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ABSTRACT
Objective To assess the efficacy and safety of the type 
I interferon receptor antibody, anifrolumab, in patients 
with active, biopsy- proven, Class III/IV lupus nephritis.
Methods This phase II double- blinded study 
randomised 147 patients (1:1:1) to receive monthly 
intravenous anifrolumab basic regimen (BR, 300 mg), 
intensified regimen (IR, 900 mg ×3, 300 mg thereafter) or 
placebo, alongside standard therapy (oral glucocorticoids, 
mycophenolate mofetil). The primary endpoint was 
change in baseline 24- hour urine protein–creatinine ratio 
(UPCR) at week (W) 52 for combined anifrolumab versus 
placebo groups. The secondary endpoint was complete 
renal response (CRR) at W52. Exploratory endpoints 
included more stringent CRR definitions and sustained 
glucocorticoid reductions (≤7.5 mg/day, W24–52). Safety 
was analysed descriptively.
Results Patients received anifrolumab BR (n=45), 
IR (n=51), or placebo (n=49). At W52, 24- hour UPCR 
improved by 69% and 70% for combined anifrolumab 
and placebo groups, respectively (geometric mean 
ratio=1.03; 95% CI 0.62 to 1.71; p=0.905). Serum 
concentrations were higher with anifrolumab IR versus 
anifrolumab BR, which provided suboptimal exposure. 
Numerically more patients treated with anifrolumab IR 
vs placebo attained CRR (45.5% vs 31.1%), CRR with 
UPCR ≤0.5 mg/mg (40.9% vs 26.7%), CRR with inactive 
urinary sediment (40.9% vs 13.3%) and sustained 
glucocorticoid reductions (55.6% vs 33.3%). Incidence 
of herpes zoster was higher with combined anifrolumab 
vs placebo (16.7% vs 8.2%). Incidence of serious 
adverse events was similar across groups.
Conclusion Although the primary endpoint was not 
met, anifrolumab IR was associated with numerical 
improvements over placebo across endpoints, including 
CRR, in patients with active lupus nephritis.
Trial registration number NCT02547922.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a chronic auto-
immune condition that can cause multiorgan inflam-
mation and organ damage.1 Lupus nephritis (LN) is 
one of the most prevalent severe disease manifesta-
tions of SLE, occurring in ~40% of patients.2 Patients 
with Class III or IV LN3 have poor prognoses, with 
up to 45% of patients progressing to end- stage kidney 
disease within 15 years of diagnosis.4–6

High type I interferon gene signatures (IFNGS) 
are present in >80% of patients with LN,7 become 
even more pronounced in active LN,8 and are 

associated with active kidney disease and treatment 
failure.8 9 Therefore, there is scientific rationale to 
support anifrolumab, a human monoclonal anti-
body that binds to the type I interferon receptor 
subunit 1,10 as a potential LN treatment option.

Anifrolumab has been investigated in patients 
with moderate to severe SLE despite standard 
therapy in two phase III randomised placebo- 
controlled trials, TULIP- 1 and TULIP- 2.11 12 
Anifrolumab 300 mg was generally well tolerated 
and provided therapeutic benefit across several 
clinical endpoints despite TULIP- 1 not meeting 
its primary endpoint.11 12 As the TULIP trials 
excluded patients with severe, active LN, further 
studies were required to evaluate anifrolumab 
in this patient population.11 12 Here, we report 
52- week primary analysis results of the 2- year, 
phase II, randomised, placebo- controlled Treat-
ment of Uncontrolled Lupus via the Inter-
feron Pathway - Lupus Nephritis (TULIP- LN) 
trial, which evaluated the safety and effi-
cacy of two anifrolumab dosages added to  
standard therapy in patients with active LN.

Key messages

What is already known about this subject?
 ► Anifrolumab is generally well tolerated 
and efficacious across a range of clinically 
meaningful endpoints in patients with systemic 
lupus erythematosus (SLE).

 ► Anifrolumab targets the type I interferon 
signalling pathway, which plays a role in the 
pathogenesis of lupus nephritis (LN).

What does this study add?
 ► This phase II, randomised, placebo- controlled 
trial is the first investigation of an interferon- 
targeted therapy in patients with active LN.

 ► This study suggests that patients with 
LN require an intensified regimen (IR) of 
anifrolumab relative to non- renal SLE to obtain 
adequate exposure and clinical efficacy.

How might this impact on clinical practice or 
future developments?

 ► The findings of TULIP- LN merit further 
investigation of anifrolumab IR in larger 
numbers of patients with active LN.
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METHODS
Study design
This phase II trial was conducted at 66 sites in 16 coun-
tries (online supplemental table S1) in accordance with the  
Declaration of Helsinki and the International Conference on 
Harmonisation Good Clinical Practice Guideline. All patients 
provided written informed consent. The trial consisted of a 
52- week randomised, placebo- controlled, double- blind treat-
ment period, after which the primary endpoint was assessed. 
Patients then either entered an 8- week safety follow- up period 
or, if eligible, the ongoing second- year treatment period (online 
supplemental figure S1). Only the first- year data are reported 
here.

Patients
Eligible patients were 18–70 years old with a biopsy- proven 
diagnosis within 3 months of screening of Class III or IV (+/−
coexistent Class V) LN, according to the WHO or Interna-
tional Society of Nephrology and the Renal Pathology Society  
(ISN/RPS) 2003 criteria.3 Eligible patients had 24- hour urine−
protein creatinine ratios (UPCR) >1 mg/mg (113.17 mg/
mmol), estimated glomerular filtration rates (eGFR) ≥35 mL/
min/1.73 m2, and fulfilled ≥4 of the 11 American College of 
Rheumatology SLE 1997 classification criteria, including sero-
positivity for ≥1 of antinuclear, anti- double- stranded DNA (anti- 
dsDNA), and/or anti- Smith antibodies at screening.13 For full 
inclusion/exclusion criteria, see online supplemental material.

Treatments
Patients were block randomised (1:1:1) to receive anifrolumab 
basic regimen (BR; 300 mg, corresponding to SLE dosing10–12), 
anifrolumab intensified regimen (IR; 900 mg for the first  
three doses, 300 mg thereafter), or placebo intravenously every 
4 weeks for 48 weeks. Randomisation was stratified according 
to 24- hour UPCR at screening (≤3.0 vs >3.0 mg/mg) and type I 
IFNGS status (high vs low, determined as previously described14).

Investigational agents were administered along-
side standard therapy of oral glucocorticoids and  
mycophenolate mofetil (MMF). All patients received an intra-
venous methylprednisolone pulse (500 mg) within 10 days of 
randomisation. There was a mandatory oral glucocorticoid 
taper to a dosage goal of ≤10 mg/day by week 12 and ≤7.5 mg/
day by week 24 (prednisone or equivalent). MMF was titrated 
to a target dosage of 2 g/day by week 8. MMF dosage adjust-
ments were permitted for suboptimal responses, toxicity or 
intolerability. Stable oral glucocorticoid and MMF dosages were 
required during weeks 40–52. Standard therapy requirements 
are detailed further in online supplemental material.

Prespecified discontinuation criteria
During the 52- week treatment period, patients were required 
to discontinue investigational product treatment if they 
had predefined worsening of LN, which was defined as an 
LN- related, confirmed eGFR decrease >30% from baseline to  
<60 mL/min/1.73 m2 at any time, eGFR decrease <75% from 
baseline to <60 mL/min/1.73 m2 at week 12 or week 24, or 
nephrotic range UPCR at week 12 or week 24 (>3.5 mg/mg 
or <60% improvement in patients >3 mg/mg at baseline).

Investigational product was discontinued in the case of 
failure to adhere to protocol- specified standard therapy require-
ments, including a mandatory oral glucocorticoid taper to 
a dosage of ≤15 mg/day by week 12 or <15 mg/day by week 
24. Patients were also required to discontinue investigational 

product treatment if they received rescue treatments (eg,  
cyclophosphamide, high- dose glucocorticoids and/or rituximab) 
owing to worsening LN or SLE at any time, or if they received 
protocol- specified forbidden medications at any time. Stan-
dard therapy requirements and forbidden medication rules are 
detailed further in online supplemental material.

Outcomes
Primary endpoint
The primary endpoint was the relative difference in the mean 
change from baseline to week 52 in 24- hour UPCR in the 
combined anifrolumab (IR plus BR) versus placebo group, 
measured with a geometric mean (GM) ratio (GMR; <1 favours 
anifrolumab) using the equation:

 
GMR =

GM
(
24-hour UPCR at week 52
24-hour UPCR at baseline

)
combined anifrolumab

GM
(
24-hour UPCR at week 52
24-hour UPCR at baseline

)
placebo   

Secondary endpoint
The secondary endpoint was the difference in the combined 
anifrolumab vs placebo groups in the proportion of patients 
with a complete renal response (CRR) at week 52, defined as 
24- hour UPCR ≤0.7 mg/mg, eGFR ≥60 mL/min/1.73 m2 or 
no decrease ≥20% from baseline, no investigational product 
discontinuation and no use of restricted medications. Restricted 
medications are listed in online supplemental material.

Exploratory endpoints
Exploratory endpoints included mean UPCR over time; the 
proportion of patients with sustained oral glucocorticoid tapers 
(≤7.5 mg/day prednisone equivalent from weeks 24–52, among 
those receiving ≥20 mg/day at baseline); the proportion of 
patients with an alternative CRR (aCRR), defined as a CRR 
that required inactive urine sediment (<10 red blood cells per 
high- power field); the proportion of patients with a CRR and 
sustained oral glucocorticoid taper; mean change from baseline 
in non- renal SLE Disease Activity Index 2000 (SLEDAI- 2K),15 
Physician’s Global Assessment (PGA),16 Patient’s Global  
Assessment (PtGA),17 lupus serologies (anti- dsDNA antibodies, 
C3/C4); and the immunogenicity, pharmacokinetic (PK) and 
pharmacodynamic (PD) profile of anifrolumab. PD neutralisa-
tion was measured as the median percentage change of baseline 
21- gene type I IFNGS (21- IFNGS), as described previously.10 14 18

Post hoc analyses included cumulative proteinuria (area under 
the curve in UPCR standardised by expected follow- up time), 
the proportion of patients with a CRR with UPCR ≤0.5 mg/mg 
(CRR0.5), and probability of CRR0.5 response sustained through 
week 52.

Safety assessments included adverse events (AEs), laboratory 
assessments and vital signs. AEs of special interest (AESI) were 
non- opportunistic serious infections, opportunistic infections, 
herpes zoster (HZ), influenza, malignancy, tuberculosis, hyper-
sensitivity and major adverse cardiovascular events.

Sample size estimation
A 1:1:1 randomised sample size of 50 patients per treatment 
arm was planned to provide ~87% power at the two- sided alpha 
level of 0.0499 to detect a relative difference of 0.76 or less in 
24- hour UPCR GMR from baseline to week 52 for combined 
anifrolumab versus placebo.
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Statistical analysis
The primary endpoint was analysed using a mixed model for 
repeated measures fitted to log- transformed 24- hour UPCR 
values, controlling for stratification factors and based on observed 
data up to investigational product discontinuation. Binary 
endpoints, responder rates and 95% CIs were calculated using 
a stratified Cochran- Mantel- Haenszel approach, controlling for 
stratification factors. Safety was analysed descriptively.

Efficacy and safety analyses were conducted using the modi-
fied intention- to- treat (mITT) population. Patients enrolled at 
sites in Italy and France were excluded from the analyses of 
secondary and exploratory binary CRR efficacy endpoints. This 
exclusion was because the Italian Medicines Agency and the 
France Ethics Committee did not agree to a protocol amend-
ment that included changes to the cut- off values for the renal 
function and proteinuria components of the CRR definition.

All analyses were performed with Statistical Analysis System 
(SAS; SAS Institute Inc., Cary, NC), V.9.3 or higher. Individual 
anifrolumab regimens versus placebo analyses were conducted 
using a hierarchical testing strategy to control the familywise 
error. Further details on statistical analyses are provided in  
online supplemental material.

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

RESULTS
Trial population
Between November 2015 and November 2018, 338 patients 
were screened, and 147 patients were randomised (figure 1). 
Of the 145 patients in the mITT population, 45 received 
anifrolumab BR, 51 received anifrolumab IR and 49 received 
placebo.

Demographics and baseline disease characteristics 
are shown in table 1. At screening, 26.9% of patients 
had Class III LN and 73.1% of patients had Class IV 
LN (41.0% and 21.7% of whom had coexistent Class 
V disease, respectively). Most patients (94.5%) were 
IFNGS high. At baseline, 77.2% of patients had eGFR  
≥60 mL/min/1.73 m2. Demographics and baseline disease 
characteristics were generally balanced between groups; 
however, the placebo group had higher mean baseline 
24- hour UPCR, lower mean baseline eGFR, longer median 
time from initial LN diagnosis and more patients with low 
C3 or C4 than both anifrolumab groups. Most patients were 
receiving standard therapy for LN at baseline (mean dosage 
22.3 mg/day prednisone equivalent oral glucocorticoids and 
1.8 g/day MMF); treatments were balanced between groups.

Overall, 126/145 patients (86.9%) completed the 52- week 
period (BR: 77.8%, IR: 98.0%, placebo: 83.7%), and 
101/145 patients (69.7%) completed investigational product 
treatment at week 52 (figure 1). More patients discontinued 

Figure 1 Patient disposition for the completed 52- week double- blind treatment period. All percentages are based on the 145 patients in the full 
analysis set (modified intention- to- treat population), who were included in the primary endpoint analysis. aOf patients not randomised, 179 did not 
meet the screening criteria, 7 withdrew consent, 2 experienced AEs, 1 was lost to follow- up, 1 patient was not included because of the physician’s 
decision, and 1 patient was not included for unspecified reason (‘other’). bOne patient was assigned to but did not receive ≥1 dose of each of the 
anifrolumab regimens and therefore was not included in the analysis. AE, adverse event; BR, basic regimen; IR, intensified regimen.
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Table 1 Patient demographics and disease characteristics

Anifrolumab combined (n=96) Anifrolumab BR (n=45) Anifrolumab IR (n=51) Placebo (n=49)

Patient demographics

  Age, years Median (range) 34.5 (18, 67) 34.0 (19, 67) 35.0 (18, 65) 32.0 (18, 58)

  Sex Female, n (%) 82 (85.4) 37 (82.2) 45 (88.2) 38 (77.6)

  Weight Mean (SD), kg 65.4 (15.0) 62.7 (12.3) 67.7 (16.8) 65.6 (13.3)

  BMI Mean (SD) 25.1 (5.06) 24.0 (3.77) 26.0 (5.85) 24.5 (3.93)

>28 kg/m2, n (%) 23 (24.0) 7 (15.6) 16 (31.4) 9 (18.4)

  Race, n (%) White 42 (43.8) 17 (37.8) 25 (49.0) 24 (49.0)

Black/African 
American

6 (6.3) 2 (4.4) 4 (7.8) 1 (2.0)

Asian 18 (18.8) 11 (24.4) 7 (13.7) 10 (20.4)

Native Hawaiian/
Pacific Islander

1 (1.0) 1 (2.2) 0 0

American Indian/
Alaska Native

4 (4.2) 3 (6.7) 1 (2.0) 0

Other 25 (26.0) 11 (24.4) 14 (27.5) 14 (28.6)

  Hispanic or Latino ethnicity, n (%) 45 (46.9) 22 (48.9) 23 (45.1) 20 (40.8)

  Geographic region, n (%) Asia Pacific 18 (18.8) 10 (22.2) 8 (15.7) 9 (18.4)

Europe 26 (27.1) 10 (22.2) 16 (31.4) 15 (30.6)

Latin America 34 (35.4) 14 (31.1) 20 (39.2) 16 (32.7)

North America 18 (18.8) 11 (24.4) 7 (13.7) 9 (18.4)

Baseline disease characteristics

  Time from initial LN diagnosis to randomisation, 
mean (range), months

6.8
(0.4, 306.9)

3.4
(1.1, 212.7)

15.7
(0.4, 306.9)

37.0
(0.7, 328.3)

  Renal biopsy result at 
screening, n (%)

Class III 17 (17.7) 7 (15.6) 10 (19.6) 6 (12.2)

Class III+V 11 (11.5) 7 (15.6) 4 (7.8) 5 (10.2)

Class IV 53 (55.2) 26 (57.8) 27 (52.9) 30 (61.2)

Class IV+V 15 (15.6) 5 (11.1) 10 (19.6) 8 (16.3)

  24- hour UPCR, mg/mg Mean (SD) 3.10 (2.18) 3.36 (2.50) 2.86 (1.85) 3.71 (3.20)

>3.0, n (%) 36 (37.5) 19 (42.2) 17 (33.3) 23 (46.9)

  eGFR* mL/min/1.73 m2 Mean (SD) 97.1 (44.77) 100.2 (46.77) 94.4 (43.22) 87.3 (35.43)

≥60, n (%) 73 (76.0) 35 (77.8) 38 (74.5) 39 (79.6)

  SLEDAI- 2K† score Mean (SD) 10.7 (4.83) 10.4 (4.63) 11.0 (5.04) 11.3 (4.38)

≥10, n (%) 51 (53.1) 23 (51.1) 28 (54.9) 29 (59.2)

  Non- renal SLEDAI- 2K† 
score

Mean (SD) 4.7 (3.12) 5.2 (3.44) 4.2 (2.74) 4.7 (2.30)

  IFNGS status High, n (%) 91 (94.8) 44 (97.8) 47 (92.2) 46 (93.9)

  Serology, n (%) ANA positive‡ 90 (93.8) 44 (97.8) 46 (90.2) 49 (100)

Anti- dsDNA 
positive§

76 (79.2) 37 (82.2) 39 (76.5) 39 (79.6)

Low C3¶ 57 (59.4) 30 (66.7) 27 (52.9) 42 (85.7)

Low C4¶ 24 (25.0) 10 (22.2) 14 (27.5) 20 (40.8)

Baseline treatments

  Oral glucocorticoids** Yes, n (%) 94 (97.9) 43 (95.6) 51 (100) 48 (98.0)

Dosage, mean (SD), 
mg/day

22.6 (10.63) 21.9 (10.4) 23.2 (10.88) 21.9 (11.20)

≥20 mg/day, n (%) 67 (69.8) 31 (68.9) 36 (70.6) 33 (67.3)

  MMF before randomisation Yes, n (%) 72 (75.0) 36 (80.0) 36 (70.6) 33 (67.3)

Dosage, mean (SD), 
g/day

1.81 (0.502) 1.82 (0.551) 1.79 (0.460) 1.77 (0.469)

Concomitant ACEI/ARB treatment, n (%) 63 (65.6) 27 (60.0) 36 (70.6) 33 (67.3)

Antimalarials, n (%) 57 (59.4) 31 (68.9) 26 (51.0) 35 (71.4)

Baseline is defined as the last measurement prior to randomisation and dose administration on day 1.
*eGFR is calculated using the MDRD formula.
†The SLEDAI- 2K is a 24- item weighted score of lupus activity that ranges from 0 to 105, with higher scores indicating greater disease activity.
‡ANA positive was defined as a titre ≥1:40.
§Anti- dsDNA positive was defined as an anti- dsDNA level above the assay cut- off for positive.
¶Low complement level at baseline was defined as a complement level below lower limit of normal.
**Baseline oral glucocorticoid dosage is defined as the maximum daily dose of prednisone or equivalent taken between day 1 and day 7, inclusive.
ACEI, ACE inhibitors; ANA, antinuclear antibodies; anti- dsDNA, anti- double- stranded DNA; ARB, angiotensin receptor blockers; BMI, body mass index; BR, basic regimen; C3, 
complement 3; C4, complement 4; eGFR, estimated glomerular filtration rate; IFNGS, interferon gene signature; IR, intensified regimen; LN, lupus nephritis; MDRD, modification of 
diet in renal disease; MMF, mycophenolate mofetil; SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 2000; UPCR, urine protein–creatinine ratio.
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investigational product early in the placebo (42.9%) than 
in both anifrolumab groups (BR: 28.9%, IR: 19.6%; online 
supplemental figure S2). There were 75 patients who entered 
the second- year extension period; only the first- year results 
are reported here.

Efficacy
Primary endpoint
The primary endpoint was not met; at week 52, the mean 
24- hour UPCR improved from baseline by 69% and 70% to  
0.92 mg/mg and 1.05 mg/mg in the combined anifrolumab 
and placebo groups, respectively, resulting in a GMR of 1.03  
(95% CI 0.62 to 1.71, p=0.905; GMR <1 favours anifrolumab; 
figure 2A; online supplemental table S2). The outcome of the 
preplanned efficacy analysis for the combined anifrolumab versus 
placebo group was made less clinically meaningful by the subop-
timal PK exposure and PD neutralisation in the anifrolumab 
BR group, owing to higher drug clearance associated with  
proteinuria in patients with active LN versus patients with non- 
renal SLE19 20 (see later sections). As the primary endpoint was 
not met, the secondary endpoint was not formally tested per the 
statistical analysis plan. For all remaining endpoints, reported  
p values are nominal and should not be used to conclude statis-
tical significance.

Mean 24- hour UPCR improved over time across treatment 
groups (online supplemental figure S3). The GM improvements 
in 24- hour UPCR were numerically larger in both anifrolumab 
groups vs placebo at weeks 12 and 24, but not at weeks 36 or 
52 (figure 2A). In the anifrolumab IR group, the 24- hour UPCR 
improved by 71% from baseline to 0.88 mg/mg at week 52, which 
was similar to the improvement with placebo (GMR=0.96; 
95% CI 0.55 to 1.69) (figure 2A). Both anifrolumab groups had 
numerically lower cumulative UPCRs than placebo throughout 
the treatment duration (online supplemental figure S4). There 
were no major differences in 24- hour UPCR changes from base-
line to week 52 across predefined subgroups (online supple-
mental figure S5). Post hoc sensitivity analysis controlling for 
time from LN diagnosis did not reveal any major impact on 
primary results (data not shown).

Secondary endpoint
At week 52, the percentages of patients with a CRR were similar 
in the combined anifrolumab and placebo groups (31.0% vs 
31.1%, difference −0.1% (95% CI −16.9 to 16.8)) (table 2). 
The proportion of patients with a CRR was greater in the 
anifrolumab IR group than in the placebo group (45.5% vs 
31.1%, difference 14.3% (95% CI −5.8 to 34.5)) and was lower 
in the anifrolumab BR group than in the placebo group (16.3% 
vs 31.1%, difference −14.8% (95% CI −32.9 to 3.2)).

The proportions of patients in each treatment group who 
attained the individual components of the CRR at week 52 are 
displayed in online supplemental table S3. A greater proportion of 
patients in the anifrolumab IR group had 24- hour UPCR ≤0.7 mg/
mg at week 52 compared with the anifrolumab BR or placebo 
groups (anifrolumab IR: 50.0%; anifrolumab BR: 32.6%; placebo: 
35.6%). At week 52, 81.8% of the anifrolumab IR group, 79.1% 
of the anifrolumab BR group, and 73.3% of the placebo group 
had eGFR ≥60 mL/min/1.73 m2 or no decrease ≥20% from base-
line, with mean (SD) eGFR values of 94.5 (36.2), 95.8 (24.9) and 
84.7 (30.1) mL/min/1.73 m2, respectively.

Exploratory endpoints
The proportion of patients who had an aCRR at week 52 
(which required inactive urinary sediment) was greater in the 

anifrolumab IR group than the placebo group (40.9% vs 13.3%, 
difference 27.6% (95% CI 9.4 to 45.7)), and was lower in the 
anifrolumab BR group than in the placebo group (7.0% vs 
13.3%, difference −6.4% (95% CI –20.6 to 7.8)). The propor-
tion of patients with inactive urinary sediment (<10 red blood 
cells per high- power field) was also greater in the anifrolumab 
IR group (77.3%) than in the anifrolumab BR group (55.8%) or 
placebo group (42.2%) (online supplemental table S3).

A similar trend was observed with CRR0.5; the proportion 
of patients who had a CRR0.5 at week 52 was greater in the 
anifrolumab IR group than the placebo group (40.9% vs 26.7%, 
difference 14.2% (95% CI −5.4 to 33.9)) and was lower in the 
anifrolumab BR group than in the placebo group (16.3% vs 
26.7%, difference −10.4 (95% CI −28.1 to 7.3) (table 2).

Response rates were higher with anifrolumab IR vs placebo 
as early as week 12 and remained higher over time across all 
CRR definitions (figure 2B; online supplemental figure S6). 
Compared with placebo, patients in the anifrolumab IR group 
were more likely to have a CRR0.5 response sustained through 
week 52 (sustained CRR0.5 HR 1.46; 95% CI 0.71 to 3.14) 
(figure 2C). Anifrolumab BR responses for all CRR definitions 
were generally similar to or lower than placebo at all timepoints 
apart from week 12 (figure 2B, online supplemental figure S6).

The proportion of patients who had a sustained oral glucocor-
ticoid dosage taper ≤7.5 mg/day was greater in the anifrolumab 
IR group than in the placebo group (55.6% vs 33.3%, differ-
ence 22.2% (95% CI −0.8 to 45.2)) and was similar in the 
anifrolumab BR and placebo groups (35.5% vs 33.3%, difference 
2.2% (95% CI −21.4 to 25.7)). The proportion of patients who 
had a CRR with sustained glucocorticoid taper was also greater 
in the anifrolumab IR group than in the placebo group (34.1% vs 
24.4%, difference 9.7% (95% CI −9.5 to 28.8)) but was lower 
in the anifrolumab BR group than in the placebo group (14.0% 
vs 24.4%, difference −10.5 (95% CI –27.6 to 6.6)) (table 2).

Compared with placebo, anifrolumab IR was associated with 
greater improvements from baseline in measures of disease 
activity (SLEDAI- 2K, PGA and PtGA), whereas the anifrolumab 
BR was associated with greater improvements in SLEDAI- 2K 
but not for PGA or PtGA (figure 3A−C). Improvements from 
baseline in lupus serologies (anti- dsDNA antibodies, C3 and 
C4) were variable; however, there was a trend towards greater 
improvements in anti- dsDNA antibodies and C3 levels with 
anifrolumab IR and anifrolumab BR than with placebo by week 
52 (online supplemental figure S7).

Pharmacokinetics
The PK analysis included 95 patients who received anifrolumab 
and had ≥1 quantifiable serum PK observation after the first 
dose. Anifrolumab exhibited non- linear PK between the 
anifrolumab BR and IR groups (online supplemental figure S8). In  
IFNGS- high patients (94.5%), the median week 12 anifrolumab 
steady- state concentration was 63.4 µg/mL with anifrolumab IR 
and 8.2 µg/mL with anifrolumab BR (~50% lower than in non- 
renal SLE21) (online supplemental figure S9). After anifrolumab 
IR was tapered to 300 mg at week 12, the median trough concen-
trations at week 24 and week 36 were lower than in patients 
with non- renal SLE. Anifrolumab clearance was higher among 
patients with UPCR >3 mg/mg vs ≤3 mg/mg at baseline (online 
supplemental figure S10). Anifrolumab clearance decreased over 
time. Larger decreases in baseline clearance (≥33% decrease 
at week 52) were associated with greater reductions in base-
line 24- hour UPCR after week 12 compared with patients who 
had smaller decreases in baseline clearance (<20% decrease at 
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Figure 2 Key efficacy endpoints over time. Error bars represent 95% CIs. aGM of the ratio of the 24- hour UPCR values at each time point over the 
baseline value for each treatment group (values <1 indicate an improvement). bGMR of the relative improvement in 24- hour UPCR for anifrolumab 
groups vs placebo groups, where GMR <1 favours anifrolumab. A p≤0.05 for the combined anifrolumab vs placebo group was deemed significant. 
All other p values presented are nominal. cPatients from France and Italy (n=13) were excluded from the analysis (see online supplemental material). 
dProbability of obtaining a sustained CRR0.5 was analysed post hoc using a Cox regression model controlling for stratification factors. BR, basic 
regimen; CRR, complete renal response; CRR0.5, CRR with UPCR ≤0.5 mg/mg; GM, geometric mean; GMR, geometric mean ratio; IR, intensified 
regimen; UPCR, urine protein–creatinine ratio.
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week 52) (online supplemental figure S11). This association was 
observed to a greater extent in patients with baseline 24- hour 
UPCR >3 mg/mg (who had higher clearance) compared with 
patients with baseline 24- hour UPCR ≤3 mg/mg (online supple-
mental figure S11).

Pharmacodynamics
The PD analysis included 137 IFNGS- high patients. A median 
PD neutralisation >80% was observed with anifrolumab IR 
across all visits (weeks 12, 24, 36 and 52). Sustained PD neutral-
isation to this degree was not observed with anifrolumab BR 
(figure 3D). Minimal PD neutralisation was observed in the 
placebo group.

Safety and tolerability
Table 3 shows the safety summary. The percentages of patients 
with any AE were 95.6%, 92.2% and 89.8% in the anifrolumab 
BR, anifrolumab IR and placebo groups, respectively. The AEs 
that were more common (≥5% difference) in the combined 
anifrolumab versus placebo groups were HZ, urinary tract 
infection and influenza. Serious AEs occurred in 22.2%, 17.6% 
and 16.3% of the anifrolumab BR, anifrolumab IR and placebo 
groups, respectively. HZ was the only serious AE reported in  
>1 patient per treatment group. There were no deaths 
during the treatment period. There was one fatal vascular  
neurological AE in the anifrolumab BR group during the 
follow- up. AEs leading to investigational product discontinua-
tion occurred in 11.1%–12.2% of patients across groups.

Overall, AESIs occurred in 24.0% and 16.3% of patients in 
the combined anifrolumab and placebo groups, respectively. 
Of the AESIs, HZ and influenza occurred more commonly in 
the combined anifrolumab versus placebo group. HZ occurred 
in 20.0%, 13.7% and 8.2% of patients in the anifrolumab BR, 
anifrolumab IR and placebo groups, respectively. Of the 16 HZ 
cases in the combined anifrolumab group, the majority were of 
mild to moderate intensity, 6 were serious, and all were cuta-
neous (13 localised, 3 disseminated). HZ events tended to occur 
early in the trial (online supplemental figure S12) and were 
resolved with conventional treatment. The incidence of other 
AESIs was low across groups.

DISCUSSION
There is high unmet need in the treatment of LN. Despite recent 
advances, remission rates remain suboptimal,22–24 and patients 
are at high risk of developing end- stage kidney disease4–6 and 
drug- related toxicity, particularly relating to prolonged, high- 
dose glucocorticoid use.19 25

Here, we report the primary analysis results of the phase II 
TULIP- LN trial, which explored the safety and efficacy of two 
anifrolumab dosing regimens alongside standard therapy in 
patients with active LN. The primary endpoint was not met; 
however, UPCR improvement in the combined anifrolumab 
group versus placebo group was adversely impacted by the  
suboptimal anifrolumab exposure obtained with BR dosing 
(~50% lower than in non- renal SLE21). The suboptimal PK 
exposure with anifrolumab BR was likely related to increased 

Table 2 Summary of secondary and exploratory endpoints

Endpoints Responders, n/N (%)* Difference (95% CI)* Nominal p value†

CRR at week 52‡ Combined 27/87 (31.0) –0.1 (–16.9, 16.8) 0.993

Basic 7/43 (16.3) –14.8 (–32.9, 3.2) 0.107

Intensified 20/44 (45.5) 14.3 (–5.8, 34.5) 0.162

Placebo 14/45 (31.1) – –

aCRR at week 52‡ Combined 21/87 (24.1) 10.8 (–3.3, 25.0) 0.134

Basic 3/43 (7.0) –6.4 (–20.6, 7.8) 0.380

Intensified 18/44 (40.9) 27.6 (9.4, 45.7) 0.003

Placebo 6/45 (13.3) – –

CRR0.5 at week 52‡§ Combined 25/87 (28.7) 2.1 (−14.3, 18.4) –

Basic 7/43 (16.3) −10.4 (−28.1, 7.3) –

Intensified 18/44 (40.9) 14.2 (−5.4, 33.9) –

Placebo 12/45 (26.7) – –

Sustained oral glucocorticoid dosage reduction 
(≤7.5 mg/day, week 24 to week 52¶)

Combined 31/67 (46.3) 12.9 (–7.3, 33.1) 0.209

Basic 11/31 (35.5) 2.2 (–21.4, 25.7) 0.858

Intensified 20/36 (55.6) 22.2 (–0.8, 45.2) 0.058

Placebo 11/33 (33.3) – –

CRR with sustained oral glucocorticoid dosage 
reduction to ≤7.5 mg/day‡

Combined 21/87 (24.1) –0.3 (–16.1, 15.5) 0.970

Basic 6/43 (14.0) –10.5 (–27.6, 6.6) 0.229

Intensified 15/44 (34.1) 9.7 (–9.5, 28.8) 0.323

Placebo 11/45 (24.4) – –

A CRR required 24- hour UPCR ≤0.7 mg/mg, eGFR ≥60 mL/min/1.73 m2 or no decrease ≥20% from baseline, no investigational product discontinuation and no use of restricted 
medications. An aCRR required all of the above CRR criteria, but with inactive urinary sediment, defined as <10 red blood cells per high- power field. A CRR0.5 required all of the 
above CRR criteria, but with 24- hour UPCR ≤0.5 mg/mg.
*The response rates, differences between the groups and associated 95% CIs were calculated with a weighted Cochran- Mantel- Haenszel method. Differences between 
anifrolumab and placebo groups were calculated in percentage points (the percentage in the anifrolumab group minus the percentage in the placebo group).
†Nominal p values are unadjusted as the primary outcome was not significant so all other comparisons are considered non- significant.
‡Patients from France and Italy were excluded from the analysis.
§Analysed post hoc.
¶Analysed in patients with baseline oral glucocorticoid dosage ≥20 mg/day.
aCRR, alternative CRR; CRR, complete renal response; CRR0.5, CRR with UPCR ≤0.5 mg/mg; n, number of patients meeting the criteria for a response; N, number of patients 
included in the analysis; UPCR, urine protein–creatinine ratio.
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clearance associated with proteinuria in LN19 20; indeed, we 
observed an association between the magnitude of decrease 
in anifrolumab clearance and the improvement in 24- hour 
UPCR over time. The suboptimal PK exposure obtained 
with the anifrolumab BR regimen was also reflected in the 
lower degree of 21- IFNGS neutralisation and relatively infre-
quent clinical responses observed with anifrolumab BR. The 
anifrolumab IR was required to attain serum exposure and PD 

neutralisation that was similar to levels observed in non- renal 
SLE.26 As such, the anifrolumab IR was required to reach 
clinical efficacy, with clinically meaningful responses across 
renal endpoints, including proteinuria, multiple stringent 
CRR definitions (including requirements for UPCR ≤0.5 mg/
mg or inactive urinary sediment), sustained oral glucocorti-
coid dosage reductions, disease activity measures and lupus 
serologies.

Figure 3 Measures of disease activity and IFNGS neutralisation over time. Number of patients with non- missing value at visit are presented. 
SLEDAI- 2K, PGA and PtGA change from baseline were analysed using a mixed model for repeated measures, controlling for stratification factors, and 
based on observed data up to investigational product discontinuation. PD neutralisation was analysed descriptively. BR, basic regimen; IFN, interferon; 
IFNGS, interferon gene signature; IR, intensified regimen; LS, least squares; MAD, median absolute deviation; PD, pharmacodynamic; PGA, Physician’s 
Global Assessment, PtGA, Patient’s Global Assessment; SLEDAI- 2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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Reduction of proteinuria is associated with reduced risk of  
end- stage kidney disease27–29; thus, it is an appropriate and 
objective surrogate endpoint for a proof- of- concept trial. Here, 
numerically greater improvements in 24- hour UPCR were 
observed early in the trial with both anifrolumab groups vs 
placebo; however, by week 52, all treatment groups had improve-
ments in baseline 24- hour UPCR of approximately 70%. In the 
placebo group, the 24- hour UPCR improvement may have been 
overestimated, owing to large amounts of missing data gener-
ated from the high rate of investigational product discontinua-
tion. These missing data were imputed into the primary analysis 
model; however, high levels of data imputation could confound 
the model- estimated treatment effect. In the cumulative UPCR 
analysis, treatment with both anifrolumab regimens numerically 
improved cumulative proteinuria over time more than placebo. 
By week 52, cumulative UPCR was ~30% and ~20% lower 
than placebo in the anifrolumab IR and BR groups, respectively. 
Cumulative UPCR signifies overall proteinuria improvement 
over time, so it may be less susceptible to short- term confounders, 
including collection errors, diet and exercise.30 31

Anifrolumab IR was also associated with clinically mean-
ingful responses over placebo across CRR definitions as early as  
week 12, including the robust composite endpoint CRR0.5, which 
is favoured for registrational clinical trials.32 33 Anifrolumab IR 
yielded the strongest response (treatment difference 28%) for 
aCRR, a highly stringent endpoint requiring no haematuria (a 
pathognomonic marker of active glomerular inflammation34). 
More patients also achieved a sustained oral glucocorticoid 
dosage reduction and a CRR with a sustained dosage reduction 
with anifrolumab IR vs placebo, which merits further explora-
tion, as reducing glucocorticoid dosages is a key treatment goal 
for patients with LN.19 25

The safety profile of anifrolumab in LN was generally consis-
tent with SLE without active renal disease, including higher inci-
dence of HZ with anifrolumab versus placebo.10 35 Most AEs 
were mild or moderate in intensity, were not serious, and did 
not lead to investigational product discontinuation.35 In align-
ment with previous observations,36–38 the incidence of HZ was 
higher among patients with LN than those with non- renal SLE. 
This was likely related to LN requiring more potent background 

Table 3 AEs during the treatment period (mITT population)

Patients, n (%)
Anifrolumab combined 
(n=96)

Anifrolumab BR
(n=45)

Anifrolumab IR
(n=51)

Placebo
(n=49)

Any AE 90 (93.8) 43 (95.6) 47 (92.2) 44 (89.8)

Any AE with outcome of death 0 0 0 0

Any SAE 19 (19.8) 10 (22.2) 9 (17.6) 8 (16.3)

Any AE leading to discontinuation of investigational product 11 (11.5) 5 (11.1) 6 (11.8) 6 (12.2)

Adverse events of special interest 23 (24.0) 12 (26.7) 11 (21.6) 8 (16.3)

  Non- opportunistic serious infections* 1 (1.0) 0 1 (2.0) 3 (6.1)

  Opportunistic infections† 1 (1.0) 1 (2.2) 0 1 (2.0)

  Anaphylaxis 0 0 0 0

  Infusion- related reactions 1 (1.0) 1 (2.2) 0 2 (4.1)

  Malignancy 1 (1.0) 0 1 (2.0) 0

  Herpes zoster‡ 16 (16.7) 9 (20.0) 7 (13.7) 4 (8.2)

  Tuberculosis/LTB 0 0 0 0

  Influenza§ 8 (8.3) 2 (4.4) 3 (5.9) 1 (2.0)

  Vasculitis (non- SLE) 0 0 0 0

  Major adverse cardiovascular events according to the CV- EAC 0 0 0 1 (2.0)

Any AEs ≥5% in the combined anifrolumab group

  Urinary tract infection 16 (16.7) 10 (22.2) 6 (11.8) 5 (10.2)

  Herpes zoster 16 (16.7) 9 (20.0) 7 (13.7) 4 (8.2)

  Nasopharyngitis 15 (15.6) 6 (13.3) 9 (17.6) 9 (18.4)

  Upper respiratory tract infection 15 (15.6) 8 (17.8) 7 (13.7) 8 (16.3)

  Bronchitis 11 (11.5) 4 (8.9) 7 (13.7) 6 (12.2)

  Influenza§ 8 (8.3) 2 (4.4) 6 (11.8) 1 (2.0)

  Diarrhoea 7 (7.3) 3 (6.7) 4 (7.8) 10 (20.4)

  Cough 7 (7.3) 4 (8.9) 3 (5.9) 4 (8.2)

  Pharyngitis 7 (7.3) 3 (6.7) 4 (7.8) 2 (4.1)

  Oral herpes 6 (6.3) 3 (6.7) 3 (5.9) 2 (4.1)

  Headache 5 (5.2) 2 (4.4) 3 (5.9) 4 (8.2)

  Herpes simplex 5 (5.2) 3 (6.7) 2 (3.9) 2 (4.1)

  Nausea 5 (5.2) 1 (2.2) 4 (7.8) 2 (4.1)

AEs are coded using MedDRA V.22.1. Percentages are based on the 145 patients in the mITT who received ≥1 dose of anifrolumab or placebo. Any AE occurring from the day of 
the first dose to 28 days after the last dose was included.
*Excludes tuberculosis/latent tuberculosis and influenza.
†Excludes herpes zoster and visceral disseminated herpes zoster.
‡Includes visceral disseminated herpes zoster.
§In the anifrolumab IR group, the AESI incidence of influenza cases was derived from the AE category, as there were three recorded cases of influenza in the AESI category and 
six in the any AE category, owing to data collection differences.
AE, adverse event; AESI, AE of special interest; BR, basic regimen; CV- EAC, Cardiovascular Event Adjudication Committee; IR, intensified regimen; LTB, latent tuberculosis; 
MedDRA, Medical Dictionary for Regulatory Activities; mITT, modified intention- to- treat; SAE, serious adverse event; SLE, systemic lupus erythematosus.
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immunosuppressive regimens, including glucocorticoids,19 which 
are identified risk factors for HZ reactivation.37 39 Consistently, 
HZ tended to occur early in the trial when glucocorticoids had 
not yet been tapered. Most HZ events were mild or moderate, 
cutaneous, and resolved with antivirals without investigational 
product discontinuation.

Limitations include that this was a proof- of- concept, dose- 
finding study, with a relatively small enrolment of patients. 
There was also a high rate of investigational product discontin-
uation; as discussed previously, this may have confounded the 
high 24- hour UPCR improvement estimate for placebo. Discon-
tinuations could also have impacted binary response rates, as 
patients meeting the discontinuation criteria or using restricted 
medications were classified as non- responders, irrespective of 
disease activity improvements.

Overall, the TULIP- LN study results support further assess-
ment of the efficacy and safety of anifrolumab IR in patients with 
active LN. The PK results suggest that three intensified doses of 
anifrolumab 900 mg improved clearance to a lower rate, enabling 
dosage tapering to the 300 mg every 4 weeks regimen indicated 
for patients with SLE without active renal disease.40 In patients 
with active LN, the anifrolumab IR was required to obtain clin-
ical efficacy; indeed, the anifrolumab IR was numerically supe-
rior to placebo for several clinically relevant endpoints, whereas 
the anifrolumab BR was not. As such, the results suggest that 
the anifrolumab IR is a more suitable dosing regimen than the 
anifrolumab BR to carry forward into future clinical investiga-
tions of anifrolumab to treat patients with active LN. Learnings 
from this trial will support dose selection and the development 
of trial designs for future studies of anifrolumab in LN.
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STUDY CENTRES 

The 66 sites in 16 countries that randomised patients are displayed in Table S1. The 

International Coordinating Investigator was: 

 David Jayne, MD, FRCP  

Department of Medicine 

University of Cambridge 

Cambridge 

United Kingdom 
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LUPUS NEPHRITIS STEERING COMMITTEE 

The role of the Lupus Nephritis Steering Committee was to provide independent, external 

lupus nephritis (LN) expertise in the development of anifrolumab in LN to the AstraZeneca 

Clinical Project Team. The provided expertise included, but was not limited to, the 

anifrolumab development strategy; the design, execution, and interpretation of clinical 

studies; support for regulatory activities; and support of external anifrolumab communication 

strategies. 

The members of the Lupus Nephritis Steering Committee were: 

 David Jayne, MD, FRCP (Chair and International Coordinating Investigator) 

Department of Medicine 

University of Cambridge 

Cambridge  

United Kingdom 

 Brad Rovin, MD 

Department of Internal Medicine–Nephrology 

Ohio State University 

Columbus 

Ohio 

 Eduardo Mysler, MD 

Rheumatology  

Organizacíon Médica de Investigacíon 

Buenos Aires 

Argentina 
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DATA AND SAFETY MONITORING BOARD 

An independent data and safety monitoring board performed evaluations of treatment-masked 

safety data at specified intervals throughout the study and made recommendations to 

AstraZeneca regarding further conduct of the study.  
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INCLUSION CRITERIA 

Patients were required to meet all the following criteria: 

 Aged 18 through 70 years at the time of screening 

 Written informed consent and any locally required authorisation (eg, Health Insurance 

Portability and Accountability Act in the United States, Data Privacy Directive in the 

European Union) obtained from the patient prior to performing any protocol-related 

procedures, including screening evaluations 

 Fulfilled at least 4 of the 11 American College of Rheumatology (ACR) 1997 

classification criteria for systemic lupus erythematosus (SLE).[1] Clinical criteria may 

have been present by history if documented in the medical record. Historical laboratory 

values could have been counted for SLE criteria but at least 1 of the following must have 

been confirmed by a central laboratory at screening: 

o Positive antinuclear antibody (ANA) test (1:40 or higher) by immunofluorescence 

assay  

o Elevated anti–double-stranded DNA (anti-dsDNA) antibodies (reported as equivocal 

or positive results) 

o Anti-Smith antibody elevated to above normal (ie, positive or equivocal results)  

 Weight ≥40.0 kg at screening 

 Diagnosis of proliferative lupus nephritis (LN) based on a renal biopsy obtained within 3 

months prior to signing the informed consent form (ICF) or during the screening period: 

o Class III or IV (±V) LN according to the World Health Organization (WHO) or 

2003 International Society of Nephrology/Renal Pathology Society (ISN/RPS) 

classification (based on local evaluation of renal biopsy)[2] 
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o Urine protein–creatinine ratio (UPCR) >1 mg/mg (113.17 mg/mmol), obtained on a 

24-hour urine collection at both the start of screening and within 14 days prior to the 

expected date of randomisation (without results of this sample, patients could not be 

randomised; turnaround time for results from central laboratory was up to 7 days) 

o Estimated glomerular filtration rate (eGFR) ≥35 mL/min/1.73 m
2
 (calculated using 

the Modification of Diet in Renal Disease [MDRD] formula, with screening 

laboratory results for serum creatinine value)  

 Negative serum β-human chorionic gonadotropin (β-hCG) test at screening (female 

patients of childbearing potential only) 

 Negative urine pregnancy test for women of childbearing potential prior to 

administration of investigational product and prior to the first dose of sponsor-provided 

mycophenolate mofetil (MMF) 

 Women of childbearing potential were required to use two effective methods of avoiding 

pregnancy, one of which must have been a barrier method, from screening until 12 weeks 

after the final dose of investigational product unless the patient was surgically sterile (ie, 

bilateral tubal ligation, bilateral oophorectomy, or complete hysterectomy), had a sterile 

male partner, was 1 year postmenopausal, or practiced abstinence. Cessation of birth 

control after the 12-week follow-up period should have been discussed with a 

responsible physician 

o Sustained abstinence was an acceptable practice; however, periodic abstinence, the 

rhythm method, and the withdrawal method were not acceptable methods of 

contraception 
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o Postmenopausal was defined as at least 1 year since last menses, and the patient was 

required to have had an elevated follicle-stimulating hormone level greater than the 

central laboratory value of postmenopausal at screening 

 Non-sterilised men who were sexually active with a female partner of childbearing 

potential were required to use a condom (with spermicide where commercially available) 

from Day 1 until at least 12 weeks after receipt of the final dose of investigational 

product 

 Women with an intact cervix must have had documentation of a normal Papanicolaou 

smear with no documented malignancy (eg, cervical intraepithelial neoplasia Grade III, 

carcinoma in situ, or adenocarcinoma in situ) within 2 years prior to randomisation 

o Any abnormal Papanicolaou smear result documented within 2 years prior to 

randomisation was required to be repeated to confirm patient eligibility 

 Was willing to forego other forms of experimental treatment during the study 

 Met all the following tuberculosis (TB) criteria: 

o No history of latent or active TB prior to screening, with the exception of latent TB 

with documented completion of appropriate treatment or receipt of prophylactic 

treatment for latent TB with the patient committed to completing the full duration of 

prophylaxis 

o No signs or symptoms suggestive of active TB from medical history or physical 

examination 

o No recent close contact with a person with active TB or, if there had been such 

contact, referral to a physician specialising in TB to undergo additional evaluation 

prior to randomisation (documented appropriately in source) and, if warranted, 
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receipt of appropriate treatment for latent TB at or before the first administration of 

investigational product  

o Must have met one of the following criteria: 

 Negative QuantiFERON-TB Gold (QFT-G) test result for TB obtained from 

central laboratory within 12 weeks prior to randomisation 

 Positive QFT-G test result for TB obtained during the screening period from 

central laboratory for which active TB had been ruled out and appropriate 

treatment for latent TB had been initiated prior to the first investigational 

product administration with the patient committed to completing the full 

duration of prophylaxis, which may have meant completing prophylaxis during 

the study 

 Indeterminate (confirmed as indeterminate on retest during screening) QFT-G 

test for TB obtained during the screening period from central laboratory with 

ongoing QFT-G testing for TB according to the study plan 

o A chest radiograph with no evidence of current active TB or other infection, or old 

active TB, malignancy, or clinically significant abnormalities (unless due to SLE) 

obtained during the screening period or any time within 12 weeks prior to signing of 

the ICF 
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EXCLUSION CRITERIA 

Any of the following excluded the patient from participation in the study: 

 Any condition that, in the opinion of the investigator, would have interfered with 

evaluation of the investigational product or interpretation of patient safety or study 

results 

 Known intolerance to ≤1.0 gm/day of mycophenolate mofetil (MMF) 

 Concurrent enrolment in another clinical study with an investigational product within 4 

weeks prior to ICF signing or within 5 half-lives of the investigational product used in 

that clinical study, whichever was longer 

 Prior participation in an anifrolumab clinical study 

 Lactating or pregnant women or women who intended to become pregnant or begin 

breastfeeding anytime from initiation of screening through the 12-week safety follow-up 

period following last dose of investigational product and 6 weeks after the last dose of 

sponsor-provided MMF (whichever was later) 

 Current alcohol, drug, or chemical abuse, or a recent history of such abuse within 1 year 

before Day 1 (Week 0 visit) 

 Major surgery within 8 weeks before signing the ICF, or major surgery planned during 

the study period  

 Spontaneous or induced abortion, still or live birth, or pregnancy ≤4 weeks prior to 

signing the ICF 

 A diagnosis of pure Class V membranous LN. This was based on the renal biopsy 

obtained within 3 months prior to signing ICF or during the screening period 
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 History of dialysis within 12 months prior to signing the ICF or expected need for renal 

replacement therapy (dialysis or renal transplant) within a 6-month period after 

enrolment 

 History of or current renal diseases (other than LN) that in the opinion of the investigator 

could interfere with the LN assessment and confound the disease activity assessment 

(eg, diabetic nephropathy) 

 During screening (within 30 days before Day 1 [Week 0 visit]), any of the following: 

o Aspartate transaminase (AST) >2.5 × upper limit of normal (ULN) 

o Alanine aminotransferase (ALT) >2.5 × ULN 

o Total bilirubin > ULN (unless due to Gilbert’s syndrome based on investigator’s 

judgment) 

o Glycosylated haemoglobin >8% (or >0.08) at screening (diabetic patients only) 

o Neutrophil count <1 × 10
3/μL (or <1.0 GI/L) 

o Platelet count <25 × 10
3/μL (or <25 GI/L) 

o Haemoglobin <8 g/dL (or < 80 g/L) 

 Abnormal electrocardiogram (ECG) findings that, in the opinion of the investigator, 

would have put the patient at risk if the patient participated in this study 

 Patients, who at the time of signing the ICF, exceeded the immunosuppressive therapy 

limits after their qualifying biopsy. Patients were permitted to have any combination of 

treatments with these therapeutic agents if none of the components exceeded the 

following limits: 

o Oral glucocorticoids >0.5 mg/kg/day for >8 weeks 

o Oral or intravenous (IV) pulse methylprednisolone >3.0 g (cumulative dose) 
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o IV cyclophosphamide >2 pulses of high dose (≥0.5 g/m
2
) or >4 doses of low dose 

(500 mg every 2 weeks) 

o Average MMF >2.5 g/day (or >1800 mg/day of enteric coated mycophenolate 

sodium) for >8 weeks 

o Tacrolimus >4 mg/day for >8 weeks 

 Receipt of any experimental agent (small molecule or biologic) or commercially 

available biologic agent within 4 weeks or 5 half-lives, whichever was greater prior to 

ICF signing 

 B-cell–targeted therapy restrictions: 

o Receipt of epratuzumab, belimumab, or tabalumab ≤12 weeks before and atacicept 

≤40 weeks before signing the ICF 

o Receipt of B-cell–depleting therapy (including, but not limited to, ocrelizumab, 

ofatumumab, obinutuzumab, or rituximab) ≤26 weeks prior to signing the ICF. If B-

cell–depleting therapy was administered >26 weeks before, an absolute B-cell count 

(CD19+ cells) less than the lower limit of normal or less than baseline value prior to 

receipt of B-cell–depleting therapy (whichever is lower) was exclusionary 

(determined during screening by the central laboratory) 

 A known history of allergy or reaction to any component of the investigational product 

formulation, or history of anaphylaxis to any human gamma globulin therapy 

 Receipt of any of the following: 

o Any live or attenuated vaccine within 8 weeks of signing the ICF (administration of 

killed vaccines was acceptable) or an anticipated requirement for live vaccine during 
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the treatment period and for 12 weeks following the last dose of the investigational 

product 

o Bacillus Calmette–Guérin (BCG) TB vaccine within 1 year of signing the ICF 

o Blood transfusion within 4 weeks prior to signing the ICF  

 The following medications must have been discontinued prior to the day of 

randomisation (because of potential interaction with MMF): 

o Methotrexate 

o Azathioprine 

o Leflunomide 

o Tacrolimus 

o Cyclosporine 

o Mizoribine 

o Cholestyramine 

 History of, or current diagnosis of, a clinically significant non-SLE-related vasculitis 

syndrome. Patients who experienced vasculitis as a feature of their SLE could have been 

recruited to the study 

 History or evidence of suicidal ideation (severity of 4 or 5) within the previous 6 months 

or any suicidal behaviour within the previous 12 months based on an assessment with the 

Columbia-Suicide Severity Rating Scale (C-SSRS) at screening or at baseline 

 Active severe or unstable neuropsychiatric SLE that might have caused the patient to be 

unable to fully understand the ICF or, in the opinion of the investigator, protocol-

specified standard of care that was insufficient to control neurologic features of SLE and 

utilisation of a more aggressive therapeutic approach, such as adding IV 
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cyclophosphamide and/or high-dose IV pulse corticosteroid therapy or other treatments 

not permitted in the protocol, that was indicated or anticipated  

 Documented history of systemic sclerosis (SSc) or diagnosis of SLE with overlap SSc 

 History of, or current diagnosis of, catastrophic antiphospholipid syndrome (APS), or 

APS-related thromboembolic event or pregnancy loss within 1 year prior to signing the 

ICF. Patients with APS adequately controlled by anticoagulants or aspirin for at least 

12 weeks could have been recruited to the study 

 History of any non-SLE disease that required treatment with oral or parenteral 

corticosteroids for more than a total of 2 weeks within the last 24 weeks before signing 

the ICF 

 Known history of a primary immunodeficiency (eg, common variable immunodeficiency 

syndrome), splenectomy, or any underlying condition that predisposed the patient to 

infection, or a positive result for HIV infection confirmed by central laboratory at 

screening 

 Confirmed positive test for hepatitis B virus (HBV) serology for: 

o Hepatitis B surface antigen 

o Hepatitis B core antibody (HBcAb) and HBV DNA detected above the lower limit 

of quantification by reflex testing by the central laboratory at screening 

 Positive test for hepatitis C antibody 

 Any severe herpes infection at any time before randomisation (Week 0 visit), including 

but not limited to, disseminated herpes, herpes encephalitis, or ophthalmic herpes 
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 Recurrent herpes zoster (defined as two episodes within 2 years) within 5 years before 

randomisation 

 Any herpes zoster infection that had not completely resolved within 12 weeks before 

signing the ICF 

 History of opportunistic infection requiring hospitalisation or parenteral anti-infective 

treatment within 3 years before randomisation (vaginal, oral, and skin candidiasis were 

not exclusion reasons) 

 Cytomegalovirus and/or Epstein-Barr virus infection that had not been completely 

resolved within the 12 weeks before signing the ICF 

 Either of the following: 

o Clinically significant chronic infection (ie, osteomyelitis, bronchiectasis, etc.), which 

was not resolved within 8 weeks before signing the ICF (chronic nail infections were 

allowed) 

o Any infection requiring hospitalisation or treatment with IV anti-infectives not 

completed at least 8 weeks before randomisation 

 Any infection requiring oral anti-infectives (including antivirals) within 2 weeks before 

randomisation, except chronic suppressive antiviral treatment for herpes simplex virus in 

the absence of active lesions within 2 weeks prior to randomisation 

 History of cancer, apart from: 

o Squamous or basal cell carcinoma of the skin treated with documented success of 

curative therapy ≥12 weeks prior to randomisation (Week 0 visit) 
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o High-grade squamous intraepithelial lesion (cervical intraepithelial neoplasia III, 

carcinoma in situ) treated with apparent success with curative therapy ≥1 year before 

randomisation (Week 0 visit)  
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STANDARD THERAPY PROTOCOLS  

Patients were treated with background immunosuppressive standard of care for LN, which 

consisted of a combination of MMF and oral glucocorticoids. 

Mycophenolate Mofetil 

 MMF was supplied by AstraZeneca to patients and titrated to a target dosage of 2 g/day 

by Week 8 during the 52-week double-blind treatment period 

 Modifications to the dose because of suboptimal response (defined by spot UPCR 

values), toxicity, or intolerability were permitted as needed, based on the following 

guidelines: 

o At any time during the study: A decrease in MMF to below the minimum dose 

(≤1.0 g/day) for ≤14 days or for MMF-related adverse effects was permitted 

o The 52-week double-blind period: Preplanned titration to a target dosage of 2 g/day 

by Week 8. Permissible adjustments of the dosage during this 52-week period owing 

to suboptimal response, toxicity, or intolerability were as follows: 

 Suboptimal response: Maximal dosage of 3 g/day was permitted up to Week 24 

but was required to be reduced to ≤2 g/day by Week 32; the dosage had to be 

stable from Week 40 to Week 52 

 Local practice standards: A lower dosage than the target 2 g/day was permitted 

(eg, for constitutionally small patients) to a minimum of 1 g/day between Week 

8 and Week 52 

 At any time during the study, if MMF was discontinued and a different 

immunosuppressant was started, the investigational product was discontinued 
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Glucocorticoids 

 Patients could have entered the study taking a maximum oral glucocorticoid dosage of 

0.5 mg/kg/day of prednisone equivalent, but not exceeding 40 mg/day 

 At randomisation, prior to receiving investigational product, patients received a 

methylprednisolone pulse of 500 mg (unless they had received a methylprednisolone 

pulse ≥500 mg within 10 days prior to randomisation) 

o One further methylprednisolone pulse (≤500 mg, with option for administration split 

over 2 consecutive days) after Week 0 (Day 1) up to and including the Week 8 visit 

for renal or extra-renal activity was permitted 

o Preplanned tapering of oral glucocorticoid dosage to a prednisone equivalent target 

≤10 mg/day by Week 12 and ≤7.5 mg/day by Week 24 was required 

o The rate of tapering was at the discretion of the investigator 

 The following general guidelines applied for dosage modification of oral glucocorticoids 

during the 52-week double-blind period: 

o Steroid burst and taper:  

 Defined as oral glucocorticoid dosage increased to a maximum daily dosage of 

prednisone equivalent 40 mg/day for ≤14 days  

 Must have been tapered to less than or equal to the preburst starting dosage by 

the end of Day 15 

 Maximum of 1 instance of intra-articular, tendon sheath, or bursal injections 

(for total methylprednisolone ≤80 mg or equivalent) could have been given, but 

patients who received an intra-articular/tendon sheath/bursal injection were not 

to receive an oral glucocorticoid burst (and vice versa) 
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 Any oral glucocorticoid burst was not to extend beyond Week 40  

o Adrenal insufficiency: If clinically warranted, 1 of the following steroid doses were 

permitted, in addition to the burst and taper. Patients who received either of these 

regimens for prevention of adrenal insufficiency between Week 40 and Week 50 

were deemed restricted medication users and were considered nonresponders for 

binary endpoints: 

 Oral or IV hydrocortisone ≤100 mg every 8 hours on the first day, followed by 

half that dose for 2 days before returning to their usual dose  

 Patients who were taking prednisone ≤7.5 mg/day or equivalent were permitted 

to receive an additional 7.5 mg/day up to a total of 15 mg/day oral prednisone or 

equivalent for ≤14 days 

o Methylprednisolone pulse: Further to the pulse at randomisation, patients could have 

received one additional methylprednisolone pulse of ≤500 mg for renal or extra-

renal disease activity after Day 1 up to and including the Week 8 visit 

o If patients experienced an increase in SLE disease activity upon tapering of oral 

glucocorticoids, the dose could have been returned to a dose equal to or less than the 

dose prior to tapering 

o The investigator could have continued, but was not required to taper the oral 

glucocorticoid dosage beyond the preplanned target dosage of 7.5 mg/day up to 

Week 40; tapering was not permitted from Week 40 to Week 52 
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Other Concomitant Medications  

Antimalarial treatments 

 The dose of antimalarial treatments was to remain stable throughout the study except 

when a reduction of dose or discontinuation was necessary to manage antimalarial-

related adverse events. The patient could have remained in the study even if antimalarial 

treatments were stopped 

Antihypersensitive Agents and Statins 

 Angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers 

(ARBs) could have been adjusted to optimise their antihypertensive effects up to Week 4 

 Changes in other classes of antihypertensive agents (calcium channel blockers, 

β-blockers, α-receptor blockers) were allowed as clinically indicated to optimise blood 

pressure 

 Statins had to be kept at stable doses after Day 1. Decreases in dose were allowed only to 

reduce statin-related AEs 

 Cholestyramine must have been discontinued prior to the day of randomisation 
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FORBIDDEN AND RESTRICTED MEDICATIONS 

Forbidden Medications 

 Any of the following medications after signing of ICF led to immediate discontinuation 

of investigational product: 

o Cyclophosphamide 

o Interferon (IFN) therapy (α2a and α2b, β1a and β1b, and pegylated IFNα2a and 

IFNα2b) 

o Investigational agents 

o Biologic immunomodulators (including belimumab, abatacept, and rituximab) 

o Tofacitinib 

o Live or attenuated vaccines 

o BCG vaccine 

o Any immunoglobulin therapy 

o Exceeding the number or dose of protocol-allowed methylprednisolone pulses (oral 

or IV) 

Rescue Treatment  

 Patients could have received rescue treatment, eg, cyclophosphamide, high-dose 

glucocorticoid (IV and/or oral), and rituximab, owing to worsening LN or SLE at any 

time at the discretion of the principal investigator, which led to investigational product 

discontinuation  
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Restricted Medications 

 Restricted medications included nonprotocol-permitted changes to immune modifiers or 

immunosuppressants during the study. See Standard Therapy Protocols section 

 If a patient received one of the following medications after randomisation, the 

investigator had to notify the clinical research organisation medical monitor as well as 

the AstraZeneca medical monitor immediately, who determined whether the patient 

could continue the study with nonresponder classification for binary endpoints: 

o Azathioprine 

o Methotrexate 

o Leflunomide 

o Tacrolimus 

o Mizoribine 

o Cyclosporine 

o Cholestyramine 

o Increase in glucocorticoids (except methylprednisolone pulses) above the protocol 

allowed doses or duration 

o Corticosteroids with a long biologic half-life (eg, dexamethasone, betamethasone) 
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SECOND-YEAR ELIGIBILITY 

Patients were eligible for the second-year period if they obtained at least a partial renal 

response (PRR). PRR was defined as eGFR ≥60 mL/min/1.73 m
2
 or no confirmed decrease 

≥20% in eGFR from baseline, a 24-hour UPCR improvement from baseline to Week 52 

(<1.0 mg/mg among patients ≤3 mg/mg at baseline; >50% improvement and ≤3 mg/mg 

among patients >3 mg/mg at baseline), no use of restricted medications, and no 

investigational product discontinuation.   
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STATISTICAL ANALYSIS  

Analysis Population 

The efficacy and safety analyses included patients who received ≥1 dose of anifrolumab or 

placebo (modified intention-to-treat [mITT] population).  

Primary Endpoint 

The primary endpoint was the relative difference in the mean change from baseline to 

Week 52 in 24-hour UPCR in the combined anifrolumab (IR plus BR) versus placebo group. 

The mean change from baseline was calculated as the geometric mean (GM) of the relative 

difference (ratio) in 24-hour UPCR at Week 52 compared with baseline for each treatment 

group (values <1 indicate improvement from baseline). The comparison with placebo was 

measured with a GM ratio (GMR) of the relative change from baseline for the combined 

anifrolumab group versus the placebo group (GMR <1 favours anifrolumab): 

       (                                               )                      (                                               )         

The primary endpoint was analysed using a mixed model for repeated measures fitted to 

log-transformed 24-hour UPCR values, controlling for stratification factors, and based on 

observed data up to investigational product discontinuation. 

Binary Endpoints  

For secondary/exploratory binary endpoints, estimated responder rates and 95% confidence 

intervals (CIs) were calculated using a stratified Cochran–Mantel–Haenszel approach, 

controlling for stratification factors. Patients who discontinued investigational product, 
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including those withdrawn from the study, were defined as nonresponders from that time 

point onward. Patients who were still receiving investigational product but who had missing 

data on intermittent single visits were imputed using the last observation carried forward. If 

data were missing on two or more sequential visits, the patient was imputed as a 

nonresponder for any data missing from the second visit onward.  

Other Exploratory Endpoints  

SLEDAI-2K, PGA, and PtGA change from baseline were analysed using a mixed model for 

repeated measures, controlling for stratification factors, and based on observed data up to 

investigational product discontinuation.  

Anti-dsDNA antibodies, C3/C4, immunogenicity, PK, and PD were analysed with summary 

statistics. Safety was also analysed descriptively. 

Post Hoc Analyses 

Probability of obtaining a sustained response was analysed post hoc using a Cox regression 

model controlling for stratification factors.  

Cumulative proteinuria was assessed using analysis of covariance controlling for baseline 

UPCR and stratification factors.  

Protocol Amendments 

There was a protocol amendment after the start of patient recruitment modifying eGFR and 

24-hour UPCR cutoff values for CRR criteria. This was not accepted by the Italian Medicine 

Agency or the Committee for Personal Protection (France), so 13 patients were excluded 

from all CRR analyses.   
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Calculation of Sample Size  

A 1:1:1 randomised sample size of 50 patients per treatment arm was planned to provide  87% power at the 2-sided alpha level of 0.0499 to detect a relative difference of 0.76 or less 

in the relative improvement of 24-hour UPCR (GMR) from baseline to Week 52 for 

combined anifrolumab versus placebo, assuming 1) reductions from baseline to Week 52 in 

24-hour UPCR of 65% and 46% for the combined anifrolumab and placebo groups, 

respectively,[3] and 2) normal distribution of log-transformed data with a standard deviation 

(SD) of 0.8.[4] 

Randomisation and Blinding 

The AstraZeneca Biostatistics group was responsible for generating the randomisation 

scheme for this study using the GRand
®
 system. Eligible patients were randomised in 

balanced blocks 1:1:1 (anifrolumab basic regimen:anifrolumab intensified regimen:placebo) 

using an IXRS, which provided each patient a unique randomisation code and blinded 

investigational product kit number(s). Randomisation was stratified according to 24-hour 

UPCR at screening (≤3 vs >3 mg/mg) and type I IFNGS status (high versus low, determined 

as previously described [5]). 

Blinding of the anifrolumab dosing regimens was ensured by stipulating an infusion duration, 

for all 3 treatment groups, of ≥60 minutes for the first 3 doses of investigational product. 

Although a double-blind study, anifrolumab and placebo would have been distinguishable 

during the final preparation step of the investigational infusion bag. Therefore, investigational 

product preparation was carried out by a trained, unblinded team member at each site, who 

was not involved in the management of study patients. Investigational product was packaged 

and labelled in such a way as to ensure blinding for all AstraZeneca/Designee and 
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investigational site staff, other than the unblinded team member assigned to prepare 

investigational product. The kits on the shelf, and the infusion bags when prepared, looked 

identical. Neither the patient nor any of the Investigators or AstraZeneca/Designees who were 

involved in the treatment or clinical evaluation and monitoring of the patients were aware of 

the treatment received. 
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Figure S2. Time to discontinuation of investigational product, Kaplan–Meier plot 

(mITT population) 

 

 

At the time of the primary analysis (Week 52), the second-year study period was still 

ongoing; data from patients who continued into the ongoing second-year study period were 

censored.  

BR, basic regimen; IR, intensified regimen; mITT, modified intention-to-treat. 

  

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-2021-221478–11.:10 2022;Ann Rheum Dis, et al. Jayne D



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-2021-221478–11.:10 2022;Ann Rheum Dis, et al. Jayne D



34 

 

 

Figure S4. Mean cumulative proteinuria (UPCR) over time 

 

 

Mean cumulative proteinuria (area under the curve in UPCR standardised by the expected 

follow-up time) for anifrolumab IR, anifrolumab BR, and placebo was assessed using 

analysis of covariance controlling for baseline UPCR and stratification factors.  

All data after discontinuation were excluded from the analysis. Error bars represent standard 

error.   

BR, basic regimen; IR, intensified regimen; SE, standard error; UPCR, urine protein–

creatinine ratio. 
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Error bars represent 95% confidence intervals. Patients from France and Italy were excluded 

from the analysis.  

BR, basic regimen; CRRa, complete renal response with inactive urinary sediment 

requirement; CRR0.5, complete renal response with urine protein–creatinine ratio ≤0.5 mg/mg 

requirement; IR, intensified regimen.  
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Figure S9. PK modelling of anifrolumab concentrations over time for anifrolumab basic 

and intensified regimens in IFNGS-high patients with LN and SLE (pharmacokinetic 

analysis set) 
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The population was limited to IFNGS-high patients with one evaluable post-dose PK sample; 

n=43 (out of 45) from the anifrolumab BR group (excluding 1 IFNGS-low patient and 1 

patient without a PK sample), and n=47 (out of 51) from the anifrolumab IR group 

(excluding 4 IFNGS-low patients).  

Dashed black lines represent median PK concentration at Week 12 steady-state for patients 

with LN (8.2 µg/mL) and nonrenal SLE (16.2 µg/mL). 

PK modelling was performed using a nonlinear mixed-effect model with NONMEM 7.3 

software (ICON Development Solutions, Ellicott City, MD, United States; 2006). The 

predicted anifrolumab concentrations for patients with SLE were based on data pooled from 4 

clinical trials of anifrolumab in patients with SLE (n=664): the phase II, multicentre, open-

label study in Japanese patients (NCT01559090),[6] the phase IIb global, multicentre MUSE 

RCT (NCT01438489),[4] and the phase III global, multicentre TULIP-1 (NCT02446912)[7] 

and TULIP-2 (NCT02446899)[8] RCTs.  

IFNGS, interferon gene signature; LN, lupus nephritis; PI, predicted interval; PK, 

pharmacokinetic; Pred, predicted; Q4W, every 4 weeks; RCT, randomised controlled trial; 

SLE, systemic lupus erythematosus. 
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BR, basic regimen; IR, intensified regimen; PK, pharmacokinetics; UPCR urine protein–

creatinine ratio. 
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Patients who received anifrolumab IR, anifrolumab BR, or placebo, were categorized into 

subgroups depending on baseline 24-hour UPCR of ≤3 mg/mg (panel A) or >3 mg/mg (panel 

B). Patients were then further categorised into subgroups based on the percentage decrease 

from baseline clearance at Week 52 (≥33% decrease, 20%–30% decrease, or <20% decrease). 

The 24-hour UPCR (mg/mg) over time was plotted for each subgroup.  

BR, basic regimen; CL, clearance; IR, intensified regimen; UPCR, urine protein–creatinine 

ratio. 
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Figure S12. Time to first onset of herpes zoster during treatment, Kaplan–Meier plot 

(mITT population) 

 

 

Time to first onset of herpes zoster was derived as date of first onset of herpes zoster minus 

date of first dose of investigational product. If the subject did not experience herpes zoster 

during treatment, the time to first onset of herpes zoster was censored at the date of last 

administration of investigational product +28 days. 

BR, basic regimen; IR, intensified regimen; mITT, modified intention-to-treat; N, number of 

subjects in treatment group; n, number of subjects without herpes zoster or censoring. 
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SUPPLEMENTARY TABLES  

Table S1. Study centres (N=66) that randomised patients 

Country Institution name 
Patients 

randomised (n) 

Argentina Organizaciòn Médica de Investigaciòn 10 

South Korea Asan Medical Center – Rheumatology 7 

United States Northwell Health/Division of Rheumatology 7 

Peru Instituto del Cerebro y la Columna Vertebral – Reumathology 6 

Peru Instituto de Ginecología y Reproducción 6 

Peru 
Unidad de Investigación de Reumatologia e Inmunologia 

CSJB 
6 

United States Icahn School of Medicine at Mount Sinai 5 

Australia The Royal Melbourne Hospital 4 

Mexico Hospital Civil de Guadalajara "Fray Antonio Alcalde" 4 

Peru Hospital Nacional Arzobispo Loayza 4 

Peru Hospital Nacional Arzobispo Loayza – Lima 4 

Hungary 
Szegedi Tudományegyetem Szent-Györgyi Albert Klinikai 

Központ - Reumatológiai és Immunológiai 
3 

Taiwan 
Chang Gung Medical Foundation - LinKou Chang Gung 

Memorial Hospital - Rheumatology, Immunology 
3 

United States Rutgers - New Jersey Medical School 3 

United States The Ohio State University Wexner Medical Center 3 

Argentina Hospital Privado Centro Médico de Córdoba 2 

Australia Royal Adelaide Hospital 2 

Belgium UZ Leuven - Campus Gasthuisberg 2 

France Hopital de la Pitie-Salpatrier - Medecine interne 2 

France Groupe Hospitalier Pellegrin -Néphrologie 2 
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Germany University of Schleswig-Holstein 2 

Hungary Egyesített Szent István és Szent László Kórház-Rendelőintéze 2 

Hungary Debreceni Egyetem OEC Belgyogyaszati Intezet 2 

Italy AOU di Padova 2 

Italy SO S.Chiara, AOU Pisana 2 

Mexico Investigacion y Biomedicina de Chihuahua 2 

Peru Hospital Nacional Carlos Alberto seguin Escobedo 2 

Poland SP ZOZ Centralny Szpital Kliniczny UM w Lodzi 2 

Serbia Clinical Centre Nis 2 

South Korea 
The Catholic University of Korea, Yeouido St. Mary’s 

Hospital – Rheumatology 
2 

Spain Hospital Cliníc de Barcelona 2 

Taiwan 
Taichung Veterans General Hospital - Allergy, Immunology 

and Rheumatology 
2 

Taiwan 
Changhua Christian Hospital - Allergy, Immunology, 

Rheumatology 
2 

Taiwan 
China Medical University Hospital - Division of 

Rheumatology – Taichung 
2 

United States Boston University School of Medicine 2 

United States Ramesh C. Gupta, MD 2 

Australia Westmead Hospital 1 

France CHU Rangueil - Néphrologie-Hypertension Art 1 

France Hopitaux Universitaires de Strasbourg - Rhumatologie 1 

France 
Aphm - Hopital De La Conception - Nephrologie et 

Transplantation 
1 

Hungary Somogy Megyei Kaposi Mór Oktató Kórház 1 

Italy Ospedale San Raffaele, IRCCS 1 

Italy 
Arcispedale S. Maria Nuova, AO di Reggio Emilia, 

Department 
1 

Mexico Instituto Nacional de Cardiologia Ignacio Chávez 1 
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Mexico Centro Integral en Reumatología, S.A. de C.V. 1 

Peru Hospital Guillermo Almenara 1 

Peru Clinica San Judas Tadeo 1 

Poland Szpital Uniwersytecki w Krakowie 1 

Poland Narodowy Instytut Geriatrii, Reumatologii i Rehabilitacji 1 

Russia GBUZ “Orenburg Clinical Regional Hospital” 1 

Russia City hospital #31 1 

Russia State Medical University n.a. I.P.Pavlov 1 

Serbia Clinical Center of Serbia 1 

Serbia Military Medical Academy 1 

Serbia Clinical Center of Vojvodina 1 

Serbia Institute for Rheumatology 1 

South Korea Chonnam National University Hospital - Rheumatology 1 

Spain Hospital Universitario Vall d'Hebrón 1 

Taiwan 
Kaohsiung Medical University - Chung-Ho Memorial 

Hospital 
1 

Taiwan 
National Taiwan University Hospital - Rheumatology and 

Immunology 
1 

United States Arizona Arthritis & Rheumatology Research, PLLC 1 

United States Bronx Lebanon Hospital Center 1 

United States UCSD Medical Center-Center for Innovative Therapy 1 

United States The Feinstein Institute for Medical Research 1 

United States UCLA Department of Rheumatology 1 

United States 
NYU Center for Musculoskeletal Care - Seligman Center for 

Advanced Therapeutics 
1 
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Table S2. 24-hour UPCR (mITT population) 

Analyzed with a MMRM, including fixed effects for treatment group, visit, stratification 

factors, log-transformed 24-hour UPCR at baseline, and treatment-by-visit interaction. All 

data up to and including the date of discontinuation were included in the analysis.  

a
GM of the ratio of 24-hour UPCR at the respective week over baseline. Values <1 indicate 

improvement from baseline; 
b
GMR >1 favours placebo; 

c
At Week 52, the P-values presented 

are unadjusted and were compared with the respective adjusted significance level (α). If α is 

not displayed, no formal testing was performed and the corresponding P-value was nominal.  

 
Anifrolumab 

BR 

(n=45) 

Anifrolumab 

IR 

(n=51) 

All 

anifrolumab 

(n=96) 

Placebo 

(n=49) 

Patients included in the model 

through Week 52, n 
41 50 91 41 

Baseline n 45 51 96 49 

 
24-hour UPCR, 

mean (SD), mg/mg 
3.37 (2.50) 2.86 (1.85) 3.10 (2.18) 3.71 (3.20) 

Week 52 

n 29 37 66 25 

24-hour UPCR, 

mean (SD), mg/mg 
0.97 (1.13) 0.88 (1.00) 0.92 (1.05) 1.05 (1.24) 

GM
a
 (95% CI) 

0.33  

(0.19, 0.56) 

0.29  

(0.18, 0.46) 

0.31  

(0.20, 0.468) 

0.30  

(0.18, 0.50) 

GMR
b 

1.10 0.96 1.03 NA 

95% CI 0.61, 1.99 0.55, 1.69 0.62, 1.71 NA 

P-value
c
 0.741 0.895 0.905 NA 

Adjusted α levelc
 NA NA 0.05 NA 
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BR, basic regimen; CI, confidence interval; GM, geometric mean; GMR, geometric mean 

ratio; IR, intensified regimen; mITT, modified intention-to-treat; MMRM, mixed model for 

repeated measures; NA, not applicable; SD, standard deviation; UPCR urine protein–

creatinine ratio. 
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Table S3. Patients attaining individual components of the CRR or aCRR criteria 

Patients, n (%)
 

Anifrolumab 

BR (n=43) 

Anifrolumab 

IR (n=44) 

Combined 

anifrolumab 

(n=87) 

Placebo 

(n=45) 

CRR responder  7 (16.3) 20 (45.5) 27 (31.0) 14 (31.1) 

aCRR responder
 

3 (7.0) 18 (40.9) 21 (24.1) 6 (13.3) 

eGFR
a
 ≥60 mL/min/1.73 m2

 or no decrease ≥20% from baseline, n (%)
 

 Missing data
b 

7 (16.3) 5 (11.4) 12 (13.8) 8 (17.8) 

Nonresponder for eGFR
c 

2 (4.7) 3 (6.8) 5 (5.7) 4 (8.9) 

Responder for eGFR
c 

34 (79.1) 36 (81.8) 70 (80.5) 33 (73.3) 

24-hour UPCR ≤0.7 mg/mg, n (%)
 

 Missing data
b 

7 (16.3) 5 (11.4) 12 (13.8) 8 (17.8) 

 Nonresponder for 24-hour 

UPCR
c
 

22 (51.2) 17 (38.6) 39 (44.8) 21 (46.7) 

 Responder for 24-hour UPCR
c 

14 (32.6) 22 (50.0) 36 (41.4) 16 (35.6) 

Inactive urinary sediment (<10 RBC/hpf), n (%) 

 Missing data
b 

13 (30.2) 10 (22.7) 23 (26.4) 18 (40.0) 

 Nonresponder for urinary 

sediment
c 

6 (14.0) 0 (0) 6 (6.9) 8 (17.8) 

 Responder for urinary 

sediment
c 

24 (55.8) 34 (77.3) 58 (66.7) 19 (42.2) 

Restricted medication use, n (%) 

 Discontinued investigational 

product prior to visit 

13 (30.2) 9 (20.5) 22 (25.3) 20 (44.4) 
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 Nonresponder (received 

restricted medications)
d 

8 (18.6) 2 (4.5) 10 (11.5) 3 (6.7) 

 Responder (did not receive 

restricted medications)
d 

22 (51.2) 33 (75.0) 55 (63.2) 22 (48.9) 

Discontinued investigational product 

 Nonresponder (discontinued) 13 (30.2) 9 (20.5) 22 (25.3) 20 (44.4) 

 Responder (did not 

discontinue) 

30 (69.8) 35 (79.5) 65 (74.7) 25 (55.6) 

Patients from Italy and France were not included in the analysis and are not included in the percentage 

calculations. A CRR required 24-hour UPCR ≤0.7 mg/mg, eGFR ≥60 mL/min/1.73 m2
 or no decrease 

≥20% from baseline, no investigational product discontinuation, and no use of restricted medications. 

An aCRR required all the components of the CRR definition and inactive urinary sediment (<10 

RBC/hpf).  

a
eGFR was calculated with the MDRD formula. 

b
Missing data, irrespective of investigational product 

adherence; therefore, not possible to evaluate response. 
c
Including patients who discontinued 

investigational product. 
d
Not including patients who discontinued investigational product.  

aCRR, complete renal response with inactive urinary sediment; BR, basic regimen; CRR, complete 

renal response; eGFR, estimated glomerular filtration rate; hpf, high-power field; IR, intensified 

regimen; MDRD, Modification of Diet in Renal Disease; RBC, red blood cell; UPCR, urine protein–

creatinine ratio.  
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