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Abstract
Objective: The objective of this study was to evaluate the efficacy and safety of s.c. secukinumab 300 mg combined with standard of care 
(SoC) in adult patients with active LN.
Methods: The core study was a phase III randomized, placebo-controlled, double-blind study (planned duration: 104 weeks) of patients with ac
tive LN. Eligible patients were randomized to receive secukinumab 300 mg or placebo for the first 4 weeks, followed by a monthly maintenance 
dose, with all patients receiving a SoC background regimen. Patients completing the 104-week treatment of the core study were eligible for an 
open-label extension study (planned duration: up to 260 weeks) to receive secukinumab 300 mg every 4 weeks. The primary end point of the 
core study was the proportion of patients achieving complete renal response (CRR) at week 52.
Results: Both studies were terminated early, following a planned futility analysis in the core study that showed no clinically meaningful benefit 
of secukinumab over placebo. In the core study, the proportion of patients achieving CRR at week 52 was lower after receiving secukinumab 
(24.2%) than after receiving the placebo (36.3%). No differences were observed between the secukinumab and placebo groups in any of the 
secondary end points of the core study. The incidence of treatment-emergent adverse events was comparable between the secukinumab and 
placebo groups. In the extension study, the results were not interpretable, owing to the low patient number included in the data analy
sis (n¼31).
Conclusion: Secukinumab did not demonstrate superior efficacy over placebo in patients with active LN. Secukinumab was well-tolerated with 
no new or unexpected safety signals detected.
Trial registration: https://clinicaltrials.gov/study/NCT04181762, NCT04181762 (Novartis study code: CAIN457Q12301). https://www.clinical 
trials.gov/study/NCT05232864, NCT05232864 (Novartis study code: CAIN457Q12301E1).
Keywords: biologic therapies, clinical trials and methods, interventional studies, renal, systemic lupus erythematosus, autoimmunity. 

Rheumatology key Messages
� Managing LN remains challenging, with a high risk of kidney failure, highlighting unmet treatment needs. 
� Secukinumab did not improve complete renal response in patients with active LN compared with placebo. 
� The safety profile of secukinumab in patients with LN was consistent with the approved indications. 
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Introduction
LN occurs in �50% of patients with SLE and is associated 
with significant morbidity and mortality [1]. The current 
management of LN is based on disease severity and includes 
CSs, anti-malarial agents, and CS-sparing immunosuppres
sive agents. Despite the availability of new therapeutic 
options, the trials and observational studies have shown a 
complete renal response (CRR) of <50%, and the long-term 
effects of these therapeutic options are not yet known [2]. 
Therefore, LN management remains challenging. Without 
effective control of disease activity, patients may develop 
end-stage kidney disease (ESKD) and ultimately need renal 
replacement therapy [1, 3]. The evidence suggests that 6% to 
19% of patients with LN develop ESKD over 10 years [3–5]. 
Recently, the Lupus Midwest Network (LUMEN) registry 
revealed that the survival rate for LN was 70%, and that 
13% of patients with LN developed ESKD at 10 years [4]. 
Therefore, even with the current treatments, the risk of kid
ney failure remains high, highlighting the unmet treatment 
need in LN. In addition, factors such as limited access to spe
cialized lupus centres and poor treatment adherence signifi
cantly impact outcomes in LN. These barriers contribute to 
delayed diagnosis and suboptimal disease control, underscor
ing the need for holistic management strategies [6].

The pathophysiology of LN is complex and is character
ized by autoantibody production and inflammatory cell infil
tration into renal tissues. IL-17–producing Th type 17 (Th17) 
cells exhibit significant hyperactivation, leading to inflamma
tion, which has been implicated in LN-associated kidney 
damage [7, 8]. Moreover, IL-17 stimulates inflammatory cy
tokine production by renal cells, leading to granulopoiesis as 
well as changes in renal function [9]. Thus, IL-17 may con
tribute to disease progression, and its inhibition may lead to 
clinical improvement in LN [10].

Secukinumab, an anti–IL-17A antibody, has shown efficacy 
with a consistent and favourable safety profile in psoriasis, 
PsA, axial SpA, and hidradenitis suppurativa [11, 12]. 
Previous case reports have suggested improvement in LN with 
secukinumab [13, 14]. A patient with refractory LN achieved a 
CRR within 8 months of secukinumab treatment [13].

A phase III core study (SELUNE) and an extension study 
were conducted to evaluate the efficacy and safety of s.c. 
secukinumab 300 mg compared with placebo, in combination 
with the standard of care (SoC) for patients with active LN. 
Both studies were terminated early due to futile results fol
lowing a planned futility analysis of the core study. The final 
results of the two studies are reported herein.

Methods
Study design and population
SELUNE was a multicentre phase III, randomized, placebo- 
controlled, double-blind study (planned duration: 104 weeks). 
The extension open-label study involved only secukinumab 
(planned duration: up to 260 weeks). The details of the study 
designs are presented in Supplementary Figure S1.

Eligible patients aged 18–75 years with a confirmed diagno
sis of SLE and documented history of ≥4 of the 11 criteria for 
SLE as defined by the ACR (or LN as the sole clinical criterion 
in the presence of ANA or anti-dsDNA antibodies) and with 
active LN were included in the core study. Patients who com
pleted the treatment period for up to week 104 of the core 

study were eligible to participate in the extension study. 
Detailed eligibility criteria are provided in Supplementary 
Table S1.

The core study planned to enrol 400 patients, who were ran
domized 1:1 to receive either s.c. secukinumab 300 mg or pla
cebo for the first 4 weeks followed by a monthly maintenance 
dose thereafter. All patients received a SoC background regi
men for induction [CSs along with either mycophenolic acid 
(MPA) or CYC], followed by maintenance therapy (MPA and 
oral CS). Patients entering the extension study received open- 
label secukinumab 300 mg every 4 weeks.

The SELUNE (core) study was registered (NCT04181762), 
as was the extension study (NCT05232864).

End points
The primary end point was the proportion of patients achiev
ing CRR with secukinumab compared with placebo at week 
52 (core study) and at week 260 (extension study).

The secondary end points of the core study at week 52 in
cluded change from baseline in 24-hour urine protein-to- 
creatinine ratio (UPCR), proportion of patients achieving 
partial renal response (PRR), average daily dose of oral CSs 
between weeks 16 and 52, time to achieve CRR and PRR, 
time to achieve first morning void UPCR of ≤0.5 mg/mg, im
provement in patient-reported outcomes [Functional 
Assessment of Chronic Illness Therapy–Fatigue (FACIT-F), 
Short Form Health Survey-Physical Component Summary 
(SF-26 PCS) and LupusQoL]. Safety was assessed by clinical 
laboratory evaluations, vital signs, and monitoring for 
treatment-emergent adverse events (TEAEs) in both studies.

Statistical analysis
The core study had a pre-planned futility analysis when 138 
patients had completed treatment up to week 52. An indepen
dent external data monitoring committee (DMC) reviewed 
the analysis. This futility analysis showed that no clinically 
meaningful benefit of secukinumab over the current SoC was 
expected to be observed by the end of the core study, based 
on the pre-specified futility criteria. Due to these findings of 
treatment futility, both the core and extension studies were 
terminated early. The final analysis was performed on 
patients who had or would have had an opportunity to reach 
52 weeks of treatment at the time of core study termination 
(including those patients who discontinued the study treat
ment). A logistic regression model adjusted for SoC, race, 
and baseline UPCR was used for the primary analysis in the 
core study. The difference in marginal response proportions, 
along with the P-value and 95% CI), was estimated. The sig
nificance level was set at 5% (two-sided). The secondary effi
cacy analyses have been summarized with descriptive 
statistics using the observed data. Due to early termination, 
none of the patients completed the extension study, and only 
the available efficacy results are presented with the summary 
statistics. Further details of the statistical procedures are pre
sented in the Supplementary appendix.

Results
Patient disposition and demographics
Overall, 275 patients were randomized to receive either secu
kinumab (n¼137) or a placebo (n¼ 138) in the core study. 
Of these patients, 182 (91 in each group) were included in 
the final analysis (i.e. those patients who had a chance to 
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reach week 52 at the time of the study termination). Among 
the latter group, 71.4% of the secukinumab group (65/91) 
and 74.7% of the placebo group (68/91) completed the 
double-blinded 52-week treatment period. At week 104, 31 
patients moved from the core to the extension study 
(Supplementary Table S2). The baseline demographics and 
disease characteristics were generally balanced between the 
groups. At the core study baseline, the mean patient age was 
33.6 years, and most patients were female (87.3%). Overall, 
48.4% of patients had LN class IV without class V features. 
The mean (S.D.) time since first diagnosis of LN was 3.1 (4.7) 
years (Supplementary Table S3).

Efficacy
Core study
Primary end point
Based on the available data, the core study did not achieve 
the primary objective. At week 52, the proportion of patients 
achieving CRR was lower with secukinumab (24.2%) than 
with placebo (36.3%). The estimated mean response rates at 
week 52 were numerically lower with secukinumab (25.9%; 
95% CI: 16.8–34.9) than with placebo (38.6%; 95% CI: 
28.5–48.7). The number of responders for all individual CRR 
components was lower in the secukinumab group than in the 
placebo group, except for the estimated glomerular filtration 
rate (for which it was comparable) (Table 1). The main con
tributor to the numerically lower number of responders in 
the secukinumab group compared with the placebo group 
was the 24-hour UPCR of ≤0.5 mg/mg.

Secondary end points
The PRR at week 52 was lower in the secukinumab group 
(56.2%) than in the placebo group (63.9%). Secukinumab vs 
placebo groups showed similar changes from baseline at 
week 52 in mean FACIT-F scores (−2.0 vs −2.0), SF-36 PCS 
scores (3.410 vs 2.707) and LupusQoL scores (7.62 vs 8.55). 
The other secondary end point results are presented in 
Supplementary Table S4.

Extension study
In the extension study, due to fewer patients being included 
in the data analysis (n¼31), the results were not interpret
able (Supplementary Table S5).

Safety
The overall incidence of TEAEs was comparable between the 
treatment groups in the core (secukinumab: 87.6%; placebo: 
89.1%) and extension (secukinumab: 93.8%; placebo–secu
kinumab: 100.0%) studies.

During the core study, the most frequently reported TEAEs 
(≥10%) were comparable between the groups, including upper 
respiratory tract infection, COVID-19, urinary tract infection 
(UTI), arthralgia, diarrhoea, headache, and cough (Table 2).

No major adverse cardiovascular events (MACEs) were 
reported in any patient receiving secukinumab in either the 
core or the extension studies.

In the extension study, the most frequently reported TEAEs 
(≥15%) were COVID-19, UTI and anaemia (Table 2). Most 
TEAEs reported were mild to moderate during both studies.

The incidence of serious adverse events (SAEs) was lower 
with secukinumab (21.9%) than with placebo (28.3%), with 
two deaths being reported during the core study (one patient 
in each group). One ((35-year-old) patient from the secukinu
mab group died due to meningitis on day 33. The investigator 
assessed the event as related to the study treatment and back
ground SoC of MMF and CSs. This death was assessed by 
the study sponsor (Novartis Pharmaceuticals) as not being re
lated to the study treatment but due to the background im
munosuppressive treatment. The other (21-year-old) patient 
in the placebo group died of pericardial effusion and active 
SLE on day 205. During the core study, the SAEs suspected 
to be related to the study treatment were comparable across 
both treatment groups (Supplementary appendix). No deaths 
were reported during the extension study, and three SAEs 
were reported in the placebo–secukinumab group: two cases 
of breast cancer and one case of UTI.

The most frequent AEs of special interest were infections in 
both the core and extension studies (Table 2). The overall 

Table 1. Proportion of patients achieving CRR in core study

Core study

Analysis visit Response (using NRI)b SEC (N¼ 91) Placebo (N¼91) Estimated mean 
response rate  
difference (CI)

Week 52—Primarya Responder, n (%) 22 (24.2) 33 (36.3)
Estimated mean response rate (95% CI) 25.9 (16.8, 34.9) 38.6 (28.5, 48.7) −12.7 (−26.3, 0.9)
CRR components, n (%)
24-h UPCR≤ 0.5 mg/mg 27 (29.7) 40 (44.0)
eGFR≥60 ml/min/1.73 m2 or not less 

than 85% of baseline
68 (74.7) 67 (73.6)

No treatment discontinuationc before 
week 52

66 (72.5) 69 (75.8)

No CS overuse between week 44 and 
week 52

84 (92.3) 90 (98.9)

a The week 52 primary analysis considered patients with CS overuse between week 44 and week 52 as non-responders. CS overuse was defined as receipt 
of >10 mg prednisone or equivalent for ≥3 consecutive days or for ≥7 days of total during weeks 44 through 52.

b Patients who did not have the required data for computing responses at the specific time point or who had discontinued the study treatment before the 
specified time point were classified as non-responders.

c Treatment discontinuation for reasons other than early study termination by sponsor.
CRR: complete renal response; eGFR: estimated glomerular filtration rate; N: total number of patients; n: number of assessable patients; NRI: non-responder 
imputation; SEC: secukinumab; UPCR: urine protein-to-creatinine ratio.
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incidence of infections was similar between the groups. An im
balance in fungal infections was observed between secukinu
mab (12.4%) and placebo (5.8%) groups in the core study. 
These infections were mainly Candida infections (secukinu
mab: 7.3%; placebo: 2.9%), and oral candidiasis was the most 

common Candida infection (secukinumab: 5.8%, placebo: 
2.2%). Additionally, oesophageal candidiasis was <1.5% in 
both treatment groups in the core study. Treatment discontin
uations due to infections were numerically lower with secuki
numab (0.7%) than with the placebo (1.4%) in the core study.

Table 2. Summary of treatment-emergent adverse events in core study and extension study

Core study

SEC (N¼137) Placebo (N¼138)

Exposure (days), mean (S.D.) 455.7 (229.6) 443.4 (232.9)
Exposure (days), median (min–max) 421.0 (1–786) 423.5 (44–794)
Patient years 171 168
Any AEs, n (%) 120 (87.6) 123 (89.1)
Death, n (%) 1 (0.7) 1 (0.7)
Any SAEs, n (%) 30 (21.9) 39 (28.3)
Discontinued study treatment due to any AEs, 

n (%)
8 (5.8) 10 (7.2)

Any AEs by severity, n (%)
Mild 46 (33.6) 50 (36.2)
Moderate 60 (43.8) 54 (39.1)
Severe 14 (10.2) 19 (13.8)

Most common AEs by preferred term (≥10%), n (%)
Arthralgia 13 (9.5) 19 (13.8)
Cough 8 (5.8) 14 (10.1)
COVID-19 28 (20.4) 25 (18.1)
Diarrhoea 23 (16.8) 21 (15.2)
Headache 21 (15.3) 14 (10.1)
URTI 19 (13.9) 26 (18.8)
UTI 19 (13.9) 31 (22.5)

AEs of special interest by preferred terma (≥5%), n (%)
Gastroenteritis 7 (5.1) 8 (5.8)
Herpes zoster 10 (7.3) 8 (5.8)
Nasopharyngitis 11 (8.0) 11 (8.0)
Oral candidiasis 8 (5.8) 3 (2.2)
Pharyngitis 4 (2.9) 11 (8.0)
Pneumonia 9 (6.6) 3 (2.2)

Extension studyb

SEC (N¼16) n (%) Placebo-SEC (N¼15) n (%)
Exposure (days), mean (S.D.) 148.2 (72.2) 158.5 (81.0)
Exposure (days), median (min–max) 113.5 (85–281) 113.0 (83–310)
Patient years 6.5 6.5
Any AEs, n (%) 15 (93.8) 15 (100.0)
Death, n (%) 0 0
Any SAEs, n (%) 0 3 (20.0)
Any AEs by severity, n (%)

Mild 3 (18.8) 7 (46.7)
Moderate 11 (68.8) 5 (33.3)
Severe 1 (6.3) 3 (20.0)

Most common AEs by preferred term (≥15%), n (%)
Anaemia 4 (25.0) 3 (20.0)
Arthralgia 3 (18.8) 3 (20.0)
COVID-19 5 (31.3) 8 (53.3)
Diarrhoea 2 (12.5) 4 (26.7)
Headache 3 (18.8) 0
Herpes zoster 5 (31.3) 0
Hypokalaemia 1 (6.3) 3 (20.0)
Nausea 3 (18.8) 0
Pharyngitis 0 3 (20.0)
URTI 0 4 (26.7)
UTI 4 (25.0) 6 (40.0)

AEs of special interest by preferred terma (≥10%), n (%)
Bacterial vaginosis 2 (12.5) 1 (6.7)
Breast cancer 0 2 (13.3)
Nasopharyngitis 1 (6.3) 2 (13.3)
Paronychia 1 (6.3) 2 (13.3)

a AEs that are already covered under most common AEs were not included.
b The baseline of the safety data for the extension study was defined as the last measurement made prior to administration of the first dose of the study 

treatment in the core study.
COVID-19: coronavirus disease; AE: adverse event; N: total number of patients; n: number of assessable patients; SAE: serious adverse event; SEC: 
secukinumab; UTI: urinary tract infection; URTI: upper respiratory tract infection.
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Discussion
Despite recent advancements in the understanding of LN 
pathophysiology and the continuous development of novel 
agents, �60% of patients may not achieve a complete re
sponse, leading to poor long-term outcomes [15]. Moreover, 
a notable proportion of patients experience relapse and flares 
[16]. Therefore, there remains an unmet treatment need for 
achieving complete remission and preventing relapse and pro
gression of LN to ESKD.

The core (SELUNE) and the extension studies aimed to evalu
ate the long-term efficacy and safety of secukinumab. However, 
both studies were terminated early at the recommendation of an 
independent DMC due to findings of a planned futility analysis 
of the core study showing no clinically meaningful benefit of 
secukinumab over the current SoC. There were no specific safety 
concerns that led to early termination of these studies. The results 
of the final analysis were aligned with the outcome of the futility 
analysis. The core study showed that the response rate of achiev
ing CRR was numerically lower with secukinumab than with 
placebo. No differences were observed between the secukinumab 
and placebo groups in any of the secondary efficacy end points, 
including patient-reported outcomes. Due to early termination of 
the studies, the long-term efficacy of secukinumab in LN could 
not be evaluated.

The incidence of TEAEs was comparable between the secu
kinumab and placebo groups, except for herpes zoster and 
fungal infections (mainly oral candidiasis) with secukinumab, 
which were non-serious and mild to moderate in severity and 
in line with the known safety profile of secukinumab.

No MACE was reported in the secukinumab-treated 
patients in this population, even though this population is 
known to have an increased risk of LN-associated cardiovas
cular events [17]. Safety results were consistent with the 
known safety profile of secukinumab in the approved indica
tions with no new or unexpected safety signals [12].

Several biologic molecules, including ianalumab, daratu
mumab, obinutuzumab (shown to be effective over placebo 
in achieving CRR), guselkumab, and anifrolumab, are being 
investigated for their efficacy and safety in patients with LN 
[18, 19]. Despite the ongoing efforts and numerous random
ized controlled trials (RCTs), a significant number of RCTs 
have also failed. The factors to which these failures have been 
attributed include trial design, sample size, eligibility criteria, 
end point definition, outcome measures, disease heterogene
ity, strong medication background, or short follow-up [20]. 
The core (SELUNE) study had generally balanced baseline 
characteristics and consistent background SoC in both treat
ment arms, with patients stratified at randomization by in
duction SoC therapy to ensure balanced representation and 
to minimize confounding from patient selection or induction 
of treatment variability. Despite this, secukinumab did not 
show superiority over placebo. In another RCT, LUNAR, rit
uximab did not show added benefit over SoC in LN, despite 
effective B cell depletion [21]. In both LUNAR and SELUNE 
studies, high placebo response rates and a stringent end point 
definition, particularly the proteinuria threshold for CRR, 
may have reduced the sensitivity for detecting a marginal 
treatment response. Strong background SoC therapy may 
also have contributed to the high placebo response. However, 
the lack of efficacy with secukinumab, despite a robust RCT, 
suggests that IL-17A inhibition may not benefit the broader 
LN population. These challenges highlight the complexities 

of drug development in LN, where addressing only the in
flammatory process of its multifactorial pathophysiology 
may not be adequately effective.

The secukinumab dosing regimen was selected based on its 
established efficacy and safety in other inflammatory dis
eases. However, population PK modelling showed lower 
drug exposure between weeks 12 and 24 in patients with LN 
than in those with psoriasis and PsA, likely due to 
proteinuria-driven drug clearance (Novartis data on file). 
Nonetheless, exposure levels in patients with LN remained 
higher than those achieved with 150 mg secukinumab admin
istered every 4 weeks, which is effective in other indications. 
Therefore, while PK differences may have contributed mar
ginally, they are unlikely to fully explain the lack of efficacy. 
These findings further support the hypothesis that IL-17A– 
targeted therapy may not be appropriate for LN.

Due to the early termination of both studies, the small sam
ple size and an incomplete follow-up, only limited inferences 
could be drawn from the results.

Conclusion
Secukinumab combined with SoC did not demonstrate supe
rior efficacy to that of placebo with SoC in patients with ac
tive LN. The safety profile of secukinumab was consistent 
with the known safety profile in approved adult indications 
and showed no new or unexpected safety signals in patients 
with LN.

The study protocol and all amendments were reviewed and 
approved by the Independent Ethics Committee/Institutional 
Review Board of each centre. The study was conducted 
according to the International Council for Harmonisation E6 
Guidelines for Good Clinical Practice, which have their origin 
in the Declaration of Helsinki. Informed consent was 
obtained from each patient in writing at the screening visit.

Supplementary material
Supplementary material is available at Rheumatology online.

Data availability
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