants, and
consequences of treating-to-target goal attainment in these
patients, and filling this knowledge gap may improve the design
of such trials. In this study, we have reported the prevalence of
attainment of LLDAS and DORIS “targets” in patients with any
clinically active disease in a large multinational, multiethnic cohort
in the Asia—Pacific region receiving standard-of-care therapy and
some clinically important outcomes such as flare, damage
accrual, and HRQoL following target attainment. In addition to
the wider subset of patients with any clinical activity, we also
reported these outcomes in a subgroup with high disease activity.

Cohort studies reported variable rates of attainment of
LLDAS and remission. For example, Golder et al previously
reported that 78.0% of the patients in the APLC cohort attained
LLDAS during a mean follow-up of 2.2 years,® whereas 60.9%
of the patients attained DORIS.® However, the reports were
based on the entire APLC population, including a substantial pro-
portion of patients who were in LLDAS or remission throughout
the observation period; such patients would not be enrolled in a
treating-to-target intervention study. The present study analyzed
all patients with any clinically active disease who were not in
LLDAS or remission and found relatively lower frequencies of tar-
get attainment. This means that almost one-third of patients with
active disease were unable to attain a low activity disease state

after a median of 2.6 years of usual care, and this number even
increased to 44% in patients with high disease activity, underlining
the need for a target-driven approach to SLE management. In the
present study, the median time to achieve LLDAS and DORIS
was 0.5 and 0.7 years, respectively; this is shorter than those
reported by Babaoglu et al and Wilhelm et al from the Hopkins
Lupus cohort (1.1 years for LLDAS and 1.8 years for DORIS)
despite a lower mean disease activity at baseline in the Hopkins
patients.°2" However, the duration of the DORIS in the present
report was longer than the Hopkins Lupus cohort (7.2 vs
3 months).2" Different cohort compositions may explain these
differences. In the Hopkins cohort, 61.8% of the patients were
Caucasian, 30.1% were African American, and less than 10%
were of other ethnicities, and patients with African American
ethnicity had a lower frequency of LLDAS attainment than the
other ethnicities.?° There was another cohort study from
Europe by Pitsigavdaki et al evaluating LLDAS and DORIS
attainment rates in a population with moderate to high disease
activity, defined as PGA >1.5 and/or SLEDAI-2K >6. Similar to
the Hopkins cohort, they also reported a relatively longer time
to target attainment (9 months for LLDAS and 15 months for
DORIS) compared to our cohort. Different patient populations
with varying ethnicities and disease activities may influence this
result. In this European cohort, 96.3% of the patients were of
White ethnicity, and the median disease activity was higher
than ours.??

The subgroup analyses showed that patients with high dis-
ease activity were less likely to attain treatment targets than the
overall cohort. Moreover, they were less likely to maintain low dis-
ease activity or remission status and had a higher chance of flar-
ing, indicating that current management strategies still do not
meet the needs of this group of patients. HRQoL is a key out-
come, and improvement in HRQoL is one of the primary treat-
ment objectives for patients with SLE. In the current study, over
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30% and approximately 25% of the patients achieved an MCID in
the mental and physical components of SF36 after reaching the
targets, respectively. The high-activity subgroup achieved MCID
at a greater frequency than the group overall. These findings sug-
gest that target attainment can benefit HRQoL, especially in
patients with high disease activity. Additionally, mental health
improved more with target attainment than physical health, and
DORIS attainment contributed more to improvement than LLDAS
attainment in physical components.

Our results showed that lupus nephritis prolonged the time
to LLDAS and remission attainment, whereas thrombocytopenia
may impede remission attainment. Several previous studies
from large cohorts have also shown that lupus nephritis was neg-
atively associated with low disease activity or remission
attainment, %2324 but only one study by Zen et al reported that
hematologic manifestations were negatively associated with
remission attainment.?* We also found that low complement
was associated with a longer time to both LLDAS and DORIS
attainment, consistent with some previous studies.?%2"23
Regarding treatment effects, our analyses showed a positive
association of antimalarial use with LLDAS attainment. In addition,
IS use also showed a positive association with LLDAS attainment.

Although a series of studies have reported flare frequencies
in patients with SLE, 2528 we investigated flare frequency follow-
ing LLDAS or remission attainment; this has rarely been reported
in large multinational cohorts. We found that the incidence of flare
after the target attainment was significantly lower compared to the
period before target attainment in the same group of patients
(45 vs 200 per 100 person-years after and before LLDAS attain-
ment; 44 vs 116 per 100 person-years after and before DORIS
attainment), confirming the protective association of target
achievement with flare. However, almost half of the patients still
experienced flare(s) following LLDAS and remission attainment
within less than one year. In addition, organ damage accrued in
almost 10% of the patients after target attainment. Longer cumu-
lative time in LLDAS or DORIS states following the first target
attainment was significantly associated with reduced subsequent
flare, and longer cumulative time in remission was significantly
associated with less subsequent damage accrual. Therefore,
management strategies that aim to maintain low disease activity
or remission states after attaining these targets could help delay
or prevent flares and damage accrual, and longer duration in
remission compared to LLDAS is more desirable given its stron-
ger protective association with reduced damage accrual.

Because long-term adverse effects of glucocorticoids are
widely recognized, tapering and maintaining the lowest possible
dose are recommended in treatment guidelines.! Our damage
accrual models demonstrated that higher glucocorticoid expo-
sure increased the risk of damage accrual, which further empha-
sizes the importance of maintaining the lowest possible
glucocorticoid dose. However, we found that reducing the dose
of glucocorticoids below the 7.5 mg/day prednisolone threshold

after LLDAS attainment or the 5 mg/day prednisolone
threshold after DORIS attainment increased the risk of flare. The
CORTICOLUP randomized trial by Mathian et al also demon-
strated that withdrawal of low-dose prednisolone in clinically inac-
tive disease resulted in excess flares compared to the
maintenance of prednisolone.?® These results indicate that more
effective and safer glucocorticoid tapering strategies need to be
defined and that close monitoring is necessary during the tapering
process. Our models showed that IS tapering was associated
with a higher risk of flare after LLDAS attainment, suggesting that
maintaining IS treatment could potentially prevent flares because
glucocorticoids are tapered. A meta-analysis has also reported
glucocorticoid-sparing and flare-prevention effects of IS medica-
tions.®° In addition to preventing flare, our models also suggested
the effects of IS in preventing damage accrual because IS dose
reduction was associated with an increased risk of subsequent
damage accrual after LLDAS attainment. However, IS reduction
did not significantly increase the risk of flare or damage accrual
in the DORIS models, indicating that tapering IS during DORIS
may be safer than tapering during LLDAS in terms of risk of flare
and damage accrual. Overall, our findings suggest that current
treatments are inadequate for flare and damage accrual preven-
tion and highlight the need for interventions and strategies that
maintain LLDAS or remission while allowing for the tapering of
glucocorticoids.

A key strength of this study is the inclusion of a large number
of patients with clinically active disease at baseline. This is impor-
tant in treat-to-target clinical trial design because these are the
patients most suitable to enroll while differing from those enrolled
in classic phase 2 or 3 trials. Subgroup analyses for patients with
high disease activity provide important information for clinical
practice and inform the design of studies and clinical trials that tar-
get those with high disease activity.

There are, however, some limitations to this study. First, clin-
ically active disease in the present study was defined according to
the clinical domains of SLEDAI-2K. However, SLEDAI-2K omits
several clinical manifestations, including hemolytic anemia and
cardiac, pulmonary, and gastrointestinal involvement. Secondly,
there is increasing use of biologics such as rituximab, belimumab,
and anifrolumab in SLE and voclosporin in lupus nephritis. How-
ever, we were unable to evaluate the impact of this on target
attainment and subsequent outcomes due to their very limited
use in this cohort at the time the data were collected. Therefore,
the current analysis offers an overview of how targets are
achieved and maintained in patients with clinically active disease
mainly under the current standard of care, primarily with conven-
tional therapies. Varying factors may contribute to the low usage
of biologics, including rituximab, belimumab, and anifrolumab, in
this cohort, such as socioeconomic conditions, the availability of
these biologics by the time of data collection, and regulatory limi-
tations for access to biologics imposed by local authorities. In
addition to limited biologic use, the proportion of conventional IS
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use was also relatively low in this cohort (73.5% in the overall
cohort and 85.2% in the high disease activity subgroup), which
may also have some impact on glucocorticoid use, target attain-
ment, and subsequent outcomes because our models showed
that IS use was associated with increased target attainment and
IS reduction was associated with increased flare and damage
accrual. Thirdly, although the APLC cohort represents a multina-
tional and multiethnic population, non-Asian patients make up
less than 20% of the total group. As a result, the generalizability
of the findings on a global scale is limited. However, it is important
to note that the Asian ethnicity encompasses various races in the
APLC cohort, including North-East Asian, South-East Asian, and
Southern and Central Asian. The non-Asian ethnicity in the APLC
cohort includes Caucasian, Hispanic, Aboriginal and/or Torres
Strait Islander, Pacific Islander, Sub-Saharan African, African
Caribbean, Egyptian, Latin American, Samoan, and Maori.

In conclusion, LLDAS and DORIS are both achievable goals
in patients with clinically active disease. However, a significant
proportion of patients receiving usual care, primarily with conven-
tional therapies, do not attain these targets. This could potentially
be improved with more target-driven approaches and more effec-
tive treatments. Flares and damage accrual occurred frequently
following target attainment, highlighting the remaining unmet
need in this population. Longer durations of target maintenance
and antimalarial use protected patients against flare and damage
accrual. Conversely, glucocorticoid dose reduction after target
attainment increased the risk of flare, and IS dose reduction
increased the risk of both flare and damage. Prospective treat-
to-target strategy clinical trials are needed to inform monitoring
and treatment adjustment in SLE to maintain states associated
with optimal outcomes.
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