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A B S T R A C T

Objectives: To investigate the long-term impact of anifrolumab versus placebo on lupus low dis-
ease activity state (LLDAS) and definition of remission in systemic lupus erythematosus (DORIS)
attainment in patients with systemic lupus erythematosus (SLE).
Methods: This post hoc analysis included patients with moderate to severe SLE who were ran-
domly assigned to receive intravenous anifrolumab 300 mg or placebo (once every 4 weeks) in
the 52-week, phase 3 TULIP-1/TULIP-2 trials and continued with the same treatment in the 3-
year long-term extension. LLDAS/DORIS rates over time were analysed using a stratified
Cochran-Mantel-Haenszel approach and logistic regression. Time to first LLDAS/DORIS was esti-
mated using Cox regression. Cumulative time and percentage of time in LLDAS/DORIS were
assessed using an analysis of covariance. All P values are nominal.
Results: This analysis included 369 patients (anifrolumab n = 257, placebo n = 112). After
4 years of treatment (at Week 208), 36.9% of anifrolumab-treated patients versus 17.1% of pla-
cebo-treated patients were in LLDAS (odds ratio [OR], 2.7; 95% CI, 1.3-5.5; P = .0081); 30.3%
versus 18.3% were in DORIS (OR, 1.9; 95% CI, 1.0-3.9; P = .0663). Time to first LLDAS and
DORIS favoured anifrolumab versus placebo (LLDAS: hazard ratio, 1.56; 95% CI, 1.18-2.09;
P= .0024; DORIS: hazard ratio, 1.50; 95% CI, 1.04-2.22; P= .0373). Cumulative time in LLDAS
om (C. Lindholm).
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and DORIS was greater with anifrolumab than that with placebo (P = .0004 and P = .0032,
respectively).
Conclusions: LLDAS and DORIS remission, which are associated with favourable outcomes such
as reduced damage and mortality in patients with SLE, are attainable and sustainable treatment
targets with long-term anifrolumab treatment.
WHAT IS ALREADY KNOWN ON THIS TOPIC

� The treat-to-target endpoints lupus low disease activity state
(LLDAS) and remission defined by the definition of remission
in systemic lupus erythematosus (DORIS) group are associated
with improved long-term outcomes in patients with systemic
lupus erythematosus (SLE), including reduced damage accrual
and mortality and improved health-related quality of life.

� Attainment of LLDAS and DORIS remission with standard ther-
apy is infrequent in most cohort studies, indicating the need for
improved treatments to increase attainment of these protective
states.

� The 52-week phase 3 TULIP-1 and TULIP-2 trials supported the
approval of the type I interferon receptor-blocking monoclonal
antibody anifrolumab for patients with moderate to severe SLE;
post hoc analyses of these trials demonstrated higher frequen-
cies of LLDAS and remission attainment in patients with SLE
treated with anifrolumab compared with those in patients
treated with standard therapy alone.

WHAT THIS STUDY ADDS

� A long-term extension trial of anifrolumab facilitated analyses
of LLDAS and DORIS remission attainment rates in patients
treated with either anifrolumab or placebo for up to 4 years;
anifrolumab treatment was associated with increased rates of
LLDAS and DORIS remission, and faster and more sustained
attainment of both states, compared with placebo, in patients
with moderate to severe disease who were receiving standard
therapy at the start of the TULIP-1 or TULIP-2 trials.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

� These data suggest that anifrolumab addition to standard ther-
apy results in greater likelihoods of achieving LLDAS or DORIS
remission, which are treat-to-target endpoints that are associ-
ated with many long-term benefits in patients with SLE.
INTRODUCTION

Recent advances in understanding systemic lupus erythema-
tosus (SLE) pathophysiology have enabled the development of
new treatment options [1]. Despite emerging treatments, uncon-
trolled disease activity and excess glucocorticoid exposure lead
to organ damage accrual, poor quality of life, and increased mor-
tality in patients with SLE [2−5].

Treat-to-target (T2T) approaches, whereby clinicians and
patients collaborate to set treatment targets and tightly moni-
tor responses to enable treatment adaptions, are increasingly
recommended to improve outcomes in SLE [6−9]. T2T has
improved outcomes for patients with hypertension, diabetes,
and autoimmune diseases such as rheumatoid arthritis
[10,11]. The introduction of T2T as a potential strategy in SLE
has underlined the need for quantifiable T2T endpoints, such
as remission as defined by the definition of remission in sys-
temic lupus erythematosus (DORIS) group and the lupus low
2

disease activity state (LLDAS), in order to implement T2T in
practice [7−9,12].

DORIS remission requires a clinical Systemic Lupus Erythema-
tosus Disease Activity Index 2000 (SLEDAI-2K) score of 0 and Phy-
sician Global Assessment (PGA; range, 0-3) of <0.5 in patients
who may be receiving antimalarials, glucocorticoids (prednisolone
equivalent) ≤5 mg/d, and/or stable immunosuppressants, includ-
ing biologics [8]. DORIS remission is associated with reduced
organ damage and mortality and improved health-related quality
of life in patients with SLE [4,13,14]. While remission remains the
ultimate SLE treatment goal [9], remission attainment rates are
generally low among patients with SLE [15−17], highlighting the
need for more attainable treatment targets [6].

LLDAS is an intentionally more attainable outcome than
DORIS remission because it includes more pragmatic thresholds
for both disease activity (total SLEDAI-2K ≤4 without major
organ involvement, no new SLEDAI-2K disease activity, and
PGA ≤1) and glucocorticoid dosing (prednisone or equivalent
≤7.5 mg/d). As with DORIS remission, LLDAS permits standard
immunosuppressant dosing, including approved biologics and
antimalarials [18]. Similar to DORIS, LLDAS is associated with
positive outcomes in patients with SLE, including protection
from flares, organ damage, and mortality [4,18,19]. Both DORIS
remission and LLDAS are recommended in the 2023 EULAR SLE
treatment guidelines [9] as treatment goals in an SLE T2T
approach.

Anifrolumab is one of the only two biologic treatments
approved for patients with moderate to severe SLE [1,9,20,21].
It is a fully human, IgG1κ monoclonal antibody that targets the
type I interferon receptor α subunit 1 [22]. The efficacy of ani-
frolumab was demonstrated in the randomised placebo-con-
trolled TULIP-2 trial [23]. In a post hoc analysis of data from the
phase 3 TULIP-1 and TULIP-2 trials, anifrolumab treatment in
addition to standard therapy was associated with more frequent
attainment of LLDAS and DORIS remission over 1 year com-
pared with that by placebo [24]. Patients who completed treat-
ment in the 1-year TULIP trials could reconsent to participate in
a 3-year placebo-controlled long-term extension (LTE) trial
[25]. Given that longer durations of LLDAS and DORIS remis-
sion are associated with increased protection from organ dam-
age [19,26], in this study, we aimed to investigate the long-term
impact of anifrolumab compared with that of placebo, on LLDAS
and DORIS attainment over the 4-year TULIP plus LTE period.

METHODS

Study design and patients

The study design, methods, procedures, and inclusion and
exclusion criteria of the TULIP-1 (NCT02446912), TULIP-2
(NCT02446899), and the LTE (NCT02794285) trials have been
previously described in detail [23,25,27]. In brief, patients aged
18 to 70 years with SLE (according to the American College of
Rheumatology [ACR] 1997 classification criteria) who had mod-
erate to severe disease activity despite standard therapy and
completed the 52-week double-blind treatment in the TULIP-1/
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TULIP-2 trials could reconsent to participate in the randomised,
placebo-controlled, double-blind, 3-year LTE.

During the TULIP-1/TULIP-2 trials, patients receiving a
glucocorticoid dosage ≥10 mg/d were required to attempt to taper
dosage to ≤7.5 mg/d from Weeks 8 to 40; stable glucocorticoid
dosages were required from Weeks 40 to 52 [23,24,27]. Tapering
of glucocorticoid dosage was also encouraged in TULIP-1/TULIP-2
for patients receiving glucocorticoid dosages of <10 mg/d at base-
line. During the LTE, tapering of glucocorticoid was encouraged;
modification of standard immunosuppressant doses was also
allowed to reflect real-world practice [25].

In this study, we chiefly analysed data from patients who
were randomly assigned to receive intravenous anifrolumab
300 mg or placebo (once every 4 weeks) in the TULIP-1 or
TULIP-2 trials and who continued with the same treatment in
the LTE trial (known as the LTE population) [25].
LLDAS and DORIS definitions

LLDAS was defined as all of the following items [19]:
SLEDAI-2K ≤4 without major organ involvement (central
nervous, vascular, renal, cardiovascular, and respiratory systems),
no new SLEDAI-2K disease activity compared with the previous
assessment, PGA (0-3) ≤1, prednisone or equivalent ≤7.5 mg/d,
standard maintenance immunosuppressant doses, no use of
restricted medications (during the TULIP-1/TULIP-2 periods
only), and no premature discontinuation of investigational
product (IP); antimalarials were permitted.

DORIS remission was defined as all of the following items
[8]: total clinical SLEDAI-2K score (sum of all SLEDAI-2K items
except for increased DNA binding and low complement) of 0,
PGA (0-3) <0.5, prednisone/equivalent dosage ≤5 mg/d, stable
maintenance dosages of immunosuppressants, no restricted
medications (TULIP-1/TULIP-2 only), and no premature IP dis-
continuation; antimalarials were permitted.
Outcome assessments

LLDAS and DORIS attainment were assessed post hoc for the
4-year TULIP+LTE period. We analysed baseline disease char-
acteristics and SLE treatments among patients with or without
≥1 attainment of LLDAS or DORIS remission, agnostic to the
treatment group.

In analyses by treatment group (anifrolumab 300 mg vs pla-
cebo), we assessed the proportions of patients attaining LLDAS
or DORIS over time, as well as the individual criteria defining
attainment of these targets. To capture the transitions through
LLDAS and DORIS remission over time, patients in LLDAS with-
out DORIS and in DORIS remission regardless of LLDAS were
also visualised individually and as proportions over time.

We evaluated the median time to first LLDAS or DORIS
(defined as the date of the visit when LLDAS or DORIS remission
was attained minus the date of first IP administration), cumula-
tive time in LLDAS or DORIS, percentage of time spent in LLDAS
or DORIS, and the proportion of patients in LLDAS or DORIS for
thresholds of ≥20%, ≥50%, or ≥70% of the TULIP+LTE period.

In addition to the aforementioned analyses using the pub-
lished DORIS definition [8], we also assessed attainment over
time by treatment group of more stringent remission criteria in
which patients were considered responders if they met the
DORIS remission disease activity cutoffs plus had a glucocorti-
coid (prednisone or equivalent) dosage of 0 mg/d or had no
immunosuppressant use.
3

The average time spent in LLDAS or DORIS was compared,
agnostic to treatment, between patients who did and those who did
not accrue new organ damage over the treatment period. New dam-
age accrual was defined as any increase from baseline in Systemic
Lupus International Collaborating Clinics/ACR Damage Index.

Statistical analysis

Baseline disease characteristics and SLE-related treatments
for patients who attained LLDAS or DORIS were summarised
using descriptive statistics. For all subsequent analyses, patients
who discontinued IP prematurely and/or withdrew from the
study due to lack of efficacy and/or disease worsening were con-
sidered nonresponders from that visit onwards. Patients who
discontinued IP prematurely and/or withdrew from the study
due to any other reasons were excluded from the analyses from
that visit onwards. Missing SLEDAI-2K items and/or PGA data
were imputed during the TULIP-1/TULIP-2 trials, carrying for-
ward the last observation for only the first missing visit; any val-
ues that remained missing resulted in nonresponse.

The proportion of patients with LLDAS or DORIS attainment
(adjusted percentages and nominal P values) over time were
derived from a stratified Cochran-Mantel-Haenszel (CMH)
approach, with stratification factors of SLEDAI-2K score at screen-
ing (<10 vs≥10), Day 1 glucocorticoid dosage (<10 vs≥10mg/d
prednisone or equivalent), interferon gene signature (IFNGS) sta-
tus at screening (high vs low) [20,23,27], and TULIP study for
the pooled analysis (TULIP-1 vs TULIP-2); odds ratios (ORs), 95%
confidence intervals (CIs), and corresponding nominal P values
were calculated using logistic regression with the same stratifica-
tion factors as for the CMH approach. The proportions of patients
meeting each DORIS/LLDAS criteria used observed data and
excluded patients up to and including Week 52 who discontinued
due to reasons other than SLE worsening/lack of efficacy. Transi-
tions between LLDAS and DORIS attainment over time overall
and per-patient were analysed as observed data.

Treatment group comparisons of time to first LLDAS/DORIS
(hazard ratios [HR], 95% CIs, nominal P values) were estimated
using a Cox regression model with covariates of treatment group,
SLEDAI-2K score at screening, Day 1 glucocorticoid dosage, IFNGS
status at screening, and TULIP study. Median times to first LLDAS/
DORIS were analysed using summary statistics and the Kaplan-
Meier method. Cumulative time and percentage of time spent in
LLDAS or DORIS were analysed using an analysis of covariance
with stratification factors the same as for the CMH approach. The
proportions of patients who spent ≥20%, ≥50%, or ≥70% time in
LLDAS or DORIS were calculated using a stratified CMH approach
(adjusted percentages) and logistic regression (ORs, 95% CIs, and
corresponding nominal P values) using the CMH stratification fac-
tors described previously. Time spent in LLDAS/DORIS by new
damage accrual was analysed descriptively.

RESULTS

Among patients who completed treatment in the TULIP trials,
369 continued with the same treatment in the 3-year LTE
(anifrolumab 300 mg, n= 257; placebo, n= 112) (Supplemental
Fig S1) [25].

Baseline patient characteristics agnostic to treatment group

We compared baseline disease characteristics and SLE-related
treatments in patients who attained LLDAS/DORIS at least once
(n = 260) versus those who did not attain LLDAS/DORIS



Figure 1. LLDAS attainment during 4 years of treatment. LLDAS attainment was defined as all of the following: SLEDAI-2K ≤4 without major organ
involvement, no new SLEDAI-2K disease activity compared with the previous assessment, PGA (0-3) ≤1, prednisone or equivalent ≤7.5 mg/d, standard
immunosuppressant dosing (LTE period only), no use of restricted medications (TULIP-1/TULIP-2 period only), and no premature discontinuation of IP.
Patients who discontinued IP prematurely and/or withdrew from the study due to lack of efficacy and/or disease worsening were considered nonrespond-
ers from that visit onwards. Patients who discontinued IP and/or withdrew for any other reasons were excluded from the analyses from that visit onwards.
LLDAS attainment rates (adjusted percentages) and nominal P values were calculated using a stratified CMH approach, with stratification factors
SLEDAI-2K score at screening, Day 1 glucocorticoid dose, type I IFNGS test result at screening, and TULIP study (TULIP-1 vs TULIP-2). Missing SLEDAI-2K
items and/or missing PGA data were imputed during the TULIP-1 and TULIP-2 trials, carrying forward the last observation for only the first missing visit.
Any values that remained missing resulted in nonresponse. The nominal P values are different from the text, which reports P values from the respective
logistic regression using the same stratification factors as for the CMH approach. Nominal P: *P < .05, **P < .01. Reproduced with permission from Lupus
Low Disease Activity State Attainment in the Phase 3 Placebo-controlled TULIP Long-term Extension Trial of Anifrolumab. Presented at EULAR 2023.
CMH, Cochran-Mantel-Haenszel; IFNGS, interferon gene signature; IP, investigational product; LLDAS, lupus low disease activity state; LTE, long-term
extension; PGA, Physician Global Assessment; SE, standard error; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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(n = 109) during the TULIP+LTE treatment period, agnostic to
study treatment (Supplemental Table S1). Generally, baseline clin-
ical variables, IFNGS status, and serologies (anti−double-stranded
DNA antibodies, antinuclear antibodies, and complement C3) did
not differ between patients who did and did not achieve LLDAS or
DORIS remission. However, mean standard deviation (SD) base-
line global British Isles Lupus Assessment Group and total PGA
scores were slightly lower in patients who attained LLDAS/DORIS
versus those who did not (British Isles Lupus Assessment Group:
18.7 [5.19] vs 19.9 [6.04]; PGA: 1.72 [0.417] vs 1.86 [0.400]).
The proportion of patients with SLEDAI-2K score ≥10 at baseline
was slightly lower in LLDAS/DORIS responders versus nonres-
ponders (68.1% [177/260] vs 76.1% [83/109]).

There was a trend towards less baseline glucocorticoid use in
patients with versus without LLDAS/DORIS attainment. For
example, a lower proportion of LLDAS/DORIS responders were
receiving a baseline glucocorticoid dosage of ≥10 mg/d com-
pared with LLDAS/DORIS nonresponders (46.9% [122/260] vs
56.0% [61/109]). Antimalarial and immunosuppressant use
were generally comparable between the groups.
Baseline demographics and patient characteristics by treatment group

Demographics and patient characteristics at TULIP baseline
were generally balanced across treatment groups, as previously
described [25]. The mean (SD) total SLEDAI-2K and PGA scores
were similar between treatment groups at baseline (SLEDAI-2K:
4

anifrolumab 11.2 [3.7] vs placebo 11.3 [3.6]; PGA: anifrolumab
1.8 [0.4] vs placebo 1.8 [0.4]) [25]. Similar proportions of patients
were receiving glucocorticoids at baseline in both treatment groups
(anifrolumab: 80.9% [208/257]; placebo: 82.1% [92/112]) [25].
In general, similar proportions of patients were receiving immuno-
suppressants in the anifrolumab and placebo groups [25].
LLDAS and DORIS attainment over time with anifrolumab versus
placebo

We next assessed LLDAS and DORIS attainment rates over
time in the anifrolumab 300-mg and placebo treatment groups
in the overall LTE population (n = 257 and n = 112, respec-
tively). Overall, LLDAS attainment rates increased from TULIP
baseline to Week 52 and remained relatively stable throughout
the 3-year LTE period in each treatment group (Fig 1). At Week
64, 36.5% of the anifrolumab group and 23.5% of the placebo
group were in LLDAS (OR, 1.9; 95% CI, 1.1-3.2; nominal
P = .0185). Attainment of LLDAS also favoured anifrolumab
versus placebo at Week 208 (36.9% vs 17.1%; OR, 2.7; 95% CI,
1.3-5.5; nominal P= .0081).

As with LLDAS, DORIS remission attainment rates increased
from TULIP baseline to Week 208 in each treatment group in
the overall LTE population (Fig 2). However, at Week 64, 19.7%
of patients receiving anifrolumab achieved DORIS remission
versus 9.9% with placebo (OR, 2.3; 95% CI 1.1-4.8; nominal
P = .0225). A similar trend favouring anifrolumab compared



Figure 2. DORIS remission attainment during 4 years of treatment. DORIS attainment was defined as all of the following: total clinical SLEDAI-2K
score of 0 (sum of all SLEDAI-2K items except increased DNA binding and low complement), PGA (0-3) <0.5, prednisone/equivalent dosage ≤5 mg/d,
stable maintenance immunosuppressant doses, no use of restricted medications (TULIP-1 and TULIP-2 period only), and no premature discontinuation
of IP; antimalarials were allowed. Patients who discontinued IP prematurely and/or withdrew from the study due to lack of efficacy and/or disease
worsening were considered nonresponders from that visit onward. Patients who discontinued IP and/or withdrew for any other reasons were excluded
from the analyses from that visit onward. DORIS attainment rates (adjusted percentages) and nominal P values were calculated using a stratified CMH
approach, with stratification factors of SLEDAI-2K at screening, Day 1 glucocorticoid dosage, type I interferon gene signature at screening, and TULIP
study (TULIP-1 vs TULIP-2). Missing SLEDAI-2K items (resulting in missing clinical SLEDAI-2K) and/or missing PGA data were imputed during the
TULIP-1 and TULIP-2 trials, carrying forward the last observation for only the first missing visit. Any values that remained missing resulted in nonre-
sponse. The nominal P values are different from the text, which reports P values from the respective logistic regression using the same stratification
factors as for the CMH approach. Nominal P: *P < .05. Reproduced with permission from van Vollenhoven et al. Lupus Sci Med. 2024;11(Suppl 1):A1
−A185 with permission from BMJ Publishing Group Ltd. CMH, Cochran-Mantel-Haenszel; DORIS, definition of remission in systemic lupus erythema-
tosus; IP, investigational product; LTE, long-term extension; PGA, Physician Global Assessment; SLE, systemic lupus erythematosus; SE, standard error;
SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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with placebo was seen up to Week 208 (anifrolumab: 30.3%,
placebo: 18.3%; OR, 1.9; 95% CI, 1.0-3.9; nominal P= .0663).

When evaluating the individual items, failure to meet the
LLDAS criteria [19] at Week 52 was driven by not achieving a
SLEDAI-2K score ≤4, with other domains of LLDAS more fre-
quently met including attaining a glucocorticoid dosage
≤7.5 mg/d and no new SLEDAI-2K disease activity (Supplemen-
tal Table S2). At Week 208, a similar pattern was seen, but the
proportion of patients with no new SLEDAI-2K activity
decreased compared with that at Week 52. The largest percent-
age difference between anifrolumab and placebo was seen for
attainment of PGA ≤1 at both Weeks 52 and 208. At both Weeks
52 and 208, failure to meet the DORIS remission criteria [8] was
driven by failure to attain the clinical SLEDAI-2K of 0 require-
ment, while the domains met most frequently were attaining a
glucocorticoid dosage ≤5 mg/d and PGA <0.5 in both treatment
groups. Proportions of patients attaining all individual DORIS
remission criteria increased from Weeks 52 to 208 (Supplemen-
tal Table S2). The largest percentage difference between anifro-
lumab and placebo was seen for attainment of PGA <0.5 at
Week 52 and for clinical SLEDAI of 0 at Week 208.
Transitions to LLDAS and DORIS over time

LLDAS and DORIS remission are concentrically more strin-
gent states of response [28]. Therefore, with few exceptions,
5

patients in DORIS remission also meet the definition of LLDAS
attainment, whereas a proportion of patients in LLDAS are not
in remission [28]. To assess this in the context of this study, the
proportions of patients who were in LLDAS but not DORIS
remission, DORIS remission regardless of LLDAS, or no LLDAS/
DORIS response were visualised over time (Fig 3). From baseline
to Week 52, the proportion of patients in LLDAS was consis-
tently higher than that in DORIS in both treatment groups
(Fig 3A). From Weeks 64 to 208, the proportion of patients in
LLDAS but not remission tended to decrease while the propor-
tion of patients attaining DORIS tended to increase. By the end
of the LTE, there were more patients in DORIS remission than
patients in LLDAS without DORIS remission.

Analysis of patient-level data over time revealed that the
transition from high disease activity to LLDAS, and then to
DORIS thresholds, occurred earlier and was more sustained in
anifrolumab-treated patients compared with patients receiving
placebo, who also had higher rates of discontinuation (Fig 3B).
Time course of LLDAS and DORIS remission attainment

Time to first attainment of LLDAS favoured anifrolumab over
placebo (HR, 1.56; 95% CI, 1.18-2.09; nominal P = .0024). The
Kaplan-Meier analysis showed that 50% of anifrolumab-treated
patients attained LLDAS at 9.9 months, compared with 20.2
months in the placebo group (Supplemental Fig S2). Among



Figure 3. (A) Proportions of patients who attained LLDAS without DORIS remission, DORIS remission, discontinued IP, or no response, and (B)
patient-level data of patients transitioning from high disease activity to LLDAS without DORIS remission, DORIS remission, or IP discontinuation dur-
ing the 4-year TULIP+LTE period. LLDAS attainment was defined as all of the following: SLEDAI-2K ≤4 without major organ involvement, no new
SLEDAI-2K disease activity compared with the previous assessment, PGA (0-3) ≤1, prednisone or equivalent ≤7.5 mg/d, standard immunosuppressant
dosing (LTE period only), no use of restricted medications (TULIP-1/TULIP-2 period only), and no premature discontinuation of IP. DORIS attainment
was defined as all of the following: total clinical SLEDAI-2K score of 0 (sum of all SLEDAI-2K items except increased DNA binding and low comple-
ment), PGA (0-3) <0.5, prednisone/equivalent dosage ≤5 mg/d, stable maintenance immunosuppressant doses, no use of restricted medications
(TULIP-1 and TULIP-2 period only), and no premature discontinuation of IP; antimalarials were allowed. Patients who discontinued IP prematurely
and/or withdrew from the study due to lack of efficacy and/or disease worsening were considered nonresponders from that visit onwards. Patients
who discontinued IP and/or withdrew for any other reasons were excluded from the analyses from that visit onwards. Missing SLEDAI-2K items
(resulting in missing clinical SLEDAI-2K) and/or missing PGA data were imputed during the TULIP-1 and TULIP-2 trials, carrying forward the last
observation for only the first missing visit. Any values that remained missing resulted in nonresponse. Discontinuation of IP indicates discontinuations
due to reasons other than worsening/lack of efficacy only. DORIS, definition of remission in systemic lupus erythematosus; IP, investigational product;
LLDAS, lupus low disease activity state; LTE, long-term extension; PGA, Physician Global Assessment; SLEDAI-2K, Systemic Lupus Erythematosus Dis-
ease Activity Index 2000.
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Table
Time in LLDAS and DORIS remission during the 4-year TULIP plus LTE period

Anifrolumab 300 mg
(n= 257)

Placebo
(n= 112)

LS mean difference (95% CI);
nominal P

Assessment LS mean ± SE

Time in LLDASa,b

Cumulative time (mo) 13.98 ± 1.010 8.72 ± 1.392 5.26 (2.34-8.17); .0004
Percentage of time 30.71 ± 2.109 20.71 ± 2.909 10.01 (3.92-16.09); .0013

Time in DORISa,b

Cumulative time (mo) 7.33 ± 0.886 3.47 ± 1.222 3.86 (1.30-6.41); .0032
Percentage of time 15.75 ± 1.858 7.60 ± 2.562 8.15 (2.79-13.51); .0030

CI, confidence interval; DORIS, definition of remission in systemic lupus erythematosus; IFNGS, interferon gene signature;
IP, investigational product; LLDAS, lupus low disease activity state; LS, least squares; LTE, long-term extension; mo,
months; PGA, Physician Global Assessment; SE, standard error; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activ-
ity Index 2000.
LLDAS attainment was defined as all of the following: SLEDAI-2K ≤4 without major organ involvement, no new SLEDAI-
2K disease activity compared with the previous assessment, PGA (0-3) ≤1, prednisone or equivalent ≤7.5 mg/d, standard
immunosuppressant dosing (LTE period only), no use of restricted medications (TULIP-1/TULIP-2 period only), and no
premature discontinuation of IP. DORIS attainment was defined as all the following: total clinical SLEDAI-2K score of 0
(sum of all SLEDAI-2K items except increased DNA binding and low complement,), PGA (0-3) <0.5, prednisone/equivalent
dosage ≤5 mg/d, stable maintenance immunosuppressant doses, no use of restricted medications (TULIP-1 and TULIP-2
period only), and no premature discontinuation of IP; antimalarials were allowed. Patients who discontinued IP prema-
turely and/or withdrew from the study due to lack of efficacy and/or disease worsening were considered nonresponders
from that visit onwards. Patients who discontinued IP and/or withdrew for any other reasons were excluded from the anal-
yses from that visit onwards. Cumulative time (months) and percentage of time spent in LLDAS or DORIS were analysed
using an analysis of covariance with stratification factors SLEDAI-2K score at screening, Day 1 glucocorticoid dosage, type
I IFNGS test result at screening, and TULIP study (TULIP-1 vs TULIP-2).

a Time spent in LLDAS or DORIS was calculated as the number of days between a visit with attained LLDAS or DORIS
and the corresponding succeeding visit (with Week 208 as the upper limit), or discontinuation of IP, whichever came first.
b Missing SLEDAI-2K items (resulting in missing clinical SLEDAI-2K) and/or missing PGA data were imputed during the

TULIP-1 and TULIP-2 trials, carrying forward the last observation for only the first missing visit. Any values that remained
missing resulted in nonresponse.
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those attaining LLDAS at least once during the 4 years of treat-
ment, the median time to LLDAS was 7.3 and 7.4 months with
anifrolumab and placebo, respectively.

Time to first attainment of DORIS remission also favoured
anifrolumab over placebo (HR, 1.50; 95% CI, 1.04-2.22; nominal
P= .0373). For the Kaplan-Meier analysis of DORIS remission, we
used a threshold of 25% attainment rate because less than 50% of
patients in the placebo group attained DORIS during the 4-year
treatment period. The analysis showed that 25% of anifrolumab-
treated patients attained DORIS at 14.8 months, compared with
20.6 months in the placebo group (Supplemental Fig S3). For refer-
ence, 50% of anifrolumab-treated patients attained DORIS at 48.4
months. Among those attaining DORIS at least once during the 4-
year TULIP+LTE period, the median time to DORIS was 12.2 and
15.0 months with anifrolumab and placebo, respectively.

Cumulative time spent in LLDAS was greater in anifrolumab-
treated patients than that with placebo (least squares mean [SE]
anifrolumab: 13.98 [1.010] months; placebo: 8.72 [1.392]
months; nominal P = .0004) (Table). Similarly, anifrolumab-
treated patients spent more time in DORIS remission than pla-
cebo patients (anifrolumab: 7.33 [0.886] months; placebo: 3.47
[1.222] months; nominal P = .0032) (Table). Accordingly, a
greater percentage of time was spent in LLDAS by patients
receiving anifrolumab compared with those receiving placebo
(least squares mean [SE]: 30.71% [2.109] vs 20.71% [2.909];
nominal P = .0013) (Table). Similar results were observed for
DORIS remission (anifrolumab: 15.75% [1.858]; placebo: 7.60%
[2.562]; nominal P= .0030).

When specific thresholds of time in LLDAS or DORIS remis-
sion were considered, more patients spent ≥20% of time in
LLDAS with anifrolumab than those with placebo (54.0% vs
35.0%; OR, 2.1; 95% CI, 1.3-3.4; nominal P = .0014) (Fig 4).
Similarly, at the thresholds of ≥20% and ≥50%, more patients
spent time in DORIS remission with anifrolumab than those
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with placebo (≥20%: 29.5% vs 13.7%; OR, 2.7; 95% CI, 1.5-5.0;
nominal P = .0016; ≥50%: 15.8% vs 5.7%; OR, 3.2; 95% CI,
1.3-7.8; nominal P= .0120) (Fig 5).

Although the primary goal was to compare patients treated
with placebo with those treated with anifrolumab throughout the
TULIP-1/TULIP-2 and LTE trials, we also analysed attainment of
LLDAS and DORIS remission in patients who were randomised to
placebo in TULIP-1/TULIP-2 and subsequently randomised to ani-
frolumab in the LTE (Weeks 52-208). In the group of patients who
crossed over from placebo to anifrolumab at Week 52, attainment
of LLDAS and DORIS remission progressively increased, separat-
ing from the attainment of these states in patients who received
placebo throughout TULIP and the LTE. The LLDAS attainment
rate was similar fromWeek 102 onwards in patients who received
anifrolumab throughout both trials (Supplemental Fig S4A); the
rate of DORIS remission attainment was similar from Week 180
onwards (Supplemental Fig S4B).

Remission with additional requirements for glucocorticoid
withdrawal/no use of immunosuppressants

When analysing the proportions of patients achieving remis-
sion who were also able to withdraw from glucocorticoids, at
Week 52, a numerically greater proportion of patients attained
remission off glucocorticoids with anifrolumab versus placebo
(8.1% vs 1.9%; OR, 4.7; 95% CI, 1.1-20.8; nominal P = .0427)
(Supplemental Fig S5). Similar trends were observed at Week
208 (19.1% vs 8.3%; OR, 3.1; 95% CI, 1.1-8.4; nominal
P = .0280). Irrespective of DORIS or LLDAS attainment, a
numerically higher proportion of patients with anifrolumab ver-
sus placebo were able to taper glucocorticoid dosage from
≥7.5 mg/d at baseline to ≤5 mg/d (58.2% [39/67] vs 47.8%
[11/23]), or completely withdraw from glucocorticoids (22.4%
[15/67] vs 8.7% [2/23]), by week 208 (Supplemental Fig S6).



Figure 4. Percentages of patients attaining LLDAS for at least 20%, 50%, or 70% of observed time from Week 0 to Week 208. LLDAS attainment was
defined as all of the following: SLEDAI-2K ≤4 without major organ involvement, no new SLEDAI-2K disease activity compared with the previous
assessment, PGA (0-3) ≤1, prednisone or equivalent ≤7.5 mg/d, standard immunosuppressant dosing (LTE period only), no use of restricted medica-
tions (TULIP-1/TULIP-2 period only), and no premature discontinuation of IP. Patients who discontinued IP prematurely and/or withdrew from the
study due to lack of efficacy and/or disease worsening were considered nonresponders from that visit onwards. Patients who discontinued IP and/or
withdrew for any other reasons were excluded from the analyses from that visit onwards. The number of days spent in LLDAS constituted the sum of
the number of days between the visits with attained LLDAS and the corresponding succeeding visits, with Week 208 as the upper limit, or IP discontin-
uation, whichever came first. The percentage (adjusted) of time in LLDAS was calculated using a stratified Cochran-Mantel-Haenszel approach, with
stratification factors SLEDAI-2K score at screening, Day 1 glucocorticoid dose, type I IFNGS test result at screening, and TULIP study (TULIP-1 vs
TULIP-2). ORs, 95% CIs, and corresponding nominal P values were calculated using a logistic regression with the above-described stratification factors.
Missing SLEDAI-2K items and/or missing PGA data were imputed during the TULIP-1 and TULIP-2 trials, carrying forward the last observation for only
the first missing visit. Any values that remained missing resulted in nonresponse. P values are nominal. CI, confidence interval; IFNGS, interferon gene
signature; IP, investigational product; LLDAS, lupus low disease activity state; OR, odds ratio; PGA, Physician Global Assessment; SLEDAI-2K, Systemic
Lupus Erythematosus Disease Activity Index 2000.
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When analysing the proportions of patients achieving remis-
sion who were not receiving immunosuppressants, at week 52, a
greater proportion of anifrolumab-treated patients attained
remission off immunosuppressants compared with placebo
(9.5% vs 2.1%; OR, 5.9; 95% CI, 1.4-25.8; nominal P = .0183)
(Supplemental Fig S7). Similar trends were seen at Week 208
(anifrolumab: 16.8%; placebo: 6.5%; OR, 3.3; 95% CI, 1.1-9.7,
nominal P= .0325).
Time spent in LLDAS or DORIS remission by new organ damage
accrual, agnostic to treatment group assignment

We analysed time spent in LLDAS or DORIS in patients with
no new organ damage (n = 293) and those who accrued new
organ damage during the study (n = 76). Patients with no new
damage spent numerically more time (months [SE]) in LLDAS
than those who accrued new damage (12.54 [0.807] vs 9.55
[1.299]); this equated to 27.95% (1.673) vs 21.26% (2.791) of
the study duration in LLDAS.

Similarly, patients with no new damage spent more time
(months [SE]) in DORIS than those who accrued new dam-
age (7.17 [0.716] vs 3.81 [0.932] months); this equated to
15.44% [1.497] vs 8.40% [2.023] of the study duration in
DORIS.
8

DISCUSSION

Insufficient efficacy of SLE treatments poses challenges for
controlling disease activity [29], leaving patients at risk for
organ damage, poor quality of life, and mortality [3,4,30].
LLDAS and DORIS remission constitute measurable, achievable
treatment targets associated with reduced glucocorticoid use,
protection from flares and organ damage, improved health-
related quality of life, and reduced risk of mortality
[4,6,9,13,19,26,31,32]. In the EULAR 2023 SLE treatment
guidelines, DORIS remission [8] is described as the ultimate
treatment goal in a T2T approach, followed by LLDAS [18] if
remission is not attainable [9]. These target states are associated
with meaningful changes in biomarkers of immune activation
[33], supporting the biological validity of the associations of
these clinically based definitions with improved long-term out-
come. In this post hoc analysis, we investigated the long-term
attainment of LLDAS and DORIS remission comparing anifrolu-
mab versus placebo alongside standard therapy in patients from
the TULIP-1/TULIP-2 and LTE trials. We found that, compared
with placebo, anifrolumab treatment was associated with more
frequent and more sustained attainment of both LLDAS and
DORIS remission for up to 4 years of treatment. By the end of
the LTE period, 36.9% of anifrolumab-treated patients were in
LLDAS and 30.3% were in DORIS remission.



Figure 5. Percentages of patients attaining DORIS remission for at least 20%, 50%, or 70% of observed time from Week 0 to Week 208. DORIS attain-
ment was defined as all of the following: total clinical SLEDAI-2K score of 0 (sum of all SLEDAI-2K items except increased DNA binding and low com-
plement), PGA (0-3) <0.5, prednisone/equivalent dosage ≤5 mg/d, stable maintenance immunosuppressant doses, no use of restricted medications
(TULIP-1 and TULIP-2 period only), and no premature discontinuation of IP; antimalarials were allowed. Patients who discontinued IP prematurely
and/or withdrew from the study due to lack of efficacy and/or disease worsening were considered nonresponders from that visit onwards. Patients
who discontinued due to any other reason were excluded from the analyses. Patients who discontinued IP and/or withdrew for any other reasons
were excluded from the analyses from that visit onwards. The number of days spent in DORIS constituted the sum of the number of days between the
visits with attained DORIS remission and the corresponding succeeding visits, with Week 208 as the upper limit, or IP discontinuation, whichever
came first. The percentage (adjusted) of time in DORIS was calculated using a stratified Cochran-Mantel-Haenszel approach, with stratification factors
SLEDAI-2K score at screening, Day 1 glucocorticoid dose, type I IFNGS test result at screening, and TULIP study (TULIP-1 vs TULIP-2). ORs, 95% CIs,
and corresponding nominal P values were based on a logistic regression using the above-described stratification factors. Missing SLEDAI-2K items
(resulting in missing clinical SLEDAI-2K) and/or missing PGA data were imputed during the TULIP-1 and TULIP-2 trials, carrying forward the last
observation for only the first missing visit. Any values that remained missing resulted in nonresponse. P values are nominal. DORIS, definition of
remission in systemic lupus erythematosus; IFNGS, interferon gene signature; IP, investigational product; LTE, long-term extension; OR, odds ratio;
PGA, Physician Global Assessment; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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Given that an overlap between LLDAS and remission attain-
ment was previously reported, and that both endpoints associate
with the same long-term benefits [4,13,14], some experts sug-
gest that separate definitions of LLDAS and DORIS remission
may be redundant [34,35]. In fact, LLDAS was intentionally
designed as a less stringent state than remission, but in which
remission would be concentric, such that the 2 metrics represent
stepwise states of deeper T2T outcomes [28]. In this post hoc
analysis, we observed a shorter time to first LLDAS versus first
DORIS in patients receiving anifrolumab, higher rates of LLDAS
attainment than those of DORIS remission at most time points,
and more overall time spent by patients in LLDAS than that by
patients in DORIS remission. These results align with findings
from post hoc analyses of belimumab trials, in which approxi-
mately half of the patients in LLDAS at any time point were not
in remission [13]. We also observed higher rates of LLDAS
(without DORIS) attainment than DORIS remission from base-
line to Week 52, after which many patients in LLDAS transi-
tioned to DORIS remission by the end of the trial; this finding
suggests that patients in LLDAS after 1 year of treatment with
anifrolumab could still have additional benefit and reach DORIS
with further treatment. Our findings therefore support that
LLDAS and DORIS remission are stepwise states and support the
use of both LLDAS and DORIS as clinical trial endpoints and
treatment targets in real-world practice [6,9].
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Accumulating evidence supports the association between
time spent in LLDAS or DORIS remission and the extent of clin-
ical benefit [6,36]. For example, longer periods spent in LLDAS
or DORIS remission have been associated not only with greater
reductions in flare rates and organ damage accrual,
[6,19,26,36] but also with lower rates of adverse events, hos-
pitalisations, and mortality [37]. Furthermore, earlier attain-
ment of LLDAS is associated with improved outcomes across a
range of variables, including flares and glucocorticoid expo-
sure [38]. In this study, independent of treatment group
assignment, patients with no new damage accrual spent almost
twice as much time in DORIS remission than patients with new
damage, supporting an association between DORIS attainment
and protection from organ damage in a clinical trial setting. In
this study, anifrolumab treatment was associated with more
time in LLDAS and DORIS remission compared with placebo,
as measured using multiple analytical methods (percentage of
time and cumulative time). Recent work demonstrates that
even periods as short as 3 months of sustained LLDAS or
DORIS remission are protective [36]. Although unmet need
remains, as evidenced by the proportions of patients who
achieved neither LLDAS nor DORIS, our results suggest the
potential for a protective effect of long-term anifrolumab treat-
ment against adverse outcomes through attainment of LLDAS
and DORIS remission [16].
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Long-term use of glucocorticoids and immunosuppressants
can induce detrimental outcomes for patients with SLE, includ-
ing cardiovascular events, serious infections, and organ damage
accrual [39−43]. As such, the 2023 EULAR guidelines recom-
mend the gradual tapering of glucocorticoids to a maintenance
dosage of 5 mg/d or less, and tapering of immunosuppressants,
if withdrawal is not possible [9]. The updated recommended
glucocorticoid maintenance dosage of ≤5 mg/d [9] is stricter
than the LLDAS criteria that allow up to 7.5 mg/d [18]. How-
ever, a recent study has shown that changing the glucocorticoid
threshold from ≤7.5 to ≤5 mg/d in LLDAS had no effect on pro-
tective associations (ie, when all other criterion of LLDAS were
met, this change in glucocorticoid threshold alone made no dif-
ference) [44]. In this study, anifrolumab treatment was associ-
ated with numerically higher rates of attainment of modified
definitions of remission requiring complete withdrawal of gluco-
corticoids or no use of immunosuppressants, compared with pla-
cebo. Regardless of DORIS remission/LLDAS attainment,
numerically more patients were able to taper glucocorticoids to
≤5 mg/d, or completely withdraw glucocorticoids, with anifro-
lumab than with standard therapy alone. Therefore, our findings
suggest that anifrolumab may be a valid T2T treatment option
targeting disease activity control with concurrent glucocorticoid
and/or immunosuppressant reduction.

This study has both strengths and limitations. The studies
from which the data are drawn used a rigorous randomised pla-
cebo-controlled trial design with long-term prospective data col-
lection and prespecified LLDAS and DORIS remission domains.
The inclusion of a placebo group ensured the ability to investi-
gate the long-term impact of anifrolumab treatment alongside
standard therapy. However, our findings were derived from post
hoc analyses and should be confirmed through formal T2T trials.
We observed a higher attainment of DORIS versus LLDAS in the
placebo group at Week 208. This finding may relate to the indi-
vidual SLEDAI-2K components included in the DORIS versus
LLDAS definitions, such as the exclusion of increased DNA bind-
ing and low complement from SLEDAI-2K when analysing
DORIS. Because of the long duration of the TULIP+LTE period,
discontinuation rates across treatment groups reduced the over-
all sample size. Survival bias during the LTE is possible because
there was no imputation performed for patients with IP discon-
tinuation; however, these imputations would more likely favour
placebo than anifrolumab because discontinuation rates were
higher in the placebo group [25].

In conclusion, the results of this post hoc analysis of the 4-
year TULIP plus LTE trial periods show that LLDAS and DORIS
remission are achievable and realistic treatment targets over
time with anifrolumab, with higher long-term attainment rates
compared with standard therapy alone. These findings, com-
bined with the glucocorticoid-sparing capacity of anifrolumab
[25], may lead to reduced damage accrual and mortality. Our
results support the potential of anifrolumab to provide long-
term benefits in patients with SLE.
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