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ABSTRACT
Objectives  Treatment targets in systemic lupus 
erythematosus (SLE) have been validated in unselected—in 
terms of severity—cohorts, which limits their generalisability. 
We assessed remission (Definition of Remission in SLE 
(DORIS)) and Lupus Low Disease Activity State (LLDAS) in a 
historical cohort of 348 patients with active moderate-to-
severe disease and median follow-up of 5 years.
Methods  Active SLE was defined as Physician Global 
Assessment ≥1.5 and/or SLE Disease Activity Index 2000 
≥6, requiring therapy intensification. DORIS/LLDAS, organ 
damage, flares and adverse events were monitored. Shared 
frailty survival, generalised linear models and K-means 
clustering were applied.
Results  Sustained DORIS and LLDAS for ≥6 months 
occurred in 41.1% and 80.4%, respectively, and resulted 
in reduced damage accrual (HR: 0.58; 95% CI 0.36 to 0.93 
and 0.61; 0.43 to 0.86) and severe flares (HR: 0.14; 0.08 
to 0.27 and 0.19; 0.13 to 0.27). LLDAS without DORIS was 
also protective (HR: 0.65; 0.43 to 0.98 for damage, 0.49; 
0.36 to 0.67 for flares). Models fitting increasing duration 
of targets showed that DORIS ≥50% and LLDAS ≥60% of 
time, or alternatively, ≥24 and ≥36 months, achieved optimal 
balance between feasibility (20.2–41.7%) and specificity 
(73.3–86.1%) for damage-free outcome. These targets 
were linked to reduced serious adverse events (risk ratio 
(RR): 0.56–0.71), hospitalisation (RR: 0.70) and mortality 
(RR: 0.06–0.13). Patients with predominant arthritis and 
mucocutaneous disease experienced reduced DORIS/LLDAS, 
compared with counterparts with major organ involvement. 
Conventional drugs were more frequently used in the former 
group, whereas potent immunosuppressive/biological agents 
in the latter.
Conclusions  In moderate-to-severe SLE, sustained DORIS/
LLDAS for at least 6 months is sufficient, while attainment 
for at least 24 months ensures higher specificity for damage-
free progression, thus facilitating treat-to-target strategies 
and clinical trials. Arthritis and skin disease represent unmet 
therapeutic needs that could benefit from novel biologics.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Remission (Definition of Remission in SLE 
(DORIS)) and Lupus Low Disease Activity State 
(LLDAS) have been introduced in systemic lupus 
erythematosus (SLE), yet their feasibility and 
validity have not been evaluated in patients 
with moderate or high disease activity and 
severity.

WHAT THIS STUDY ADDS
	⇒ In active moderate/severe SLE, DORIS and 
LLDAS are pragmatic targets that reduce organ 
damage accrual and severe flares. LLDAS, 
irrespective of achievement of DORIS, is also 
protective.

	⇒ At least 6 months of sustained DORIS/LLDAS is 
sufficient for protection; at the individual-level, 
prolonged achievement of these targets (at 
least 24 months) has high specificity (>80%) 
for damage-free prognosis and protects against 
multiple other adverse outcomes, suggesting 
they might be useful for treat-to-target 
strategies and clinical trial design.

	⇒ Lupus arthritis and mucocutaneous disease 
predominantly managed with conventional 
agents exhibit increased propensity for flaring 
and reduced achievement of the treatment 
targets.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Validation of DORIS and LLDAS in patients 
with moderate/severe SLE supports the wider 
adoption of these targets in routine practice. 
Skin and joint diseases represent unmet 
therapeutic needs in SLE, urging for the 
introduction of novel targeted interventions.
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INTRODUCTION
The treat-to-target paradigm has been successfully applied to 
many chronic conditions, including inflammatory arthritides.1 
In systemic lupus erythematosus (SLE), two widely accepted 
treatment targets have been proposed, namely the Definition 
of Remission in SLE (DORIS)2–4 and the Lupus Low Disease 
Activity State (LLDAS).5 Observational studies have shown that 
patients who achieve these targets exhibit reduced rates of organ 
damage accrual and flares.6–11 Attainment of either DORIS12 or 
LLDAS13–15 has been associated with improvements in health-
related quality of life, confirmed also in the setting of randomised 
controlled trials (RCTs).16 Based on this evidence, the European 
Alliance of Associations for Rheumatology (EULAR) has recom-
mended that SLE treatment should be tailored to reach the 
aforementioned targets.17

A crucial issue pertains to the feasibility and generalisability of 
the treatment targets across different clinical scenarios. With a 
few exceptions,9 previous studies have evaluated the LLDAS and 
DORIS definitions in unselected SLE cohorts with no explicit 
disease activity entry criteria. This might have skewed the results 
as patients with milder disease are more likely to attain the 
targets18 and display overall better long-term outcomes. Indeed, 
in the study by Golder et al,11 less than 30% of patients had SLE 
Disease Activity Index 2000 (SLEDAI-2K) ≥6 at inclusion; in 
this group, LLDAS occurred less frequently as compared with 
counterparts with SLEDAI-2K <6 (23.6% vs 58.7%, respec-
tively). This trend is also reflective on the low prevalence of 
LLDAS19–21 and DORIS22 at week 52 in lupus RCTs, which 
typically enrol patients with moderate or high disease activity. 
A closely related matter is that patients with higher degrees of 
activity/severity tend to receive more glucocorticoids,23 espe-
cially at the early phases of treatment, which could potentially 
dampen the damage-protective effects of low disease activity or 
remission states attained later during the disease course.

To address these issues, we designed a study to include 
patients with SLE with prespecified criteria for moderately-to-
severely active disease, who were followed with multiple consec-
utive visits over a median of 5 years. In addition to analysing 
the attainment of remission (DORIS) and low disease activity 
(LLDAS), overlapping or not with remission, at each visit and 
cumulatively over time, we deployed multiple methodologies to 
ascertain their effect against damage accrual and severe flares. 
By comparing models of different stringency, we introduced 
target exposure thresholds of high specificity for favourable 
prognosis and validated them against the risk of secondary rele-
vant outcomes such as adverse events, hospitalisation and death. 
Finally, by dissecting the clinical heterogeneity of our cohort 
and analysing the treatment patterns, we identified endotypes 
associated with lower attainment of the targets, thus unravelling 
unmet therapeutic needs in SLE.

PATIENTS AND METHODS
Study design, inclusion criteria and participants
This is a retrospective cohort study of patients with SLE aged 
≥16 years who fulfilled the 2012 Systemic Lupus International 
Collaborating Clinics (SLICC)24 and/or 2019 EULAR/Amer-
ican College of Rheumatology (ACR) classification criteria,25 
and were followed during January 2008–June 2018 in two 
centres with dedicated lupus clinics and registries (Heraklion, 
Ferrara). Patients were included if they had SLEDAI-2K ≥626 
and/or Physician Global Assessment (PGA) ≥1.5,27 necessitating 
increase or intensification of treatment as follows28: (1) initiating 
glucocorticoids either oral at a dose of ≥20 mg/day (prednisone 

equivalent) and/or intravenous pulse methylprednisolone; (2) 
increasing (at least doubling) the dosage of glucocorticoids; (3) 
initiating immunosuppressive (including calcineurin inhibitors) 
or biological (including intravenous immunoglobulin) agents. 
The requirement for therapy intensification was introduced to 
ascertain medium/high disease activity. Patients with coexisting 
systemic autoimmune/inflammatory disorders were excluded. 
For each patient, the inclusion date was identified by screening 
the medical charts, starting from the earliest available visit and 
forward in time until the first fulfilment of the entry activity 
criterion. Baseline and follow-up data were collected from the 
inclusion and all succeeding visits in a prospective manner. The 
minimum required visit frequency was every 6 months during 
the first year since inclusion and then every 12 months, although 
most patients had more frequent visits (approximately every 
4–6 months) at the physician’s discretion. Out of 887 patients 
screened, 284 were excluded for not meeting the inclusion 
criteria and another 245 due to diagnosis prior to 2008.

Clinical assessment and variables collection
The two centres have been already collaborating in clinical proj-
ects and use homogenised protocols for SLE assessment with 
structured data collection forms.29 At inclusion, demographics, 
the date of diagnosis and fulfilment of the classification criteria, 
smoking status (never, former, current smoker), major comor-
bidities and previous treatments were captured. At each visit, the 
following data were monitored: ongoing treatments and their 
dosage; SLE activity (SLEDAI-2K,26 PGA on a scale of 0–327); 
disease flares (Safety of Estrogens in Lupus Erythematosus 
National Assessment (SELENA)-SLEDAI Flare Index27 modified 
to include mycophenolate, belimumab and rituximab under the 
definition of severe flare); irreversible organ damage (SLICC/
ACR Damage Index (SDI)30); comorbidities and adverse events 
including death (Common Terminology Criteria for Adverse 
Events (CTCAE); https://ctep.cancer.gov/protocolDevelop-
ment/electronic_applications/ctc.htm) (see online supplemental 
methods for more details). In accordance to the standard prac-
tice of the clinical centres, PGA was scored before immunological 
tests were available. Laboratory results obtained within 30 days 
of each visit were considered for completing the SLEDAI-2K. 
Attainment of low disease activity and remission was determined 
at each visit according to the published LLDAS5 and DORIS2 
definitions (online supplemental table S1). Following pseudo-
anonymisation, data were entered into a secure electronic 
registry.

Study outcomes and sample size estimation
The two primary outcomes were organ damage accrual (any 
increase in SDI) and severe flares. Secondary outcomes comprised 
adverse events (of any severity), serious adverse events (non-
fatal and those requiring hospitalisation) and death. We tested 
the association between each aforementioned outcome with the 
LLDAS and DORIS states examined either as attainment at any 
single visit or cumulative observed time in each state. Details on 
sample size estimated are provided in the online supplemental 
methods.

Statistical analysis
The multiple-failures Cox-proportional hazards model was 
employed to determine the relationship between LLDAS or 
DORIS attainment at each visit and within each patient, with 
the risk of subsequent damage accrual (≥1-point increase in 
SDI) and severe flares. To account for the possibility that some 
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patients may be more failure prone than others, we introduced a 
shared frailty option in the hazard models. Patient survival time 
data were used to estimate incidence rates for the outcomes. We 
calculated for each patient (1) the percentage of observation time 
in each target by summing of all intervals in the target divided 
by the total observation period and multiplied by 100,11 and (2) 
the total consecutive months spent in each target (applied to 
92.8% of the cohort with ≥24-month follow-up). Generalised 
linear models were used to test the effect of increasing thresh-
olds of exposure time in LLDAS or DORIS on the risk of damage 
accrual and severe flares. We chose specific time thresholds of the 
targets in order to classify patients and produce corresponding 
multiple-failures hazard models. In an ancillary approach, we 
also modelled standard Cox regression on the time-to-first inci-
dence of the primary outcomes.

K-means was used to cluster patients according to the propor-
tion of time exhibiting activity from each SLEDAI-2K item. Due 
to the low frequency of certain manifestations, the items from 
the neurological, renal and serositis domains were grouped 
together. The optimal number of clusters was defined by the 
Silhouette method. For each cluster, we computed the average 
proportion of follow-up time with activity in each SLEDAI-2K 
item/domain, relative to the entire study population average, 
followed by calculation of relative fold changes across the clus-
ters. The corresponding heatmap was generated with pheatmap 
(V.1.0.12). Statistical analysis was performed using STATA 
V.18.0 using the stpm231 and bsurvci32 commands.

RESULTS
DORIS and LLDAS are feasible targets in active moderate-to-
severe SLE
We studied 348 patients (92.8% females) monitored over a 
median (IQR) period of 60 (27) months with 10 (4) visits per 
patient and 6.0 (3.0) months between-visit interval, thus total-
ling 18 777 person-months (table 1). At inclusion, the median 
(IQR) PGA, SLEDAI-2K and clinical SLEDAI-2K (excluding 
serology) were 2.0 (0.5), 8 (4) and 6 (4), respectively, thus 
indicative of moderate-to-high activity/severity. Most frequently 
involved domains at baseline were the musculoskeletal (69.3%) 
and mucocutaneous (62.4%), followed by the haematolog-
ical (17.5%), renal (16.7%), serositis (9.2%) and neurological 
(5.5%) (online supplemental table S2).

During follow-up, DORIS and LLDAS were achieved at least 
once by 215 (61.8%) and 323 (92.8%) patients, respectively 
(table 1). The median (IQR) time to first occurrence of DORIS 
was 15 (20) months, and the respective estimate for LLDAS was 
9 (9) months. A total of 97 (27.9%) and 193 (55.5%) patients 
spent ≥24 months in DORIS and LLDAS, respectively ().

These results indicate that both targets are attainable in 
patients with active moderate-to-severe SLE, with LLDAS 
showing higher feasibility over DORIS. Indeed, out of 
1577 LLDAS visits, 771 (48.9%) met the DORIS definition 
(LLDAS+/DORIS+) while the remaining 806 (51.1%) did 
not (LLDAS+/DORIS–), thus suggesting that LLDAS over-
laps partially with DORIS and a proportion of patients may 
fall into a distinct state of low or minimal—but not zero—
disease activity.

Treatment targets are protective against damage accrual and 
severe flares in patients with moderate-to-severe SLE
Patients with higher SLE activity are typically managed with 
more glucocorticoids, as highlighted in our cohort (table  1), 
and they tend to develop more frequently organ damage and 

flares.23 Therefore, we examined whether the existing targets 
are protective in moderate-to-severe disease. In a visit-by-visit 
analysis, DORIS and LLDAS were both associated with reduced 
risk of new organ damage (HR; 95% CI 0.64; 0.42 to 0.97 and 
0.63; 0.46 to 0.89, respectively) and severe flares (HRs 0.34; 
0.22 to 0.51 and 0.39; 0.29 to 0.51, respectively) at subsequent 
visit (table 2).

LLDAS+/DORIS– visits were also protective (HR 0.65; 0.43 
to 0.98 for damage, and 0.49; 0.36 to 0.67 for flares, respec-
tively). Compared with DORIS, LLDAS+/DORIS– visits had 
comparable risk of subsequent new damage (HR 1.12; 0.68 
to 1.86) but increased hazard for severe flares (HR 1.78; 1.11 
to 2.83). This difference was driven primarily by the residual 
disease activity in LLDAS+/DORIS– state (online supplemental 
table S3).

Using the median time to achievement of each target as 
a threshold, we found that both early and late achievement 

Table 1  Demographic and clinical characteristics of patients with 
SLE at inclusion visit and during follow-up

N (%) or median (IQR)/mean±SD

Inclusion visit data

 � Number of patients 348

 � Gender (female) 323 (92.8)

 � Ethnicity (white) 335 (96.3)

 � Age (years) 45.1 (20.9); 45.2±14.6

 � Disease duration (years) 2.1 (5.6); 4.2±6.5

 � Organ damage (SDI >0) 95 (27.3)

 � PGA (0–3) 2.0 (0.5); 1.8±0.5

 �   ≥2 187 (53.7)

 � SLEDAI-2K 8 (4); 8.5±4.8

 �   ≥10 97 (27.9)

 � Clinical SLEDAI-2K 6 (4); 7.0±4.3

 �   ≥6 225 (64.7)

Follow-up data

 � Number of visits 3492

 � Number of visits per patient 10 (4); 10.0±3.4

 � Follow-up (patient-months) 18 777

 � Follow-up, per patient (months) 60 (27); 54±18

Time-adjusted variables (per patient)

 � SLEDAI-2K 3.4 (3.0); 4.0±2.2

 � PGA 0.84 (0.72); 0.90±0.47

 � Prednisone equivalent (mg/day) 8.6 (23.8); 29.5±43.6

Remission (DORIS) attainment

 � At least once 215 (61.8)

 � Number of visits (excluding inclusion 
visit)

771 (24.5)

 � Number of visits in target per patient 1 (4); 2.2±2.6

 � Cumulative target duration per 
patient (months)

7.5 (25.0); 14.1±16.7

Low disease activity (LLDAS) attainment

 � At least once 323 (92.8)

 � Number of visits (excluding inclusion 
visit)

1575 (50.1)

 � Number of visits in target per patient 4 (5); 4.5±2.9

 � Cumulative target duration per 
patient (months)

27 (30); 27.5±18.0

DORIS, Definition of Remission in SLE; LLDAS, Lupus Low Disease Activity State; 
PGA, Physician Global Assessment; SDI, Systemic Lupus International Collaborating 
Clinics/American College of Rheumatology Damage Index; SLE, systemic lupus 
erythematosus; SLEDAI-2K, SLE Disease Activity Index 2000.
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of DORIS and LLDAS were related to reduced future organ 
damage and severe flares (table  2). With regard to target 
duration, sustained achievement of either target for at least 
6 months was sufficient for a significant risk reduction in the 
adverse outcomes, with longer attainment periods showing 
more pronounced effects. In agreement with the Cox regression, 
increasing percentage of time in DORIS and LLDAS correlated 
with decreasing risk of damage and severe flares (online supple-
mental table S4). Notably, the percentage of time in LLDAS+/
DORIS– exhibited an additional protective effect.

To address the impact of different levels of target achieve-
ment, we created non-mutually exclusive patient groups 
according to increasing thresholds (% of time) in each 
target, followed by generalised linear models for the primary 
study outcomes. We noted a gradual decrease in the rela-
tive risk (RR) (ie, greater risk reduction) for organ damage 
and severe flares with increasing thresholds (≥30–≥70%) 
of cumulative time in DORIS and LLDAS (online supple-
mental figure S5 and online supplemental table S5). These 
results support the damage-protective and flare-protective 
effects of sustained DORIS and LLDAS, the latter irrespec-
tive of complete clinical remission (DORIS), in patients with 

moderate/severe lupus. In agreement with the visit-by-visit 
analysis, patients who experienced LLDAS+/DORIS– ≥50% 
of time had increased risk of severe flares (but not organ 
damage) compared with those with DORIS ≥50% of time 
(online supplemental table S6).

Definition of time thresholds of DORIS and LLDAS attainment 
with optimal balance between feasibility and protection 
against adverse outcomes in moderate-to-severe SLE
While RR estimates demonstrate the strength of association 
between target achievement and outcomes, they are not useful 
for individual-level classification which may be relevant to clin-
ical decision-making and treat-to-target implementation. To 
this end, we used the patient groups shown in online supple-
mental figure S1, in order to determine the frequency of each 
exposure cut-off in DORIS and LLDAS, as well as its specificity 
for damage-free progression (online supplemental table S7). 
Taking into account these parameters as well as the goodness-
of-fit measures of the corresponding statistical models (Online 
supplemental figure S1A,B), we found that DORIS ≥50% and 
LLDAS ≥60% of cumulative time had the best trade-off between 

Table 2  Attainment of DORIS and LLDAS associated with reduced accrual of damage and severe flares in patients with active moderate-to-severe 
SLE (visit-by-visit analysis)

Organ damage accrual Severe flares

 �  Person-months No of failures* Incidence rate (95% CI)†† Cox regression
HR (95% CI)†

No of 
failures‡

Incidence rate (95% 
CI)††

Cox regression
HR (95% CI)†

DORIS

No 13 458 118 10.52 (8.78 to 12.60) 1.00 (reference) 292 25.68 (22.89 to 28.80) 1.00 (reference)

Yes 5139 30 7.01 (4.90 to 10.02) 0.64 (0.42 to 0.97)§ 30 7.00 (4.89 to 10.01) 0.34 (0.22 to 0.51)¶

 � vs no LLDAS  �  0.56 (0.37 to 0.87)**  �  0.26 (0.17 to 0.40)¶

Time-to-target

 � ≤15 months 3104 16 6.19 (3.79 to 10.10) 0.57 (0.34 to 0.96)§ 18 10.61 (6.69 to 16.85) 0.20 (0.11 to 0.38)¶

 � >15 months 2035 14 8.26 (4.89 to 13.94) 0.69 (0.39 to 1.20) 12 4.63 (2.63 to 8.15) 0.56 (0.33 to 0.94)§

Duration of target

 � ≥6 months 4023 21 6.26 (4.08 to 9.61) 0.58 (0.36 to 0.93)§ 11 3.28 (1.82 to 5.92) 0.14 (0.08 to 0.27)¶

 � ≥12 months 3891 20 6.17 (3.98 to 9.56) 0.57 (0.35 to 0.93)§ 11 3.39 (1.88 to 6.13) 0.15 (0.08 to 0.28)¶

 � ≥24 months 3031 14 5.54 (3.2 to 9.36) 0.52 (0.29 to 0.92)§ 8 3.17 (1.58 to 6.33) 0.14 (0.07 to 0.30)¶

LLDAS

No 8772 85 11.63 (9.40 to 14.38) 1.00 (reference) 238 32.21 (28.36 to 36.57) 1.00 (reference)

Yes 9825 63 7.69 (6.01 to 9.85) 0.63 (0.46 to 0.89)** 84 10.16 (8.20 to 12.58) 0.39 (0.29 to 0.51)¶

Yes (without 
DORIS)

4686 33 8.45 (6.01 to 11.89) 0.65 (0.43 to 0.98)§ 54 13.56 (10.38 to 17.70) 0.49 (0.36 to 0.67)¶

 � vs DORIS  �   �  1.12 (0.68 to 1.86)  �   �  1.78 (1.11 to 2.83)§

Time-to-target

 � ≤9 months 4672 26 6.68 (4.55 to 9.81) 0.60 (0.38 to 0.93)§ 39 9.83 (7.19 to 13.46) 0.38 (0.26 to 0.55)¶

 � >9 months 5153 37 8.62 (6.24 to 11.89) 0.67 (0.45 to 0.99)§ 45 10.45 (7.81 to 14.00) 0.40 (0.28 to 0.56)¶

Duration of target

 � ≥6 months 8473 53 7.51 (5.73 to 9.83) 0.61 (0.43 to 0.86)** 39 5.49 (4.01 to 7.52) 0.19 (0.13 to 0.27)¶

 � ≥12 months 8152 47 6.92 (5.20 to 9.21) 0.53 (0.37 to 0.77)** 35 5.15 (3.70 to 7.18) 0.18 (0.12 to 0.26)¶

 � ≥24 months 6952 37 6.39 (4.63 to 8.81) 0.50 (0.33 to 0.74)** 27 4.66 (3.20 to 6.80) 0.16 (0.11 to 0.25)¶

*Any increase in SDI since previous visit.
†Multiple-failures hazard models (n=3492 visits) incorporating within-patients’ shared frailty and adjusting for gender, age and follow-up duration effects; unless specified 
otherwise, reference group are visits with no attainment of DORIS or LLDAS.
‡Defined according to the SELENA-SLEDAI Flare Index.
§P<0.05.
¶P<0.001.
**P<0.01.
††Per 100 patient-years.
DORIS, Definition of Remission in SLE; LLDAS, Lupus Low Disease Activity State.SDI, Systemic Lupus International Collaborating Clinics/American College of Rheumatology 
Damage Index; SLE, systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index;
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feasibility, model stability and protection against organ damage 
(specificity 85.2% and 73.3%, respectively) (table 3).

To obtain thresholds expressed in actual time units, we carried 
out a similar analysis with increasing cut-offs of consecutive 
months in each target spanning the 5–95 percentile range within 
the DORIS ≥50% and LLDAS ≥60% groups (10.5–58.0 and 
13.5–58.0 months, respectively) (online supplemental table S8). 
DORIS ≥24 months and LLDAS ≥36 months showed optimum 
performance with specificity 86.1% and 81.2%, respectively, for 
damage-free progression (table 3).

To further ascertain the prognostic value of these goals, we 
grouped our patients according to whether or not they achieved 
the aforementioned cut-offs, followed by multiple-failures 
Cox regression. Both DORIS ≥50%/≥24 months and LLDAS 
≥60%/≥36 months were associated with significantly reduced 
hazards for new organ damage (figure 1A–D) and severe flares 
(online supplemental figure S3A–D) (see the corresponding 
figure legends for the exact estimates) and similar results were 
found in the time-to-first event analysis (online supplemental 
figure S4). Patients who attained LLDAS ≥60% without DORIS 
≥50% or LLDAS ≥36 months without DORIS ≥24 months 
were also protected against adverse outcomes (figure 1E,F and 
online supplemental figure S3E,F).

Achievement of time-defined treatment goals (DORIS 
≥50%/24 months, LLDAS ≥60%/36 months) is associated with 
reduced incidence of adverse events, hospitalisation and 
mortality in patients with SLE
In individuals with SLE, the interplay of disease activity/
inflammation and glucocorticoid intake drives the develop-
ment of comorbidities and death.33–40 We tested the above-
defined thresholds of DORIS and LLDAS against the accrual 
of adverse events classified by the CTCAE system, which 
captures infections, cardiovascular events, disorders from 
any organs, laboratory abnormalities, etc. Patients who spent 
DORIS ≥50% in time experienced an average of 2.14 events 
per 100 patient-months as compared with their counterparts 
with DORIS <50% in time who had 5.54 events per 100 
patient-months (incidence rate ratio (IRR) 0.77;95% CI 
0.68 to 0.87) (table  4). The respective figures for patients 
in LLDAS ≥60% vs <60% were 3.53 and 5.63 events per 

100 patient-months (IRR 0.88; 0.82 to 0.94). We performed 
further analysis according to the severity of events (physi-
cian ascertained) and healthcare utilisation. For both serious 
events (composite including the CTCAE grading serious, 
life-threatening or lethal) and events leading to hospitalisa-
tion, sustained DORIS ≥50% and LLDAS ≥60% resulted in 
significant risk reductions (IRRs 0.56–0.71) irrespective of 
the effect of age, gender and baseline disease activity. Finally, 
despite the low number of deaths (n=6) during follow-up, 
DORIS ≥50% and LLDAS ≥60% were associated with 
reduced mortality. Similar protective trends were noted for 
patients who achieved DORIS ≥24 months and LLDAS ≥36 
months compared with those who did not meet these thresh-
olds (online supplemental table S9).

The type of organ involvement correlates with the attainment 
of treatment targets in moderate-to-severe SLE
Despite similar starting levels of SLE activity/severity, patients in 
our study showed variable achievement of the treatment targets. 
Baseline SLEDAI-2K and PGA were not significant determi-
nants of either target (data not shown). This prompted us to 
explore whether distinct clinical endotypes could have been 
associated with differences in experiencing DORIS and LLDAS. 
By performing unsupervised clustering in the longitudinal data, 
three major subgroups were identified according to the cumu-
lative time of activity from various organs/domains (online 
supplemental figure S5 and figure 2A). Cluster 1 (25.0% of the 
cohort) had increased prevalence of serositis, vasculitis, renal 
and serological domains; cluster 2 (39.9%) had increased prev-
alence of serositis, thrombocytopenia and neurological disease; 
and cluster 3 (35.1%) was characterised by predominant muco-
cutaneous and joint disease. Baseline disease activity/severity was 
comparable between the three groups (median (IQR) clinical 
SLEDAI-2K: 6 (4), 6 (4), 6 (2) and PGA: 2.0 (0.5), 2.0 (0.5), 1.5 
(0.5), in clusters 1–3, respectively). Cluster 2 patients displayed 
the highest achievement of targets (median time in DORIS and 
LLDAS: 37.8% and 68.5%, respectively), followed by cluster 1 
patients (23.2% and 55.6%). By contrast, the lowest target attain-
ment was observed in cluster 3 (0.0% and 29.7%) (figure 2B,C). 
These relative differences persisted after excluding the mucocu-
taneous and arthritis items from the DORIS/LLDAS definitions 

Table 3  Durable attainment of treatment targets based on time exposure thresholds with high specificity for organ damage-free and severe flare-
free progression in patients with active moderate-to-severe SLE

Outcome: organ damage accrual* Outcome: severe flare(s)†

Frequency‡ RR (95% CI)§ Specificity¶ RR (95% CI) Specificity

DORIS ≥50% of time** 23.3% 0.61 (0.43 to 0.86)†† 85.2% 0.39 (0.25 to 0.62)‡‡ 95.1%

LLDAS ≥60% of time 41.7% 0.58 (0.45 to 0.77)‡‡ 73.3% 0.35 (0.26 to 0.47)‡‡ 88.1%

DORIS ≥24 months§§ 20.2% 0.53 (0.37 to 0.75)‡‡ 86.1% 0.44 (0.28 to 0.69)‡‡ 96.9%

LLDAS ≥36 months 28.0% 0.58 (0.44 to 0.76)‡‡ 81.2% 0.34 (0.22 to 0.52)‡‡ 96.9%

Cumulative time (months) of sustained attainment of each target.
*Any increase in SDI since the inclusion visit.
†According to the SELENA-SLEDAI Flare Index.
‡Proportion (%) of the cohort who meet each target threshold.
§RR with 95% CI obtained from the generalised linear model treating organ damage accrual and severe flare(s) as dependent variables and each target cut-off as predictor 
(adjusting for gender, age and duration of observation).
¶Obtained from 2×2 contingency tables of damage-free and severe flare-free outcome by each target cut-off.
**Cumulative time (percentage of total observation period) in each target.
††P=0.005.
‡‡P<0.001.
§§Cumulative time (months) of sustained attainment of each target.
DORIS, Definition of Remission in SLE; LLDAS, Lupus Low Disease Activity State; RR, relative risk; SDI, Systemic Lupus International Collaborating Clinics/American College of 
Rheumatology Damage Index; SLE, systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index.
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Figure 1  Attainment of treatment targets above specific exposure thresholds results in significant reduction of organ damage accrual. (A,B) 
Survival plot of new organ damage-free time according to achievement of (A) DORIS ≥50% of observation time or not (HR 0.51; 95% CI 0.31 to 
0.84, multiple-failures Cox-proportional hazards), and (B) LLDAS ≥60% of time or not (HR 0.47; 0.32 to 0.69). Banded areas represent 95% CI. (C,D) 
Survival plot of new organ damage-free time according to sustained attainment of (C) DORIS ≥24 months or not (HR 0.49; 0.29 to 0.84, multiple-
failures Cox-proportional hazards) and (D) LLDAS ≥36 months or not (HR 0.43; 0.28 to 0.68). Banded areas represent 95% CI. (E) The same plot as 
above according to accomplishment of DORIS ≥50% of time (with or without LLDAS ≥60% of time), LLDAS ≥60%/DORIS <50% and LLDAS <60%/
DORIS <50%. Using the latter condition as reference, LLDAS ≥60%/DORIS <50% had reduced hazard for organ damage accrual (HR 0.60; 0.38 to 
0.95, p=0.030). (F) The same plot as above according to sustained attainment of DORIS ≥24 months (with or without LLDAS ≥36 months), LLDAS 
≥36 months/DORIS <24 months and LLDAS <36 months. Using the latter condition as reference, LLDAS ≥36 months/DORIS <24 months had reduced 
hazard for organ damage accrual (HR 0.54; 0.30 to 0.97, p=0.038). DORIS, Definition of Remission in SLE; LLDAS, Lupus Low Disease Activity State.
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(online supplemental figure S6). Although the three clusters had 
comparable accrual and pattern of new organ damage, cluster 3 
was linked to significantly higher rate of flares compared with 
clusters 1–2 (online supplemental tables S10 and S11).

To dive in further into these results, we analysed treatment 
patterns according to organ involvement. Mucocutaneous mani-
festations and arthritis, over-represented in cluster 3, were most 
frequently treated with conventional agents such as methotrexate 
and azathioprine. Conversely, manifestations prevailing in clus-
ters 2 and 3 were often managed with more potent immuno-
suppressants (mycophenolate, cyclophosphamide) or biological 
agents (belimumab, rituximab) (online supplemental table S12). 
Although these relationships do not imply causality and may be 

subject to unmeasured bias; nonetheless, they are suggestive of 
insufficient control of lupus skin and joint disease resulting in 
increased propensity for flaring and decreased attainment of the 
therapeutic goals.

DISCUSSION
Here, we show that in active moderate/severe SLE (median 
SLEDAI-2K: 8, PGA: 2.0), both remission (DORIS) and low 
disease activity (LLDAS) are pragmatic targets that protect 
against organ damage and severe flares. We provide evidence 
that LLDAS exclusive of remission is also protective against 
these outcomes. In addition, exposure-defined thresholds of the 
targets are introduced as putative therapeutic goals that might 
assist the treat-to-target implementation and trial design. Impor-
tantly, these target thresholds are validated for their beneficial 
effects on damage, flares and other important patient outcomes 
such as adverse events, hospitalisation and mortality. Finally, we 
define major disease endotypes and demonstrate that patients 
with predominant arthritis and skin/mucosal disease have the 
lowest achievement of targets, suggesting they could benefit 
from the introduction of novel target therapies in SLE. Our find-
ings are in line with the EULAR recommendations17 proposing 
remission and low disease activity as therapeutic goals in SLE, 
and provide support for the wider adoption of these targets in 
clinical care.

We focused on moderate or severe SLE requiring therapy 
intensification as it remains elusive whether the existing defi-
nitions of remission/LLDAS are feasible and effective in this 
disease population, which has been under-represented in 
previous studies. These patients typically commence with higher 
disease activity and are exposed to more glucocorticoids, thus 
making it more arduous to reach the recommended targets11 18 
while also increasing the risk of damage.23 DORIS and LLDAS 
were reached by the majority of patients (61.8% and 92.8%) 
on at least one visit, and by a sizeable proportion for at least 6 
consecutive months (41.1% and 80.4%). Our results align with 
those of Kikuchi et al41 who evaluated 79 patients with active/
severe SLE (applying different criteria) and found that 89.9% of 
them experienced LLDAS. Importantly, we found a significant 
protective effect of DORIS and LLDAS against accrual of organ 
damage and severe flares, which corroborates their validity and 
generalisability in moderate/severe SLE.

LLDAS was intersected with DORIS in about 50% of 
visits, which is lower than the LLDAS/DORIS overlap shown 
in previous studies,7 10 18 42 possibly due to differences in 
patient characteristics and duration of follow-up. To this 
end, it remains uncertain whether LLDAS exerts an addi-
tional protective effect over remission.7 10 42 In our analysis, 
LLDAS+/DORIS– visits had significantly reduced hazard 
for subsequent development of organ damage and severe 
flares, which was confirmed by demonstrating an indepen-
dent effect of the duration of this state. This result is plau-
sible considering the linear-type association of SLEDAI43 and 
glucocorticoid intake42 44 with the risk of adverse outcomes 
such as organ damage. From a clinical standpoint, LLDAS+/
DORIS– and LLDAS+/DORIS+ may represent a continuum 
of states displaying a gradient of association with favour-
able patient prognosis. A similar concept has been described 
in rheumatoid arthritis, where Disease Activity Score-28-
defined remission and low disease activity may be protec-
tive against clinical and radiological outcomes45 46 with 
remission showing more consistent associations.47 48 Our 
findings support the recommendations that remission is the 

Table 4  Attainment of DORIS ≥50% and LLDAS ≥60% of 
time is linked to reduced incidence of adverse events including 
hospitalisation and mortality in patients with SLE

Adverse 
event

Crude incidence rate* 
(95% CI)

Incidence rate ratio† 
(95% CI) P value

All adverse 
events

 � DORIS 
<50%

5.54 (4.90 to 6.18) 1.00 (ref)

 � DORIS 
≥50%

2.14 (1.54 to 2.75) 0.77 (0.68 to 0.87) <0.001

 � LLDAS 
<60%

5.63 (4.87 to 6.38) 1.00 (ref)

 � LLDAS 
≥60%

3.53 (2.87 to 4.20) 0.88 (0.82 to 0.94) <0.001

Serious adverse events but not fatal

 � DORIS 
<50%

1.27 (1.04 to 1.50) 1.00 (ref)

 � DORIS 
≥50%

0.41 (0.16 to 0.65) 0.56 (0.37 to 0.84) 0.005

 � LLDAS 
<60%

1.33 (1.05 to 1.60) 1.00 (ref)

 � LLDAS 
≥60%

0.71 (0.47 to 0.94) 0.71 (0.57 to 0.88) 0.001

Serious adverse events requiring 
hospitalisation

 � DORIS 
<50%

1.10 (0.83 to 1.37) 1.00 (ref)

 � DORIS 
≥50%

0.60 (0.35 to 0.86) 0.70 (0.50 to 0.99) 0.041

 � LLDAS 
<60%

1.17 (0.85 to 1.48) 1.00 (ref)

 � LLDAS 
≥60%

0.73 (0.46 to 0.99) 0.70 (0.53 to 0.91) 0.007

Death

 � DORIS 
<50%

0.042 (0.008 to 0.076) 1.00 (ref)

 � DORIS 
≥50%

0.000 (0.000 to 0.000) 0.06 (0.04 to 0.12) <0.001

 � LLDAS 
<60%

0.048 (0.006 to 0.090) 1.00 (ref)

 � LLDAS 
≥60%

0.011 (-0.010 to 0.031) 0.13 (0.03 to 0.65) 0.013

Adverse events during follow-up were classified according to the CTCAE system.
*Per 100 patient-months.
†Obtained from generalised linear model adjusting for the effects of age, gender, 
age and disease duration.
CTCAE, Common Terminology Criteria for Adverse Events; DORIS, Definition of 
Remission in SLE; LLDAS, Lupus Low Disease Activity State.SLE, systemic lupus 
erythematosus;
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Figure 2  Clinically defined SLE patient clusters correspond to differential attainment of the DORIS and LLDAS treatment targets. (A) K-means 
clustering was used to group patients according to the proportion of follow-up time exhibiting activity in each one of the items/domains included in 
the SLEDAI-2K. Clusters 1 (n=87, 25.0% of the study cohort), 2 (n=139, 39.9%) and 3 (n=122, 35.1%) were identified. Heatmap illustrating the fold 
changes of the proportion of time with actively involved SLEDAI-2K items, across the patients’ clusters. Z-score transformation of the fold change 
values was applied, ranging from −1 (dark blue) to +1 (dark red) as shown in the legend on top right. ‘Serositis’ includes ‘pericarditis’ and ‘pleuritis’; 
‘renal features’ include ‘urinary casts’, ‘haematuria’, ‘proteinuria’ and ‘pyuria’; and ‘neurological features’ include ‘seizure’, ‘psychosis’, ‘organic brain 
syndrome’, ‘visual disturbances’, ‘cranial nerve disorder’ and ‘lupus headache’. (B) Dot plots demonstrating the attainment (% of cumulative time) of 
DORIS and LLDAS by each patient across the three clusters. The black dot with blue error bars represents the median (IQR) attainment in each cluster. 
Comparisons between the clusters were performed with the Kruskal-Wallis non-parametric test followed by Dunn’s test for multiple comparisons. 
*P<0.05; ***P<0.001; ****p<0.0001. (C) Stacked bar plots illustrating the proportion of patients within each cluster who met the target thresholds 
DORIS ≥50% (with or without LLDAS ≥60%), LLDAS ≥60%/DORIS <50% and LLDAS <60%/DORIS <50%. DORIS, Definition of Remission in SLE; 
LLDAS, Lupus Low Disease Activity State; SLE, systemic lupus erythematosus; SLEDAI-2K, SLE Disease Activity Index 2000.
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preferred goal with low disease activity representing a valid 
alternative.17

The protective effect of target attainment against organ 
damage and severe flares was prominent in patients with 
sustained DORIS and LLDAS for at least 6 months. Studies in 
different settings and cohorts have suggested that the shortest 
length of targets associated with a decrease in damage progres-
sion may range from as low as 3 months for LLDAS11 to at least 
2 consecutive years for remission and LLDAS.7 42 49 These results 
underscore the importance of prolonged disease stabilisation 
with appropriate treatment modifications, if required, to ensure 
optimal long-term outcomes in SLE.

In the same context, increasing thresholds of observed time 
in targets correlated positively with a protective effect but at the 
cost of decreasing attainability. Previous studies have focused on 
the 50% cut-off in remission9 10 or LLDAS5 8 11 18 41 to classify 
patients at lower versus higher risk of damage and flares, although 
lower thresholds have also been suggested.6 11 Following an 
unbiased methodology, we found that DORIS ≥50% and LLDAS 
≥60% of the cumulative time (or ≥24 and ≥36 consecutive 
months, respectively) had the best combination of prevalence/
sensitivity and specificity for damage-free progression. Pending 
further confirmation, the sufficiently high specificity of these 
cut-offs (73.3–86.1%) suggests they could assist individualised 
risk assessment and treat-to-target implementation. It might also 
be interesting to explore the performance of the time propor-
tion thresholds in the context of SLE trials, in view of evidence 
suggesting that DORIS and LLDAS might serve as outcome 
measures in discriminating active drug versus placebo.19

We verified the impact of exposure-defined DORIS and 
LLDAS goals by documenting their association with lower inci-
dence of adverse events, related hospitalisation and death. This 
corroborates previous reports in SLE showing that prolonged 
attainment of either target may reduce mortality.8 50 The rela-
tionship between DORIS or LLDAS with the incidence risk of 
adverse events and/or hospitalisation is novel and reminisces 
similar protective effects of remission and low disease activity 
in rheumatoid arthritis.46 These results add to the spectrum of 
beneficial effects associated with the accomplishment of remis-
sion and low disease activity in SLE, thus validating further their 
use in clinical care.

Our observation of lower DORIS/LLDAS rates (accompa-
nied by increased flares) in patients with predominant muco-
cutaneous and joint disease agrees with previous studies in 
white patients18 42 and merits further discussion. Although 
these particular manifestations might be inherently difficult 
to treat, they were more frequently managed with metho-
trexate, azathioprine and, to a lesser extent, leflunomide, 
belimumab or rituximab. It should be emphasised that these 
relationships do not prove causality and some of the drug 
choices might have been directed by physicians’ and patients’ 
preferences or intolerance issues. The lower frequency of 
DORIS/LLDAS might also relate to the SLEDAI instrument, 
which requires the complete resolution of arthritis, rash, 
etc in order for the corresponding items to receive 0 score. 
Nonetheless, removal of the mucocutaneous and arthritis 
items from SLEDAI did not substantially alter our results 
(online supplemental figure S6). These findings highlight the 
unmet needs in the management of lupus arthritis and muco-
cutaneous disease, as well as the possible beneficial role of 
novel biological agents following risk–benefit assessment.

Limitations of our study include its retrospective design prone 
to bias including that patients not meeting the targets might 
seek medical attention and perform tests more frequently, thus 

aiding the diagnosis of comorbidities. The cohort comprised 
exclusively of white participants, which could have accounted 
for the low prevalence of certain manifestations (eg, nephritis). 
Although the follow-up period reached the end of 2022, the 
use of licensed biological agents (belimumab) was still limited. 
Also, data on patient-reported outcomes were not available. One 
of the strengths is that the study was performed in two centres 
sharing common patient monitoring and treatment protocols. 
We studied a sufficiently large number of patients enrolled 
according to explicit inclusion criteria of disease activity/
severity, who were monitored over a long observation period, 
thus enabling to capture a sufficient number of outcome events.

In conclusion, in patients with active (moderate-to-severe) 
SLE, remission (DORIS) and low disease activity (LLDAS) 
represent realistic goals associated with a reduction in irre-
versible organ damage and severe flares, therefore reinforcing 
their importance and value in clinical care. Attainment of the 
targets above specific observation time thresholds demonstrates 
high specificity for favourable prognosis, including significantly 
lower rates of adverse events and hospitalisation, with possible 
implications in treat-to-target implementation and clinical trial 
design. Arthritis and skin disease in SLE often lack sufficient 
therapeutic control highlighting the potential benefit of novel 
targeted agents.
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