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ABSTRACT

Introduction: To evaluate the efficacy and
safety of sirukumab in giant cell arteritis (GCA).
Methods: In this multicentre, randomised,
double-blind, placebo-controlled, two-part
phase 3 trial (NCT02531633; Part A [52-week
double-blind treatment]; Part B [104-week fol-
low-up]), patients with GCA were randomised
(3:3:2:2:2) to sirukumab 100 mg every 2 weeks
plus 6-month or 3-month prednisone taper,
sirukumab 50 mg every 4 weeks plus 6-month

prednisone taper, or placebo every 2 weeks plus
6-month or 12-month prednisone taper. The
primary endpoint was the proportion of
patients in sustained remission at week 52.
Secondary endpoints included disease flare and
safety. The study was terminated early (October
2017; sponsor decision).
Results: Of 161 patients randomised (sir-
ukumab: n = 107; placebo: n = 54), 28 (17.4%)
completed week 52 (median treatment dura-
tion: 24–30 weeks). In a revised intent-to-treat
(ITT) subgroup (completed week 52 or discon-
tinued before study termination [n = 55]); six
patients (all receiving sirukumab) achieved the
primary endpoint. In the ITT population
(n = 161), the proportion of patients with flares
(week 2–52) was lower with sirukumab
(18.4–30.8%) than placebo (37.0–40.0%). The
proportion of patients with flares (week 2–12)
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was highest with sirukumab 100 mg every
2 weeks plus 3-month prednisone taper
(23.1%). In Part A, 94.4% of patients reported
C 1 treatment-emergent adverse event (TEAE);
19.3% reported serious TEAEs. The proportions
of patients with TEAEs were generally similar
across treatment arms. No deaths occurred.
Conclusions: Although data were limited due
to early termination and shortened treatment
duration, sirukumab treatment resulted in
numerically lower proportions of patients with
flare by week 52 versus placebo, with no unex-
pected safety findings.
Trial Registration: Clinicaltrials.gov: NCT025
31633.

Keywords: Clinical trial; Corticosteroid taper;
Giant cell arteritis; Interleukin-6; Sirukumab

Key Summary Points

Why carry out this study?

Giant cell arteritis (GCA) is the most
common form of primary systemic
vasculitis, predominantly affecting people
aged C 50 years.

Oral glucocorticoids (the mainstay
treatment for GCA) require dose
adjustment upon disease flare, which can
lead to prolonged glucocorticoid tapers,
high cumulative glucocorticoid exposure,
and substantial toxicity; therefore, there is
a need for remission maintenance with
glucocorticoid-sparing medications in
GCA.

Sirukumab, a selective, high-affinity
human interleukin (IL)-6 monoclonal
antibody, may have therapeutic benefit in
GCA by interrupting the IL-6 pathway,
which plays a major role in GCA
pathophysiology; this two-part, phase 3
randomised, placebo-controlled study
aimed to evaluate the efficacy and safety
of sirukumab (administered
subcutaneously every 2 weeks or every
4 weeks, in addition to a prednisone taper)
in patients with GCA, over 52 weeks.

What was learned from the study?

In a subset of patients who completed the
study (or discontinued before the study
was terminated), sustained GCA remission
at week 52 was achieved by a small
number of patients, all receiving
sirukumab; in the larger, intent-to-treat
population of all randomised patients, the
proportion of patients with disease flares
up to week 52 was lower with sirukumab
than placebo.

Although data interpretation was limited
due to early termination of the study, and
thus a shortened treatment duration, the
proportion of patients with disease flare
by week 52 tended to be lower with
sirukumab versus placebo, and overall,
safety findings were consistent with the
known safety profile of sirukumab.

INTRODUCTION

Giant cell arteritis (GCA) is the most common
form of primary systemic vasculitis and pre-
dominantly affects people aged C 50 years, with
higher prevalence in women than men [1–4].
Symptoms include headache, jaw claudication,
vision impairment, scalp tenderness, and con-
stitutional and polymyalgia rheumatica-related
symptoms (e.g., proximal limb girdle stiffness)
[5]. The disease may be complicated by blind-
ness, limb claudication, and rarely, stroke and
myocardial infarction [1, 3, 4, 6, 7].

The recommended initial GCA treatment is
high-dose glucocorticoids [3, 4, 8], tapered
gradually over at least 12–18 months [9, 10].
Unfortunately, disease flare requiring adjust-
ment of glucocorticoid dose occurs in 45–80%
of patients [11–14], leading to prolonged glu-
cocorticoid tapers and high glucocorticoid
cumulative exposure and toxicity [15–17]. Glu-
cocorticoid-related adverse events (AEs) can
cause substantial morbidity [4, 17, 18] and are
often serious [18]; therefore, there is need for
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remission maintenance with glucocorticoid-
sparing medications in GCA [16, 19, 20].

Interleukin (IL)-6 has a major role in GCA
pathophysiology [21–23]. It is upregulated in
arterial biopsies of patients [24], and serum
levels correlate with disease activity [22, 25, 26];
persistent elevation predicts a relapsing disease
course [26, 27]. Additionally, patients with
active disease demonstrate increased frequen-
cies of IL-17-producing regulatory T cells (‘in-
flammatory Tregs’) in peripheral blood, which
normalise upon IL-6 blockade therapy [28]. In
the GiACTA trial, the IL-6 receptor alpha inhi-
bitor tocilizumab, administered subcutaneously
weekly or every 2 weeks (q2w) plus a 26-week
prednisone taper, was superior to placebo in
maintenance of glucocorticoid-free remission in
patients with GCA [2, 29].

Sirukumab, a selective, high-affinity human
IL-6 monoclonal antibody [30], may have ther-
apeutic benefit in GCA treatment by interrupt-
ing the IL-6 pathogenic pathway. Sirukumab
reduced rheumatoid arthritis (RA) disease
activity and improved physical function and
quality of life in previous trials, in which
patients with RA received sirukumab 100 mg
every 2 weeks (q2w), 50 mg every 4 weeks (q4w)
or placebo q2w for 52 weeks [31, 32].

This two-part study aimed to evaluate effi-
cacy and safety of sirukumab in GCA treatment.
The study was terminated prematurely due to
the sponsor’s decision to discontinue sir-
ukumab development in autoimmune disease
treatment.

METHODS

Study Design and Treatment

This was a multicentre, randomised, double-
blind, placebo-controlled, two-part phase 3
trial: Part A was a 52-week double-blind treat-
ment phase to establish efficacy and safety of
sirukumab; Part B was a 104-week long-term
extension phase with optional open-label sir-
ukumab treatment (up to 52 weeks) for patients
with active disease at the discretion of the
investigator. The study was conducted at 56
hospitals and clinics in Australia, Belgium,

Bulgaria, France, Germany, Hungary, Italy, the
Netherlands, New Zealand, Spain, the UK, and
the USA.

Following a B 6-week screening phase, eligi-
ble patients were randomised (3:3:2:2:2) at
baseline (week 0) to receive: sirukumab 100 mg
q2w for 12 months plus a 6-month prednisone
taper; sirukumab 100 mg q2w for 12 months
plus a 3-month prednisone taper; sirukumab
50 mg q4w for 12 months plus a 6-month
prednisone taper; placebo q2w for 12 months
plus a 6-month prednisone taper; or placebo
q2w for 12 months plus a 12-month prednisone
taper (Fig. 1).

Randomisation was performed centrally via
an Interactive Response Technology System
according to a computer-generated schedule
(generated prior to study commencement),
stratified by baseline prednisone dose
(\30 mg/day; C 30 mg/day). Enrolment of
patients with relapsed/refractory disease would
be capped at approximately 50% to ensure
enough patients with new-onset disease were
included.

To maintain blinding, patients in the sir-
ukumab 50 mg q4w arm received placebo
injections q2w (alternating between sirukumab
and placebo), both administered subcuta-
neously in visually matched syringes using
prefilled SmartJect� autoinjectors. All patients
received prednisone (C 20 mg/day) at the start
of screening. At baseline, prednisone dose was
20–60 mg/day, with the starting dose chosen by
investigators based on their best clinical judge-
ment. Patients remained on this prednisone
dose for the first week following baseline; sub-
sequently, the prednisone taper was adminis-
tered open-label for doses C 20 mg/day and
blinded for doses\ 20 mg/day by providing
prednisone and matching placebo in blister
packs. Patients experiencing disease flare were
treated with an investigator-defined open-label
prednisone rescue regimen while continuing
the double-blind injections of sir-
ukumab/placebo. Investigators, patients, and
the sponsor/study team were blinded to treat-
ment throughout the 52-week treatment period
(detailed in Supplementary Appendix 1). Dur-
ing Part B, open-label sirukumab treatment was
administered as per investigator discretion.
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Patients completing Part A were eligible to
enter Part B. Patients in remission at week 52
discontinued blinded sirukumab/placebo and
were observed for maintenance of remission; in
the event of disease flare, patients could receive
open-label sirukumab 100 mg q2w for up to
52 weeks (per investigator discretion). Patients
not in remission at week 52 or unable to tolerate
prednisone taper could also receive open-label
sirukumab 100 mg q2w for up to 52 weeks.

Ethics

This study (GSK study number: 201677;
NCT02531633) was reviewed and approved by
institutional review boards and local research
ethics committees before commencement (lis-
ted in Supplementary Appendix 2). The study
was conducted in accordance with Interna-
tional Council on Harmonisation of Technical
Requirements for Pharmaceuticals for Human
Use Good Clinical Practice ethical principles
and the Declaration of Helsinki [33]. Patients
provided written informed consent prior to
study commencement. The full study protocol

is available at https://www.clinicaltrials.gov/
ProvidedDocs/33/NCT02531633/Prot_000.pdf.

Patient Population

Patients aged C 50 years with active GCA were
included. GCA was diagnosed according to the
following criteria: history of erythrocyte sedi-
mentation rate (ESR) C 50 mm/h and/or C-re-
active protein (CRP) C 2.45 mg/dl; plus
unequivocal cranial GCA symptoms and/or
unequivocal polymyalgia rheumatica symp-
toms; plus features of GCA by temporal artery
biopsy or imaging (e.g., ultrasound, magnetic
resonance angiography, computed tomography
angiography, positron emission tomography-
computed tomography). Active GCA was
defined as the presence of unequivocal cranial
GCA symptoms and/or unequivocal polymyal-
gia rheumatica symptoms and ESR or CRP ele-
vation (ESR C 30 mm/h or CRP C 1 mg/dl)
within 6 weeks of baseline. Patients with a
major ischemic event (unrelated to GCA)
within 12 weeks of screening, marked prolon-
gation of QTc interval, or receiving certain

Fig. 1 Study design (as originally planned). aRescue glucocorticoid permitted without the requirement to withdraw.
bOptional (investigator discretion). q2w every 2 weeks, q4w every 4 weeks
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medications were excluded. Major inclusion/
exclusion criteria are detailed in Supplementary
Appendix 1.

Endpoints and Assessments

The primary endpoint was the proportion of
patients in sustained remission at week 52. Sus-
tained remission was defined as achievement of
all the following: remission (absence of clinical
signs and symptoms of GCA and normalisation
of ESR [\30 mm/h] and CRP [\1 mg/dl]) by
week 12; absence of disease flare (recurrence of
symptoms attributable to active GCA with or
without elevations in ESR/CRP) following
remission at week 12 through week 52; comple-
tion of assigned prednisone taper protocol; no
requirement for rescue therapy at any time
through week 52.

Secondary endpoints in Part A included the
proportion of patients with disease flare,
cumulative prednisone-equivalent dose at week
52, patient- and physician-reported outcomes
(Supplementary Appendix 1), change in serum
ESR and CRP from baseline over time (collected
at every visit), and safety of sirukumab com-
pared with placebo.

Safety assessments included incidence of
treatment-emergent AEs (TEAEs; from first dose
to 16 weeks post last dose), treatment-emergent
serious AEs (TESAEs), AEs of special interest
(AESIs; listed in Supplementary Appendix 1),
and changes in clinical chemistry parameters.
The National Cancer Institute Common Ter-
minology Criteria for AEs version 4.03 [34] were
used to grade laboratory abnormalities. Addi-
tional secondary endpoints are listed in Sup-
plementary Appendix 1.

Key endpoints in Part B were maintenance of
disease remission (proportion of patients
remaining in remission without requiring rescue
therapy or treatment change over time) at week
24 (Part B) and after cessation of 12-month sir-
ukumab treatment, and safety (as per Part A).

Statistical Analyses

Due to early study termination, sample size was
the number of patients randomly assigned to

treatment at termination. The original study
sample size was calculated assuming a 30%
sustained remission rate in the placebo plus
6-month prednisone taper arm, versus a 70%
sustained remission rate in the sirukumab plus
6-month prednisone taper arms at week 52. In
order to detect a difference with a 5% signifi-
cance level, the following sample sizes pro-
vided[ 91% power: sirukumab 100 mg q2w,
n = 51; sirukumab 50 mg q4w, n = 34; placebo,
n = 34; all arms in combination with a 6-month
prednisone taper. However, given early study
termination, the actual sample size was the
number of patients randomly assigned to
treatment at study termination. A planned
interim futility analysis was not performed due
to early study termination.

No statistical analyses were performed due to
limited patient numbers as a result of early
study termination. All data interpretations were
based on listed data summarised by treatment
group. The intent-to-treat (ITT) population
included all randomised patients who
received C 1 dose of sirukumab/placebo,
analysed according to treatment allocated at
randomisation. The primary endpoint was
summarised in the revised ITT population:
patients who received C 1 dose of
sirukumab/placebo and completed 52 weeks or
discontinued prior to sponsor announcement of
study termination. For the revised primary
endpoint, patients who withdrew early were
considered treatment failures; missing compo-
nents, including absence of disease flare, were
imputed with the assumption that they have
not been met. The safety population included
all patients who received C 1 dose of
sirukumab/placebo, analysed according to
treatment received. The randomised population
included all randomised patients. No patients
were excluded from ITT or safety populations;
therefore, these three populations comprised
the same patients.

Post hoc analyses were performed as descri-
bed in Supplementary Appendix 1. For patients
in the revised primary analysis, patient-level
data review was performed after study comple-
tion to evaluate presence of investigator-re-
ported disease flare, without imputation.
Patient-level data review after study completion
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was also performed to evaluate disease flare rate
up to week 12 in all randomised patients.

RESULTS

Patient Demographics and Clinical
Characteristics

In total, 246 patients were screened and 161 (of
204 patients originally planned) were ran-
domised (sirukumab: n = 107; placebo: n = 54)
at the time of study termination. The first
patient was randomised 18 November 2015,
study termination was 10 October 2017, and the
last patient last visit was 21 March 2018. Over-
all, 28/161 (17.4%) patients completed week 52

and 133/161 (82.6%) discontinued early, largely
due to sponsor request (early study termination)
(Fig. 2). Demographic characteristics were simi-
lar across treatment arms (Table 1). Proportions
of patients with baseline prednisone
doses\ 30 mg/day and C 30 mg/day were sim-
ilarly balanced across treatment arms.

Twenty-six patients continued to Part B; 8/26
(30.8%) received C 1 dose of open-label sir-
ukumab and 22/26 (84.6%) completed the
16-week safety follow-up visit. No patients had
completed Part B at study termination. One
patient was lost to follow-up.

Treatment duration was shorter than plan-
ned across all treatment arms (Table 2).

Fig. 2 Patient disposition. aApplies to patients who
withdrew early from the study or who attended with
week 52 visit of Part A and did not enter Part B.
bViolation of inclusion/exclusion criteria. cOther: sponsor
request. dPatients who received C 1 dose SC sirukumab/-
placebo. ePatients who received C 1 dose of SC
sirukumab/placebo and completed 52 weeks (n = 28) or
discontinued prior to study termination (n = 27). All

patients who were randomised received their allocated
treatment. A total of 26 patients continued to Part B; 8/26
received C 1 dose of open-label sirukumab. No patients
completed the 104-week extension phase; this was due to
early withdrawal or study termination (25 patients
withdrawn at sponsor request; one lost to follow-up).
ITT intent-to-treat, q2w every 2 weeks, q4w every 4 weeks,
SC subcutaneous
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Proportion of Patients in Sustained
Remission at Week 52 (Revised Primary
Endpoint)

The primary analysis was revised due to early
study termination and included only patients
who had completed or discontinued the study
prior to the study termination announcement
to avoid potential bias. In the revised ITT pop-
ulation (N = 55), 28 patients completed week 52
and 27 patients discontinued prior to study
termination. The sirukumab 100 mg q2w plus

3-month prednisone arm had the highest pro-
portion of withdrawals (8/13 [61.5%]) (Table 3).
A high proportion of patients failed to achieve
sustained remission at week 52 across all treat-
ment arms; the most common reason was non-
completion of prednisone taper due to early
study termination. Six patients, all in sir-
ukumab arms, fulfilled sustained remission cri-
teria at week 52 (Table 3). Sustained remission
was not achieved by 82.4–88.9% patients in
sirukumab arms and all patients in placebo arms
due to: not being in remission at week 12;

Table 1 Demographics and clinical characteristics at baseline and screening (randomised population)

Sirukumab 100 mg

q2w 1 6-month

prednisone (n = 42)

Sirukumab 100 mg

q2w 1 3-month

prednisone (n = 39)

Sirukumab 50 mg

q4w 1 6-month

prednisone (n = 26)

6-Month

prednisone

(n = 27)

12-Month

prednisone

(n = 27)

Total

(N = 161)

Characteristics of randomised patients at baselinea

Sex, female, n (%) 31 (73.8) 30 (76.9) 19 (73.1) 23 (85.2) 21 (77.8) 124 (77.0)

Age, years

Mean (SD) 70.5 (7.3) 68.1 (6.7) 67.5 (9.5) 71.6 (7.1) 70.7 (9.0) 69.6 (7.9)

Race, white, n (%) 42 (100) 38 (97.4) 25 (96.2) 26 (96.3) 27 (100) 158 (98.1)

Prednisone dose, n (%)

\ 30 mg/day 21 (50.0) 18 (46.2) 13 (50.0) 14 (51.9) 13 (48.1) 79 (49.1)

C 30 mg/day 21 (50.0) 21 (53.8) 13 (50.0) 13 (48.1) 14 (51.9) 82 (50.9)

Acute-phase proteins, n (%)

CRP\ 1 mg/dl 33 (78.6) 30 (76.9) 23 (88.5) 18 (66.7) 19 (70.4) 123 (76.4)

ESR\ 30 mm/h 32 (76.2) 27 (69.2) 19 (73.1) 21 (77.8) 18 (66.7) 117 (72.7)

Characteristics of randomised patients at screening visitb

Disease state, n (%)

New onset 25 (59.5) 22 (56.4) 12 (46.2) 16 (59.3) 15 (55.6) 90 (55.9)

Relapsed/refractory 17 (40.5) 17 (43.6) 14 (53.8) 11 (40.7) 12 (44.4) 71 (44.1)

Disease activity, n (%)

Cranial signs/symptomsc

New-onset localised headache 24 (57.1) 23 (59.0) 15 (57.7) 14 (51.9) 16 (59.3) 92 (57.1)

Ischaemia-related vision loss 7 (16.7) 7 (17.9) 1 (3.8) 2 (7.4) 3 (11.1) 20 (12.4)

Jaw claudication 18 (42.9) 15 (38.5) 10 (38.5) 8 (29.6) 8 (29.6) 59 (36.6)

PMR symptoms 25 (59.5) 22 (56.4) 16 (61.5) 11 (40.7) 13 (48.1) 87 (54.0)

CRP C-reactive protein; ESR: erythrocyte sedimentation rate, PMR polymyalgia rheumatic, q2w every 2 weeks, q4w every 4 weeks, SD standard deviation
a Data collected at baseline/randomisation visit (randomised population)
b Data collected at screening visit (randomised population)
c Patients may be included in more than one category. No patients had prior exposure to an anti-IL-6 agent at screening
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disease flares from week 12 to week 52; receiving
glucocorticoid rescue therapy.

Using the imputation rule for primary end-
point components (where patients who had
withdrawn from the study early were counted as
having had a flare), 52.9–69.2% and 71.4–88.9%
patients in sirukumab and placebo arms, respec-
tively, were considered to have experienced dis-
ease flare from week 12–52 due to early study
withdrawal (Table 3). An adhoc reviewof patient-
level data (without imputation) showed the pro-
portionofpatients experiencingdiseaseflare from
week12–52was5.9–11.1%insirukumabarmsand
28.6–55.6% in placebo arms, lower than in the
primary analysis in all treatment groups (Table 3).
Glucocorticoid rescue therapy use was consistent
with the non-imputed flare results from week 12
to week 52 (Table 3).

Proportion of Randomised Patients
with Disease Flare

In randomised patients (n = 161) with C 1 flare
assessment from week 2–52, the observed pro-
portion of patients with disease flare was lower
in sirukumab (100 mg plus 6-month prednisone:
7/38 [18.4%]; 100 mg plus 3-month prednisone:
11/39 [28.2%]: 50 mg plus 6-month prednisone:
8/26 [30.8%]) than placebo arms (placebo plus
6-month prednisone: 10/25 [40.0%]; placebo
plus 12-month prednisone 10/27 [37.0%]). An ad

hoc patient-level data review showed
11.9–23.1% and 14.8–18.5% patients in sir-
ukumab and placebo arms, respectively, experi-
enced C 1 flare between week 2 and week 12;
this was highest in the sirukumab 100 mg q2w
plus 3-month prednisone taper arm (23.1%)
(Table 4). In an ad hoc patient-level data review
of patients completing week 52 in Part A (com-
pleter analysis; N = 28), 11.1–20.0% and
50.0–80.0% patients in sirukumab and placebo
arms, respectively, experienced disease flare
between week 12 and week 52 (Table 5).

Mean cumulative prednisone-equivalent
dose for patients completing week 52 was
2418–2974 mg and 3157–3603 mg in sirukumab
and placebo arms, respectively (Supplementary
Appendix 3; Supplementary Table 1).

Change in Inflammatory Markers

In sirukumab arms, mean CRP and ESR
decreased at week 2 compared with baseline;
sustained suppression was observed throughout
the study. In placebo arms, mean ESR and CRP
increased or remained stable over time (Fig. 3).

Safety

Treatment-Emergent Adverse Events
In Part A, 152/161 (94.4%) patients experi-
enced C 1 TEAE; similar proportions of TEAEs

Table 2 Duration of subcutaneous sirukumab/placebo treatment (safety population)

Sirukumab 100 mg
q2w 1 6-month
prednisone (n = 42)

Sirukumab 100 mg
q2w 1 3-month
prednisone (n = 39)

Sirukumab 50 mg
q4w 1 6-month
prednisone (n = 26)

6-Month
prednisone
(n = 27)

12-month
prednisone
(n = 27)

Duration of SC sirukumab/placebo treatment (weeks)a

Mean

(SD)

25.8 (18.3) 27.1 (17.3) 29.6 (15.1) 29.5 (18.5) 30.2 (17.1)

Median

(min,

max)

24.0 (0.1, 50.3) 26.1 (0.1, 52.1) 26.3 (2.1, 50.3) 30.1 (0.1,

56.3)

30.0 (4.1,

51.9)

q2w every 2 weeks, q4w every 4 weeks, Max maximum, Min minimum, SC subcutaneous, SD standard deviation
a Duration of SC sirukumab/placebo exposure was defined as (date of last SC sirukumab/placebo dose—date of first SC
sirukumab/placebo dose ? 1)/7
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were observed across treatment arms (Table 6).
The most common TEAEs (by preferred term)
were: headache (43/161 [26.7%]); arthralgia (19/
161 [11.8%]); back pain (19/161 [11.8%]).
Seventy-seven (47.8%) patients experienced a
TEAE considered related to
sirukumab/placebo ± prednisone. Thirty-four
(21.1%) patients experienced a TEAE related to
both sirukumab/placebo and prednisone, most
commonly (by system organ class) infections
and infestations (23/161 [14.3%]).

Thirty-one (19.3%) patients experienced a
TESAE (Table 6); the most common (by pre-
ferred term) were: syncope (3/161 [1.9%]);
pneumonia (2/161 [1.2%]); temporal arteritis
(considered disease flare; 2/161 [1.2%]). TESAE
incidence per 100 patient-years of exposure was
similar across treatment arms (Table 7). The
proportion of patients who discontinued

treatment due to a TEAE was higher in sir-
ukumab than placebo arms (Table 6; Supple-
mentary Appendix 3). No deaths occurred
during the study.

Adverse Events of Special Interest
Overall, 111/161 (68.9%) patients experi-
enced C 1 AESI; 81/107 (75.7%) and 30/54
(55.6%) in sirukumab and placebo arms,
respectively. AESI incidence per 100 patient-
years of exposure was higher in sirukumab than
placebo arms. The most common AESIs by cat-
egory were infections and infestations, occur-
ring more frequently with sirukumab than
placebo (Table 7); incidence of serious and/or
opportunistic infections was similar across
treatment arms (Table 7).

The number of patients experiencing C 1
injection site reaction was higher in sirukumab

Table 3 Summary of sustained remission at week 52—data are presented with imputationa, unless otherwise stated (revised
ITT population)

Sustained
remission
disposition,
n (%)

Sirukumab 100 mg
q2w 1 6-month
prednisone (n = 17)

Sirukumab 100 mg
q2w 1 3-month
prednisone (n = 13)

Sirukumab 50 mg
q4w 1 6-month
prednisone (n = 9)

6-month
prednisone
(n = 9)

12-month
prednisone
(n = 7)

Sustained remission 3 (17.6) 2 (15.4) 1 (11.1) 0 0

Early study withdrawalb 8 (47.1) 8 (61.5) 4 (44.4) 4 (44.4) 3 (42.9)

Not in remission

at week 12

4 (23.5) 6 (46.2) 1 (11.1) 8 (88.9) 4 (57.1)

Signs/symptoms 4 (23.5) 6 (46.2) 1 (11.1) 4 (44.4) 2 (28.6)

CRP C 1 mg/dl 4 (23.5) 6 (46.2) 1 (11.1) 7 (77.8) 4 (57.1)

ESR C 30 mm/h 4 (23.5) 6 (46.2) 1 (11.1) 7 (77.8) 4 (57.1)

Presence of flare from week 12 to week 52

With imputation 9 (52.9) 9 (69.2) 5 (55.6) 8 (88.9) 5 (71.4)

Without imputationc 1 (5.9) 1 (7.7) 1 (11.1) 5d (55.6) 2 (28.6)

Use of glucocorticoid

rescue therapy

0 2 (15.4) 1 (11.1) 5 (55.6) 2 (28.6)

CRP C-reactive protein, ESR erythrocyte sedimentation rate, ITT intent-to-treat, q2w every 2 weeks, q4w every 4 weeks
a Imputation rule: patients withdrawing from the study early counted as having had a flare
b Reasons for study withdrawal are listed in Fig. 2
c Ad hoc review of patient-level data after study completion without imputation rule
d Including one patient who withdrew early due to early study termination (sponsor request)
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than placebo arms; proportions were similar
with sirukumab 100 mg and 50 mg (Table 7).
The proportion of patients experiencing gluco-
corticoid-related events was higher with
sirukumab than placebo. No cases of anaphy-
laxis, tuberculosis activation, or gastrointestinal
perforation were reported.

Four patients experienced a malignancy
(Table 6). Three patients (all receiving
sirukumab) experienced visual disturbances.
One patient receiving sirukumab 100 mg q2w
plus 3-month prednisone developed retinal
artery occlusion with visual disturbance on day
51 (unresolved at study termination). Ophthal-
mology evaluation revealed a cholesterol
embolus of the retinal artery consistent with a
transient ischaemic attack and GCA-related
optic ischaemia. One patient receiving
sirukumab 50 mg q4w plus 6-month prednisone

developed a visual field defect with other
symptoms of disease flare on study day 142
(unresolved at study termination). Prednisone
was discontinued on study day 114 (no further
glucocorticoid use noted), but the patient con-
tinued sirukumab. Finally, one patient receiving
sirukumab 100 mg q2w plus 6-month pred-
nisone developed mild temporary vision loss on
day 435 (85 days after the most recent dose of
sirukumab) associated with a transient ischae-
mic attack, secondary to blood loss associated
with a fall, considered unrelated to GCA.

AESIs associated with liver function test
abnormalities occurred in 6/161 (3.7%) patients
in sirukumab arms (no patients in placebo
arms). Two patients receiving sirukumab expe-
rienced a liver monitoring or stopping event
(Table 6; Supplementary Table 2). Nine patients
(all in sirukumab arms) experienced a total of 12

Table 4 Proportion of patients with disease flares week 2 to week 12—ad hoc patient-level data review following study
completion (randomised population)

Sirukumab 100 mg
q2w 1 6-month
prednisone (n = 42)

Sirukumab 100 mg
q2w 1 3-month
prednisone (n = 39)

Sirukumab 50 mg
q4w 1 6-month
prednisone (n = 26)

6-Month
prednisone
(n = 27)

12-Month
prednisone
(n = 27)

Number of

patients

with C 1

flare, n (%)

5 (11.9) 9 (23.1) 4 (15.4) 4 (14.8) 5 (18.5)

Number of

flares, n
6 10 4 4 5

q2w every 2 weeks, q4w every 4 weeks

Table 5 Proportion of patients with disease flare from week 12 to week 52—ad hoc patient-level data review following
study completion (revised ITT population [completer analysis]a)

Sirukumab 100 mg
q2w 1 6-month
prednisone (n = 9)

Sirukumab 100 mg
q2w 1 3-month
prednisone (n = 5)

Sirukumab 50 mg
q4w 1 6-month
prednisone (n = 5)

6-Month
prednisone
(n = 5)

12-Month
prednisone
(n = 4)

Number of

patients

with C 1

flare, n (%)

1 (11.1) 1 (20.0) 1 (20.0) 4 (80.0) 2 (50.0)

ITT intent-to-treat, q2w every 2 weeks, q4w every 4 weeks
a Patients in the revised ITT population who completed week 52 (N = 28)
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cytopenia events (thrombocytopenia [six
events]; decreased platelet count [three events];
neutropenia, decreased neutrophil count and
decreased white blood cell count [each one
event]). No meaningful difference across sir-
ukumab arms and no dose-dependent relation-
ship was observed.

Laboratory Abnormalities

Excluding decreased lymphocytes, grade 3 or 4
laboratory abnormalities in haematology, lipid
and liver function tests were reported only in
sirukumab arms (Table 8).

Part B

Five patients in sustained remission at week 52
(Part A) entered Part B; 3/5 (60%) maintained
remission at week 4 and did not receive open-
label sirukumab, and 2/5 (40%) withdrew prior

to week 4. None of these patients experienced
disease flare.

Overall, 34 AEs were reported in 8 patients
who received open-label sirukumab. The only
AE experienced by C 2 patients was headache
(one patient in the sirukumab 50 mg q4w plus
6-month prednisone arm and 1 in the placebo
plus 6-month prednisone arm). One patient (in
the placebo plus 12-month prednisone arm)
permanently discontinued open-label sir-
ukumab due to abnormal liver function tests.
No TESAEs or AESIs were reported in Part B.

DISCUSSION

This study aimed to investigate the safety and
efficacy of sirukumab in GCA; however, due to
early study termination, a high proportion of
patients failed to complete week 52 to achieve
the pre-defined sustained remission criteria,
limiting interpretation of results from the

Fig. 3 Change in inflammatory markers from baseline to week 52: a C-reactive protein and b erythrocyte sedimentation
rate (safety population). q2w every 2 weeks, q4w every 4 weeks, SC subcutaneous
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primary analysis. In a subgroup of patients
qualifying for the revised primary analysis
(N = 55), sustained remission at week 52 was
achieved by only 6 patients, all in sirukumab
treatment arms.

As the number of patients in the revised ITT
population was limited, secondary endpoints
were examined for all randomised patients to
increase the robustness of the findings. The
proportion of patients in the revised ITT popu-
lation who completed week 52 and experienced

Table 6 Summary of TEAEs (safety population [Part A])

TEAE, n (%) Sirukumab 100 mg

q2w 1 6-month

prednisone (n = 42)

Sirukumab 100 mg

q2w 1 3-month

prednisone (n = 39)

Sirukumab 50 mg

q4w 1 6-month

prednisone (n = 26)

6-Month

prednisone

(n = 27)

12-Month

prednisone

(n = 27)

Total

(N = 161)

Patients with C 1 TEAEa 41 (97.6) 36 (92.3) 25 (96.2) 26 (96.3) 24 (88.9) 152 (94.4)

Patients with TEAE leading

to discontinuation of SC

sirukumab/placebo

5 (11.9) 8 (20.5) 3 (11.5) 3 (11.1) 2 (7.4) 21 (13.0)

Patients with C 1 TESAEs 8 (19.0) 6 (15.4) 6 (23.1) 5 (18.5) 6 (22.2) 31 (19.3)

Patients who died on studyb 0 0 0 0 0 0

Patients with C 1 serious or

opportunistic infectionsb
3 (7.1) 0 1 (3.8) 1 (3.7) 1 (3.7) 6 (3.7)

Patients with C 1 injection

site reactionsb,c
11 (26.2) 8 (20.5) 7 (26.9) 0 1 (3.7) 27 (16.8)

Patients with C 1

hypersensitivity reactionb,d
2 (4.8) 3 (7.7) 2 (7.7) 1 (3.7) 1 (3.7) 9 (5.6)

Patients with liver

monitoring/stopping

eventb,e

1 (2.4) 0 1 (3.8) 0 0 2 (1.2)

Patients with C 1

malignancyb,f
0 1 (2.6) 1 (3.8) 0 2 (7.4) 4 (2.5)

Patients with C 1 major

adjudicated MACEb
0 2 (5.1) 0 0 1 (3.7) 3 (1.9)

No patients reported tuberculosis activation or gastrointestinal perforation

AE adverse event, MACE major adverse cardiovascular event, q2w every 2 weeks, q4w every 4 weeks, SC subcutaneous, TEAE treatment-emergent adverse

event, TESAE treatment-emergent serious adverse event
a Most common TEAEs (by preferred term): headache (43/161 [26.7%]); arthralgia (19/161 [11.8%]); back pain (19/161 [11.8%]); cough (17/161

[10.6%]); upper respiratory tract infection (17/161 [10.6%])
b Adverse event of special interest
c Injection site reactions include multiple preferred terms (e.g. ‘injection site erythema’ and ‘injection site swelling’)
d One patient in the sirukumab 50 mg plus 6-month prednisone arm experienced a serious TEAE of hypersensitivity vasculitis
e One patient in the sirukumab 100 q2w mg plus 6-month prednisone arm had cholestatic hepatitis that met stopping criteria, and one patient in the

sirukumab 50 q4w mg plus 6-month prednisone arm experienced elevated alanine aminotransferase up to 3.1 times the upper limit of normal at week 2 that

met monitoring, but not stopping criteria and was resolved by week 4. Liver chemistry stopping and increased monitoring criteria are defined in

Supplementary Table 2
f Malignancies: squamous cell carcinoma (sirukumab 100 q2w mg plus 3-month prednisone arm), basal cell carcinoma (sirukumab 50 mg q4w plus

6-month prednisone arm), malignant melanoma in situ, and squamous cell carcinoma of the skin (both placebo q2w plus 12-month prednisone arm)
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Table 7 Most common TEAEs (reported by C 50% of total patients) and TESAEs by system organ class, and AESIs
(reported by C 10% of total patients) by category/preferred term; data are n (%) unless otherwise stated (safety population
[Part A])

Sirukumab 100 mg

q2w 1 6-month

prednisone (n = 42)

Sirukumab 100 mg

q2w 1 3-month

prednisone (n = 39)

Sirukumab 50 mg

q4w 1 6-month

prednisone (n = 26)

6-month

prednisone

(n = 27)

12-month

prednisone

(n = 27)

Total

(N = 161)

TEAEs

Any TEAEa 41 (97.6) 36 (92.3) 25 (96.2) 26 (96.3) 24 (88.9) 152 (94.4)

Musculoskeletal and

CTD

24 (57.1) 18 (46.2) 15 (57.7) 15 (55.6) 14 (51.9) 86 (53.4)

Infections and

infestations

23 (54.8) 20 (51.3) 17 (65.4) 12 (44.4) 11 (40.7) 83 (51.6)

TESAEs

Any TESAEa 8 (19 .0) 6 (15.4) 6 (23.1) 5 (18.5) 6 (22.2) 31 (19.3)

Incidence per 100

patient-years of

exposure (95%

CI)

25.7 (11.1, 50.6) 20.0 (7.3, 43.5) 29.5 (10.8, 64.2) 23.5 (7.6,

54.8)

31.6 (11.6,

68.9)

25.5 (17.3,

36.1)

Infections and infestations

C. difficile colitis 0 0 1 (3.8) 0 0 1 (0.6)

Escherichia sepsis 1 (2.4) 0 0 0 0 1 (0.6)

Metapneumovirus

infection

1 (2.4) 0 0 0 0 1 (0.6)

Pneumonia 0 0 1 (3.8) 1 (3.7) 0 2 (1.2)

Urinary tract

infection

0 0 0 0 1 (3.7) 1 (0.6)

Vestibular neuronitis 0 1 (2.6) 0 0 0 1 (0.6)

AESIs

Any AESIa 30 (71.4) 28 (71.8) 23 (88.5) 15 (55.6) 15 (55.6) 111 (68.9)

Incidence per 100

patient-years of

exposure (95%

CI)

218.8 (147.6, 312.3) 232.3 (154.4, 335.8) 323.9 (205.3, 485.9) 114.8 (64.3,

189.3)

118.3 (66.2,

195.2)

189.4

(155.8,

228.1)

Glucocorticoid-related

event

18 (42.9) 21 (53.8) 15 (57.7) 13 (48.1) 12 (44.4) 79 (49.1)

Incidence per 100

patient-years of

exposure (95%

CI)

86.8 (51.4, 137.1) 124.5 (77.1, 190.3) 121.9 (68.3, 201.1) 94.4 (50.2,

161.4)

81.5 (42.1,

142.4)

100.7

(79.8,

125.6)

Infections and

infestations

8 (19.0) 10 (25.6) 8 (30.8) 4 (14.8) 3 (11.1) 33 (20.5)
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disease flare was lower in sirukumab than pla-
cebo arms, in line with observations in the
GiACTA trial, although definition of flare dif-
fered slightly between studies [2]. Although the
majority of randomised patients did not flare
prior to week 12, based on patient-level data,
the highest proportion of patients with disease
flare from week 2 to week 12 was in the sir-
ukumab 100 mg plus 3-month prednisone taper
arm. This may reflect the short prednisone taper
compared with other treatment arms. Gluco-
corticoid rescue therapy use was consistent with
these flare results.

As reported in other studies of anti-IL-6
therapy in GCA [2, 35] and in line with the
known pharmacodynamic effects of IL-6 path-
way inhibition [23], levels of acute-phase reac-
tant proteins decreased with sirukumab
treatment.

The nature of TEAEs reported in this study
was consistent with that reported previously in
patients with RA treated with sirukumab
[31, 32, 36, 37], and in patients with GCA
treated with tocilizumab [2, 38]. The safety
profile was similar across sirukumab arms, with
no meaningful differences in TEAEs or TESAE
incidence. The nature of laboratory abnormali-
ties was consistent with that reported previ-
ously for anti-IL-6 therapies [2, 31, 36–38].

Overall, the proportion of patients with
AESIs was higher in sirukumab than placebo
arms. The proportion of patients with

glucocorticoid-related AESIs was not lower in
patients receiving sirukumab compared with
placebo, possibly due to the short study dura-
tion. Therefore, it is not possible to draw con-
clusions regarding the full benefits of
glucocorticoid-sparing therapy. The proportion
of patents with injection site reactions was
higher in sirukumab than placebo arms; these
were higher than reported in previous sir-
ukumab studies in RA and tocilizumab studies
in GCA [2, 31, 32, 36, 37]. However, consistent
with sirukumab phase 3 RA study findings, no
meaningful difference in incidence was noted
between sirukumab 50 mg and 100 mg arms
[31, 36].

Unlike previous sirukumab trials in RA
[31, 32, 37], no gastrointestinal perforations, a
known consequence of anti-IL-6 therapies [39],
were reported in the current study; and there
were no reported deaths or tuberculosis re-acti-
vations. Two patients receiving sirukumab had
visual disturbances considered potentially GCA
related. One patient receiving tocilizumab in
the GiACTA trial experienced vision loss, which
resolved with glucocorticoid treatment [2].
Additionally, in a prospective study evaluating
3-month intravenous tocilizumab with pred-
nisone taper in patients with GCA, one of the
ten disease flares occurring during the 1-year
follow-up period included transient vision loss,
which resolved with glucocorticoid treatment
[40]. Therefore, it is important to remain

Table 7 continued

Sirukumab 100 mg

q2w 1 6-month

prednisone (n = 42)

Sirukumab 100 mg

q2w 1 3-month

prednisone (n = 39)

Sirukumab 50 mg

q4w 1 6-month

prednisone (n = 26)

6-month

prednisone

(n = 27)

12-month

prednisone

(n = 27)

Total

(N = 161)

Incidence per 100

patient-years of

exposure (95%

CI)

26.8 (11.6, 52.9) 39.1 (18.8, 72.0) 46.6 (20.1, 91.9) 20.0 (5.5,

51.2)

13.6 (2.8,

39.9)

28.8 (19.8,

40.5)

Injection site reaction 11 (26.2) 8 (20.5) 7 (26.9) 0 1 (3.7) 27 (16.8)

Incidence per 100

patient-years of

exposure (95% CI)

42.8 (21.4, 76.6) 30.0 (12.9, 59.1) 40.0 (16.1, 82.5) 0 (0, 15.7) 4.4 (0.1,

24.2)

23.2 (15.3,

33.8)

AESI adverse event of special interest, C. difficile Clostridium difficile, CI confidence interval, CTD connective tissue disorders, q2w every 2 weeks, q4w every

4 weeks, TEAE treatment-emergent adverse event, TESAE treatment-emergent serious adverse event
a Each patient is counted only once per TEAE. ‘Any TEAE/TESAE/AESI’ represents the number of patients who experienced C 1 TEAE/TESAE/AESI
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vigilant for ocular ischaemia, even in patients
receiving IL-6 blockade therapy in addition to
glucocorticoids [2].

The main limitation of this study was early
termination, decreasing the number of treated
patients and duration of exposure to sirukumab,
and therefore limiting interpretation of results.
Additionally, the study population may not be
truly representative of the real-world GCA
patient population, limiting result generalis-
ability; in one study site, only 12/95 (13%) of
patients pre-screened for study participation
were eligible for randomisation, largely due to
concomitant diseases [41]. However, this is a

well-known limitation in randomised trials
[42, 43]. Finally, consistent with the GiACTA
trial [2], the ‘sustained remission’ definition
may have favoured patients in IL-6 inhibitor
groups, since normalisation of ESR and CRP, a
hallmark of anti-IL-6 therapy, was part of the
definition. To mitigate this, a sensitivity analy-
sis omitting CRP from the definition of sus-
tained remission could have been performed.

CONCLUSIONS

Early study termination and short treatment
duration limited interpretation of results. In a

Table 8 Proportion of patients with Grade 3 or 4 laboratory abnormalities (National Cancer Institute-Common Ter-
minology for Adverse Events version 4.03) (safety population [Part A])

Grade 3 or 4

laboratory

abnormality

Sirukumab 100 mg

q2w 1 6-month

prednisone (n = 42)

Sirukumab 100 mg

q2w 1 3-month

prednisone (n = 39)

Sirukumab 50 mg

q4w 1 6-month

prednisone (n = 26)

6-month

prednisone

(n = 27)

12-month

prednisone

(n = 27)

Total

(N = 161)

Haematology (decreased), n (%)

Leukocytes

(109/l)

0 1 (2.6) 0 0 0 1 (0.6)

Lymphocytes

(109/l)

1 (2.4) 1 (2.6) 1 (3.8) 0 1 (3.7) 4 (2.5)

Neutrophils

(109/l)

0 1 (2.6) 0 0 0 1 (0.6)

Platelets

(109/l)

0 1 (2.6) 0 0 0 1 (0.6)

Liver function tests (increased), n (%)

ALT (IU/l) 1 (2.4) 0 0 0 0 1 (0.6)

Bilirubin

(lmol/l)

2 (4.8) 0 0 0 0 2 (1.2)

Lipids (increased), n (%)

n 41 38 26 27 27 159

Cholesterol (mmol/l) 0 2 (5.3) 0 0 0 2 (1.3)

Triglycerides (mmol/l) 1 (2.4) 0 1 (3.8) 0 0 2 (1.3)

Other, n (%)

Glucose (increased) (mmol/l) 0 1 (2.6) 0 1 (3.7) 3 (11.1) 5 (3.1)

Phosphate (decreased) (mmol/l) 0 1 (2.6) 0 1 (3.7) 0 2 (1.2)

Potassium (increased) (mmol/l) 0 1 (2.6) 0 0 0 1 (0.6)

Sodium (decreased) (mmol/l) 0 1 (2.6) 1 (3.8) 1 (3.7) 0 3 (1.9)

ALT alanine aminotransferase, q2w every 2 weeks, q4w every 4 weeks
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primary analysis subset of patients, sustained
remission at week 52 was achieved by a small
number of patients, all in sirukumab arms.
Based on listed data summarised by treatment
group, the proportion of patients with disease
flare-up to week 52 tended to be lower in the
sirukumab arms compared with placebo. Over-
all, safety findings were consistent with the
known safety profile of sirukumab.
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