UC San Diego
UC San Diego Previously Published Works

Title
Phase 3, multicentre, randomised, placebo-controlled study evaluating the efficacy and
safety of ustekinumab in patients with systemic lupus erythematosus

Permalink
https://escholarship.org/uc/item/0ws1z791

Journal
Annals of the Rheumatic Diseases, 81(11)

ISSN
0003-4967

Authors

van Vollenhoven, Ronald F
Kalunian, Kenneth C
Dorner, Thomas

Publication Date
2022-11-01

DOI
10.1136/ard-2022-222858

Copyright Information
This work is made available under the terms of a Creative Commons Attribution-
NonCommercial License, available at https://creativecommons.org/licenses/by-nc/4.0

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/0ws1z79f
https://escholarship.org/uc/item/0ws1z79f#author
https://creativecommons.org/licenses/by-nc/4.0/
https://escholarship.org
http://www.cdlib.org/

Systemic lupus erythematosus

®

OPEN ACCESS

Handling editor Josef S
Smolen

» Additional supplemental
material is published online
only. To view, please visit
the journal online (http://dx.
doi.org/10.1136/ard-2022-
222858).

For numbered affiliations see
end of article.

Correspondence to

Dr Ronald F van Vollenhoven,
Department of Rheumatology,
Amsterdam Rheumatology and
Immunology Center, Amsterdam,
Netherlands;

rvanvollenhoven@
amsterdamumc.nl

Received 27 May 2022
Accepted 15 June 2022
Published Online First
7 July 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BM.

To cite: van Vollenhoven RF,
Kalunian KC, Dorner T,
et al. Ann Rheum Dis
2022;81:1556—-1563.

CLINICAL SCIENCE

Phase 3, multicentre, randomised, placebo-controlled
study evaluating the efficacy and safety of
ustekinumab in patients with systemic

lupus erythematosus
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ABSTRACT

Objective Evaluate the efficacy and safety of
ustekinumab, an anti-interleukin-12/23 p40 antibody,
in a phase 3, randomised, placebo-controlled study of
patients with active systemic lupus erythematosus (SLE)
despite receiving standard-of-care.

Methods Active SLE patients (SLE Disease Activity Index
2000 (SLEDAI-2K) =6 during screening and SLEDAI-2K
>4 for clinical features at week 0) despite receiving oral
glucocorticoids, antimalarials, or immunomodulatory
drugs were randomised (3:2) to receive ustekinumab
(intravenous infusion ~6 mg/kg at week 0, followed by
subcutaneous injections of ustekinumab 90 mg at week
8 and every 8 weeks) or placebo through week 48. The
primary endpoint was SLE Responder Index (SRI)-4 at
week 52, and major secondary endpoints included time
to flare through week 52 and SRI-4 at week 24.
Results At baseline, 516 patients were randomised to
placebo (n=208) or ustekinumab (n=308). Following
the planned interim analysis, the sponsor discontinued
the study due to lack of efficacy but no safety concerns.
Efficacy analyses included 289 patients (placebo,
n=116; ustekinumab, n=173) who completed or would
have had a week 52 visit at study discontinuation. At
week 52, 44% of ustekinumab patients and 56% of
placebo patients had an SRI-4 response; there were no
appreciable differences between the treatment groups in
the major secondary endpoints. Through week 52, 28%
of ustekinumab patients and 32% of placebo patients
had a British Isles Lupus Assessment Group flare, with

a mean time to first flare of 204.7 and 200.4 days,
respectively. Through week 52, 70% of ustekinumab
patients and 74% of placebo patients had =1 adverse
event.

Conclusions Ustekinumab did not demonstrate
superiority over placebo in this population of adults
with active SLE; adverse events were consistent with the
known safety profile of ustekinumab.

Trial registration number NCT03517722.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a heteroge-
neous and biologically complex chronic autoim-
mune disease that can present with a wide-ranging
constellation of symptoms affecting multiple organ

WHAT IS ALREADY KNOWN ON THIS TOPIC

= An unmet need remains for improved

treatment options for patients with systemic
lupus erythematosus (SLE), who continue to
experience a high disease burden. A phase 2
study of ustekinumab, a monoclonal antibody
inhibiting the interleukin-12/23 p40 subunit,
demonstrated efficacy in patients with active
SLE.

WHAT THIS STUDY ADDS

= In the phase 3 LOTUS study of ustekinumab
in patients with active SLE, the primary and
major secondary endpoints were not achieved;
thus, there was insufficient evidence to support
continuation of this study. Safety results were
consistent with the known safety profile of
ustekinumab.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The LOTUS results add to the body of
research in SLE treatments and improve the
understanding of the pathogenesis of SLE.
Additionally, aspects of the LOTUS study design
may be useful in optimising future studies of
SLE treatments.

systems, with patients commonly experiencing
arthralgia/arthritis and skin rashes.! Conventional
therapies include oral glucocorticoids, antimalarial
and/or immunosuppressive therapies to control
inflammation. Therapies approved more recently
are belimumab, a monoclonal antibody targeting
B lymphocyte stimulator,” anifrolumab, a type 1
interferon (IFN) receptor antagonist,” and voclo-
sporin in lupus nephritis, an immunosuppressant
inhibiting calcineurin.* Advances in general medical
care have resulted in improved outcomes in these
patients; however, disease burden with SLE remains
high with patients often experiencing significant
work disability and an increased risk of mortality
compared with the general population.””’
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Systemic lupus erythematosus

The aetiology of SLE remains unclear, with several molecular
pathways implicated in the pathogenesis of this disease. Elevated
levels of interleukin (IL)-12 and IL-23 have been found in serum
and tissue samples from patients with SLE,*'? with expression
of the shared p40 subunit being upregulated in untreated SLE
patients in comparison with treated patients.'' Ustekinumab, a
monoclonal antibody inhibiting the IL-12/23 p40 subunit,'* is
approved for patients with moderate-to-severe plaque psoriasis
and active psoriatic arthritis and was identified in a previous
meta-analysis as being a top candidate for repositioning in SLE."?

The efficacy and safety of ustekinumab in patients with active
SLE was evaluated in a phase 2, randomised, placebo-controlled
study."* ° Among patients who entered the optional long-term
extension, greater proportions of ustekinumab-treated patients
achieved an SLE Responder Index (SRI)-4 composite response
at week 24 compared with placebo, and response rates were
maintained through 2 years.'® Here, we report the efficacy and
safety results of the subsequent phase 3, randomised, placebo-
controlled study (LOTUS; ClinicalTrials.gov: NCT03517722) of
ustekinumab in patients with active SLE.

METHODS

Patients

Eligible patients were aged 16—75 years (inclusive) with a diag-
nosis of SLE and a documented history of meeting the Systemic
Lupus International Collaborating Clinics classification criteria
for SLE =3 months prior to first study agent administration.
Patients had active SLE (screening SLE Disease Activity Index
2000 (SLEDAI-2K) =6 and baseline SLEDAI-2K =4 for clin-
ical features) despite receiving stable doses of =1 of the
following: oral glucocorticoids (<20 mg/day prednisone or
equivalent), antimalarials (<250 mg/day chloroquine, <400
mg/day hydroxychloroquine) or immunomodulatory drugs

(mycophenolate mofetil <2 g/day, mycophenolic acid <1.5 g/
day, azathioprine/6 mercaptopurine <2 mg/kg/day, oral metho-
trexate (MTX) <25 mg/week, or subcutaneous or intramuscular
MTX =20 mg/week). All patients had to have =1 previous well-
documented unequivocally positive test for =1 of the following:
antinuclear, anti-dsDNA, or anti-Smith antibodies as well as =1
positive test result during screening. Other inclusion criteria
included: =1 British Isles Lupus Assessment Group (BILAG)'” A
and/or =2 BILAG B domain scores at screening and Cutaneous
Lupus Erythematosus Disease Area and Severity Index (CLASI)*®
activity score =4 or=4 joints with pain and signs of inflamma-
tion (active joints) at screening and/or week 0.

Concomitant use of angiotensin-converting enzyme inhib-
itors or angiotensin II receptor blockers, nonsteroidal anti-
inflammatory drugs, or other analgesics, or select topical
medications for cutaneous disease was permitted at stable doses.
Patients were excluded if they had any unstable or progres-
sive manifestation of SLE (eg, active class III or IV glomerulo-
nephritis, systemic vasculitis, or active central nervous system
involvement) or other inflammatory diseases that might
confound efficacy assessments. Patients could not have received
previous treatment with systemic immunomodulatory drugs;
adrenocorticotropic hormone; oral or intravenous cyclophos-
phamide or intravenous cyclophosphamide; B-cell targeted ther-
apies or B-cell depleting therapy (or have evidence of continued
B-cell depletion following such therapy); immunomodulatory
biological therapy within prespecified timeframes prior to
screening or study agent administration. All patients were naive
to ustekinumab.

Study design
Patients were randomised (3:2) to ustekinumab (intravenous
infusion of ~6 mg/kg at week 0, then subcutaneous injections

(n=1029)

Patients screened

Screen failures
(n=513)

(n=516)

Patients randomised

Placebo Ustekinumab
(n=208) (n =308)
| | Randomised, not treated
(n=1)
I I I I
Completed Discontinued Completed Discontinued
study treatment study treatment study treatment study treatment
(n = 105) (n=103) (n=153) (n = 155)
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Completed study 9 Adverse event
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Figure 1 Patient disposition of LOTUS participants. mFAS, (including patients who either completed their week 52 visit or would have had a week
52 visit at the time of study discontinuation by the sponsor). mFAS, modified full analysis set.
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of ustekinumab 90 mg at week 8 and every 8 weeks thereafter)
or placebo (infusion at week 0, then subcutaneous injections
at week 8 and every 8 weeks) with crossover to ustekinumab
at week 52. The planned study duration included study agent
administration through week 160, with safety follow-up through
week 176. However, following a prespecified interim efficacy
analysis, the study was discontinued early due to lack of efficacy.

Randomisation included the following stratification factors:
race (white, black or other), presence of lupus nephritis (ever;
yes/no), composite of baseline SLE medications and SLEDAI-2K
score (high medications and SLEDAI-2K=10, high medications
and SLEDAI-2K <10, medium medications and SLEDAI-2K=10,
medium medications and SLEDAI-2K<10). High medication
use was defined as receiving any of the following: =15 mg/
week MTX, or =1.5 mg/kg/day azathioprine/6 mercaptopurine,
or =1.5 g/day mycophenolate mofetil/=1.125 g/day mycophe-
nolic acid, and/or =15 mg/day prednisone or equivalent; all
other medication use was classified as medium.

Assessments

Global clinical efficacy was assessed using the SRI-4 composite
response: =4 points reduction in SLEDAI-2K score, no new
BILAG A or no more than 1 BILAG B domain score, and no
worsening (<10% worsening from baseline) of physician global
assessment, without meeting the treatment failure criteria.
Other assessments included active joint assessment (tender and
swollen joints and signs of inflammation), CLASI activity score
for mucocutaneous disease, the Physical and Mental Compo-
nent Summary scores of the Medical Outcomes Study 36-item
Short-Form Health Survey (SF-36 PCS/MCS; minimal clinically
important difference (MCID): change =2.5)" and the Func-
tional Assessment of Chronic Illness Therapy-Fatigue (FACIT-
Fatigue; MCID: change =4) score for fatigue. SLE flares were
assessed using the BILAG with a severe flare defined as =1 new
BILAG A domain score and a moderate flare defined as =2 new
BILAG B domain scores.

Safety was monitored throughout the study through adverse
event (AE) reporting and routine blood chemistry and haema-
tology tests. Blood samples were collected at regular intervals
for assessing the pharmacokinetics and pharmacodynamics of
ustekinumab and the presence of antibodies to ustekinumab.
Serum levels of pharmacodynamic markers were assessed using
the Meso Scale Discovery platform (IFNy and p40), Quanterix’s
single molecule array (Simoa) technology (IFNa), and the high-
sensitivity Single Molecule Counting Erenna Immunoassay (IL-
17F and IL-22) in a representative biomarker subgroup. Samples
from demographically matched healthy subjects (n=30) were
procured independently (BiolVT, Westbury, NY) as a control
group for biomarker analyses. Antibodies to ustekinumab were
assessed using a validated drug-tolerant electrochemilumines-
cent immunoassay.

Statistical methods

The primary endpoint was the proportion of patients achieving
an SRI-4 composite response at week 52. Secondary endpoints
were to be tested in a hierarchical manner as follows: time to
first flare (=1 new BILAG A or =2 new BILAG B scores) through
week 52, proportion of patients with an SRI-4 composite
response at week 24, proportion of patients with joint response
(=50% improvement in active joints) at week 52 in patients
with =4 affected joints at baseline, proportion of patients who
achieved a reduction in glucocorticoid dose at week 40 and
sustained that reduction through week 52 in patients receiving

glucocorticoids at baseline, proportion of patients with CLASI
response (=50% improvement in CLASI activity score) at week
52 in patients with a baseline CLASI =4, and proportion of
patients who achieved reduction in glucocorticoid dose at week
40 and sustained that reduction through week 52 and achieved
SRI-4 composite response at week 52.

For the primary and binary major secondary endpoints,
patients with missing data or those meeting =1 treatment failure
criteria were classified as non-responders. Treatment failure
criteria were as follows: increase in baseline dose or initiation of
permitted SLE medications between weeks 12 and 52, initiation
of a protocol-prohibited medication, or discontinuation of study
agent for any reason before week 52. Continuous endpoints
were analysed using a mixed model for repeated measures to
test differences between treatment groups and adjust for missing
data. The models included baseline SLEDAI score as a covariate
and treatment, baseline medication use for SLE (high, medium),
race, visit, and an interaction of treatment and visit as fixed
effects.

The planned sample size of 500 patients (ustekinumab, 300;
placebo, 200) would yield ~98% power to detect a significant
difference in SRI-4 response rates at week 52 in the two treat-
ment groups assuming response rates of 35% in the placebo
group™ ?° and 53% in the ustekinumab group. This assumption
in response rates would yield an absolute difference of 18% over
placebo or an OR of 2.09 with an alpha level of 0.05.

A preplanned interim analysis was performed by an indepen-
dent data monitoring committee 24 weeks after ~50% of the
planned enrollment had been randomised. If the proportion of
patients achieving an SRI-4 composite response in the usteki-
numab group was =2% greater than that in the placebo group,
then the study would continue without modification.

The prespecified efficacy analyses were intended to include the
full analysis set (FAS; all randomised patients who received =1
dose of study agent); however, on study discontinuation by the
sponsor, efficacy analyses were performed using the modified
FAS (mFAS) and included only patients who either completed
their week 52 visit or would have had a week 52 visit at the
time of study discontinuation by the sponsor. Sensitivity analyses
assessed the primary endpoint in subpopulations defined by base-
line characteristics: sex, age, weight, body mass index, geograph-
ical region, race, ethnicity, SLE medication use, presence of lupus
nephritis, SLEDAI-2K score, PGA score, urine protein/creatinine
ratio, C3 and C4 levels, and anti-dsDNA status.

Safety analyses included all patients who received =1 adminis-
tration of study agent. The incidence of antibodies to ustekinumab
was summarised for all patients who received ustekinumab and
had =1 available serum sample (post-ustekinumab administra-
tion). Pharmacokinetic and pharmacodynamic analyses included
patients who received =1 dose of ustekinumab (partial or
complete; IV or SC) and had =1 available blood sample (post-
ustekinumab administration).

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

RESULTS

Patient disposition and baseline characteristics

LOTUS was conducted at 140 sites in 20 countries. Of 1029
patients screened, 516 were randomised to placebo (n=208)
or ustekinumab (n=308) (figure 1). Following the preplanned
interim analysis, the futility criteria were met, and the sponsor

1558 van Vollenhoven RF, et al. Ann Rheum Dis 2022;81:1556—1563. doi: 10.1136/annrheumdis-2022-222858
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Table 1 Baseline demographic and disease characteristics

All randomised patients mFAS*
Ustekinumab Placebo Ustekinumab Placebo
Patients, nt 308 208 173 116
Female 291 (94.5) 191 (91.8) 165 (95.4) 108 (93.1)
Age 429+11.4 445+12.3 43.4+11.4 45.8+11.3
Race
White 208 (67.5) 136 (65.4) 130 (75.1) 86 (74.1)
Black 24 (7.8) 18 (8.7) 14 (8.1) 10 (8.6)
Asian 57 (18.5) 46 (22.1) 22 (12.7) 20(17.2)
Disease duration (years) 8.8+8.0 9.1+7.6 8.8+8.6 9.4+7.7
SLEDAI-2K (0-105) 10.4+3.4 10.5+3.7 10.5+3.8 10.5+3.7
Physician’s global assessment (VAS, 0-3) 1.8+0.4 1.8+0.4 1.8+0.5 1.8+0.4
BILAG
>1 BILAGA 144 (46.8) 79 (38.0) 71 (41.0) 43 (37.1)
>2 BILAG B 170 (55.2) 124 (59.6) 103 (59.5) 69 (59.5)
Tender joint count 15.0+11.4 13.9+10.4 16.6+12.1 14.8+11.0
Swollen joint count 9.1+6.8 8.4+6.4 9.8+6.9 8.7+6.3
Joints with both tenderness and inflammation 8.7+6.5 7.8+6.0 9.5+6.8 8.2+6.0
CLASI activity score (0-70)
Patients, n 307 208 172 116
Mean+SD 8.4+6.8 7.9+6.4 7.6+6.0 8.0+5.4
ANA% 282/302 (93.4) 189/204 (92.6) 155/167 (92.8) 105/113 (92.9)
Anti-dsDNA (>75 kIU/L)$ 113 (36.7) 77 (37.0) 59 (34.1) 36 (31.0)
Low complement#
a 129 (41.9) 90 (43.3) 66 (38.2) 49 (42.2)
c4 79 (25.6) 57 (27.4) 35(20.2) 26 (22.4)
Patients with lupus nephritis 52 (16.9) 48 (23.1) 31(17.9) 23 (19.8)
Concomitant medications
Oral glucocorticoids 249 (80.8) 163 (78.4) 140 (80.9) 92 (79.3)
Dose (mg/day) 9.7+4.8 9.6+5.5 9.3+4.5 8.8+4.6
Antimalarials 223 (72.4) 155 (74.5) 122 (70.5) 86 (74.1)

Data reported as n (%), n/N (%), or mean + standard deviation unless otherwise noted.

*The mFAS included patients who either completed their week 52 visit or would have had a week 52 visit at the time of study discontinuation by the sponsor.

tPatients were enrolled at sites located in Argentina (7 sites), Bulgaria (3 sites), Canada (1 site), China (3 sites), Colombia (6 sites), Germany (4 sites), Hungary (3 sites), Japan (18
sites), Lithuania (4 sites), Poland (8 sites), Portugal (1 site), Republic of Korea (3 sites), Russian Federation (7 sites), Serbia (7 sites), Spain (5 sites), South Africa (4 sites), Taiwan (5
sites), Thailand (5 sites), Ukraine (6 sites), USA (40 sites).

$Analyses of ANA, anti-ds-DNA, C3, and C4 were performed by a central laboratory. The presence of ANA (determined as either positive or negative) was assessed using the
Kallestad HEp-2 indirect fluorescent antibody method (Bio-Rad Laboratories). Anti-dsDNA was measured using the QUANTA Lite dsDNA SC ELISA (INOVA diagnostics) with

the following reference values: negative defined as <30 1U/mL, borderline defined as 30-75 IU/mL, positive defined as >75 IU/mL. C3 levels were measured using Tina-quant
complement C3c V.2 kit (Roche Diagnostics) with a reference range of 0.90-1.80 g/L. C4 levels were measured using the Tina-quant complement C4 V.2 kit (Roche Diagnostic)
with a reference range of 0.1-0.4 g/L.

ANA, anti-nuclear antibodies; BILAG, British Isles Lupus Assessment Group; CLASI, Cutaneous Lupus Erythematosus Disease Area and Severity Index; dsDNA, double-strand DNA;

mFAS, modified full analysis set; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000; VAS, Visual Analogue Scale.

discontinued the study on 26 June 2020. Data for this report
were collected from 3 May 2018 to 5 November 2020.

At the time of study discontinuation, 104 patients in the
placebo group and 153 in the ustekinumab group had completed
study participation through week 52 (figure 1). The mFAS
comprised 116 placebo patients and 173 ustekinumab patients
who had completed their week 52 visit or would have had a
week 52 visit (based on their last scheduled visit) at the time the
study was discontinued.

Baseline demographic and disease characteristics are shown
in table 1. Among all randomised patients, the placebo group
had a lower proportion of female patients and the mean age was
higher when compared with the ustekinumab group. Patients in
the placebo group had, on average, fewer active joints as well as
greater proportions of patients with =2 BILAG B domain scores
and lupus nephritis. In addition, the proportion of patients
with =1 BILAG A domain score was higher in the ustekinumab

group. Overall, the baseline demographic and disease character-
istics of patients included in the mFAS were similar to those for
the total study population (table 1).

Efficacy

The primary and major secondary endpoints were not achieved
(figure 2). In the mFAS population, 44% of ustekinumab patients
and 56% of placebo patients had an SRI-4 composite response at
week 52 (figure 2). Sensitivity analyses of the primary endpoint
in subpopulations defined by various demographic and disease
characteristics were consistent with the mFAS (data not shown).
Through week 52, 28% of patients in the ustekinumab group
and 32% of patients in the placebo group had a BILAG flare,
with a mean time to first flare of 204.7 and 200.4 days, respec-
tively (figure 3). There were no appreciable differences between
treatment groups in the response rates for SRI-4 at week 24 or
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in glucocorticoid dose at week 40 that was sustained through
week 52 vs 29% of placebo patients (nominal p=0.040). There
was a trend favouring ustekinumab in the proportion of patients
with both a reduction in glucocorticoid dose at week 40 that was
sustained through week 52 and an SRI-4 composite response at
week 52 (30% vs 24%, nominal p=0.380). No treatment effect
with ustekinumab was observed in an exploratory analysis of
SRI-4 response rates at week 52 with patients stratified by week
40 glucocorticoid dose (=7.5 mg or <7.5 mg) (data not shown).

Among patients in the mFAS, 11% in the placebo group
and 9% in the ustekinumab group had a clinically meaningful
improvement in FACIT-Fatigue score at week 52; 58% and 48%,
respectively, had an improvement =MCID in SF-36 PCS score,
and 43% and 38%, respectively, had an improvement =MCID
in SF-36 MCS score.

Safety

Through week 52, 74% of placebo patients and 70% of usteki-
numab patients reported =1 AE (table 2), with infections being
the most common type (44% and 43%, respectively). Serious
AEs occurred in 28 (13%) patients in the placebo group and
37 (12%) in the ustekinumab group; serious infections occurred
in 8 (4%) and 15 (5%) patients, respectively (table 2). Serious
infections reported in both treatment groups through week 52
were pneumonia (placebo, n=1; ustekinumab, n=4) and urinary
tract infection (placebo, n=2; ustekinumab, n=1). Other serious
infections in the placebo group were herpes zoster, sepsis,
urosepsis, bronchitis, and diverticulitis (all singular events). In
the ustekinumab group, serious infections through week 52
included gastroenteritis, staphylococcal endocarditis, tonsillitis
and vulval cellulitis. During the extension, four patients (usteki-
numab group) reported a serious infection: COVID-19 (n=2),
gastritis (n=1) and pulmonary tuberculosis (n=1; negative
chest radiograph and Quantiferon TB gold test at screening).
No opportunistic infections occurred. AEs reported during the
extension were similar in type and frequency to those reported
through week 52 (table 2).

Five patients reported a major adverse cardiovascular event:
acute myocardial infarction in the placebo group (n=2), cerebral
infarction (n=1) and embolic stroke (n=1) in the ustekinumab
group and acute myocardial infarction in a placebo—usteki-
numab patient. Two malignancies occurred: diffuse large B-cell
lymphoma (placebo, n=1) and gastric cancer (ustekinumab,
n=1) through week 52; both patients discontinued study agent.
No additional malignancies occurred through week 176.

One death was reported in the placebo group (splenic rupture).
Five deaths occurred in the ustekinumab group: hypovolaemic
shock, cardiac failure due to lupus myocarditis, haemorrhagic
stroke (history of arterial hypertension), staphylococcal endo-
carditis, and COVID-19 (history of asthma).

Five patients, all in the ustekinumab group, had an infusion
reaction; of these, two discontinued as a result. Injection-site
reactions occurred in five ustekinumab patients and no placebo
patient through week 52. After week 52, one patient (place-
bo—ustekinumab group) had an injection-site reaction. All
injection-site reactions were considered mild.

Immunogenicity

Through week 48, 300 patients received =1 partial or complete
dose of ustekinumab and had =1 post-administration serum
sample. Of these patients, 24 (8%) tested positive for antibodies
to ustekinumab, with 16 testing positive for neutralising anti-
bodies. Through week 52, 1/24 (4%) patient who was positive
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Table 2 Adverse events through end of study in LOTUS

Placebo Ustekinumab Placebo— ustekinumab Ustekinumab

(weeks 0-52) (weeks 0-52) (weeks 52-176) (weeks 52-176) All ustekinumab*
Patients, n 208 307 88 134 395
Mean duration of follow-up (weeks) 50.4 50.1 29.7 29.7 55.6
Patients with >1 AE 155 (74.5) 214 (69.7) 26 (29.5) 37 (27.6) 246 (62.3)
Patients with >1 SAE 28 (13.5) 37 (12.1) 5(5.7) 7(5.2) 49 (12.4)
Patients with =1 infection 92 (44.2) 132 (43.0) 9(10.2) 23(17.2) 149 (37.7)
Patients with >1 serious infection 8(3.8) 15 (4.9) 0 4 (3.0) 19 (4.8)
COVID-19-related AEs 0 2(0.7) 0 4(3.0) 6(1.5)
COVID-19-related SAEs 0 2(0.7) 0 2(1.5) 4(1.0)
Patients with >1 infusion reaction 0 5(1.6) -
Patients with >1 injection-site reaction 0 5(1.6) 1(1.1) 0 6(1.5)
AEs leading to discontinuation 9 (4.3) 11 (3.6) 0 1(0.7) 12 (3.0)
Deathst 1(0.5) 4(1.3) 0 1(0.7) 5(1.3)

*All patients who received >1 dose of ustekinumab, including patients who crossed over from placebo.
tOne death occurred in the placebo group (splenic rupture). In the ustekinumab group, 4 deaths occurred prior to week 52 (hypovolaemic shock, cardiac failure due to systemic
lupus erythematosus myocarditis (patient was discharged against medical advice), haemorrhagic stroke (patient had a history of arterial hypertension) and staphylococcal

endocarditis), and one death (COVID-19; history of asthma) occurred after week 52.
AE, adverse event; SAE, serious adverse event.

for antibodies to ustekinumab and 4/276 (1%) patients who
were negative for antibodies to ustekinumab experienced an
injection-site reaction.

Pharmacokinetics

Among patients randomised to ustekinumab, 303 were included
in the pharmacokinetic analyses. Median trough serum usteki-
numab concentrations reached steady state by week 24 (2.31
pg/mL) and were maintained through week 80 (2.09 pg/mL).
Median serum ustekinumab concentrations at week 24 were
similar for patients with and without renal disease (2.15 and
2.31 pg/mL, respectively); however, these results should be
interpreted with caution due to the small number of patients
with lupus nephritis (n=51 with available data, mean glomer-
ular filtration rate (GFR): 0.93 mL/s/m?; other patients, n=252,
mean GFR: 0.98 mL/s/m?).

Pharmacodynamics

Serum samples from 201 patients (ustekinumab, n=115;
placebo, n=86) were used for pharmacodynamic analyses. Base-
line characteristics for this population were similar to those of
the FAS (online supplemental table 1). Baseline serum concen-
trations of IFNo, IFNy and p40 in LOTUS patients were higher
than those from healthy controls; serum levels of IL-17F and
IL-22 were similar in LOTUS patients and healthy controls.
There were no apparent differences in baseline levels of any of
the assessed biomarkers between the treatment groups (figure 4).
At week 24, serum p40 levels were increased and IFNYy levels
were decreased in the ustekinumab group compared with base-
line, with no apparent changes in the placebo group (figure 4).
No treatment effect was seen in serum concentrations of IFNo,
IL-17F and IL-22 (data not shown). Among the biomarkers anal-
ysed, changes in serum levels did not appear to be associated
with SRI-4 response at week 24 (online supplemental figure 1).

DISCUSSION

In the earlier phase 2 study of ustekinumab in patients with SLE, a
significantly greater proportion of ustekinumab-treated patients
achieved an SRI-4 composite response at week 24 compared
with placebo (primary endpoint).”> However, these results were
not confirmed in the larger phase 3 LOTUS study. The high

response rate seen in the placebo/standard-of-care (SOC) group
in LOTUS, with nearly 60% of these patients achieving an SRI-4
response at week 52, may have blunted the ability to assess the
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Figure 4 Baseline serum concentrations of IFNc, IFNy, p40, IL-17F
and IL-22 in LOTUS patients and healthy controls and median change
from baseline in serum concentrations of IFNy and p40 through week
24. Each box represents the 25th to 75th percentiles. Lines inside the
boxes represent the median. The upper line extends to the largest

value <1.5 x IQR; the lower line extends to the smallest value <1.5

x IQR. Data beyond the end of the lines represents outlier points.
**P<0.01, ****p<0.0001. IFN, interferon; IL, interleukin; LLOQ, lower
limit of quantification; PBO, placebo; SLE, systemic lupus erythematosus;
UST, ustekinumab.
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efficacy of ustekinumab. In recent trials of other compounds in
patients with SLE, response rates in placebo/SOC groups were
lower than that observed in LOTUS (week 24 SRI-4 response
rates: placebo/SOC group, 48% vs baricitinib, 64%*' and week
52 SRI-4 response rates: placebo/SOC group, 48% vs belim-
umab, 619).”> The week 52 SRI-4 response rate of 56% in the
LOTUS placebo/SOC group limits the ability to see a signal for
ustekinumab.

Race and ethnicity have been shown to influence both organ
damage accrual and response to treatment in SLE patients.” **
The majority of patients in both the phase 2 and LOTUS studies
were white, which may have biased the populations towards
having less severe disease. However, sensitivity analyses by demo-
graphic and disease characteristics were similar to results in the
overall mFAS. There were important differences between these
studies that should be noted. The phase 2 study was smaller (102
patients), and placebo patients crossed over to ustekinumab at
week 24 (the time point for primary endpoint analysis). Patients
in ustekinumab and placebo groups, respectively, in the phase
2 study had slightly higher mean baseline SLEDAI-2K scores
of 10.6 and 11.4 compared with LOTUS patients (All patients:
10.4 and 10.5; mFAS: 10.5 and 10.5). However, on average,
patients in the phase 2 study'® had a lower prevalence of lupus
nephritis, fewer swollen, tender and active joints, and less severe
skin disease at baseline than did LOTUS patients. Additionally,
in the phase 2 study, BILAG A domain manifestations were more
common in the placebo group (52%) vs ustekinumab (45%),
while in the LOTUS population, BILAG A domain manifesta-
tions were more common in the ustekinumab group (All patients:
47% vs 38%; mFAS: 41% vs 37%).

Concomitant use of glucocorticoids was permitted in the phase
2 study at stable doses through week 28 with limited exemptions
for dose adjustment, thus tapering was not generally permitted
in the phase 2 study. In contrast, glucocorticoid tapering was
strongly encouraged when clinically appropriate between weeks
24 and 40 in LOTUS, but a mandatory tapering regimen was
not included in the study design. In addition, no dose adjust-
ment was permitted between weeks 40 and 52, during which the
primary endpoint was assessed. Because steroid tapering was not
mandatory in LOTUS, investigators could discontinue tapering
if disease activity increased without meeting the treatment
failure criteria, thus favouring the placebo group in achieving the
primary endpoint at week 52. Including such a directive regimen
may provide more information on the glucocorticoid-sparing
properties of a medication, but can result in a lower response
to a study medication as measured by standard outcomes such
as the SRI-4.

In both the phase 2 and LOTUS studies, a modified version of
the SLEDAI-2K was used. All descriptors had to be present at the
time of the screening visit, excluding seizure, fever, pericarditis/
pleuritis, mucosal ulcers, diffuse alopecia and lupus headache.
However, during postbaseline efficacy assessment visits, the
presence of some variables was assessed based on the preceding
30 days while the presence of other variables (including visual
disturbance, cranial nerve disorder (motor power and sensory
deficit), cerebrovascular accident (motor and sensory deficit),
vasculitis, arthritis, myositis (motor power), rash and alopecia
(patchy)) was only assessed on the day of the study visit. Post hoc
sensitivity analyses completed in both studies using the BILAG
to reconstruct the SLEDAI-2K taking into consideration the
preceding 30 days for all variables resulted in inconsistencies in
response rates in both the phase 2 and LOTUS studies. One can
speculate that this was due to activities that occurred during the
preceding 30 days not being included in the SLEDAI score.

No new safety signals were identified in the LOTUS study, and
the overall safety results were consistent with the known safety
profile of ustekinumab. Infections were the most commonly
reported type of AE.

The pharmacodynamic effects observed following usteki-
numab treatment in LOTUS were generally consistent with those
observed in the phase 2 study.” In both studies, comparable
post-treatment increases in p40 levels and decreases in IFNy
levels were observed. Changes in p40 levels were not associated
with an SRI-4 response in either study; however, while SRI-4
responders in the phase 2 study had greater decreases in IFNy
than did non-responders, no association was observed between
decreases in IFNylevels and SRI-4 response in the LOTUS patient
population. Treatment with ustekinumab did not result in reduc-
tions in IL-17F or IL-22 in either study. In contrast, decreases
in serum levels of IL-17F and/or IL-22 have been consistently
observed following ustekinumab treatment in patients with
psoriasis*® and psoriatic arthritis,”” in which ustekinumab has
demonstrated significant clinical efficacy. Thus, taken together
with the clinical efficacy assessments, these results suggest that
although IL-23 may be involved in the pathogenesis of SLE, it is
not an overarching target for these patients.

In summary, although the phase 2 results appeared robust,
the phase 3 LOTUS study met futility criteria and was discon-
tinued early. The primary and key secondary endpoints were
not achieved in the overall study population or in the subpop-
ulations evaluated in these analyses; despite a numerical trend
suggesting that steroid tapering was possible to a greater extent
in the ustekinumab group compared with the placebo group,
there was insufficient evidence to support continuation of devel-
opment of ustekinumab in patients with SLE.
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