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Epidemiology and outcomes

AbstrAct
Objectives To evaluate what proportion of patients fulfil 
the DORIS definition of remission, the definition of lupus 
low disease activity state (LLDAS) and LLDAS with a 
glucocorticoid (GC) dosage ≤5 (LLDAS5) in a longitudinal 
monocentric cohort of patients with SLE; to identify 
predictors of sustained remission and LLDAS attainment; 
to evaluate the effect of sustained remission and LLDAS on 
damage accrual over a period of 5 years and compare the 
two conditions in terms of clinical outcomes.
Methods Retrospective analysis of data prospectively 
collected from patients with SLE followed from 2012 to 
2016.
Results 115 patients were included in this analysis. At 
baseline, 72% of patients were on LLDAS and almost 
all patients also fulfilled the LLDAS5 definition; 45% 
of patients were in remission on treatment, 12% were 
in remission off treatment, 26% were in complete 
remission on treatment, 2% were in complete remission 
off treatment. Disease activity at baseline was the 
strongest predictor of subsequent LLDAS and remission; 
the presence of joint and cutaneous manifestations was 
associated with a minor likelihood to achieve LLDAS or 
remission during follow-up. Patients in remission and 
LLDAS for the whole follow-up period accrued significantly 
less organ damage; on the contrary, patients who 
maintained all kinds of remissions or LLDAS for less than 
50% of the time did not show any differences in damage 
accrual with respect to the rest of the cohort.
Conclusion Remission and LLDAS, even with reduced GC 
use, are an achievable goal in clinical practice; sustained 
LLDAS and remission are both associated with reduced 
damage accrual.

IntROduCtIOn
SLE is a chronic disease with a relapsing 
remitting course. Disease activity over time 
is associated with damage accrual, poor long-
term outcomes and comorbidities.1–3 Thus, 
the control of disease activity is an important 
target in the treatment of patients with SLE.4 

In 2016, an international expert panel 
(the Definition of Remission in SLE, DORIS 
project) agreed on three definitions of 

remission in SLE: complete remission (with 
negative serology), clinical remission on 
therapy (clinical ROT) and complete remis-
sion on therapy (complete ROT).5

More recently, low disease activity (LDA) has 
also been proposed as an alternative goal in 
the treat-to-target strategy and different defi-
nitions of this state have been proposed and 
applied to different SLE cohorts.6–8

In 2015, the lupus low disease activity state 
(LLDAS) was developed as a consensus-based 
definition of minimally acceptable disease 
activity in patients with SLE.7 This definition 
was initially tested for criterion validity in a 
first multiethnic cohort of patients showing 
that it is associated with improved patient 
outcomes.7 9 10

The LLDAS set up the maximum gluco-
corticoid (GC) dosage admitted at ≤7.5 mg 
of prednisone daily. The risk of irreversible 
organ damage increases as the prednisone 
dose increases and ≤7.5 prednisone/day is 
traditionally considered a low dosage and an 
‘acceptable’ dose to be used long term. On 
the other hand, however, some data have 
shown that compared with no prednisone 
use, the increase in risk is small or inexistent 
only for a cumulative average dose below 
180 mg/month, that is to say, 6 mg/day.11 
Other studies demonstrated that long-term 
prednisone doses ≥5 mg are associated with 
a significant risk in bone loss and fractures, 
arterial hypertension, myocardial infarction 
and serious infections.12–15 Furthermore, 
it has been suggested that hyperglycaemia 
may appear at doses as low as 2.5 mg/day of 
prednisone equivalent.16

Thus, a ‘safe’ dose of GC is still to be defined 
and every effort should be made to keep GC 
at the lowest dosage and, if possible, to with-
draw it.4
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The aims of this study are: (1) to evaluate what propor-
tion of patients fulfil the DORIS definition of remission 
and the definition of LLDAS in a longitudinal mono-
centric cohort of patients with SLE; (2) to evaluate what 
proportion of patients fulfil the definition of LLDAS with 
a GC dosage ≤5 (LLDAS5); (3) to identify the predictors 
of sustained remission and LDA; and (4) to evaluate the 
effect of sustained remission and LDA on damage accrual 
over a period of 5 years and compare the two conditions 
in terms of clinical outcomes.

MethOds
Patients
The Pisa lupus clinic cohort is a longitudinal observational 
cohort of patients with SLE set up in January 2012; clin-
ical and serological variables are collected from patients 
who are regularly followed at the clinic. The cohort 
includes adult patients with SLE satisfying the 1997 Amer-
ican College of Rheumatology classification criteria. Both 
outpatient visits and hospital admissions for disease flares 
or disease complications are included in the database.

This is a retrospective analysis of data prospectively 
collected from patients with SLE with at least one visit per 
year and complete clinical and serological data followed 
between 2012 and 2016. When patients were assessed 
more than once per year, the evaluation with higher 
disease activity was considered.

Case definitions and outcome measures
Disease activity was recorded according to validated 
activity indices (Safety of Estrogens in Lupus Erythema-
tosus: National Assessment-SLE Disease Activity Index 
(SLEDAI) and European Consensus Lupus Activity Meas-
urements (ECLAM)) as well as physician’s judgement on 
a 0–3 scale (PhGA).

The definitions of remission were applied according to 
the DORIS definitions.

To simplify the analysis, the definitions were also 
grouped into the following categories:
A. clinical remission ON treatment (RONT),
B. clinical remission OFF treatment (ROFT),
C. clinical remission with negative serology ON treatment 

(complete RONT),
D. clinical remission with negative serology OFF 

treatment (complete ROFT).
The definitions of LLDAS and LLDAS5 were applied to 

identify patients with LDA. 
Sustained remission and sustained LDA were defined 

when patients satisfied the definition at all assessments of 
the study period.

Organ damage was calculated using the Systemic 
Lupus International Collaborating Clinics Damage Index 
(SLICC-DI) score (SDI) at study entry and at the last 
observation.

statistical analysis
Continuous variables are reported as means and SDs or 
median and 25–75 IQR for non-normally distributed data. 

Differences between groups were calculated by Student’s 
t-test or Mann-Witney U test as appropriate.

Categorical variables are reported as proportions and 
are compared using Χ2 for binary outcomes. Multivar-
iate analysis was also performed including all covariates 
that were significantly associated with the outcomes at 
univariate analysis. Only subsequent evaluations were 
considered for the analysis of predictors when the base-
line predictive variable was also included in the outcome 
measure (ie, SLEDAI score).

Baseline variables considered in the univariate analysis 
of predictors were the following: age, disease duration, 
SLEDAI score, serological activity, previous organ involve-
ment, ongoing manifestations (articular manifestations, 
mucocutaneous manifestations, renal manifestations, 
neuropsychiatric manifestations, serositis, haematolog-
ical manifestations), therapy with hydroxychloroquine.

To evaluate the degree of agreement between the 
different definitions used for remission based on the 
SLEDAI score, ECLAM or clinical judgement was eval-
uated estimating the Cohen’s kappa; this analysis was 
performed for all the baseline assessments. K values >0.80 
were considered to be a very good level of agreement.

P value <0.05 is considered statistically significant. All 
the analyses were performed using STATA V.13.

Results
Baseline evaluations
The Pisa SLE cohort includes 310 patients regularly 
followed; among these, 115 patients were eligible for 
the study and were included in this analysis. All included 
patients had a follow-up of at least 5 years (2012–2016). 
One hundred and six (93%) were female, mean age 
and disease duration at baseline visit were 41.6±13 years 
and 12.9±9 years, respectively. Twelve patients (10.3%) 
had a disease duration of less than 1 year at enrolment. 
Sixty-one patients (53.5%) had a history of major organ 
involvement (renal and/or neuropsychiatric manifesta-
tions).

The median number of visits/year was 2.5 (minimum 
1-maximum 4, IQR 2–3); a minority of patients attended 
only one visit (15%).

Baseline clinical data, disease activity and ongoing ther-
apies are reported in table 1. Of note, articular manifesta-
tions, serositis and haematological involvement were the 
most common ongoing manifestations (20.3% and 17%, 
respectively). Active major organ involvement was present 
in only a minority of patients (kidney involvement in 
eight patients and neuropsychiatric involvement in one 
patient); on the other hand, 31% presented only serolog-
ical activity (anti-dsDNA and/or hypocomplementaemia).

The majority of patients (84%) were on GC therapy 
(mean dosage 6.25±4.1 mg/day prednisone equivalent) 
and 69.5% were taking a daily prednisone dosage ≤5 mg. 
71.8% were taking antimalarials (mean dosage 
225±70 mg/day), 43.4% were receiving immunosuppres-
sive drugs while only a minority (0.8%) were on biologics.
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The percentages of patients fulfilling LLDAS, LLDAS5 
and DORIS definitions are reported in table 2.

At baseline visit, 72% of patients were on LLDAS; in 
addition, almost all patients fulfilling the LLDAS defini-
tion also fulfilled the LLDAS5 definition.

Irrespective of the definition used for disease 
activity, >45% of patients were in remission on treat-
ment, 12% were in remission off treatment, 26% were 
in complete remission on treatment and 2% were in 
complete remission off treatment. Interestingly, a very 
good agreement was found between the DORIS defini-
tions using the ECLAM score, the SLEDAI score and the 
clinical judgement, especially for remission and complete 
remission off treatment (k>0.89, P<0.001 in all the tests 
performed).

Follow-up
At last observation, the median SLEDAI score was 2 
(IQR 2–4); 32 patients (27.8%) had an SLEDAI=0 and 

21 (18.26%) had an SLEDAI score >4. Seventy-six 
patients (66%) were still on GC treatment (mean dosage 
6±3.2 mg/day prednisone equivalent), 45 (39%) were on 
IS, 10 (8.7%) were on biologics and 95 (82.6%) were on 
antimalarials. Twenty-six patients (22.6%) were off treat-
ment or were taking only antimalarials.

The percentages of patients fulfilling the definitions 
of remission at each annual evaluation are reported in 
table 2. Clinical remission on treatment is observed in 
about 45% of patients every year during the follow-up 
period, while complete remission on treatment was 
reported in 19%–28% of patients. In 10%–20% of 
patients the definition of remission off treatment was 
satisfied while complete remission off treatment was 
rare being observed in a small percentage of patients 
ranging from 1% to 7% during the follow-up period.

Over the 5 years of follow-up, sustained remission on 
treatment was recorded in 21% of patients and complete 
remission on treatment was rare (7.8% of patients). 
Remission off treatment was rare; in detail a sustained 
remission off treatment was observed in 5.2% of patients 
and complete remission off treatment in 0.8%.

As far as LDA is concerned, both LLDAS and LLDAS5 
were attained in more than 70% of the cohort right 
through to follow-up; however, only 36.5% and 35.3% of 
the patients maintained the state for the whole duration 
of the observation.

Predictors of sustained remission and sustained lldAs
Baseline variables that are associated with sustained remis-
sion and LLDAS are reported in table 3.

Patients who maintained remission on treatment 
during the follow-up had lower disease activity scores 
at baseline (P<0.001) and were not presenting joint 
(P=0.01) or mucocutaneous involvement (P=0.02). 
Patients who achieved a sustained complete remission 
on treatment presented lower disease activity scores at 
baseline (P=0.02) and they were more likely to have sero-
logical activity without clinical manifestations (P=0.04). 
Similarly, remission off treatment was correlated with 
serologically active but clinically quiescent disease at 

Table 1 Ongoing clinical manifestations, disease activity 
assessments and therapies at baseline in the whole cohort

Whole 
cohort

Renal manifestations (%) 8

Articular manifestations (%) 20.3

Mucocutaneous manifestations (%) 13.4

Neuropsychiatric manifestations (%) 0.8

Serositis/haematological manifestations (%) 17

SLEDAI (median, IQR) 2 (0–4) 

  SLEDAI=0 (%) 31.3 

  SLEDAI>4 (%) 24.3 

Serological activity (%) 31

Glucocorticoids (%) 84

Immunosuppressants (%) 43.4

Biologics (%) 0.8

Antimalarials (%) 71.7

SLEDAI, SLE Disease Activity Index.

Table 2 Patients fulfilling LLDAS, LLDAS5 and DORIS criteria at baseline evaluation and during follow-up

Baseline
2012 2013 2014 2015

Last visit
2016

Sustained 
100%

Sustained 
50%

LLDAS 72 (63.1%) 72 (63.1%) 80 (70.2%) 77 (68.1%) 86 (74.8%) 42 (36.5%) 81 (70.4%)

LLDAS5 71 (61.6%) 69 (60%) 80 (70.2%) 77 (68.1%) 85 (73.9%) 41 (35.6%) 79 (68.6%)

RONT 57 (49.6%) 53 (46%) 60 (52.1%) 55 (47.8%) 55 (47.8%) 25 (21.7%) 55 (47.8%)

ROFT 12 (10.4%) 14 (12.1%) 18 (15.6%) 23 (20%) 23 (20%) 6 (5.2%) 17 (14.8%)

Complete 
RONT

33 (28.7%) 30 (26%) 31 (26.9%) 22 (19.1%) 24 (20.8%) 9 (7.8%) 24 (20.9%)

Complete 
ROFT

2 (1.7%) 4 (3.5%) 8 (6.9%) 8 (6.9%) 9 (7.8%) 1 (0.8%) 4 (3.5%)

DORIS, Definition of Remission in SLE; LLDAS, lupus low disease activity state; LLDAS5, LLDAS with a GC dosage ≤5; ROFT, remission OFF 
treatment; RONT, remission ON treatment. 
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baseline (P=0.015). With the limitation of the small 
number of patients who maintained complete remission 
off treatment, no statistically significant associations 
were found between baseline variables and sustained 
complete remission of treatment attainment.

Sustained LLDAS during the follow-up was associated 
with a lower SLEDAI score at study entry (P<0.001) and 
patients were not complaining active joint symptoms 
(P=0.004) nor skin manifestations (P=0.02). They also 
tended to have fewer renal manifestations at study entry 
(P=0.08). Similarly, patients who maintained LLDAS5 
were more likely to be inactive at baseline with a signifi-
cantly lower SLEDAI (P<0.001) and did not complain of 
joint (P<0.001) or cutaneous symptoms (P=0.012) and, 
in this case, they had significantly less frequent renal 
involvement at study entry (P=0.02).

No other significant predictors of LLDAS or remission 
were found among the epidemiological and clinical vari-
ables tested.

damage accrual
At study entry, 49 patients (42%) had at least one item 
of the SDI score; among these the median SDI score 
was 2 (IQR 1–3). Overall, a total of 99 SLICC items was 
recorded and 29 (29%) can be considered GC-related 
damage (cataract, osteoporosis with fractures, muscle 
atrophy or weakness, avascular necrosis).

At the last observation, 59 (50.8%) patients had at 
least one organ damage; 37 patients (31.9%) accrued 
organ damage during the follow-up; in those patients, 
the median increase in SDI was 1 (IQR 1–2) resulting 
in a median final SDI score of 2 (IQR 1–4). At the 
last observation, a total of 151 items of damage was 

recorded and 50 of these (33%) were related to chronic 
GC usage.

Patients in clinical remission on treatment for the whole 
follow-up period accrued significantly less organ damage 
(ΔSLICC 0.12 vs 0.48, P=0.018); however, patients who 
maintained clinical remission on treatment for less than 
50% of the time did not show any differences in damage 
accrual with respect to the rest of the cohort.

The small number of patients who maintained remis-
sion off treatment or complete remission (both on and 
off treatment) impeded the analysis for these groups.

Patients who maintained LLDAS for the whole 
follow-up period accrued significantly less organ 
damage with respect to the rest of the cohort (mean 
ΔSLICC 0.11 vs 0.63, P<0.001) and they were more likely 
off treatment at the last observation (P=0.03). However, 
patients who maintained LLDAS for less than 50% 
of the time (<2.5 years) accrued more organ damage 
(mean ΔSLICC 0.78±0.14 vs 0.25±0.64, P=0.0004) with 
respect to the patients who maintained LLDAS for more 
than 2.5 years.

No differences in damage accrual were observed 
between sustained LLDAS and LLDAS5 (mean ΔSLICC 
0.11 vs 0.12, P=NS).

In the multivariate analysis, by adjusting for age, 
disease duration, baseline SLICC and the presence 
of previous severe organ involvement (renal and/or 
neuropsychiatric) for both sustained remission on treat-
ment and sustained LLDAS, the association with lower 
damage accrual was maintained (P=0.02 and P=0.002, 
respectively).

The complete list of the SLICC items recorded at base-
line evaluation and at the end of follow-up is reported in 

Table 3 Univariate analysis showing baseline predictors of sustained LLDAS, LLDAS5 and remission according to DORIS 
definitions

Baseline predictors LLDAS LDAS5 RONT ROFT
Complete 
RONT

Complete 
ROFT

Age NS NS NS NS NS NS

Disease duration NS NS NS NS NS NS

Recent onset NS NS NS NS NS NS

Mean SLEDAI P<0.001 P<0.001 P=0.001 NS P=0.02 NS

SLEDAI>4 P<0.001 P<0.001 P=0.001 NS P=0.07 NS

Only serological activity NS NS NS P=0.015 P=0.04 NS

Previous major organ involvement NS NS NS NS NS

Articular manifestations P=0.004 P<0.001 P=0.01 NS NS NS

Mucocutaneous manifestations P=0.02 P=0.12 P=0.02 NS NS NS

Renal manifestations NS P=0.02 NS NS NS NS

Neuropsychiatric manifestations NS NS NS NS NS NS

Serositis/haematological manifestations NS NS NS NS NS NS

Therapy with HCQ NS NS NS NS NS NS

DORIS, Definition of Remission in SLE; HCQ, hydroxychloroquine; LLDAS, lupus low disease activity state; LLDAS5, LLDAS with a GC 
dosage ≤5; NS, not significant; ROFT, remission OFF treatment; RONT, remission ON treatment; SLEDAI, SLE Disease Activity Index. 
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figure 1. Of note, 31 items were GC related at study entry, 
50 at last observation.

dIsCussIOn
Disease remission is considered the ideal target for treat-
ment in patients with SLE in clinical trials and in clin-
ical practice; more recently, the idea is emerging that an 
LDA state might be considered a good alternative target.4 
Several definitions for remissions and LDA have been 
proposed, generating a great scientific debate.6 8 9 17–23

In this study, we applied the DORIS definitions of remis-
sion and the LLDAS definition to our cohort of patients 
in order to define their frequency in our clinical practice.

At the first evaluation, half of patients were in remis-
sion on treatment and about 25% were in clinical and 
serological remissions. Clinical remission off treatment 
was uncommon (10%–13%) and complete remission off 
treatment was rare (<2%); clinical remission off treatment 
was less common (10%–13%) and complete remission off 
treatment (<2%) was very rare. However, if we consider 
the entire 5 years of follow-up, only 22% of patients main-
tained the remission state on treatment. Durable remis-
sions off treatment have rarely been observed (5.2% 
and <1% for clinical remission and complete remission, 
respectively). In summary, our data suggest that in clin-
ical practice remission is an achievable goal, but its main-
tenance over time can be difficult.

These results are in line with previous reports showing 
a very low frequency of sustained remission off treat-
ment in different SLE cohorts.17–24 Of note, as would be 

expected, when progressively less stringent criteria were 
applied to the remission definition, remission frequency 
increased.20 22

The percentage of patients fulfilling the criteria for 
LLDAS is high at baseline and at each annual evaluation 
(63%–74.8%). Interestingly, almost all patients fulfilling 
the LLDAS definition also fulfilled the LLDAS5 defini-
tion in our cohort; thus, trying to keep the lower GC dose 
of 5 mg/day is also an achievable goal in clinical practice.

This result is similar to what was recently registered in 
a large multiethnic cohort of patients from Asian-Pacific 
countries at a single point in time (44%).10

However, sustained LLDAS lasting for the whole 5-year 
follow-up was less frequent in our cohort (36.5%) while 
70% of our patients maintained the LLDAS for less than 
50% of the time. The same results were registered when 
considering LLDAS5.

In a retrospective analysis of 183 patients followed for 
a median time of 5 years, Tsang-A-Sjoe et al reported a 
frequency of LLDAS lasting for ≥50% of follow-up in 
64.5% of patients.25

More recently, Polachek et al applied a definition of 
LDA based on the SLEDAI-2K disease activity score and 
they found that 43.7% of patients from their prospective 
cohort fulfilled this definition for at least 1 year.9

In our cohort, disease activity at baseline proved to 
be the strongest predictors of subsequent LLDAS and 
remission; on the contrary, the presence of joint and 
cutaneous manifestations at baseline was associated with 
a minor likelihood of obtaining LDA or remission during 

Figure 1 Items of the Systemic Lupus International Collaborating Clinics Damage Index (SLICC-DI) at baseline and at the last 
observation.
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the following years. If we consider only the patients who 
attained an LLDAS5, they also are less likely to present 
renal involvement at baseline. This aspect could signify 
that the presence of renal involvement still represents a 
major requirement for higher GC doses.

These results might suggest that the control of some 
disease manifestations (ie, joint and skin symptoms) is still 
suboptimal or a physician’s compromise in ‘accepting’ 
some degree of activity in non-life-threatening organs 
such as joints and skin.

Several studies demonstrated that disease remission is 
associated with better short-term and long-term outcomes 
such as organ damage accrual, thus disease remission is 
considered the clinical target to be pursued.4 21 26 In our 
cohort, patients who maintained clinical remission (both 
on treatment and off treatment), irrespective of serology, 
accrued less organ damage during follow-up; interest-
ingly, if remission was maintained for less than 50% of the 
period this advantage was lost, thus suggesting that the 
duration of the remission is a crucial point to be consid-
ered. This has also been recently demonstrated by Zen 
et al who showed that ≥2 consecutive year remission was 
protective against damage accrual.27

Sustained LLDAS was also associated with better 5-year 
outcomes in terms of damage accrual. This result confirms 
what has already been observed in the large retrospective 
Asian-Pacific cohort that validated the LLDAS criteria. 
Even considering the difference in LDA used, these 
data are also in line with the work by Polachek et al who 
reported similar short-term outcomes in the subgroups of 
patients with LDA and remission with respect to patients 
with high disease activity. If confirmed in future long-
term studies, these data suggest that LDA might be used 
as a reliable outcome measure in therapeutic trials or in 
treat-to-target strategies.

In our opinion, other interesting points have been 
raised by this analysis.

First, we observed a high agreement between the results 
obtained by applying the remission definition based on 
the two disease activity scores SLEDAI and ECLAM, thus 
suggesting that, in clinical practice, the physician might 
have the possibility to choose the most familiar disease 
activity score without losing information but improving 
the scoring accuracy and the feasibility of the criteria.

Second, our data highlight the fact that a GC dose 
‘less than 5 mg/day’ could be feasibly attempted in our 
patients; further studies are necessary to confirm that it 
will provide better clinical outcomes.

Some limitations of the study should be also 
acknowledged.

First of all, our sample is mainly composed of patients 
with long-standing disease; we recognise that this aspect 
might have a significant impact on the generalisability of 
the results to other cohorts with different characteristics. 
Further studies on newly diagnosed patients with SLE are 
ongoing.

Second, a minority of patients attended only one visit 
(15%) per year. In our opinion, it is very unlikely that a 

disease flare is not captured by our evaluations; on the 
other hand, it is possible that patients in remission will 
attend fewer visits and, probably, the subgroup of patients 
with only one evaluation is a subgroup of patients with 
lower disease activity.

In conclusion, remission and LDA are achievable 
targets in clinical practice, although more stringent defi-
nitions of remission are achieved less frequently and 
rarely maintained during follow-up. Persistence of remis-
sion and LLDAS/LLDAS5 is associated with reduced 
damage accrual.

Thus, it can be hypothesised that remission or 
LDA needs to be a durable state to be considered a desir-
able treatment outcome; in this scenario, a tight control 
of the disease activity and a treat-to-target approach are 
essential supportive strategies.
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