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ABSTRACT
Objectives To characterise the efficacy and safety 
of anifrolumab in patients with systemic lupus 
erythematosus (SLE) according to interferon gene 
signature (IFNGS), demographic and clinical subgroups.
Methods We performed post hoc analyses of pooled 
data from the 52- week phase III TULIP- 1/TULIP- 2 
placebo- controlled trials of intravenous anifrolumab 
in moderate- to- severe SLE. Outcomes were assessed 
in predefined subgroups: IFNGS (high/low), age, sex, 
body mass index, race, geographic region, age of onset, 
glucocorticoid use, disease activity and serological 
markers.
Results In pooled data, patients received anifrolumab 
300 mg (360/726) or placebo (366/726); 82.6% were 
IFNGS- high. IFNGS- high patients had greater baseline 
disease activity and were more likely to have abnormal 
serological markers versus IFNGS- low patients. In 
the total population, a greater proportion of patients 
treated with anifrolumab versus placebo achieved 
British Isles Lupus Assessment Group- based Composite 
Lupus Assessment (BICLA) response at week 52 
(difference 16.6%; nominal p<0.001). BICLA response 
treatment differences with anifrolumab versus placebo 
were comparable to the total population across most 
predefined subgroups, including subgroups for baseline 
glucocorticoid dosage (<10/≥10 mg/day prednisone/
equivalent) and for clinical disease activity (SLE Disease 
Activity Index 2000 score <10/≥10). Subgroups with 
larger treatment differences included IFNGS- high 
patients (18.2%), patients with abnormal baseline 
serological markers (23.1%) and Asian patients (29.2%). 
The safety profile of anifrolumab was similar across 
subgroups.
Conclusions Overall, this study supports the consistent 
efficacy and safety of anifrolumab across a range 
of patients with moderate- to- severe SLE. In a few 
subgroups, small sample sizes limited conclusions from 
being drawn regarding the treatment benefit with 
anifrolumab.
Trial registration number NCT02446912, 
NCT02446899.

INTRODUCTION
Systemic lupus erythematosus (SLE) is hetero-
geneous in organ involvement, severity and 

underlying immunopathogenesis, leading to  
challenges in appropriate therapy selection.1 
Patient demographics and clinical characteristics 
have been associated with disease severity and 
therapeutic response. For example, patients with  
childhood- onset or adolescent- onset SLE have 
dysregulated type I interferon (IFN- I) signalling, 
and clinically more severe disease than those with 
adult onset.2–4 SLE is also more frequent and severe 
among Black and Asian patients than White patients, 

Key messages

What is already known about this subject?
 ► Systemic lupus erythematosus (SLE) is a 
heterogeneous disease, in which aspects 
of patient demographics and clinical 
characteristics are associated with disease 
severity and therapeutic response.

 ► Anifrolumab, a human monoclonal antibody 
that binds the type I interferon receptor subunit 
1, has demonstrated efficacy with an acceptable 
safety profile in patients with  
moderate- to- severe SLE in phase III clinical 
trials.

What does this study add?
 ► This pooled analysis of two phase III trials adds 
to the knowledge of the efficacy and safety of 
anifrolumab across a range of important clinical 
and demographic patient subgroups.

 ► Although some small subgroup sizes limited 
comparisons, treatment differences between 
anifrolumab and placebo were generally 
consistent across subgroups; the greatest 
differences were observed for patients with an 
elevated interferon gene signature, and those 
with ≥1 abnormal baseline serological test.

How might this impact on clinical practice or 
future developments?

 ► Although further investigations are required to 
demonstrate treatment benefit for some patient 
subtypes, this study supports consistent efficacy 
and safety of anifrolumab across a range of 
patients with moderate- to- severe SLE.
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and some therapies may be less effective in Black patients.5 6 Both 
demographic and clinical differences may potentially impact 
therapeutic response.7

IFN- Is play a key role in SLE pathogenesis, as indicated by 
genetic susceptibility data and the association of IFN- I pathway 
activation with disease activity.8–11 IFN- I proteins are difficult to 
measure directly in the circulation11 12; therefore, IFN- I pathway 
activation is quantified using IFN- I gene signatures (IFNGS).13 14 
IFNGS are elevated in 50%–73% of adult patients with SLE.15 16

Anifrolumab is a human monoclonal antibody that binds 
the IFN- I receptor subunit 1 with high specificity and affinity 
to inhibit IFN- I signalling.13 17 18 In the phase III Treatment of 
Uncontrolled Lupus via the Interferon Pathway - 2 (TULIP- 2) 
trial in patients with moderate- to- severe SLE, treatment 
response was achieved by 16.3% more patients randomised to 
anifrolumab than placebo,19 defined by the British Isles Lupus 
Assessment Group (BILAG)- based Composite Lupus Assessment 
(BICLA). Similar results were seen in the phase IIb MEDI- 546 in 
Uncontrolled SLE (MUSE) and the phase III TULIP- 1 trials.13 20 21 
Subsequently, anifrolumab has recently been approved in Canada, 
Japan and the US for the treatment of SLE.22–24

To optimise use of a new treatment, it is important to know 
whether response and safety are consistent across all subgroups, 
or whether some patient groups will achieve greater benefit. 
The purpose of this analysis was to characterise the efficacy 
and safety of anifrolumab according to IFNGS, demographic 
and clinical subgroups. Pooling data from the similar TULIP- 1 
and TULIP- 2 trials provided greater precision and power to 
assess relatively small subgroups. As IFNGS is relevant to  
anifrolumab’s targeted mechanism, we included detailed anal-
yses of the IFNGS- high and IFNGS- low subgroups for both 
baseline features and response.

METHODS
Patients and study design
This was a post hoc analysis of pooled data from the randomised, 
placebo- controlled, double- blind, 52- week TULIP- 1 and TULIP- 2 
trials.19 20 Patients with autoantibody- positive moderate- to- 
severe SLE despite standard therapy were randomised to intra-
venous anifrolumab 300 mg or placebo every 4 weeks for 48 
weeks.

Efficacy and safety end points
Efficacy and safety end points were evaluated across predefined 
subgroups: IFNGS (high/low), age, sex, BMI (≤28/>28 kg/m2), 
race, region, age of disease onset (paediatric/adult), baseline oral 
glucocorticoid dosage (<10/≥10 mg/day prednisone or equivalent), 
SLE Disease Activity Index 2000 (SLEDAI- 2K) score at screening 
(<10/≥10) and baseline serological markers (antidouble- stranded 
DNA (anti- dsDNA) antibody positive (>15 U/mL) or negative 
(≤15 U/mL)); complement C3 (low (<0.9 g/L) or normal (≥0.9 g/L)) 
and complement C4 (low (<0.1 g/L) or normal (≥0.1 g/L)). IFNGS 
status was determined by central laboratory at screening using a vali-
dated 4- gene quantitative assay.13 14

The current analysis focused primarily on BICLA response at 
week 52 as treatment differences using this measurement were 
consistent across both trials,19 20 and BICLA offers a comprehen-
sive independent assessment of all organs.25 Other end points 
assessed were time to sustained BICLA response, SLE Responder 
Index ≥4 (SRI(4)) at week 52,26 sustained oral glucocorticoid 
taper to ≤7.5 mg/day from week 40 to week 52 in patients 
receiving ≥10 mg/day at baseline (prednisone or equivalent), 
≥50% reduction in Cutaneous Lupus Erythematosus Disease 

Area and Severity Index Activity score (CLASI- A)27 at week 12 
in patients with baseline CLASI- A ≥10, ≥50% reduction from 
baseline in swollen and tender joint counts at week 52 in patients 
with ≥6 swollen and ≥6 tender joints at baseline, annualised 
flare rate through week 52 and percentage change from baseline 
to week 52 in serological markers.

Responses from baseline to week 52 in patient- reported 
outcomes were assessed using Functional Assessment of Chronic 
Illness Therapy- Fatigue (FACIT- F, >3- point improvement)28 
and Short Form 36 Health Survey, V.2 (SF- 36)29 physical (PCS) 
and mental (MCS) component summary scores (>3.4 and >4.6 
improvement, respectively). Safety was assessed by measurement 
of adverse events (AEs), serious AEs (SAEs) and AEs of special 
interest (AESIs).

Statistical analysis
The percentage of responders was calculated using a stratified 
Cochran- Mantel- Haenszel approach,30 which included strat-
ification factors of SLEDAI- 2K score at screening (<10/≥10), 
baseline oral glucocorticoid dosage (<10/≥10 mg/day), IFNGS 
at screening (high/low) and study (pooled TULIP only). The 
annualised flare rate was calculated using a negative binomial 
regression model, which included covariates of treatment group, 
stratification factors and study, and was adjusted for exposure 
time. For pooled data assessments, responders from both studies 
were classified according to the TULIP- 2 restricted medication 
analytic rules. All p values are nominal.

Patient and public involvement
Patients and/or the public were not involved in the design, 
conduct, reporting or dissemination of this research.

RESULTS
Data were pooled for patients who received anifrolumab 300 mg 
or placebo in the TULIP- 1 (n=364) and TULIP- 2 (n=362) trials. 
Of these 726 patients, 360 received anifrolumab and 366 received 
placebo; 600/726 (82.6%) patients were IFNGS high.

Anifrolumab efficacy and safety in all patients (pooled TULIP 
data)
In pooled TULIP data, consistent with the individual trials,19 20 
a greater proportion of patients receiving anifrolumab 300 mg 
achieved BICLA response at week 52 compared with placebo 
(difference 16.6%; 95% CI 9.7 to 23.6; nominal p<0.001) 
(figure 1). Anifrolumab treatment was also positively associated 
with SRI(4) response (treatment difference: 12.1% (95% CI 4.9 
to 19.3), nominal p<0.001), sustained oral glucocorticoid taper 
(treatment difference: 18.7% (95% CI 8.9 to 28.4); nominal 
p<0.001), ≥50% reduction in CLASI- A (treatment difference: 
21.0% (95% CI 8.1 to 34.0); nominal p<0.001) and reduced 
annualised flare rate (rate ratio (RR) 0.75 (95% CI 0.60 to 
0.95); nominal p=0.017) (table 1).

AEs occurred in 88.3% of patients receiving anifrolumab and 
80.8% of patients receiving placebo (treatment difference 7.5% 
(95% CI 2.2 to 12.8)) (figure 2; online supplemental table S1). 
The proportion of patients who experienced an SAE was lower 
in the anifrolumab group than in the placebo group (11.1% vs 
16.4%) (figure 3; online supplemental table S1). The incidence 
of each AESI tended to be low and similar between groups, apart 
from a higher incidence of herpes zoster in patients receiving 
anifrolumab versus placebo (6.4% vs 1.4%), and a lower inci-
dence of non- opportunistic serious infections in patients 
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receiving anifrolumab versus placebo (4.4% vs 6.0%) (online 
supplemental table S1).

Demographics and baseline characteristics by IFNGS
Age and the proportion of females were similar in IFNGS- high 
and IFNGS- low subgroups (online supplemental table S2). 
IFNGS expression varied by race; 94.7% of Asian patients were 
IFNGS- high vs 86.2% of Black/African- American patients, and 
78.5% of White patients (online supplemental table S3). Mean 
SLEDAI- 2K score was higher in IFNGS- high versus IFNGS- low 
patients, as was the percentage of patients with a score ≥10 
(online supplemental table S2). However, mean clinical 

SLEDAI- 2K scores (SLEDAI- 2K without serological compo-
nents) were similar between IFNGS subgroups.

A lower proportion of IFNGS- high patients had BILAG- 2004 A 
score in the musculoskeletal domain compared with IFNGS- low 
patients (29.7% vs 40.5%) (online supplemental table S4). 
IFNGS- high patients also had lower tender and swollen joint 
counts, and in contrast, higher CLASI- A scores than IFNGS- low 
patients (online supplemental table S2). A greater proportion of 
IFNGS- high patients had abnormal serological markers at base-
line than IFNGS- low patients (anti- dsDNA antibodies (47.8% 
vs 27.8%), low C3 (41.5% vs 14.3%) low C4 (27.0% vs 5.6%)) 
(online supplemental table S2).

Figure 1 BICLA response at week 52 by subgroup. aSerological markers refer to anti- dsDNA antibodies (positive or negative), C3 (low or normal) 
and C4 (low or normal). The percentage of responders, the difference in estimates, associated 95% CIs and nominal p values were calculated using a 
stratified Cochran- Mantel- Haenszel approach, with stratification factors of SLEDAI- 2K score at screening, baseline GC dosage, type I IFNGS test result 
at screening and study. Anti- dsDNA, antidouble- stranded DNA; BICLA, British Isles Lupus Assessment Group- based Composite Lupus Assessment; 
BMI, body mass index; C, complement; CI, confidence interval; GC, oral glucocorticoid; IFNGS, interferon gene signature; n, number of responders; N, 
number of patients in group; SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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Compared with IFNGS- low patients, a greater proportion of 
IFNGS- high patients were receiving oral glucocorticoids at any 
dosage (84.7% vs 69.0%), at a dosage of ≥10 mg/day (54.7% 
vs 37.3%) or oral immunosuppressants (51.0% vs 34.9%) at 
baseline; however, a smaller proportion were receiving anti-
malarials (68.2% vs 80.2%) (online supplemental table S2). A 
smaller proportion of IFNGS- high than IFNGS- low patients 
were reported to have comorbid fibromyalgia (7.5% vs 23.8%), 
depression (14.2% vs 22.2%) or anxiety (10.0% vs 19.8%) 
(online supplemental tables S5 and S6).

Anifrolumab efficacy and safety in IFNGS subgroups
A greater proportion of patients receiving anifrolumab 
versus placebo had BICLA response at week 52 in both the  
IFNGS- high subgroup (47.6% vs 29.4%) and IFNGS- low 
subgroup (46.8% vs 37.5%). Whereas the treatment differ-
ence was nominally significant in IFNGS- high patients 
(treatment difference: 18.2% (95% CI 10.5 to 25.8); 
nominal p<0.001), it did not reach nominal significance in 
IFNGS- low patients (treatment difference: 9.3% (95% CI 
–8.0 to 26.5) nominal p=0.292), although the sample size 
of the IFNGS- low group was small (17.4% of the overall 
study population) (figure 1; table 1). The placebo BICLA 
response rate was higher in IFNGS- low patients (37.5%) 
than in IFNGS- high patients (29.4%).

When analysing BICLA responses over time, the percentage 
of responders was greater with anifrolumab than placebo from 
week 8 to week 52 in IFNGS- high patients; no sustained sepa-
ration from placebo was seen in IFNGS- low patients (figure 4). 
IFNGS- high patients receiving anifrolumab were more likely 
to attain sustained BICLA response than IFNGS- low patients, 
with separation between treatment groups from week 4 (online 
supplemental figure S1).

For IFNGS- high patients, anifrolumab was also associated 
with favourable treatment differences versus placebo across 
other efficacy end points; results were comparable or greater 
than those in the total patient population when analysed by 
SRI(4) (nominal p<0.001), sustained oral glucocorticoid 
taper (nominal p<0.001), ≥50% reduction in CLASI- A score 
(nominal p=0.002), ≥50% reduction in swollen/tender joint 
counts (nominal p=0.054) and annualised flare rate (nominal 
p=0.005) (table 1). In the small subgroup of IFNGS- low 
patients, the treatment benefit for anifrolumab versus placebo 
did not reach nominal significance for any efficacy end point, 
although there were numeric treatment benefits observed for 
BICLA responses (lower than IFNGS- high patients) and in the 
proportion of patients achieving ≥50% reduction in swollen/
tender joints (greater than IFNGS- high patients).

A greater proportion of IFNGS- high patients treated with 
anifrolumab had functional improvement from baseline to week 
52, using end points defined by FACIT- F (>3- point improve-
ment), SF- 36 MCS (>4.6- point improvement) and SF- 36 PCS 
(>3.4- point improvement), compared with IFNGS- high patients 
treated with placebo (table 1). These results were comparable 
to those seen in the overall patient population. In IFNGS- low 
patients, none of these measures reached nominal significance, 
although there was a trend towards greater proportions of the 
anifrolumab group with improvements in FACIT- F and SF- 36 
PCS, but not SF- 36 MCS, compared with the placebo group.

Among IFNGS- high patients with low C3/C4 at base-
line, those treated with anifrolumab had a greater percentage 
improvement in C3 levels through week 52 vs placebo (nominal 
p=0.009), and a trend towards improvement was also seen in 
C4 levels (nominal p=0.209) (online supplemental table S7). In  
IFNGS- high patients, anti- dsDNA antibody levels improved 
in patients receiving anifrolumab but not in patients receiving 

Table 1 Primary and secondary outcomes in patients with SLE by IFNGS in pooled data from the TULIP- 1 and TULIP- 2 trials

End point

All patients IFNGS- high IFNGS- low

Placebo
(n=366)

Anifrolumab
300 mg (n=360)

Difference (95% CI), 
nominal p value*

Placebo
(n=302)

Anifrolumab
300 mg (n=298)

Difference (95% CI), 
nominal p value* Placebo (n=64)

Anifrolumab 300 
mg (n=62)

Difference (95% CI), 
nominal p value*

n/N (%) Percentage points n/N (%) Percentage points n/N (%) Percentage points

BICLA response, 
week 52

112/366 (30.8) 171/360 (47.5) 16.6 (9.7 to 23.6),<0.001 88/302 (29.4) 142/298 (47.6) 18.2 (10.5 to 25.8),<0.001 24/64 (37.5) 29/62 (46.8) 9.3 (–8.0 to 26.5), 0.292

SRI(4) response, 
week 52

147/366 (40.1) 188/360 (52.2) 12.1 (4.9 to 19.3),<0.001 118/302 (39.0) 160/298 (53.7) 14.7 (6.8 to 22.6),<0.001 29/64 (45.3) 28/62 (45.2) –0.2 (–17.5 to 17.2), 0.986

Sustained GC taper, 
weeks 40–52†

59/185 (31.8) 96/190 (50.5) 18.7 (8.9 to 28.4),<0.001 48/160 (30.1) 86/168 (51.2) 21.1 (10.7 to 31.5),<0.001 11/25 (43.8) 10/22 (45.6) 1.8 (–25.6 to 29.2), 0.897

≥50% reduction in 
CLASI- A score, week 
12‡

24/94 (24.9) 49/107 (46.0) 21.0 (8.1 to 34.0), 0.001 23/81 (27.9) 47/93 (50.5) 22.6 (8.4 to 36.9), 0.002 1/13 (8.3) 2/14 (15.0) 6.7 (–26.3 to 39.6), 0.692

≥50% reduction in 
active (swollen and 
tender) joints, week 
52§

71/190 (36.8) 81/164 (49.4) 12.6 (2.4 to 22.9), 0.016 61/157 (38.4) 64/129 (49.7) 11.3 (–0.2 to 22.8), 0.054 10/33 (30.4) 17/35 (48.5) 18.1 (–5.0 to 41.3), 0.125

Annualised flare rate 
through week 52¶

0.67 0.51 0.75 (0.60 to 0.95), 0.017 0.77 0.54 0.70 (0.54 to 0.90), 0.005 0.49 0.55 1.12 (0.62 to 2.01), 0.705

FACIT- F response, week 
52**

97/366 (26.5) 124/360 (34.3) 7.8 (1.0 to 14.5), NA 78/302 (25.9) 102/298 (34.1) 8.2 (0.8 to 15.6), 0.030 19/64 (29.7) 22/62 (35.5) 5.8 (–10.7 to 22.3), 0.491

SF- 36 MCS response, 
week 52††

75/366 (20.3) 96/360 (26.5) 6.1 (−0.1 to 12.4), NA 57/302 (18.7) 81/298 (26.9) 8.2 (1.4 to 15.0), 0.018 18/64 (28.1) 15/62 (24.2) –3.9 (–19.7 to 11.8), 0.624

SF- 36 PCS response, 
week 52‡‡

95/366 (26.1) 118/360 (32.8) 6.7 (0.0 to 13.5), NA 77/302 (25.7) 98/298 (33.0) 7.3 (–0.1 to 14.6), 0.053 18/64 (28.1) 20/62 (32.3) 4.1 (–12.2 to 20.5), 0.620

*Percentages of responders, the differences between groups, 95% CIs and nominal p values were calculated using a stratified Cochran- Mantel- Haenszel method with stratification factors SLEDAI- 2K score at screening (<10 vs ≥10), GC dosage at week 0 (<10 mg/day vs ≥10 mg/day of 
prednisone or equivalent) and study. In the overall analysis, IFNGS status at screening (high vs low) was also a stratification factor. Patients treated with restricted medication beyond protocol- allowed thresholds and those who discontinued investigational product were classified as 
non- responders; between- group differences were calculated in percentage points (the percentage in the anifrolumab group minus the percentage in the placebo group), except as indicated.
†Defined as an oral GC taper to ≤7.5 mg/day from week 40 to week 52 in patients receiving ≥10 mg/day of oral GCs at baseline (prednisone or equivalent).
‡Among patients with baseline CLASI- A score ≥10.
§Among patients with ≥6 swollen and ≥6 tender joints at baseline.
¶Values are annualised flare rates; difference is a rate ratio (with 95% CIs) rather than a percentage point difference. A flare is defined as either ≥1 new BILAG- 2004 A or ≥2 new BILAG- 2004 B items compared with the previous visit.
**FACIT- F response defined as a >3- point improvement from baseline to week 52.
††SF- 36 MCS response defined as a >4.6- point improvement from baseline to week 52.
‡‡SF- 36 PCS response defined as a >3.4- point improvement from baseline to week 52.
BICLA, BILAG- based Combined Lupus Assessment; BILAG- 2004, British Isles Lupus Assessment Group 2004; C, complement; CI, confidence interval; CLASI- A, Cutaneous Lupus Erythematosus Disease Area and Severity Index- Activity; FACIT- F, Functional Assessment of Chronic Illness 
Therapy- Fatigue; GC, glucocorticoid; IFNGS, interferon gene signature; MCS, mental component summary; N, number of patients in group; n, number of responders; NA, not available; PCS, physical component summary; SF- 36, Short Form 36 Health Survey; SLE, systemic lupus 
erythematosus; SLEDAI- 2K, SLE Disease Activity Index 2000; SRI(4), SLE Responder Index of ≥4.
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placebo, although this improvement did not reach nominal 
significance. Differences in C3, C4 and anti- dsDNA antibody 
levels with anifrolumab in IFNGS- low patients tended to be 
more variable than the differences observed in IFNGS- high 
patients.

The proportion of patients who experienced ≥1 AE was 
similar in the anifrolumab group for IFNGS- high (88.3%) 
and IFNGS- low patients (88.7%), and was slightly higher in 
IFNGS- high patients (81.7%) vs IFNGS- low patients (76.6%) 
in the placebo group (figure 2). SAEs were less frequent in 
the anifrolumab group than the placebo group in IFNGS- high 
patients (11.4% vs 17.6%) and occurred in a similar proportion 
of the anifrolumab and placebo groups in IFNGS- low patients 
(9.7% and 10.9%) (figure 3). In IFNGS- high patients, non- 
opportunistic serious infections occurred in a lower proportion 

of patients receiving anifrolumab (4.4%) than placebo (6.7%); 
corresponding numbers for IFNGS- low patients were 4.8% 
and 3.1% (online supplemental table S8). The incidence of 
herpes zoster was greater in the anifrolumab group than in the 
placebo group for both IFNGS- high patients (6.4% vs 1.3%) and 
IFNGS- low patients (6.5% vs 1.6%) (online supplemental table 
S8).

Anifrolumab efficacy and safety in subgroups defined by age, 
sex and BMI
A greater proportion of patients aged both ≥18–<65 years 
and ≥65 years achieved a BICLA response when treated with 
anifrolumab versus placebo; however, the number of patients 
in the ≥65 years subgroup was small (3% of the overall study 

Figure 2 Adjusted difference in cumulative percentages of patients with ≥1 AE during treatment with anifrolumab 300 mg versus placebo by 
subgroup in pooled TULIP- 1 and TULIP- 2 data. aSerological markers refer to anti- dsDNA antibodies (positive or negative), C3 (low or normal) and 
C4 (low or normal). Percentages indicate cumulative proportions that were adjusted using the Cochran- Mantel- Haenszel approach. Anti- dsDNA, 
antidouble- stranded DNA; AE, adverse event; BMI, body mass index; C, complement; CI, confidence interval; GC, oral glucocorticoid; IFNGS, interferon 
gene signature; n, number of responders; N, number of patients in group; SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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population). The treatment difference in BICLA response with 
anifrolumab versus placebo was positive across sexes but was 
greater in female patients than in male patients (17.7% vs 5.0%); 
however, the number of male patients was small (7% of the 
overall study population). The treatment difference for BICLA 
responses in patients with BMI ≤28 kg/m2 and >28 kg/m2 was 
similar (17.6% and 15.2%, respectively) (figure 1).

The proportions of patients achieving sustained oral gluco-
corticoid tapers were greater in patients receiving anifrolumab 
compared with placebo across subgroups of age, sex and BMI, 
although only reaching nominal significance in the subgroups 
including the largest numbers of patients (patients aged ≥18–
<65 years, female patients and patients with BMI ≤28 kg/m2) 
(figure 5).

The flare rate through week 52 was lower with anifrolumab 
than with placebo across age, sex and BMI subgroups (all 
nominal p<0.05 apart from in male patients where the sample 

size was small), with the exception that flare rates for patients 
with BMI >28 kg/m2 were similar between these groups (RR 
0.95 (95% CI 0.67 to 1.34); nominal p=0.771) (figure 6). The 
annualised flare rate was <1 in all BMI treatment subgroups.

The safety profile of anifrolumab, including the number of 
patients developing ≥1 AE or ≥1 SAE, was similar to that of 
the total population in sex and BMI subgroups (figures 2 and 3; 
online supplemental tables S9 and S10).

Anifrolumab efficacy and safety in race and regional 
subgroups
The proportions of patients with BICLA response were numer-
ically greater with anifrolumab than with placebo in across 
racial and regional subgroups (figure 1); the greatest treatment 
difference for anifrolumab versus placebo was seen in patients 
of Asian ancestry (treatment difference: 29.2% (95% CI 7.8 

Figure 3 Adjusted difference in cumulative percentages of patients with ≥1 SAE during treatment with anifrolumab 300 mg versus placebo by 
subgroup in pooled TULIP- 1 and TULIP- 2 data. aSerological markers refer to anti- dsDNA antibodies (positive or negative), C3 (low or normal) and C4 
(low or normal). Percentages indicate cumulative proportions that were adjusted using the Cochran- Mantel- Haenszel approach. Anti- dsDNA, anti- 
double- stranded DNA; BMI, body mass index; C, complement; CI, confidence interval; GC, oral glucocorticoid; IFNGS, interferon gene signature; n, 
number of responders; N, number of patients in group; SAE, serious adverse event; SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 
2000.
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to 50.5); nominal p=0.007). The proportions of patients with 
sustained oral glucocorticoid tapers were also numerically 
greater with anifrolumab than with placebo across all racial and 
regional subgroups, although some of the sample sizes were 
small, as this end point was evaluated only for patients who were 
receiving ≥10 mg/day oral glucocorticoids at baseline (figure 5). 
The flare rate through week 52 was lower with anifrolumab than 
with placebo for most race and regional subgroups (figure 6).

The safety profile of anifrolumab, and number of patients 
developing ≥1 AE or ≥1 SAE, was similar to that of the total 
population across race and regional subgroups (figures 2 and 3; 
online supplemental tables S11 and S12).

Anifrolumab efficacy and safety in subgroups defined by 
baseline SLE disease characteristics
The following baseline SLE- related disease character-
istics subgroups were analysed: timing of disease onset 
(paediatric/adult), baseline daily oral glucocorticoid dose  
(<10/≥10 mg/day) and SLEDAI- 2K score at screening 
(<10/≥10). There were positive treatment differences in BICLA 
response for anifrolumab versus placebo across all these disease 
characteristic subgroups, although the paediatric- onset subgroup 
was small (7% of the overall study population) (figure 1). 

There were also positive treatment differences for anifrolumab 
versus placebo for sustained oral glucocorticoid taper, which 
were nominally significant in all subgroups apart from patients 
with paediatric- onset SLE and patients with SLEDAI- 2K <10 
(figure 5). Flare rates were lower with anifrolumab than with 
placebo and were generally comparable to the total population in 
subgroups defined by SLE onset and oral glucocorticoid dosage 
(figure 6). Anifrolumab was also associated with lower flare rates 
than placebo in patients with SLEDAI- 2K ≥10 at screening but 
did not differ from placebo for patients with SLEDAI- 2K <10.

The number of patients with ≥1 AE or ≥1 SAE was similar 
regardless of baseline daily oral glucocorticoid dose or 
SLEDAI- 2K score and was similar to the total population 
(figures 2 and 3; online supplemental tables S13). Patients with 
adult- onset SLE had similar incidences of AEs, SAEs and AESIs 
as the total population; however, incidences were higher in 
patients with paediatric- onset SLE (table 1; online supplemental 
table S14).

Anifrolumab efficacy and safety in patients with or without 
abnormal serology
BICLA response treatment differences between anifrolumab 
and placebo were greater in patients who had ≥1 abnormal 

Figure 4 BICLA response estimates and SEs from weeks 4–52 in (A) type I IFNGS- high and (B) IFNGS- low patients in pooled TULIP data. The 
percentage of responders was calculated using a stratified Cochran- Mantel- Haenszel approach, with stratification factors SLEDAI- 2K score at 
screening, baseline GC dosage and study. Points represent response estimates plotted with SE. *Nominal p<0.05; **nominal p<0.01; ***nominal 
p<0.001. BICLA, British Isles Lupus Assessment Group- based Composite Lupus Assessment; GC, oral glucocorticoid; IFNGS, interferon gene signature; 
SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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serological marker at baseline (anti- dsDNA positive/low levels of 
C3 or C4) (treatment difference: 23.1% (95% CI 14.1 to 32.1); 
nominal p<0.001) than those with normal serology (treatment 
difference: 8.5% (95% CI −2.7 to 19.7); nominal p=0.137) 
(figure 1). A positive treatment difference favouring anifrolumab 
versus placebo was observed for sustained oral glucocorticoid 
taper in both patients with ≥1 abnormal serological marker 
(16.6% (95% CI 4.5 to 28.7); nominal p=0.007) and those 
with normal serology (23.2% (95% CI 5.9 to 40.5); nominal 
p=0.008) (figure 5). Annualised flare rate was lower with 
anifrolumab than with placebo in patients with ≥1 abnormal 
serological marker (RR: 0.61 (95% CI 0.48 to 0.77); nominal 
p<0.001) but not those with normal serology (RR: 1.09 (95% 
CI 0.80 to 1.49); nominal p=0.573) (figure 6).

The number of patients with ≥1 AE was similar in patients 
with ≥1 abnormal serological marker at baseline, patients with 
normal serology and the total patient population. In patients 
with ≥1 abnormal serological marker at baseline, the inci-
dence of ≥1 SAE was lower with anifrolumab than with placebo 
(11.1% vs 21.9%), whereas in patients with normal serology at 
baseline, the incidence of ≥1 SAE was 11.6% with anifrolumab 
and 9.3% with placebo (figures 2 and 3; online supplemental 
table S15).

DISCUSSION
In these analyses using pooled TULIP data, we reported effi-
cacy and safety of anifrolumab in key predefined subgroups of 
patients with SLE categorised by IFNGS, demographic and clin-
ical features. The TULIP- 1 and TULIP- 2 trials were not designed 
or powered to evaluate the benefits and risks of anifrolumab in 
each predefined subgroup, apart from the IFNGS- high subgroup. 
Rather, the studies were designed to demonstrate treatment benefit 
in the overall population of patients with moderate- to- severe SLE 
despite receiving standard therapy, in whom anifrolumab was effi-
cacious across multiple end points. In order to test whether the 
overall treatment benefit was generally uniform, we conducted 
these analyses across the predefined subgroups. These analyses 
showed that the treatment benefit with anifrolumab across most 
demographic and clinical subgroups was consistent with that 
observed in the overall population; however, the small sample 
sizes in a few subgroups limited the conclusions that could be 
drawn. The greatest discrimination from placebo was observed 
in IFNGS- high patients and those with abnormal serological 
markers. Anifrolumab safety was similar across most subgroups. 
As previously reported, herpes zoster incidence, an AESI in the 
TULIP trials, was similar in patients with and without an elevated 
IFNGS and across most other subgroups analysed.19 20 31

Figure 5 Sustained oral GC taper by subgroup for patients with SLE in pooled data from the TULIP- 1 and TULIP- 2 trials. A sustained oral GC taper 
was defined as a dosage reduction to ≤7.5 mg/day from week 40 to week 52 in patients receiving ≥10 mg/day at baseline (prednisone or equivalent). 
The percentage of responders, the difference in estimates, associated 95% CIs and nominal p values were calculated using a stratified Cochran- 
Mantel- Haenszel approach, with stratification factors of SLEDAI- 2K score at screening, type I IFNGS test result at screening and study. Anti- dsDNA, 
antidouble- stranded DNA; BMI, body mass index; C, complement; CI, confidence interval; GC, glucocorticoid; IFNGS, interferon gene signature; SLE, 
systemic lupus erythematosus; SLEDAI- 2K, SLE Disease Activity Index 2000.
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The treatment differences between anifrolumab and placebo 
were greater in IFNGS- high patients than in IFNGS- low patients 
across most clinical end points, including BICLA response, 
oral glucocorticoid tapers, annualised flare rate and CLASI- A 
response. This could have partly been driven by the difference 
between subgroups in the response rates in the placebo group 
(who just received standard therapy). Overall, the response rates 
in the placebo group were lower in the IFNGS- high subgroup 
than in the IFNGS- low subgroup, perhaps owing to the docu-
mented association between elevated IFNGS and greater disease 
activity.16 32 33 Therefore, IFNGS may distinguish patients with 
SLE with similar clinical phenotypes but who have different 
immunopathogenesis appropriate for different treatments.

Most subgroups showed a treatment benefit with anifrolumab 
for one or more of the efficacy end points analysed. Although 

a numerical benefit was observed for some subgroups (eg, 
IFNGS- low patients, males, patients aged ≥65 years, the ‘rest 
of world’ region and patients with paediatric- onset SLE), small 
sample sizes prevented conclusions from being drawn regarding 
the benefit of anifrolumab; further investigation with larger 
numbers of patients would be required to do so.

As previously reported, the IFNGS- high population was less likely 
to have severe musculoskeletal disease activity than IFNGS- low 
patients, with fewer active, swollen and/or tender joints at base-
line.34 35 Here, the proportion of patients with ≥6 swollen and ≥6 
tender joints at baseline who had a ≥50% reduction in active joint 
count at week 52 was similar for IFNGS- high and IFNGS- low 
patients treated with anifrolumab; however, placebo joint count 
responses were lower in IFNGS- low patients than in IFNGS- high 
patients. This difference in placebo response might be caused 

Rate ratio
(95% CI)Population

Overall
Age
≥18–<65 years
≥65 years

Sex
Female
Male

BMI
≤28 kg/m2

>28 kg/m2

Race
White
Black/African American
Asian
Other

Region
Asia Pacific
Europe
Latin America
USA/Canada
Rest of world

Onset of disease
Pediatric
Adult

GC dosage at baseline
<10 mg/day
≥10 mg/day

SLEDAI-2K score at screening
<10 points
≥10 points

Serological markers at baseline
All normal
≥1 abnormal

IFNGS at screening
High
Low

Anifrolumab 300 mg
annualized flare rate (n)

0.51 (360)

0.51 (344)
0.25 (16)

0.51 (333)
0.27 (27)

0.42 (205)
0.60 (155)

0.51 (235)
0.79 (46)
0.32 (41)
0.16 (30)

0.23 (38)
0.35 (115)
0.17 (59)
0.75 (139)

0.57 (9)

0.86 (26)
0.49 (334)

0.47 (170)
0.55 (190)

0.51 (109)
0.54 (251)

0.61 (138)
0.42 (222)

0.54 (298)
0.55 (62)

Placebo annualized
flare rate (n)

0.67 (366)

0.65 (359)
1.10 (7)

0.67 (341)
0.45 (25)

0.68 (223)
0.63 (143)

0.67 (244)
0.87 (48)
0.37 (35)
0.31 (31)

0.35 (32)
0.49 (122)
0.35 (57)

0.82 (140)
0.50 (15)

1.12 (24)
0.65 (342)

0.53 (181)
0.85 (185)

0.51 (106)
0.80 (260)

0.55 (157)
0.69 (209)

0.77 (302)
0.49 (64)

Rate ratio
(95% CI)

0.75 (0.60, 0.95)

0.78 (0.61, 0.99)
0.23 (0.06, 0.90)

0.77 (0.60, 0.98)
0.59 (0.29, 1.21)

0.62 (0.45, 0.85)
0.95 (0.67, 1.34)

0.77 (0.58, 1.02)
0.91 (0.49, 1.67)
0.87 (0.33, 2.31)
0.52 (0.20, 1.34)

0.64 (0.28, 1.49)
0.72 (0.45, 1.16)
0.49 (0.23, 1.06)
0.91 (0.66, 1.25)
1.15 (0.37, 3.57)

0.77 (0.37, 1.62)
0.75 (0.59, 0.95)

0.90 (0.62, 1.29)
0.65 (0.48, 0.88)

1.00 (0.64, 1.54)
0.67 (0.51, 0.88)

1.09 (0.80, 1.49)
0.61 (0.48, 0.77)

0.70 (0.54, 0.90)
1.12 (0.62, 2.01)

Nominal P
0.017

0.037
0.035

0.037
0.151

0.003
0.771

0.064
0.755
0.784
0.173

0.303
0.173
0.069
0.568
0.814

0.495
0.020

0.556
0.005

0.984
0.004

0.573
<0.001

0.005
0.705

−1 1 2 30 4
Favors anifrolumab Favors placebo

Rate Ratio

Figure 6 Annualised flare rate through week 52 by subgroup for patients with SLE in pooled data from the TULIP- 1 and TULIP- 2 trials. A flare is 
defined as either ≥1 new BILAG- 2004 A or ≥2 new BILAG- 2004 B items compared with the previous visit. The annualised flare rate was calculated 
using a negative binomial regression model, which included covariates of treatment group, stratification factors and study, and was adjusted for 
variations in exposure time. Anti- dsDNA, antidouble- stranded DNA; BILAG- 2004, British Isles Lupus Assessment Group- 2004; BMI, body mass index; C, 
complement; CI, confidence interval; GC, glucocorticoid; IFNGS, interferon gene signature; SLE, systemic lupus erythematosus; SLEDAI- 2K, SLE Disease 
Activity Index 2000.
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by differences in immunopathology between IFNGS- high and 
IFNGS- low patients; however, immunopathogenesis of lupus joint 
manifestations is complex. Local production of different IFN- I 
subtypes in target organs may have potentially complex local effects 
on tissue inflammation, which may not be captured by measurement 
of IFNGS in the circulation.11 36–38 In addition, accurate clinical 
assessment of musculoskeletal inflammation and response in SLE is 
challenging; musculoskeletal imaging may be required to elucidate 
this further.39–41

Associations between ancestry, treatment response and long- term 
disease burden have been observed in patients with SLE receiving 
standard therapies, with greater oral glucocorticoid use and organ 
damage in African or Asian ancestry compared with European 
ancestry patients.5 42 Ancestry has also been associated with response 
to immunosuppressive and biological therapies.7 43 44 However, 
in our analysis, anifrolumab demonstrated treatment benefits in 
patients of different ancestries and from different regions, with 
higher BICLA response rates seen in Asian ancestry patients. Both 
African and Asian ancestry patients (predominantly from East Asia) 
were also more likely to be IFNGS- high than European ancestry 
patients, consistent with previous findings.45–47

The main limitation of this post hoc analysis was the relatively small 
number of patients in some subgroups, including the IFNGS- low, 
male, age ≥65 years and paediatric- onset SLE subgroups, although 
this distribution of patients reflects the natural distribution among 
patients with moderate- to- severe SLE.15 16 26 Our results were 
assessed in a clinical trial patient population with specific eligibility 
criteria that was broadly representative of patients with moderate- to- 
severe SLE in the real- world population; however, the results might 
not apply to all patients with SLE. The four genes measured to clas-
sify IFNGS status were selected a priori and do not represent an unbi-
ased, genome- wide screen of all IFN- I- related genes. We also cannot 
discount the possibility that the binary IFNGS test may not detect 
low grade or less common types of IFN dysregulation. However, 
the 4- gene IFNGS is a validated and well- characterised measure of 
IFN- I activity that associated strongly with IFN-α protein expression 
and the continuous 21- gene IFNGS in the phase IIb MUSE trial.48 
In this analysis, IFNGS expression at screening was accounted for in 
the stratified Cochran- Mantel- Haenszel approach used to calculate 
response rates and to compare responses between treatment groups. 
Therefore, a confounding effect of IFNGS expression on the inter-
pretation of results across other clinical subgroups would be unlikely.

In conclusion, treatment with anifrolumab was associated 
with beneficial responses across efficacy end points and was well 
tolerated in patients with moderate- to- severe SLE who were 
receiving standard therapy. These findings were generally consis-
tent across a range of demographic and clinical subgroups; in 
a few subgroups, we could not draw conclusions regarding the 
treatment benefit with anifrolumab because of small sample sizes. 
Subgroups with increased baseline serological markers and/or an 
elevated IFNGS derived greater benefit from anifrolumab treat-
ment, in line with the targeted mechanism of action. Overall, the 
findings of this study merit further exploration, and suggest that 
anifrolumab has a consistent efficacy and safety profile across a 
range of patients with moderate- to- severe SLE.

Author affiliations
1Leeds Institute of Rheumatic and Musculoskeletal Medicine, School of Medicine, 
University of Leeds, Leeds, UK
2NIHR Leeds Biomedical Research Centre, Leeds Teaching Hospitals NHS Trust, Leeds, 
UK
3Oklahoma Medical Research Foundation, Oklahoma City, Oklahoma, USA
4Centre for Inflammatory Disease Monash Health, Monash University, Melbourne, 
Victoria, Australia

5Division of Rheumatology, Donald and Barbara Zucker School of Medicine at 
Hofstra/Northwell, Great Neck, New York, USA
6Centre for Epidemiology Versus Arthritis, The University of Manchester, NIHR 
Manchester Biomedical Research Centre, Manchester, UK
7Manchester Academic Health Science Centre, Manchester University NHS 
Foundation Trust, Manchester, UK
8The First Department of Internal Medicine, School of Medicine, University of 
Occupational and Environmental Health Japan, Kitakyushu, Japan
9Lupus Center of Excellence, Autoimmunity Institute, Allegheny Health Network, 
Pittsburgh, Pennsylvania, USA
10Division of Rheumatology, Allergy and Immunology, University of California San 
Diego, La Jolla, California, USA
11BioPharmaceuticals R&D, AstraZeneca US, Gaithersburg, Maryland, USA
12BioPharmaceuticals R&D, AstraZeneca R&D, Gothenburg, Sweden

Twitter Edward M Vital @edvital

Acknowledgements The authors would like to thank the investigators, research 
staff, healthcare providers, patients and caregivers who contributed to this study. 
Editorial support was provided by Dominic Johnson, PhD, Debra Scates, PhD and 
Matilda Shackley, MPhil, of JK Associates, part of Fishawack Health.

Contributors All authors contributed to the development of the manuscript, 
including interpretation of results, substantive review of drafts, and approval of the 
final draft for submission. GA led the statistical analyses, RT is the guarantor.

Funding This study was funded by AstraZeneca.

Competing interests EMV has received grant support from AstraZeneca, Roche/
Genentech and Sandoz; received consulting fees from AstraZeneca, GlaxoSmithKline, 
Roche/Genentech, Aurinia and Sandoz; and was a speaker at a speaker bureau for 
Becton Dickinson and GlaxoSmithKline. JTM has received grant/research support 
from Bristol Myers Squibb and GlaxoSmithKline, and consultancy fees from AbbVie, 
Amgen, AstraZeneca, Aurinia, Bristol Myers Squibb, EMD Serono, GlaxoSmithKline, 
Janssen, Provention, Remegen and UCB. EFM has received grant support from, was 
a consultant for and was a speaker at a speaker bureau for AstraZeneca; received 
grant support and consulting fees from AbbVie, Bristol Myers Squibb, Eli Lilly, 
GlaxoSmithKline, Janssen, Merck Serono and UCB; received grant support from 
Bristol Myers Squibb and received consulting fees from Amgen, Biogen, CSL, Neovacs 
and Wolf Biotherapeutics. RAF has received grant/research support and consulting 
fees from AstraZeneca. INB is a National Institute for Health Research (NIHR) Senior 
Investigator Emeritus and is funded by the NIHR Manchester Biomedical Research 
Centre; has received grant/research support from Genzyme/Sanofi, GlaxoSmithKline, 
Roche and UCB; received consulting fees from Eli Lilly, GlaxoSmithKline, ILTOO, 
Merck Serono and UCB and was a speaker for AstraZeneca, GlaxoSmithKline and 
UCB. YT has received speaking fees and/or honoraria from AbbVie, Amgen, Astellas, 
AstraZeneca, Boehringer- Ingelheim, Bristol Myers Squibb, Chugai, Eisai, Eli Lilly, 
Gilead, Mitsubishi- Tanabe and YL Biologics, and has received research grants from 
AbbVie, Asahi- Kasei, Chugai, Boehringer- Ingelheim, Corrona, Daiichi- Sankyo, Eisai, 
Kowa, Mitsubishi- Tanabe and Takeda. SM has received grant/research support 
and consulting fees from AstraZeneca. KCK has received consulting fees from 
AstraZeneca. RNK, KS, GA and RJ are employees of AstraZeneca.

Patient consent for publication Not applicable.

Ethics approval The phase III TULIP- 1 (NCT02446912) and TULIP- 2 
(NCT02446899) trials were conducted in accordance with the Declaration of 
Helsinki and the International Conference on Harmonisation Good Clinical Practice 
Guidelines and were approved by the ethics committee or institutional review board 
at each centre.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. Data 
underlying the findings described in this manuscript may be obtained in accordance 
with AstraZeneca’s data sharing policy described at https://astrazenecagrouptrials. 
pharmacm.com/ST/Submission/Disclosure. De- identified participant data can be 
made available on reasonable request through the Vivli web- based data request 
platform. Reuse is permitted only with permission from AstraZeneca.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221425 on 25 M

arch 2022. D
ow

nloaded from
 

https://twitter.com/edvital
https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure
https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure
http://ard.bmj.com/


11Vital EM, et al. Ann Rheum Dis 2022;0:1–11. doi:10.1136/annrheumdis-2021-221425

Systemic lupus erythematosus

properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Edward M Vital http://orcid.org/0000-0003-1637-4755
Eric F Morand http://orcid.org/0000-0002-9507-3338
Yoshiya Tanaka http://orcid.org/0000-0002-0807-7139

REFERENCES
 1 Dörner T, Furie R. Novel paradigms in systemic lupus erythematosus. Lancet 

2019;393:2344–58.
 2 Tesser A, de Carvalho LM, Sandrin- Garcia P, et al. Higher interferon score and normal 

complement levels may identify a distinct clinical subset in children with systemic 
lupus erythematosus. Arthritis Res Ther 2020;22:91.

 3 Tirosh I, Spielman S, Barel O, et al. Whole exome sequencing in childhood- onset lupus 
frequently detects single gene etiologies. Pediatr Rheumatol Online J 2019;17:52.

 4 Mina R, Brunner HI. Pediatric lupus--are there differences in presentation, genetics, 
response to therapy, and damage accrual compared with adult lupus? Rheum Dis Clin 
North Am 2010;36:53–80. vii–viii.

 5 Lewis MJ, Jawad AS. The effect of ethnicity and genetic ancestry on the epidemiology, 
clinical features and outcome of systemic lupus erythematosus. Rheumatology 
2017;56:i67–77.

 6 Pons- Estel GJ, Alarcón GS, Scofield L, et al. Understanding the epidemiology 
and progression of systemic lupus erythematosus. Semin Arthritis Rheum 
2010;39:257–68.

 7 Ginzler E, Guedes Barbosa LS, D’Cruz D. EMBRACE: phase 3/4, randomized, 52- week 
study of belimumab efficacy and safety in patients of black African ancestry with 
systemic lupus erythematosus. Arthritis Rheumatol 2021.

 8 Bengtsson AA, Sturfelt G, Truedsson L, et al. Activation of type I interferon system 
in systemic lupus erythematosus correlates with disease activity but not with 
antiretroviral antibodies. Lupus 2000;9:664–71.

 9 Kirou KA, Lee C, George S, et al. Activation of the interferon- alpha pathway identifies 
a subgroup of systemic lupus erythematosus patients with distinct serologic features 
and active disease. Arthritis Rheum 2005;52:1491–503.

 10 Feng X, Wu H, Grossman JM, et al. Association of increased interferon- inducible gene 
expression with disease activity and lupus nephritis in patients with systemic lupus 
erythematosus. Arthritis Rheum 2006;54:2951–62.

 11 Psarras A, Alase A, Antanaviciute A, et al. Functionally impaired plasmacytoid dendritic 
cells and non- haematopoietic sources of type I interferon characterize human 
autoimmunity. Nat Commun 2020;11:6149.

 12 Rodero MP, Decalf J, Bondet V, et al. Detection of interferon alpha protein reveals 
differential levels and cellular sources in disease. J Exp Med 2017;214:1547–55.

 13 Furie R, Khamashta M, Merrill JT, et al. Anifrolumab, an anti- interferon-α receptor 
monoclonal antibody, in moderate- to- severe systemic lupus erythematosus. Arthritis 
Rheumatol 2017;69:376–86.

 14 Yao Y, Higgs BW, Richman L, et al. Use of type I interferon- inducible mRNAs 
as pharmacodynamic markers and potential diagnostic markers in trials with 
sifalimumab, an anti- IFNα antibody, in systemic lupus erythematosus. Arthritis Res 
Ther 2010;12(Suppl 1):S6.

 15 Merrill JT, Immermann F, Whitley M, et al. The biomarkers of lupus disease study: a 
bold approach may mitigate interference of background immunosuppressants in 
clinical trials. Arthritis Rheumatol 2017;69:1257–66.

 16 Higgs BW, Liu Z, White B, et al. Patients with systemic lupus erythematosus, myositis, 
rheumatoid arthritis and scleroderma share activation of a common type I interferon 
pathway. Ann Rheum Dis 2011;70:2029–36.

 17 Peng L, Oganesyan V, Wu H, et al. Molecular basis for antagonistic activity of 
anifrolumab, an anti- interferon-α receptor 1 antibody. MAbs 2015;7:428–39.

 18 Riggs JM, Hanna RN, Rajan B, et al. Characterisation of anifrolumab, a fully human 
anti- interferon receptor antagonist antibody for the treatment of systemic lupus 
erythematosus. Lupus Sci Med 2018;5:e000261.

 19 Morand EF, Furie R, Tanaka Y, et al. Trial of anifrolumab in active systemic lupus 
erythematosus. N Engl J Med 2020;382:211–21.

 20 Furie RA, Morand EF, Bruce IN, et al. Type I interferon inhibitor anifrolumab in active 
systemic lupus erythematosus (TULIP- 1): a randomised, controlled, phase 3 trial. 
Lancet Rheumatol 2019;1:e208–19.

 21 Tanaka Y, Tummala R. Anifrolumab, a monoclonal antibody to the type I interferon 
receptor subunit 1, for the treatment of systemic lupus erythematosus: an overview 
from clinical trials. Mod Rheumatol 2021;31:1–12.

 22 AstraZeneca Pharmaceuticals LP. 2021. SAPHNELO™ (anifrolumab- fnia) [Prescribing 
Information]. Wilmington, DE.

 23 AstraZeneca. Saphnelo approved in Japan for systemic lupus erythematosus [press 
release]. Available: https://www.astrazeneca.com/media-centre/press-releases/2021/ 
saphnelo-approved-in-japan-for-sle.html [Accessed February 14, 2022].

 24 AstraZeneca. Saphnelo recommended for approval in the EU by CHMP for the 
treatment of patients with systemic lupus erythematosus [press release]. Available: 
https://www.astrazeneca.com/media-centre/press-releases/2021/saphnelo- 
recommended-for-eu-approval-for-sle.html#:~:text=Saphnelo%20was%20recently% 
20approved%20in,are%20ongoing%20in%20additional%20countries. December 
20, 2021. [Accessed 14 Feb 2022].

 25 Wallace DJ, Kalunian K, Petri MA, et al. Efficacy and safety of epratuzumab in patients 
with moderate/severe active systemic lupus erythematosus: results from EMBLEM, 
a phase IIb, randomised, double- blind, placebo- controlled, multicentre study. Ann 
Rheum Dis 2014;73:183–90.

 26 Furie RA, Petri MA, Wallace DJ, et al. Novel evidence- based systemic lupus 
erythematosus responder index. Arthritis Rheum 2009;61:1143–51.

 27 Albrecht J, Taylor L, Berlin JA, et al. The CLASI (cutaneous lupus erythematosus disease 
area and severity index): an outcome instrument for cutaneous lupus erythematosus. J 
Invest Dermatol 2005;125:889–94.

 28 Kosinski M, Gajria K, Fernandes AW, et al. Qualitative validation of the FACIT- fatigue 
scale in systemic lupus erythematosus. Lupus 2013;22:422–30.

 29 McHorney CA, Ware JE, Raczek AE. The MOS 36- Item short- form health survey (SF- 
36): II. psychometric and clinical tests of validity in measuring physical and mental 
health constructs. Med Care 1993;31:247–63.

 30 Stokes ME, Davis CS, Koch GG. Categorical data analysis using SAS®. 3rd edn. SAS 
Institute, 2012.

 31 Tummala R, Abreu G, Pineda L, et al. Safety profile of anifrolumab in patients 
with active SLE: an integrated analysis of phase II and III trials. Lupus Sci Med 
2021;8:e000464.

 32 Baechler EC, Batliwalla FM, Karypis G, et al. Interferon- inducible gene expression 
signature in peripheral blood cells of patients with severe lupus. Proc Natl Acad Sci U 
S A 2003;100:2610–5.

 33 Oke V, Gunnarsson I, Dorschner J, et al. High levels of circulating interferons type I, 
type II and type III associate with distinct clinical features of active systemic lupus 
erythematosus. Arthritis Res Ther 2019;21:107.

 34 El- Sherbiny YM, Md Yusof MY, Psarras A, et al. B cell tetherin: a flow cytometric cell- 
specific assay for response to type I interferon predicts clinical features and flares in 
systemic lupus erythematosus. Arthritis Rheumatol 2020;72:769–79.

 35 El- Sherbiny YM, Psarras A, Md Yusof MY, et al. A novel two- score system for interferon 
status segregates autoimmune diseases and correlates with clinical features. Sci Rep 
2018;8:5793.

 36 Sarkar MK, Hile GA, Tsoi LC, et al. Photosensitivity and type I IFN responses in 
cutaneous lupus are driven by epidermal- derived interferon kappa. Ann Rheum Dis 
2018;77:1653–64.

 37 Stannard JN, Reed TJ, Myers E, et al. Lupus skin is primed for IL- 6 inflammatory 
responses through a keratinocyte- mediated autocrine type I interferon loop. J Invest 
Dermatol 2017;137:115–22.

 38 van Holten J, Smeets TJM, Blankert P, et al. Expression of interferon beta in synovial 
tissue from patients with rheumatoid arthritis: comparison with patients with 
osteoarthritis and reactive arthritis. Ann Rheum Dis 2005;64:1780–2.

 39 Zayat AS, Mahmoud K, Md Yusof MY, et al. Defining inflammatory musculoskeletal 
manifestations in systemic lupus erythematosus. Rheumatology 2019;58:304–12.

 40 Mahmoud K, Zayat AS, Yusof Y, et al. Responsiveness of clinical and ultrasound 
outcome measures in musculoskeletal systemic lupus erythematosus. Rheumatology 
2019;58:1353–60.

 41 Mahmoud K, Zayat AS, Yusof MYM, et al. Ultrasound to identify systemic lupus 
erythematosus patients with mUsculoskeletal symptoms who respond best to 
therapy: the US evaluation for mUsculoskeletal lupus longitudinal multicentre study. 
Rheumatology 2021;60:5194–204.

 42 Little J, Parker B, Lunt M, et al. Glucocorticoid use and factors associated with 
variability in this use in the systemic lupus international collaborating clinics inception 
cohort. Rheumatology 2018;57:677–87.

 43 Isenberg D, Appel GB, Contreras G, et al. Influence of race/ethnicity on response to 
lupus nephritis treatment: the ALMS study. Rheumatology 2010;49:128–40.

 44 Litwic AE, Sriranganathan MK, Edwards CJ. Race and the response to therapies for 
lupus: how strong is the evidence? Int J Clin Rheumtol 2013;8:471–81.

 45 Weckerle CE, Franek BS, Kelly JA, et al. Network analysis of associations between 
serum interferon-α activity, autoantibodies, and clinical features in systemic lupus 
erythematosus. Arthritis Rheum 2011;63:1044–53.

 46 Iwamoto T, Dorschner J, Jolly M, et al. Associations between type I interferon and 
antiphospholipid antibody status differ between ancestral backgrounds. Lupus Sci 
Med 2018;5:e000246.

 47 Ko K, Koldobskaya Y, Rosenzweig E, et al. Activation of the interferon pathway 
is dependent upon autoantibodies in African- American SLE patients, but not in 
European- American SLE patients. Front Immunol 2013;4:309.

 48 Casey KA, Smith MA, Sinibaldi D, et al. Modulation of cardiometabolic disease 
markers by type I interferon inhibition in systemic lupus erythematosus. Arthritis 
Rheumatol 2021;73:459–71.

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221425 on 25 M

arch 2022. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1637-4755
http://orcid.org/0000-0002-9507-3338
http://orcid.org/0000-0002-0807-7139
http://dx.doi.org/10.1016/S0140-6736(19)30546-X
http://dx.doi.org/10.1186/s13075-020-02161-8
http://dx.doi.org/10.1186/s12969-019-0349-y
http://dx.doi.org/10.1016/j.rdc.2009.12.012
http://dx.doi.org/10.1016/j.rdc.2009.12.012
http://dx.doi.org/10.1093/rheumatology/kew399
http://dx.doi.org/10.1016/j.semarthrit.2008.10.007
http://dx.doi.org/10.1191/096120300674499064
http://dx.doi.org/10.1002/art.21031
http://dx.doi.org/10.1002/art.22044
http://dx.doi.org/10.1038/s41467-020-19918-z
http://dx.doi.org/10.1084/jem.20161451
http://dx.doi.org/10.1002/art.39962
http://dx.doi.org/10.1002/art.39962
http://dx.doi.org/10.1186/ar2887
http://dx.doi.org/10.1186/ar2887
http://dx.doi.org/10.1002/art.40086
http://dx.doi.org/10.1136/ard.2011.150326
http://dx.doi.org/10.1080/19420862.2015.1007810
http://dx.doi.org/10.1136/lupus-2018-000261
http://dx.doi.org/10.1056/NEJMoa1912196
http://dx.doi.org/10.1016/S2665-9913(19)30076-1
http://dx.doi.org/10.1080/14397595.2020.1812201
https://www.astrazeneca.com/media-centre/press-releases/2021/saphnelo-approved-in-japan-for-sle.html
https://www.astrazeneca.com/media-centre/press-releases/2021/saphnelo-approved-in-japan-for-sle.html
https://www.astrazeneca.com/media-centre/press-releases/2021/saphnelo-recommended-for-eu-approval-for-sle.html#:~:text=Saphnelo%20was%20recently%20approved%20in,are%20ongoing%20in%20additional%20countries.%20December%2020,%202021.
https://www.astrazeneca.com/media-centre/press-releases/2021/saphnelo-recommended-for-eu-approval-for-sle.html#:~:text=Saphnelo%20was%20recently%20approved%20in,are%20ongoing%20in%20additional%20countries.%20December%2020,%202021.
https://www.astrazeneca.com/media-centre/press-releases/2021/saphnelo-recommended-for-eu-approval-for-sle.html#:~:text=Saphnelo%20was%20recently%20approved%20in,are%20ongoing%20in%20additional%20countries.%20December%2020,%202021.
https://www.astrazeneca.com/media-centre/press-releases/2021/saphnelo-recommended-for-eu-approval-for-sle.html#:~:text=Saphnelo%20was%20recently%20approved%20in,are%20ongoing%20in%20additional%20countries.%20December%2020,%202021.
http://dx.doi.org/10.1136/annrheumdis-2012-202760
http://dx.doi.org/10.1136/annrheumdis-2012-202760
http://dx.doi.org/10.1002/art.24698
http://dx.doi.org/10.1111/j.0022-202X.2005.23889.x
http://dx.doi.org/10.1111/j.0022-202X.2005.23889.x
http://dx.doi.org/10.1177/0961203313476360
http://dx.doi.org/10.1097/00005650-199303000-00006
http://dx.doi.org/10.1136/lupus-2020-000464
http://dx.doi.org/10.1073/pnas.0337679100
http://dx.doi.org/10.1073/pnas.0337679100
http://dx.doi.org/10.1186/s13075-019-1878-y
http://dx.doi.org/10.1002/art.41187
http://dx.doi.org/10.1038/s41598-018-24198-1
http://dx.doi.org/10.1136/annrheumdis-2018-213197
http://dx.doi.org/10.1016/j.jid.2016.09.008
http://dx.doi.org/10.1016/j.jid.2016.09.008
http://dx.doi.org/10.1136/ard.2005.040477
http://dx.doi.org/10.1093/rheumatology/key277
http://dx.doi.org/10.1093/rheumatology/key422
http://dx.doi.org/10.1093/rheumatology/keab288
http://dx.doi.org/10.1093/rheumatology/kex444
http://dx.doi.org/10.1093/rheumatology/kep346
http://dx.doi.org/10.2217/ijr.13.41
http://dx.doi.org/10.1002/art.30187
http://dx.doi.org/10.1136/lupus-2017-000246
http://dx.doi.org/10.1136/lupus-2017-000246
http://dx.doi.org/10.3389/fimmu.2013.00309
http://dx.doi.org/10.1002/art.41518
http://dx.doi.org/10.1002/art.41518
http://ard.bmj.com/


1 

 

Supplemental Material: Anifrolumab Efficacy and Safety by Type I Interferon Gene 

Signature and Clinical Subgroups in Patients With SLE: Post Hoc Analysis of Pooled 

Data From 2 Phase 3 Trials 

Contents 

Figure S1. Time to BICLA response sustained to Week 52 in (A) type I IFNGS-high and (B) 

IFNGS-low patients in pooled TULIP data ............................................................................... 2 

Table S1. AEs and adjusted cumulative proportions during study treatment for patients with 

SLE in pooled data from the TULIP-1 and  TULIP-2 trials ...................................................... 3 

Table S2. Demographics, clinical characteristics, and SLE medications at baseline in type I 

IFNGS-high and IFNGS-low patients in pooled data from the TULIP-1 and TULIP-2 trials .. 4 

Table S3. Percentage of IFNGS-high and IFNGS-low patients by race and region ................. 7 

Table S4. BILAG-2004 organ domain scores for IFNGS-high and IFNGS-low patients in 

pooled data from the TULIP-1 and TULIP-2 trials ................................................................... 8 

Table S5. Past and current relevant medical history for IFNGS-high patients with SLE in 

pooled data from the TULIP-1 and TULIP-2 trials ................................................................. 10 

Table S6. Past and current relevant medical history for IFNGS-low patients with SLE in 

pooled data from the TULIP-1 and TULIP-2 trials ................................................................. 14 

Table S7. Percentage change from baseline to Week 52 in complement C3, C4, and anti-

dsDNA levels by IFNGS in pooled data from the TULIP-1 and TULIP-2 trials .................... 20 

Table S8. AEs and adjusted cumulative proportions during study treatment for patients with 

SLE by IFNGS subgroup in pooled data from the TULIP-1 and TULIP-2 trials.................... 21 

Table S9. AEs and adjusted cumulative proportions during study treatment for patients with 

SLE by age and sex subgroups in pooled data from the TULIP-1 and TULIP-2 trials ........... 22 

Table S10. AEs and adjusted cumulative proportions during study treatment for patients with 

SLE by BMI subgroup in pooled data from the TULIP-1 and TULIP-2 trials........................ 23 

Table S11. AEs and adjusted cumulative proportions during study treatment for patients with 

SLE by racial subgroup in pooled data from the TULIP-1 and TULIP-2 trials ...................... 25 

Table S12. AEs and adjusted cumulative proportions during study treatment for patients with 

SLE by geographic region subgroup in pooled data from the TULIP-1 and TULIP-2 trials .. 26 

Table S13. AEs and adjusted cumulative proportions during study treatment for patients with 

SLE by glucocorticoid dosage at baseline and by SLEDAI-2K at screening subgroups in 

pooled data from the TULIP-1 and TULIP-2 trials ................................................................. 27 

Table S14. AEs and adjusted cumulative proportions during study treatment for patients with 

SLE by age of disease onset subgroups in pooled data from the TULIP-1 and TULIP-2 trials

.................................................................................................................................................. 29 

Table S15. AEs and adjusted cumulative proportions during study treatment for patients with 

SLE by baseline anti–dsDNA/C3/C4 subgroup in pooled data from the TULIP-1 and TULIP-

2 trials....................................................................................................................................... 30 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2021-221425–11.:10 2022;Ann Rheum Dis, et al. Vital EM



2 

 

Figure S1. Time to BICLA response sustained to Week 52 in (A) type I IFNGS-high and (B) 

IFNGS-low patients in pooled TULIP data 

A 

 

B 

 

BICLA, British Isles Lupus Assessment Group–based Composite Lupus Assessment; CI, 

confidence interval; IFNGS, interferon gene signature.
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Table S1. AEs and adjusted cumulative proportions during study treatment for patients with SLE in pooled data from the TULIP-1 and  

TULIP-2 trials 

Event 
Placebo 

(n=365) 

Anifrolumab 

300 mg (n=360) 

 n (%) 

Any AE 295 (80.8) 318 (88.3) 

Any SAE
a
 60 (16.4) 40 (11.1) 

Any AE leading to discontinuation 18 (4.9) 17 (4.9) 

Any AESI 
Non-opportunistic serious infections 

Opportunistic infections 

Anaphylaxis 

Malignancy 

Herpes zoster
b
 

Tuberculosis (including latent tuberculosis)
c 

Tuberculosis
d 

Influenza
b
 

Vasculitis (non-SLE) 

Major adverse cardiovascular events 

36 (9.9) 

22 (6.0) 

0 

0 

3 (0.8) 

5 (1.4) 

1 (0.3) 

0 

8 (2.2) 

0 

0 

46 (12.8) 

16 (4.4) 

1 (0.3) 

0 

3 (0.8) 

23 (6.4) 

2 (0.6) 

0 

6 (1.7) 

0 

1 (0.3) 

AE, adverse event; AESI, adverse event of special interest; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; SLE, 

systemic lupus erythematosus. 

Patients with events classified in multiple AESI categories are counted once in each category. AE proportions are adjusted based on the Cochran–Mantel–
Haenszel weighting. An AE during treatment is defined as an AE with a date of onset ≥ day of first ever dose of investigational product and ≤ minimum ([last 

dosing date + 28 days], end of study date, death date). AEs are coded using MedDRA version 22.1. Patients with multiple events in the same category are 

counted only once in that category.  
 a
Including events with outcome of death; 

b
Includes serious and nonserious events; 

cIncluding the preferred terms “latent tuberculosis” and “mycobacterium 
tuberculosis complex test positive”; dIncluding the preferred term “tuberculosis.” 
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Table S2. Demographics, clinical characteristics, and SLE medications at baseline in type I IFNGS-high and IFNGS-low patients in pooled data 

from the TULIP-1 and TULIP-2 trials 

 

Characteristics 

IFNGS high IFNGS low 

Placebo 

(n=302) 

Anifrolumab 

300 mg (n=298) 
Total (n=600) Placebo (n=64) 

Anifrolumab 300 

mg (n=62) 

Total 

(n=126) 

Age, mean (SD), years 

≥18–<65 years, n (%) 

≥65 years, n (%) 

40.7 (11.7) 

298 (98.7) 

4 (1.3) 

41.5 (11.9) 

288 (96.6) 

10 (3.4) 

41.1 (11.8) 

586 (97.7) 

14 (2.3) 

42.7 (12.6) 

61 (95.3) 

3 (4.7) 

47.6 (11.3) 

56 (90.3) 

6 (9.7) 

45.1 (12.2) 

117 (92.9) 

9 (7.1) 

Female, n (%) 280 (92.7) 275 (92.3) 555 (92.5) 61 (95.3) 58 (93.5) 119 (94.4) 

Race, n (%) 

White 

Black/African American 

Asian 

Other 

 

192 (63.6) 

40 (13.2) 

33 (10.9) 

27 (8.9) 

 

184 (61.7) 

41 (13.8) 

39 (13.1) 

23 (7.7) 

 

376 (62.7) 

81 (13.5) 

72 (12.0) 

50 (8.3) 

 

52 (81.3) 

8 (12.5) 

2 (3.1) 

2 (3.1) 

 

51 (82.3) 

5 (8.1) 

2 (3.2) 

3 (4.8) 

 

103 (81.7) 

13 (10.3) 

4 (3.2) 

5 (4.0) 

Hispanic/Latino ethnic group, n 

(%) 
74 (24.5) 73 (24.5) 147 (24.5) 15 (23.4) 13 (21.0) 28 (22.2) 

Geographic region, n (%) 

Asia Pacific 

Europe 

Latin America 

USA/Canada 

Rest of world 

29 (9.6) 

108 (35.8) 

49 (16.2) 

104 (34.4) 

12 (4.0) 

35 (11.7) 

99 (33.2) 

54 (18.1) 

102 (34.2) 

8 (2.7) 

64 (10.7) 

207 (34.5) 

103 (17.2) 

206 (34.3) 

20 (3.3) 

3 (4.7) 

14 (21.9) 

8 (12.5) 

36 (56.3) 

3 (4.7) 

3 (4.8) 

16 (25.8) 

5 (8.1)  

37 (59.7) 

1 (1.6) 

6 (4.8) 

30 (23.8) 

13 (10.3) 

73 (57.9) 

4 (3.2) 

Time from initial SLE diagnosis to 

randomization, median (range), 

months 

87.5 (4–503) 97.0 (6–555) 92.0 (4–555) 52.0 (6–389) 77.0 (0–388) 64.5 (0–389) 

SLEDAI-2K 

SLEDAI-2K score 

Global score, mean (SD) 

Score ≥10, n (%) 

11.8 (3.8) 

227 (75.2) 

11.6 (4.0) 

215 (72.1) 

11.7 (3.9) 

442 (73.7) 

10.1 (2.9) 

39 (60.9) 

10.2 (3.0) 

39 (62.9) 

10.2 (2.9) 

78 (61.9) 

Clinical SLEDAI-2K score, 

mean (SD) 
9.0 (2.8) 8.9 (3.0) 8.9 (2.9) 8.8 (2.3) 9.0 (2.4) 8.9 (2.3) 
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Characteristics 

IFNGS high IFNGS low 

Placebo 

(n=302) 

Anifrolumab 

300 mg (n=298) 
Total (n=600) Placebo (n=64) 

Anifrolumab 300 

mg (n=62) 

Total 

(n=126) 

BILAG-2004, n (%) 

≥1 A item 

No A items and 

≥2 B items 

146 (48.3) 

 

135 (44.7) 

144 (48.3) 

 

139 (46.6) 

290 (48.3) 

 

274 (45.7) 

33 (51.6) 

 

27 (42.2) 

30 (48.4) 

 

31 (50.0) 

63 (50.0) 

 

58 (46.0) 

PGA score, mean (SD) 1.8 (0.4) 1.8 (0.4) 1.8 (0.4) 1.8 (0.4) 1.8 (0.4) 1.8 (0.4) 

CLASI activity score,  

mean (SD) 
7.9 (7.4) 8.8 (8.1) 8.4 (7.8) 7.2 (6.2) 6.5 (4.1) 6.8 (5.3) 

SDI global score, mean (SD) 0.6 (0.9) 0.6 (1.1) 0.6 (1.0) 0.5 (1.0) 0.5 (1.0) 0.5 (1.0) 

Number of active joints,
a
 mean 

(SD) 
6.6 (5.4) 6.0 (5.5) 6.3 (5.4) 7.3 (6.4) 8.3 (6.4) 7.8 (6.4) 

Number of swollen joints,
a
 mean 

(SD) 
7.0 (5.5) 6.3 (5.6) 6.7 (5.6) 8.2 (6.5) 9.0 (6.2) 8.6 (6.4) 

Number of tender joints,
a
 mean 

(SD) 
10.6 (7.5) 9.8 (7.3) 10.2 (7.4) 11.7 (7.8) 12.9 (7.4) 12.2 (7.6) 

Baseline treatment for SLE 

GC,
b
 n (%) 

≥10 mg/day, n (%) 
Daily dosage, mean (SD), 

mg/day 

Antimalarial, n (%) 

Immunosuppressant, n (%) 

257 (85.1) 

160 (53.0) 

11.6 (7.9) 

 

214 (70.9) 

157 (52.0) 

251 (84.2) 

168 (56.4) 

12.1 (10.2) 

 

195 (65.4) 

149 (50.0) 

508 (84.7) 

328 (54.7) 

11.9 (9.1) 

 

409 (68.2) 

306 (51.0) 

47 (73.4) 

25 (39.1) 

9.6 (5.8) 

 

53 (82.8) 

20 (31.3) 

40 (64.5) 

22 (35.5) 

9.4 (5.7) 

 

48 (77.4) 

24 (38.7) 

87 (69.0) 

47 (37.3) 

9.5 (5.7) 

 

101 (80.2) 

44 (34.9) 

Biomarkers 

Anti-dsDNA antibody positive,
c
 

n (%) 

Median (range), U/mL 

139 (46.0) 

 

54.1 (15–3790) 

148 (49.7) 

 

53.5 (15–1897) 

287 (47.8) 

 

54.0 (15–3790) 

16 (25.0) 

 

26.3 (16–242) 

19 (30.6) 

 

28.3 (15–92) 

35 (27.8) 

 

27.9 (15–242) 

C3, abnormal,
d
 n (%) 

Mean (SD), g/L 

128 (42.4) 

0.70 (0.144) 

121 (40.6) 

0.68 (0.152) 

249 (41.5) 

0.69 (0.148) 

9 (14.1) 

0.71 (0.085) 

9 (14.5) 

0.78 (0.103) 

18 (14.3) 

0.74 (0.099) 

C4, abnormal,
d
 n (%) 

Mean (SD), g/L 

81 (26.8) 

0.072 (0.0142) 

81 (27.2) 

0.073 (0.0161) 

162 (27.0) 

0.073 (0.0152) 

4 (6.3) 

0.071 (0.0244) 

3 (4.8) 

0.082 (0.0095) 

7 (5.6) 

0.075 (0.0191) 
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Characteristics 

IFNGS high IFNGS low 

Placebo 

(n=302) 

Anifrolumab 

300 mg (n=298) 
Total (n=600) Placebo (n=64) 

Anifrolumab 300 

mg (n=62) 

Total 

(n=126) 

Patient-reported outcomes, mean (SD) 

FACIT-F 
26.8 (11.7) 

n=289 

26.2 (12.3) 

n=283 

26.5 (12.0) 

n=572 

21.3 (12.2) 

n=60 

23.4 (12.0) 

n=58 

22.3 (12.1) 

n=118 

SF-36 PCS 
37.9 (9.2) 

n=288 

38.0 (9.2) 

n=286 

37.9 (9.2) 

n=574  

36.0 (9.6) 

n=60 

34.8 (8.9) 

n=59 

35.4 (9.2) 

n=119 

SF-36 MCS 
44.5 (10.8) 

n=288 

43.8 (11.6) 

n=286 

44.1 (11.2) 

n=574 

41.6 (12.4) 

n=60 

45.0 (11.7) 

n=59 

43.3 (12.1) 

n=119 

PtGA 
53.9 (21.9) 

n=289 

55.2 (22.5) 

n=283 

54.5 (22.2) 

n=572 

62.0 (23.5) 

n=60 

54.1 (17.6) 

n=58 

58.1 (21.1) 

n=118 

anti-dsDNA, anti–double-stranded DNA; BILAG-2004, British Isles Lupus Assessment Group-2004; C, complement; CLASI, Cutaneous Lupus 

Erythematosus Disease Area and Severity Index; FACIT-F, Functional Assessment of Chronic Illness Therapy–Fatigue; GC, glucocorticoid; IFNGS, 

interferon gene signature; MCS, mental component summary; PCS, physical component summary; PtGA, Patient’s Global Assessment; PGA, Physician’s 
Global Assessment; SD, standard deviation; SDI, Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; 

SF-36, Short Form 36 Health Survey, version 2; SLE, systemic lupus erythematosus; SLEDAI-2K, SLE Disease Activity Index 2000; USA, United States of 

America. 

a
The joint count is based on 28 joints; 

b
GC contains prednisone or equivalent; 

c
Anti-dsDNA antibody levels were classified as positive (>15 U/mL) or 

negative (≤15 U/mL) and were measured in a central laboratory using an automated fluoroimmunoassay (EliA dsDNA; Pharmacia, Freiburg, Germany); 
dComplement levels were classified as abnormal (C3 <0.9 g/L; C4 <0.1 g/L) or normal (C3 ≥0.9 g/L; C4 ≥0.1 g/L) and were measured in a central laboratory. 
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Table S3. Percentage of IFNGS-high and IFNGS-low patients by race and region in pooled data from the TULIP-1 and TULIP-2 trials 

 
IFNGS-high patients 

(n=600) 

IFNGS-low patients 

(n=126) 

Race, n (%) 

White (n=479) 376 (78.5) 103 (21.5) 

Black/African American 

(n=94) 
81 (86.2) 13 (13.8) 

Asian (n=76) 72 (94.7) 4 (5.3) 

Other/missing (n=77) 71 (92.2) 6 (7.8) 

Region, n (%) 

Asia Pacific 64 (91.4) 6 (8.6) 

Europe 207 (87.3) 30 (12.7) 

Latin America 103 (88.8) 13 (11.2) 

USA/Canada 206 (73.8) 73 (26.2) 

Rest of world 20 (83.3) 4 (16.7) 

IFNGS, interferon gene signature; USA, United States of America. 
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Table S4. BILAG-2004 organ domain scores for IFNGS-high and IFNGS-low patients in pooled data from the TULIP-1 and TULIP-2 trials 

Organ domain, n 

(%) 

IFNGS high IFNGS low 

Placebo 

(n=302) 

Anifrolumab 

300 mg 

(n=298) 

Total 

(n=600) 

Placebo 

(n=64) 

Anifrolumab 

300 mg 

(n=62) 

Total 

(n=126) 

Musculoskeletal 

A 89 (29.5) 89 (29.9) 178 (29.7) 26 (40.6) 25 (40.3) 51 (40.5) 

B 179 (59.3) 168 (56.4) 347 (57.8) 34 (53.1) 35 (56.5) 69 (54.8) 

C, D, or E 34 (11.3) 41 (13.8) 75 (12.5) 4 (6.3) 2 (3.2) 6 (4.8) 

Mucocutaneous 

A 63 (20.9) 71 (23.8) 134 (22.3) 12 (18.8) 13 (21.0) 25 (19.8) 

B 196 (64.9) 190 (63.8) 386 (64.3) 41 (64.1) 41 (66.1) 82 (65.1) 

C, D, or E 43 (14.2) 37 (12.4) 80 (13.3) 11 (17.2) 8 (12.9) 19 (15.1) 

Renal 

A 7 (2.3) 2 (0.7) 9 (1.5) 0 0 0 

B 22 (7.3) 21 (7.0) 43 (7.2) 3 (4.7) 2 (3.2) 5 (4.0) 

C, D, or E 273 (90.4) 275 (92.3) 548 (91.3) 61 (95.3) 60 (96.8) 121 (96.0) 

Cardiorespiratory 

A 3 (1.0) 3 (1.0) 6 (1.0) 1 (1.6) 0 1 (0.8) 

B 14 (4.6) 19 (6.4) 33 (5.5) 9 (14.1) 8 (12.9) 17 (13.5) 

C, D, or E 285 (94.4) 276 (92.6) 561 (93.5) 54 (84.4) 54 (87.1) 108 (85.7) 

Neuropsychiatric  

A 1 (0.3) 1 (0.3) 2 (0.3) 0 0 0 

B 2 (0.7) 5 (1.7) 7 (1.2) 2 (3.1) 3 (4.8) 5 (4.0) 

C, D, or E 299 (99.0) 292 (98.0) 591 (98.5) 62 (96.9) 59 (95.2) 121 (96.0) 

Constitutional 

A 0 1 (0.3) 1 (0.2) 0 0 0 

B 13 (4.3) 21 (7.0) 34 (5.7) 4 (6.3) 3 (4.8) 7 (5.6) 

C, D, or E 289 (95.7) 276 (92.6) 565 (94.2) 60 (93.8) 59 (95.2) 119 (94.4) 

Gastrointestinal 

A 1 (0.3) 0 1 (0.2) 0 0 0 

B 3 (1.0) 1 (0.3) 4 (0.7) 0 0 0 

C, D, or E 298 (98.7) 297 (99.7) 595 (99.2) 62 (100) 64 (100) 126 (100) 
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Organ domain, n 

(%) 

IFNGS high IFNGS low 

Placebo 

(n=302) 

Anifrolumab 

300 mg 

(n=298) 

Total 

(n=600) 

Placebo 

(n=64) 

Anifrolumab 

300 mg 

(n=62) 

Total 

(n=126) 

Ophthalmic 

A 0 1 (0.3) 1 (0.2) 0 0 0 

B 1 (0.3) 0 1 (0.2) 0 0 0 

C, D, or E 301 (99.7) 297 (99.7) 598 (99.7) 62 (100) 64 (100) 126 (100) 

Hematologic 

A 0 0 0 0 0 0 

B 1 (0.3) 2 (0.7) 3 (0.5) 0 0 0 

C, D, or E 301 (99.7) 296 (99.3) 597 (99.5) 62 (100) 64 (100) 126 (100) 

BILAG-2004, British Isles Lupus Assessment Group-2004; IFNGS, interferon gene signature. 
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Table S5. Past and current relevant medical history for IFNGS-high patients with SLE in pooled data from the TULIP-1 and TULIP-2 trials 

n (%) 
Placebo 

(n=302) 

Anifrolumab 

300 mg (n=298) 
Total (n=600) 

Any current medical history 270 (89.4) 262 (87.9) 532 (88.7) 

Current relevant medical history occurring in >5% of patients in either arm 

Infections and manifestations 28 (9.3) 34 (11.4) 62 (10.3) 

Neoplasms benign, malignant, and unspecified 

(including cysts and polyps) 
Neoplasms occurring in >2% of patients in either 

treatment arm 

Uterine leiomyoma 

27 (8.9) 

 

 

 

11 (3.6) 

22 (7.4) 

 

 

 

10 (3.4) 

49 (8.2) 

 

 

 

21 (3.5) 

Blood and lymphatic system disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Anemia 

Antiphospholipid syndrome 

Iron deficiency anemia 

56 (18.5) 

 

 

19 (6.3) 

10 (3.3) 

17 (5.6) 

46 (15.4) 

 

 

17 (5.7) 

11 (3.7) 

9 (3.0) 

102 (17.0) 

 

 

36 (6.0) 

21 (3.5) 

26 (4.3) 

Immune system disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Drug hypersensitivity  

Seasonal allergy 

43 (14.2) 

 

 

24 (7.9) 

25 (8.3) 

49 (16.4) 

 

 

27 (9.1) 

27 (9.1) 

92 (15.3) 

 

 

51 (8.5) 

52 (8.7) 

Endocrine disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Hypothyroidism 

Goiter 

Autoimmune thyroiditis 

47 (15.6) 

 

 

28 (9.3) 

4 (1.3) 

7 (2.3) 

47 (15.8) 

 

 

29 (9.4) 

10 (3.4) 

5 (1.7) 

94 (15.7) 

 

 

56 (9.3) 

14 (2.3) 

12 (2.0) 

Metabolism and nutrition disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Vitamin D deficiency 

74 (24.5) 

 

 

10 (3.3) 

68 (22.8) 

 

 

21 (7.0) 

142 (23.7) 

 

 

31 (5.2) 
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n (%) 
Placebo 

(n=302) 

Anifrolumab 

300 mg (n=298) 
Total (n=600) 

Hyperlipidemia 

Obesity 

Hypercholesterolemia 

Dyslipidemia 

21 (7.0) 

13 (4.3) 

12 (4.0) 

10 (3.3) 

13 (4.4) 

10 (3.4) 

9 (3.0) 

6 (2.0) 

34 (5.7) 

23 (3.8) 

21 (3.5) 

16 (2.7) 

Psychiatric disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Depression 

Insomnia 

Anxiety 

Bipolar disorder 

87 (28.8) 

 

 

40 (13.2) 

39 (12.9) 

29 (9.6) 

3 (1.0) 

83 (27.9) 

 

 

45 (15.1) 

33 (11.1) 

31 (10.4) 

8 (2.7) 

170 (28.3) 

 

 

85 (14.2) 

72 (12.0) 

60 (10.0) 

11 (1.8) 

Nervous system disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Migraine 

Headache 

Restless leg syndrome 

Neuropathy peripheral 

71 (23.5) 

 

 

20 (6.6) 

20 (6.6) 

6 (2.0) 

5 (1.7) 

78 (26.2) 

 

 

29 (9.7) 

27 (9.1) 

7 (2.3) 

6 (2.0) 

149 (24.8) 

 

 

49 (8.2) 

47 (7.8) 

13 (2.2) 

11 (1.8) 

Eye disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Dry eye 

Cataract 

33 (10.9) 

 

 

7 (2.3) 

11 (3.6) 

37 (12.4) 

 

 

9 (3.0) 

6 (2.0) 

70 (11.7) 

 

 

16 (2.7) 

17 (2.8) 

Ear and labyrinth disorders 16 (5.3) 12 (4.0) 28 (4.7) 

Cardiac disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Mitral valve incompetence 

35 (11.6) 

 

 

6 (2.0) 

30 (10.1) 

 

 

7 (2.3) 

65 (10.8) 

 

 

13 (2.2) 

Vascular disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Hypertension 

120 (39.7) 

 

 

91 (30.1) 

123 (41.3) 

 

 

87 (29.2) 

243 (40.5) 

 

 

178 (29.7) 
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n (%) 
Placebo 

(n=302) 

Anifrolumab 

300 mg (n=298) 
Total (n=600) 

Raynaud’s phenomenon 34 (11.3) 38 (12.8) 72 (12.0) 

Respiratory, thoracic, and mediastinal disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Asthma 

Allergic rhinitis 

55 (18.2) 

 

 

26 (8.6) 

10 (3.3) 

57 (19.1) 

 

 

29 (9.7) 

5 (1.7) 

112 (18.7) 

 

 

55 (9.2) 

15 (2.5) 

Gastrointestinal disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Gastroesophageal reflux disease 

Constipation 

Nausea 

Chronic gastritis 

Gastritis 

Diarrhea 

Irritable bowel syndrome 

Dyspepsia 

86 (28.5) 

 

 

38 (12.6) 

12 (4.0) 

5 (1.7) 

9 (3.0) 

9 (3.0) 

1 (0.3) 

6 (2.0) 

11 (3.6) 

106 (35.6) 

 

 

51 (17.1) 

12 (4.0) 

12 (4.0) 

10 (3.4) 

9 (3.0) 

7 (2.3) 

7 (2.3) 

4 (1.3) 

192 (32.0) 

 

 

89 (14.8) 

24 (4.0) 

17 (2.8) 

19 (3.2) 

18 (3.0) 

8 (1.3) 

13 (2.2) 

15 (2.5) 

Hepatobiliary disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Hepatic steatosis 

19 (6.3) 

 

 

10 (3.3) 

18 (6.0) 

 

 

6 (2.0) 

37 (6.2) 

 

 

16 (2.7) 

Skin and subcutaneous tissue disorders 34 (11.3) 39 (13.1) 73 (12.2) 

Musculoskeletal and connective tissue disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Sjogren’s syndrome 

Osteoporosis 

Fibromyalgia 

Osteoarthritis 

130 (43.0) 

 

 

31 (10.3) 

28 (9.3) 

23 (7.6) 

17 (5.6) 

122 (40.9) 

 

 

34 (11.4) 

26 (8.7) 

22 (7.4) 

22 (7.4) 

252 (42.0) 

 

 

65 (10.8) 

54 (9.0) 

45 (7.5) 

39 (6.5) 
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n (%) 
Placebo 

(n=302) 

Anifrolumab 

300 mg (n=298) 
Total (n=600) 

Back pain 

Osteopenia 

Spinal osteoarthritis 

Arthralgia 

Osteonecrosis 

Rheumatoid arthritis 

Muscle spasms 

15 (5.0) 

6 (2.0) 

12 (4.0) 

7 (2.3) 

3 (1.0) 

6 (2.0) 

7 (2.3) 

13 (4.4) 

13 (4.4) 

11 (3.7) 

10 (3.4) 

9 (3.0) 

9 (3.0) 

6 (2.0) 

28 (4.7) 

19 (3.2) 

23 (3.8) 

17 (2.8) 

12 (2.0) 

15 (2.5) 

13 (2.2) 

Renal and urinary disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Chronic kidney disease 

33 (10.9) 

 

 

7 (2.3) 

33 (11.1) 

 

 

4 (1.3) 

66 (11.0) 

 

 

11 (1.8) 

Reproductive system and breast disorders 27 (8.9) 34 (11.4) 61 (10.2) 

General disorders and administration site 

conditions 

Disorders occurring in >2% of patients in either 

treatment arm 

Fatigue 

25 (8.3) 

 

 

 

13 (4.3) 

28 (9.4) 

 

 

 

15 (5.0) 

53 (8.8) 

 

 

 

28 (4.7) 

Investigations 15 (5.0) 19 (6.4) 34 (5.7) 

IFNGS, interferon gene signature; SLE, systemic lupus erythematosus. 
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Table S6. Past and current relevant medical history for IFNGS-low patients with SLE in pooled data from the TULIP-1 and TULIP-2 trials 

 
Placebo 

(n=64) 

Anifrolumab 

300 mg (n=62) 
Total (n=126) 

Any current medical history 55 (85.9) 60 (96.8) 115 (91.3) 

Current relevant medical history occurring in >5% of patients in either arm 

Infections and manifestations 
Infections and manifestations occurring in >2% of 

patients in either treatment arm 

Chronic tonsillitis 

Herpes simplex 

Urinary tract infection 

5 (7.8) 

 

 

1 (1.6) 

0 

2 (3.1) 

9 (14.5) 

 

 

2 (3.2) 

2 (3.2) 

0 

14 (11.1) 

 

 

3 (2.4) 

2 (1.6) 

2 (1.6) 

Blood and lymphatic system disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Antiphospholipid syndrome 

Anemia 

Iron deficiency anemia 

11 (17.2) 

 

 

4 (6.3) 

3 (4.7) 

1 (1.6) 

8 (12.9) 

 

 

5 (8.1) 

2 (3.2) 

2 (3.2) 

19 (15.1) 

 

 

9 (7.1) 

5 (4.0) 

3 (2.4) 

Immune system disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Drug hypersensitivity 

Seasonal allergy 

Multiple allergies 

12 (18.8) 

 

 

7 (10.9) 

8 (12.5) 

0 

17 (27.4) 

 

 

9 (14.5) 

6 (9.7) 

2 (3.2) 

29 (23.0) 

 

 

16 (12.7) 

14 (11.1) 

2 (1.6) 

Endocrine disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Hypothyroidism 

Goiter 

Autoimmune thyroiditis 

15 (23.4) 

 

 

9 (14.1) 

3 (4.7) 

2 (3.1) 

19 (30.6) 

 

 

15 (24.2) 

3 (4.8) 

1 (1.6) 

34 (27.0) 

 

 

24 (19.0) 

6 (4.8) 

3 (2.4) 

Metabolism and nutrition disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

22 (34.4) 

 

 

23 (37.1) 

 

 

45 (35.7) 
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Placebo 

(n=64) 

Anifrolumab 

300 mg (n=62) 
Total (n=126) 

Vitamin D deficiency 

Type 2 diabetes mellitus 

Diabetes mellitus 

Hypercholesterolemia 

Obesity 

Hypokalemia 

Hyperlipidemia 

10 (15.6) 

3 (4.7) 

1 (1.6) 

3 (4.7) 

4 (6.3) 

1 (1.6) 

6 (9.4) 

7 (11.3) 

5 (8.1) 

4 (6.5) 

4 (6.5) 

3 (4.8) 

2 (3.2) 

1 (1.6) 

17 (13.5) 

8 (6.3) 

5 (4.0) 

7 (5.6) 

7 (5.6) 

3 (2.4) 

7 (5.6) 

Psychiatric disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Depression 

Anxiety 

Insomnia 

Sleep disorder 

Adjustment disorder with depressed mood 

Bipolar disorder 

Attention deficit/hyperactivity disorder 

29 (45.3) 

 

 

14 (21.9) 

12 (18.8) 

18 (28.1) 

2 (3.1) 

2 (3.1) 

4 (6.3) 

2 (3.1) 

27 (43.5) 

 

 

14 (22.6) 

13 (21.0) 

13 (21.0) 

2 (3.2) 

1 (1.6) 

1 (1.6) 

0 

56 (44.4) 

 

 

28 (22.2) 

25 (19.8) 

31 (24.6) 

4 (3.2) 

3 (2.4) 

5 (4.0) 

2 (1.6) 

Nervous system disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Migraine 

Headache 

Carpal tunnel syndrome 

Peripheral neuropathy 

Restless leg syndrome 

Memory impairment 

Tension headache 

Epilepsy 

Hypoesthesia 

26 (40.6) 

 

 

13 (20.3) 

5 (7.8) 

1 (1.6) 

1 (1.6) 

2 (3.1) 

2 (3.1) 

2 (3.1) 

2 (3.1) 

3 (4.7) 

22 (35.5) 

 

 

11 (17.7) 

3 (4.8) 

2 (3.2) 

2 (3.2) 

2 (3.2) 

1 (1.6) 

1 (1.6) 

0 

0 

48 (38.1) 

 

 

24 (19.0) 

8 (6.3) 

3 (2.4) 

3 (2.4) 

4 (3.2) 

3 (2.4) 

3 (2.4) 

2 (1.6) 

3 (2.4) 

Eye disorders 
Disorders occurring in >2% of patients in either 

9 (14.1) 

 

14 (22.6) 

 

23 (18.3) 
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Placebo 

(n=64) 

Anifrolumab 

300 mg (n=62) 
Total (n=126) 

treatment arm 

Glaucoma 

Astigmatism 

Dry eye 

Cataract 

Myopia 

 

0 

0 

4 (6.3) 

2 (3.1) 

2 (3.1) 

 

5 (8.1) 

3 (4.8) 

3 (4.8) 

1 (1.6) 

1 (1.6) 

 

5 (4.0) 

3 (2.4) 

7 (5.6) 

3 (2.4) 

3 (2.4) 

Cardiac disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Mitral valve prolapse 

Bundle branch block right 

11 (17.2) 

 

 

4 (6.3) 

2 (3.1) 

8 (12.9) 

 

 

1 (1.6) 

0 

19 (15.1) 

 

 

5 (4.0) 

2 (1.6) 

Vascular disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Hypertension 

Raynaud’s phenomenon 

Peripheral venous disease 

25 (39.1) 

 

 

19 (29.7) 

3 (4.7) 

0 

31 (50.0) 

 

 

26 (41.9) 

3 (4.8) 

2 (3.2) 

56 (44.4) 

 

 

45 (35.7) 

6 (4.8) 

2 (1.6) 

Respiratory, thoracic, and mediastinal disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Asthma 

Dyspnea 

Chronic obstructive pulmonary disease 

Sleep apnea syndrome 

13 (20.3) 

 

 

5 (7.8) 

2 (3.1) 

2 (3.1) 

4 (6.3) 

17 (27.4) 

 

 

9 (14.5) 

2 (3.2) 

1 (1.6) 

1 (1.6) 

30 (23.8) 

 

 

14 (11.1) 

4 (3.2) 

3 (2.4) 

5 (4.0) 

Gastrointestinal disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Gastroesophageal reflux disease 

Gastritis 

Hiatus hernia 

Irritable bowel syndrome 

24 (37.5) 

 

 

14 (21.9) 

1 (1.6) 

2 (3.1) 

3 (4.7) 

25 (40.3) 

 

 

11 (17.7) 

3 (4.8) 

3 (4.8) 

3 (4.8) 

49 (38.9) 

 

 

25 (19.8) 

4 (3.2) 

5 (4.0) 

6 (4.8) 
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Placebo 

(n=64) 

Anifrolumab 

300 mg (n=62) 
Total (n=126) 

Nausea 

Dyspepsia 

Constipation 

1 (1.6) 

1 (1.6) 

3 (4.7) 

3 (4.8) 

2 (3.2) 

1 (1.6) 

4 (3.2) 

3 (2.4) 

4 (3.2) 

Hepatobiliary disorders 

Disorders occurring in >2% of patients in either 

treatment arm 

Hepatic steatosis 

3 (4.7) 

 

 

3 (4.7) 

5 (8.1) 

 

 

2 (3.2) 

8 (6.3) 

 

 

5 (4.0) 

Skin and subcutaneous tissue disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Rosacea 

7 (10.9) 

 

 

2 (3.1) 

7 (11.3) 

 

 

0 

14 (11.1) 

 

 

2 (1.6) 

Musculoskeletal and connective tissue disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Fibromyalgia 

Osteoarthritis 

Back pain 

Osteoporosis 

Intervertebral disc degeneration 

Sjogren’s syndrome 

Arthralgia 

Osteopenia 

Rheumatoid arthritis 

Bursitis 

Exostosis 

Intervertebral disc protrusion 

Musculoskeletal pain 

Osteochondrosis 

Spinal osteoarthritis 

Temporomandibular joint syndrome 

Muscle spasms 

37 (57.8) 

 

 

17 (26.6) 

5 (7.8) 

2 (3.1) 

4 (6.3) 

2 (3.1) 

5 (7.8) 

2 (3.1) 

1 (1.6) 

0 

1 (1.6) 

0 

3 (4.7) 

1 (1.6) 

1 (1.6) 

6 (9.4) 

0 

2 (3.1) 

36 (58.1) 

 

 

13 (21.0) 

10 (16.1) 

7 (11.3) 

6 (9.7) 

4 (6.5) 

4 (6.5) 

3 (4.8) 

3 (4.8) 

3 (4.8) 

2 (3.2) 

2 (3.2) 

2 (3.2) 

2 (3.2) 

2 (3.2) 

2 (3.2) 

2 (3.2) 

1 (1.6) 

73 (57.9) 

 

 

30 (23.8) 

15 (11.9) 

9 (7.1) 

10 (7.9) 

6 (4.8) 

9 (7.1) 

5 (4.0) 

4 (3.2) 

3 (2.4) 

3 (2.4) 

2 (1.6) 

5 (4.0) 

3 (2.4) 

3 (2.4) 

8 (6.3) 

2 (1.6) 

3 (2.4) 
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Placebo 

(n=64) 

Anifrolumab 

300 mg (n=62) 
Total (n=126) 

Osteonecrosis 2 (3.1) 0 2 (1.6) 

Renal and urinary disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Hypertonic bladder 

Nephrolithiasis 

Renal impairment 

Pollakiuria 

7 (10.9) 

 

 

0 

2 (3.1) 

0 

2 (3.1) 

8 (12.9) 

 

 

2 (3.2) 

2 (3.2) 

2 (3.2) 

0 

15 (11.9) 

 

 

2 (1.6) 

4 (3.2) 

2 (1.6) 

2 (1.6) 

Reproductive system and breast disorders 
Disorders occurring in >2% of patients in either 

treatment arm 

Polycystic ovaries 

Ovarian cyst 

9 (14.1) 

 

 

0 

2 (3.1) 

5 (8.1) 

 

 

2 (3.2) 

0 

14 (11.1) 

 

 

2 (1.6) 

2 (1.6) 

General disorders and administration site 

conditions 

Disorders/conditions occurring in >2% of patients in 

either treatment arm 

Fatigue 

5 (7.8) 

 

 

 

2 (3.1) 

4 (6.5) 

 

 

 

1 (1.6) 

9 (7.1) 

 

 

 

3 (2.4) 

Investigations 

Investigations occurring in >2% of patients in either 

treatment arm 

Irregular heart rate 

Cardiac murmur 

4 (6.3) 

 

 

1 (1.6) 

2 (3.1) 

6 (9.7) 

 

 

2 (3.2) 

0 

10 (7.9) 

 

 

3 (2.4) 

2 (1.6) 

Surgical and medical procedures 

Disorders occurring in >2% of patients in either 

treatment arm 

Female sterilization 

Cholecystectomy 

Hysterectomy 

7 (10.9) 

 

 

2 (3.1) 

2 (3.1) 

2 (3.1) 

3 (4.8) 

 

 

1 (1.6) 

0 

0 

10 (7.9) 

 

 

3 (2.4) 

2 (1.6) 

2 (1.6) 

Social circumstances 6 (9.4) 6 (9.7) 12 (9.5) 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2021-221425–11.:10 2022;Ann Rheum Dis, et al. Vital EM



19 

 

 
Placebo 

(n=64) 

Anifrolumab 

300 mg (n=62) 
Total (n=126) 

Disorders occurring in >2% of patients in either 

treatment arm 

Menopause 

Post menopause 

 

 

0 

4 (6.3) 

 

 

4 (6.5) 

2 (3.2) 

 

 

4 (3.2) 

6 (4.8) 

IFNGS, interferon gene signature; SLE, systemic lupus erythematosus.  
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Table S7. Percentage change from baseline to Week 52 in complement C3, C4, and anti-dsDNA levels by IFNGS in pooled data from the 

TULIP-1 and TULIP-2 trials 

 

IFNGS high IFNGS low 

Placebo 

(n=302) 

Anifrolumab 

300 mg (n=298) 
Placebo (n=64) 

Anifrolumab  

300 mg (n=62) 

C3
a
 

n 98 104 9 8 

Estimated change from baseline,
b
 LS mean (SE) 11.9 (2.7) 21.0 (2.6) −0.6 (6.8) 2.8 (7.0) 

Comparison with placebo, LS mean difference 

(SE) 
9.2 (3.5) 3.4 (9.3) 

Nominal P-value 0.009 0.721 

C4
a
 

n 59 68 4 3 

Estimated change from baseline,
b
 LS mean (SE) 23.5 (6.4) 34.3 (6.2) 4.7 (202.5) 27.7 (143.1) 

Comparison with placebo, LS mean difference 

(SE) 
10.8 (8.6) 23.0 (244.6) 

Nominal P-value 0.209 0.936 

Anti-dsDNA
a
 

n 99 117 12 16 

Estimated change from baseline,
b
 LS mean (SE) 113.4 (97.6) −43.4 (87.1) 13.4 (37.2) −6.6 (32.1) 

Comparison with placebo, LS mean difference 

(SE) 
−156.8 (108.7) −20.0 (45.1) 

Nominal P-value 0.150 0.658 

anti-dsDNA, anti–double-stranded DNA; C, complement; GC, glucocorticoid; IFNGS, interferon gene signature; LS, least squares; SE, standard error; 

SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000. 

a
Only patients with abnormal anti-dsDNA, low complement C3 and low C4, respectively, are included in the analysis; 

b
A repeated measures model with fixed 

effects for baseline value, treatment group, visit, including study for the pooled analysis, and stratification factors (SLEDAI-2K score at screening (<10 points 

vs ≥10 points) and Day 1 GC dosage (<10 mg/day vs ≥10 mg/day prednisone or equivalent) was used. An interaction term for visit and treatment group will 

also be included in the model to allow the relationship to differ across groups. Visit will be fitted as a repeated variable in the model.  
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Table S8. AEs and adjusted cumulative proportions during study treatment for patients with SLE by IFNGS subgroup in pooled data from the 

TULIP-1 and TULIP-2 trials 

Event 

IFNGS high IFNGS low 

Placebo 

(n=301) 

Anifrolumab 

300 mg (n=298) 

Placebo 

(n=64) 

Anifrolumab 

300 mg (n=62) 

 n (%) n (%) 

Any AE 246 (81.7) 263 (88.3) 49 (76.6) 55 (88.7) 

Any SAE
a
 53 (17.6) 34 (11.4) 7 (10.9) 6 (9.7) 

Any AE leading to discontinuation 15 (5.0) 14 (4.7) 3 (4.7) 3 (4.8) 

Any AESI 

Non-opportunistic serious infections 

Opportunistic infections 

Anaphylaxis 

Malignancy 

Herpes zoster
b
 

Tuberculosis (including latent tuberculosis)
c 

Tuberculosis
d 

Influenza
b
 

Vasculitis (non-SLE) 

Major adverse cardiovascular events 

31 (10.3) 

20 (6.7) 

0 

0 

3 (1.0) 

4 (1.3) 

1 (0.3) 

0 

6 (2.0) 

0 

0 

37 (12.4) 

13 (4.4) 

1 (0.3) 

0 

2 (0.7) 

19 (6.4) 

2 (0.7) 

0 

4 (1.3) 

0 

1 (0.3) 

5 (7.8) 

2 (3.1) 

0 

0 

0 

1 (1.6) 

0 

0 

2 (3.1) 

0 

0 

9 (14.5) 

3 (4.8) 

0 

0 

1 (1.6) 

4 (6.5) 

0 

0 

2 (3.2) 

0 

0 

AE, adverse event; AESI, adverse event of special interest; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; SLE, 

systemic lupus erythematosus. 

Patients with events classified in multiple AESI categories are counted once in each category. AE proportions are adjusted based on the Cochran–Mantel–
Haenszel weighting. An AE during treatment is defined as an AE with a date of onset ≥ day of first ever dose of investigational product and ≤ minimum ([last 

dosing date + 28 days], end of study date, death date). AEs are coded using MedDRA version 22.1. Patients with multiple events in the same category are 

counted only once in that category.  
 a
Including events with outcome of death; 

b
Includes serious and nonserious events; 

cIncluding the preferred terms “latent tuberculosis” and “mycobacterium 
tuberculosis complex test positive”; dIncluding the preferred term “tuberculosis.” 
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Table S9. AEs and adjusted cumulative proportions during study treatment for patients with SLE by age and sex subgroups in pooled data from 

the TULIP-1 and TULIP-2 trials 

Event 

Age Sex 

≥18–<65 years ≥65 years Female Male 

Placebo 

(n=358) 

Anifrolumab 

300 mg 

(n=344) 

Placebo 

(n=7) 

Anifrolumab 

300 mg 

(n=16) 

Placebo 

(n=340) 

Anifrolumab 

300 mg 

(n=333) 

Placebo 

(n=25) 

Anifrolumab 

300 mg 

(n=27) 

 n (%) n (%) n (%) n (%) 

Any AE 288 (80.5) 304 (88.4) 7 (100) 14 (89.0) 276 (81.2) 296 (88.9) 19 (75.8) 22 (81.3) 

Any SAE
a
 57 (15.9) 36 (10.5) 3 (41.2) 4 (26.0) 56 (16.5) 36 (10.8) 4 (16.0) 4 (14.9) 

Any AE leading to discontinuation 18 (5.0) 15 (4.4) 0 2 (15.0) 18 (5.3) 17 (5.1) 0 0 

Any AESI 

Non-opportunistic serious infections 

Opportunistic infections 

Anaphylaxis 

Malignancy 

Herpes zoster
b
 

Tuberculosis (including latent 

tuberculosis)
c 

Tuberculosis
d 

Influenza
b
 

Vasculitis (non-SLE) 

Major adverse cardiovascular events 

36 (10.1) 

22 (6.1) 

0 

0 

3 (0.8) 

5 (1.4) 

1 (0.3) 

 

0 

8 (2.2) 

0 

0 

44 (12.8) 

14 (4.1) 

1 (0.3) 

0 

3 (0.9) 

23 (6.7) 

2 (0.6) 

 

0 

6 (1.7) 

0 

1 (0.3) 

0 

0 

0 

0 

0 

0 

0 

 

0 

0 

0 

0 

2 (11.0) 

2 (11.0) 

0 

0 

0 

0 

0 

 

0 

0 

0 

0 

33 (9.7) 

20 (5.9) 

0 

0 

3 (0.9) 

5 (1.5) 

1 (0.3) 

 

0 

7 (2.1) 

0 

0 

42 (12.6) 

15 (4.5) 

1 (0.3) 

0 

3 (0.9) 

20 (6.0) 

2 (0.6) 

 

0 

6 (1.8) 

0 

1 (0.3) 

3 (11.8) 

2 (8.0) 

0 

0 

0 

0 

0 

 

0 

1 (3.9) 

0 

0 

4 (14.6) 

1 (3.6) 

0 

0 

0 

3 (11.0) 

0 

 

0 

0 

0 

0 

AE, adverse event; AESI, adverse event of special interest; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; SLE, 

systemic lupus erythematosus. 

Patients with events classified in multiple AESI categories are counted once in each category. AE proportions are adjusted based on the Cochran–Mantel–
Haenszel weighting. An AE during treatment is defined as an AE with a date of onset ≥ day of first ever dose of investigational product and ≤ minimum ([last 

dosing date + 28 days], end of study date, death date). AEs are coded using MedDRA version 22.1. Patients with multiple events in the same category are 

counted only once in that category.  
 a
Including events with outcome of death; 

b
Includes serious and nonserious events; 

i
Including the preferred terms “latent tuberculosis” and “mycobacterium 

tuberculosis complex test positive”; dIncluding the preferred term “tuberculosis.” 
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Table S10. AEs and adjusted cumulative proportions during study treatment for patients with SLE by BMI subgroup in pooled data from the 

TULIP-1 and TULIP-2 trials 

Event 

BMI 

≤28 kg/m2
 >28 kg/m

2
 

Placebo 

(n=223) 

Anifrolumab 

300 mg (n=205) 

Placebo 

(n=142) 

Anifrolumab 

300 mg (n=155) 

 n (%) n (%) 

Any AE 177 (79.5) 179 (87.3) 118 (83.1) 139 (89.7) 

Any SAE
a
 37 (16.6) 20 (9.8) 23 (16.2) 20 (12.9) 

Any AE leading to discontinuation 12 (5.4) 13 (6.4) 6 (4.2) 4 (2.6) 

Any AESI 
Non-opportunistic serious infections 

Opportunistic infections 

Anaphylaxis 

Malignancy 

Herpes zoster
b
 

Tuberculosis (including latent tuberculosis)
c 

Tuberculosis
d 

Influenza
b
 

Vasculitis (non-SLE) 

Major adverse cardiovascular events 

18 (8.0) 

12 (5.4) 

0 

0 

2 (0.9) 

3 (1.3) 

0 

0 

3 (1.3) 

0 

0 

26 (12.7) 

7 (3.4) 

1 (0.5) 

0 

3 (1.5) 

13 (6.3) 

0 

0 

6 (2.9) 

0 

0 

18 (12.7) 

10 (7.0) 

0 

0 

1 (0.7) 

2 (1.4) 

1 (0.7) 

0 

5 (3.5) 

0 

0 

20 (12.9) 

9 (5.8) 

0 

0 

0 

10 (6.5) 

2 (1.3) 

0 

0 

0 

1 (0.6) 

AE, adverse event; AESI, adverse event of special interest; BMI, body mass index; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious 

adverse event; SLE, systemic lupus erythematosus. 

Patients with events classified in multiple AESI categories are counted once in each category. AE proportions are adjusted based on the Cochran–Mantel–
Haenszel weighting. An AE during treatment is defined as an AE with a date of onset ≥ day of first ever dose of investigational product and ≤ minimum ([last 

dosing date + 28 days], end of study date, death date). AEs are coded using MedDRA version 22.1. Patients with multiple events in the same category are 

counted only once in that category.  
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a
Including events with outcome of death; 

b
Includes serious and nonserious events; 

c
Including the preferred terms “latent tuberculosis” and “mycobacterium 

tuberculosis complex test positive”; dIncluding the preferred term “tuberculosis.”  
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Table S11. AEs and adjusted cumulative proportions during study treatment for patients with SLE by racial subgroup in pooled data from the 

TULIP-1 and TULIP-2 trials 

Event 

White Black/African American Asian  Other  

Placebo 

(n=243) 

Anifrolumab 

300 mg 

(n=235) 

Placebo 

(n=48) 

Anifrolumab 

300 mg 

(n=46) 

Placebo 

(n=35) 

Anifrolumab 

300 mg 

(n=41) 

Placebo 

(n=31) 

Anifrolumab 

300 mg 

(n=30) 

n (%) n (%) n (%) n (%) 

Any AE 186 (76.7) 204 (86.9) 39 (82.1) 40 (86.4) 35 (100) 38 (93.9) 27 (88.3) 28 (93.3) 

Any SAE
a
 35 (14.4) 27 (11.6) 12 (25.8) 4 (7.7) 8 (23.7) 4 (9.8) 5 (16.2) 3 (11.1) 

Any AE leading to discontinuation 12 (5.0) 12 (5.1) 1 (1.8) 1 (1.9) 4 (10.8) 1 (1.7) 1 (2.9) 2 (7.4) 

Any AESI 
Non-opportunistic serious infections 

Opportunistic infections 

Anaphylaxis 

Malignancy 

Herpes zoster
b
 

Tuberculosis (including latent 

tuberculosis)
c
 

Tuberculosis
d 

Influenza
b
 

Vasculitis (non-SLE) 

Major adverse cardiovascular events 

21 (8.7) 

12 (5.0) 

0 

0 

3 (1.3) 

4 (1.6) 

 

1 (0.4) 

0 

2 (0.9) 

0 

0 

29 (12.4) 

10 (4.2) 

0 

0 

3 (1.3) 

13 (5.6) 

 

1 (0.4) 

0 

4 (1.7) 

0 

1 (0.4) 

7 (15.0) 

4 (9.1) 

0 

0 

0 

1 (1.8) 

 

0 

2 (4.2) 

0 

0 

0 

1 (1.9) 

1 (1.9) 

0 

0 

0 

0 

 

0 

0 

0 

0 

0 

4 (11.9) 

4 (11.9) 

0 

0 

0 

0 

 

0 

0 

2 (6.4) 

0 

0 

6 (14.2) 

3 (7.1) 

1 (1.7) 

4 (9.8) 

0 

4 (9.8) 

 

0 

0 

0 

0 

0 

3 (10.3) 

2 (6.6) 

0 

0 

0 

0 

 

0 

0 

1 (3.7) 

0 

0 

7 (23.0) 

2 (7.4) 

0 

0 

0 

4 (12.6) 

 

1 (3.0) 

0 

1 (3.0) 

0 

0 

AE, adverse event; AESI, adverse event of special interest; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; SLE, 

systemic lupus erythematosus. 

Patients with events classified in multiple AESI categories are counted once in each category. AE proportions are adjusted based on the Cochran–Mantel–
Haenszel weighting. An AE during treatment is defined as an AE with a date of onset ≥ day of first ever dose of investigational product and ≤ minimum ([last 

dosing date + 28 days], end of study date, death date). AEs are coded using MedDRA version 22.1. Patients with multiple events in the same category are 

counted only once in that category.  
 a
Including events with outcome of death; 

b
Includes serious and nonserious events; 

c
Including the preferred terms “latent tuberculosis” and “mycobacterium 

tuberculosis complex test positive”; dIncluding the preferred term “tuberculosis.”  
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Table S12. AEs and adjusted cumulative proportions during study treatment for patients with SLE by geographic region subgroup in pooled data 

from the TULIP-1 and TULIP-2 trials 

Event 

Asia Pacific Europe Latin America USA/Canada Rest of world 

Placebo 

(n=32) 

Anifrolu

mab 

300 mg 

(n=38) 

Placebo 

(n=122) 

Anifrolumab 

300 mg 

(n=115) 

Placebo 

(n=57) 

Anifrolumab 

300 mg (n=59) 

Placebo 

(n=139) 

Anifrolumab 

300 mg 

(n=139) 

Placebo 

(n=15) 

Anifrolumab 

300 mg (n=9) 

 n (%) n (%) n (%) n (%) n (%) 

Any AE 32 (100) 36 (95.9) 86 (71.0) 93 (81.0) 43 (75.3) 54 (91.6) 120 (86.4) 126 (90.6) 14 (95.4) 9 (100) 

Any SAE
a
 8 (25.4) 5 (12.7) 18 (14.8) 12 (10.4) 4 (7.0) 4 (6.9) 27 (19.4) 17 (12.1) 3 (20.0) 2 (18.1) 

Any AE leading to 

discontinuation 
4 (11.9) 2 (4.1) 5 (4.2) 5 (4.5) 3 (5.2) 1 (1.8) 5 (3.5) 8 (5.8) 1 (4.6) 1 (9.0) 

Any AESI 

Non-opportunistic serious 

infections 

Opportunistic infections 

Anaphylaxis 

Malignancy 

Herpes zoster
b
 

Tuberculosis (including latent 

tuberculosis)
c
 

Tuberculosis
d 

Influenza
b
 

Vasculitis (non-SLE) 

Major adverse cardiovascular 

events 

4 (12.7) 

 

4 (12.7) 

0 

0 

0 

0 

 

0 

0 

2 (6.8) 

0 

 

0 

6 (15.6) 

 

3 (7.8) 

1 (2.1) 

0 

0 

4 (10.7) 

 

0 

0 

0 

0 

 

0 

12 (9.9) 

 

5 (4.1) 

0 

0 

2 (1.7) 

2 (1.6) 

 

1 (0.8) 

0 

2 (1.8) 

0 

 

0 

11 (9.7) 

 

1 (0.9) 

0 

0 

2 (1.8) 

5 (4.4) 

 

0 

0 

2 (1.7) 

0 

 

1 (0.8) 

3 (5.3) 

 

3 (5.3) 

0 

0 

0 

0 

 

0 

0 

0 

0 

 

0 

8 (13.5) 

 

3 (5.2) 

0 

0 

0 

4 (6.7) 

 

2 (3.4) 

0 

1 (1.6) 

0 

 

0 

16 (11.5) 

 

9 (6.5) 

0 

0 

1 (0.7) 

3 (2.1) 

 

0 

0 

4 (2.8) 

0 

 

0 

20 (14.4) 

 

9 (6.5) 

0 

0 

1 (0.7) 

9 (6.5) 

 

0 

0 

3 (2.2) 

0 

 

0 

1 (4.6) 

 

1 (4.6) 

0 

0 

0 

0 

 

0 

0 

0 

0 

 

0 

1 (15.3) 

 

0 

0 

0 

0 

1 (15.3) 

 

0 

0 

0 

0 

 

0 

AE, adverse event; AESI, adverse event of special interest; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; SLE, 

systemic lupus erythematosus. 

Patients with events classified in multiple AESI categories are counted once in each category. AE proportions are adjusted based on the Cochran–Mantel–
Haenszel weighting. An AE during treatment is defined as an AE with a date of onset ≥ day of first ever dose of investigational product and ≤ minimum ([last 

dosing date + 28 days], end of study date, death date). AEs are coded using MedDRA version 22.1. Patients with multiple events in the same category are 

counted only once in that category.  
a
Including events with outcome of death; 

b
Includes serious and nonserious events; 

cIncluding the preferred terms “latent tuberculosis” and “mycobacterium 
tuberculosis complex test positive”; dIncluding the preferred term “tuberculosis.” 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2021-221425–11.:10 2022;Ann Rheum Dis, et al. Vital EM



27 

 

Table S13. AEs and adjusted cumulative proportions during study treatment for patients with SLE by glucocorticoid dosage at baseline and by 

SLEDAI-2K at screening subgroups in pooled data from the TULIP-1 and TULIP-2 trials 

Event 

GC dosage at baseline SLEDAI-2K at screening 

<10 mg/day ≥10 mg/day <10 points ≥10 points 

Placebo 

(n=180) 

Anifrolumab 

300 mg 

(n=170) 

Placebo 

(n=185) 

Anifrolumab 

300 mg 

(n=190) 

Placebo 

(n=106) 

Anifrolumab 

300 mg 

(n=109) 

Placebo 

(n=259) 

Anifrolumab 

300 mg 

(n=251) 

 n (%) n (%) n (%) n (%) 

Any AE 153 (85.0) 155 (91.2) 142 (76.8) 163 (85.8) 88 (83.0) 98 (89.9) 207 (79.9) 220 (87.7) 

Any SAE
a
 28 (15.6) 15 (8.8) 32 (17.3) 25 (13.2) 11 (10.4) 8 (7.4) 49 (18.9) 32 (12.8) 

Any AE leading to discontinuation 7 (3.9) 6 (3.5) 11 (6.0) 11 (5.8) 4 (3.8) 4 (3.7) 14 (5.4) 13 (5.2) 

Any AESI 
Non-opportunistic serious infections 

Opportunistic infections 

Anaphylaxis 

Malignancy 

Herpes zoster
b
 

Tuberculosis (including latent 

tuberculosis)
c 

Tuberculosis
d 

Influenza
b
 

Vasculitis (non-SLE) 

Major adverse cardiovascular events 

18 (10.0) 

12 (6.7) 

0 

0 

0 

2 (1.1) 

0 

 

0 

6 (3.3) 

0 

0 

22 (12.9) 

6 (3.5) 

0 

0 

2 (1.2) 

11 (6.5) 

1 (0.6) 

 

0 

4 (2.4) 

0 

0 

18 (9.7) 

10 (5.4) 

0 

0 

3 (1.6) 

3 (1.6) 

1 (0.5) 

 

0 

2 (1.1) 

0 

0 

24 (12.6) 

10 (5.3) 

1 (0.5) 

0 

1 (0.5) 

12 (6.3) 

1 (0.5) 

 

0 

2 (1.0) 

0 

1 (0.5) 

9 (8.5) 

5 (4.7) 

0 

0 

0 

2 (1.9) 

0 

 

0 

2 (1.9) 

0 

0 

9 (8.3) 

3 (2.8) 

0 

0 

1 (0.9) 

3 (2.8) 

0 

 

0 

3 (2.7) 

0 

0 

27 (10.4) 

17 (6.6) 

0 

0 

3 (1.2) 

3 (1.2) 

1 (0.4) 

 

0 

6 (2.3) 

0 

0 

37 (14.7) 

13 (5.2) 

1 (0.4) 

0 

2 (0.8) 

20 (8.0) 

2 (0.8) 

 

0 

3 (1.2) 

0 

1 (0.4) 

AE, adverse event; AESI, adverse event of special interest; GC, glucocorticoid; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious 

adverse event; SLE, systemic lupus erythematosus; SLEDAI-2K, SLE Disease Activity Index 2000. 

Patients with events classified in multiple AESI categories are counted once in each category. AE proportions are adjusted based on the Cochran–Mantel–
Haenszel weighting. An AE during treatment is defined as an AE with a date of onset ≥ day of first ever dose of investigational product and ≤ minimum ([last 
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dosing date + 28 days], end of study date, death date). AEs are coded using MedDRA version 22.1. Patients with multiple events in the same category are 

counted only once in that category.  
a
Including events with outcome of death; 

b
Includes serious and nonserious events; 

c
Including the preferred terms “latent tuberculosis” and “mycobacterium 

tuberculosis complex test positive”; dIncluding the preferred term “tuberculosis.” 
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Table S14. AEs and adjusted cumulative proportions during study treatment for patients with SLE by age of disease onset subgroups in pooled 

data from the TULIP-1 and TULIP-2 trials 

Event 

Pediatric Adult 

Placebo 

(n=24) 

Anifrolumab 

300 mg (n=26) 

Placebo 

(n=342) 

Anifrolumab 

300 mg (n=334) 

 n (%) n (%) 

Any AE 22 (92.0) 25 (96.3) 274 (80.1) 293 (87.7) 

Any SAE
a
 6 (24.7) 7 (26.5) 55 (16.1) 33 (9.9) 

Any AE leading to discontinuation 2 (8.0) 2 (7.7) 16 (4.7) 15 (4.5) 

Any AESI 

Non-opportunistic serious infections 

Opportunistic infections 

Anaphylaxis 

Malignancy 

Herpes zoster
b
 

Tuberculosis (including latent 

tuberculosis)
c 

Tuberculosis
d 

Influenza
b
 

Vasculitis (non-SLE) 

Major adverse cardiovascular events 

3 (12.3) 

3 (12.3) 

0 

0 

0 

0 

0 

 

0 

0 

0 

0 

7 (26.9) 

4 (15.4) 

0 

0 

0 

5 (19.4) 

0 

 

0 

0 

0 

0 

33 (9.6) 

19 (5.6) 

0 

0 

3 (0.9) 

5 (1.5) 

1 (0.3) 

 

0 

8 (2.3) 

0 

0 

39 (11.7) 

12 (3.6) 

1 (0.3) 

0 

3 (0.9) 

18 (5.4) 

2 (0.6) 

 

0 

6 (1.8) 

0  

1 (0.3) 

AE, adverse event; AESI, adverse event of special interest; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; SLE, 

systemic lupus erythematosus. 

Patients with events classified in multiple AESI categories are counted once in each category. AE proportions are adjusted based on the Cochran–Mantel–
Haenszel weighting. An AE during treatment is defined as an AE with a date of onset ≥ day of first ever dose of investigational product and ≤ minimum ([last 

dosing date + 28 days], end of study date, death date). AEs are coded using MedDRA version 22.1. Patients with multiple events in the same category are 

counted only once in that category.  
a
Including events with outcome of death; 

b
Includes serious and nonserious events; 

c
Including the preferred terms “latent tuberculosis” and “mycobacterium 

tuberculosis complex test positive”; dIncluding the preferred term “tuberculosis.”  
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Table S15. AEs and adjusted cumulative proportions during study treatment for patients with SLE by baseline anti–dsDNA/C3/C4 subgroup in 

pooled data from the TULIP-1 and TULIP-2 trials 

Event 

All negative/normal ≥1 positive/abnormal 

Placebo 

(n=157) 

Anifrolumab 

300 mg (n=138) 

Placebo 

(n=209) 

Anifrolumab 

300 mg (n=222) 

 n (%) n (%) 

Any AE 130 (82.8) 122 (88.2) 166 (79.8) 196 (88.3) 

Any SAE
a
 15 (9.3) 16 (11.6) 46 (21.9) 24 (11.1) 

Any AE leading to discontinuation 6 (3.7) 6 (4.3) 12 (5.9) 11 (5.1) 

Any AESI 

Non-opportunistic serious infections 

Opportunistic infections 

Anaphylaxis 

Malignancy 

Herpes zoster
b
 

Tuberculosis (including latent 

tuberculosis)
c 

Tuberculosis
d 

Influenza
b
 

Vasculitis (non-SLE) 

Major adverse cardiovascular events 

10 (6.3) 

4 (2.4) 

0 

0 

1 (0.6) 

3 (2.0) 

0 

 

0 

3 (1.9) 

0 

0 

18 (13.2) 

6 (4.5) 

0 

0 

2 (1.3) 

6 (4.3) 

1 (0.8) 

 

0 

5 (3.7) 

0 

0 

26 (12.5) 

18 (8.6) 

0 

0 

2 (1.0) 

2 (1.0) 

1 (0.4) 

 

0 

5 (2.5) 

0 

0 

28 (12.6) 

10 (4.7) 

1 (0.5) 

0 

1 (0.5) 

17 (7.6) 

1 (0.5) 

 

0 

1 (0.4) 

0 

1 (0.4) 

AE, adverse event; AESI, adverse event of special interest; anti-dsDNA, anti–double-stranded DNA; C3, complement 3; C4, complement 4; MedDRA, 

Medical Dictionary for Regulatory Activities; SAE, serious adverse event; SLE, systemic lupus erythematosus. 

Patients with events classified in multiple AESI categories are counted once in each category. AE proportions are adjusted based on the Cochran–Mantel–
Haenszel weighting. An AE during treatment is defined as an AE with a date of onset ≥ day of first ever dose of investigational product and ≤ minimum ([last 

dosing date + 28 days], end of study date, death date). AEs are coded using MedDRA version 22.1. Patients with multiple events in the same category are 

counted only once in that category. Positive anti-dsDNA is defined as value >15 U/mL. Abnormal C3 is defined as value <0.9 g/L. Abnormal C4 is defined as 

value <0.1 g/L.  
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a
Including events with outcome of death; 

b
Includes serious and nonserious events; 

cIncluding the preferred terms “latent tuberculosis” and “mycobacterium 
tuberculosis complex test positive”; dIncluding the preferred term “tuberculosis.
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