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ABSTRACT
Objectives  To investigate the efficacy and safety 
of otilimab, an antigranulocyte-macrophage colony-
stimulating factor antibody, in patients with active 
rheumatoid arthritis.
Methods  Two phase 3, double-blind randomised 
controlled trials including patients with inadequate 
responses to methotrexate (contRAst 1) or conventional 
synthetic/biologic disease-modifying antirheumatic 
drugs (cs/bDMARDs; contRAst 2). Patients received 
background csDMARDs. Through a testing hierarchy, 
subcutaneous otilimab (90/150 mg once weekly) was 
compared with placebo for week 12 endpoints (after 
which, patients receiving placebo switched to active 
interventions) or oral tofacitinib (5 mg two times per day) 
for week 24 endpoints. Primary endpoint: proportion of 
patients achieving an American College of Rheumatology 
response ≥20% (ACR20) at week 12.
Results  The intention-to-treat populations comprised 
1537 (contRAst 1) and 1625 (contRAst 2) patients. 
Primary endpoint: proportions of ACR20 responders 
were statistically significantly greater with otilimab 
90 mg and 150 mg vs placebo in contRAst 1 (54.7% 
(p=0.0023) and 50.9% (p=0.0362) vs 41.7%) and 
contRAst 2 (54.9% (p<0.0001) and 54.5% (p<0.0001) 
vs 32.5%). Secondary endpoints: in both trials, compared 
with placebo, otilimab increased the proportion of 
Clinical Disease Activity Index (CDAI) low disease 
activity (LDA) responders (not significant for otilimab 
150 mg in contRAst 1), and reduced Health Assessment 
Questionnaire-Disability Index (HAQ-DI) scores. Benefits 
with tofacitinib were consistently greater than with 
otilimab across multiple endpoints. Safety outcomes were 
similar across treatment groups.
Conclusions  Although otilimab demonstrated 
superiority to placebo in ACR20, CDAI LDA and HAQ-DI, 
improved symptoms, and had an acceptable safety 
profile, it was inferior to tofacitinib.
Trial registration numbers  NCT03980483, 
NCT03970837.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Not all patients with rheumatoid arthritis (RA) 
achieve effective disease control with current 
therapies. Therefore, there remains an unmet 
need for effective RA treatment.

	⇒ Preclinical studies identified the granulocyte-
macrophage colony-stimulating factor (GM-
CSF) pathway as a promising target in RA and 
demonstrated that neutralisation of GM-CSF 
affects pain responses.

	⇒ Phase 2 studies with monoclonal antibodies 
targeting GM-CSF or its receptor have shown 
mixed results in patients with RA and an 
inadequate response to conventional synthetic 
(cs) or biological (b) disease-modifying 
antirheumatic drugs (DMARDs).

WHAT THIS STUDY ADDS
	⇒ Otilimab, a high-affinity anti-GM-CSF 
monoclonal antibody, demonstrated efficacy 
versus placebo in patients with RA and an 
inadequate response to cs or bDMARDs, 
with a statistically significant difference in 
the American College of Rheumatology 20 
response.

	⇒ Otilimab was not as effective as tofacitinib in 
achieving multiple clinical responses in this 
study.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ For many years, GM-CSF has been considered 
an attractive target in the treatment of RA, and 
a novel mechanism of action might have the 
potential to be effective in patients who fail to 
respond to currently approved therapies.

	⇒ Although the primary endpoint was met in both 
trials, GM-CSF inhibition at the tested doses of 
otilimab does not confer advantage over the 
approved Janus kinase inhibitor, tofacitinib,
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INTRODUCTION
Clinical outcomes have improved in the management of rheu-
matoid arthritis (RA).1 In patients with an inadequate response 
(IR) to methotrexate (MTX) or conventional synthetic (cs) 
disease-modifying antirheumatic drugs (DMARDs), most treat-
ment guidelines suggest addition of a biologic (b)DMARD, 
consideration of a Janus kinase inhibitor (JAKi), and recom-
mend switching mechanisms of action (MoAs) where necessary, 
to achieve a target of remission or low disease activity (LDA).2 3 
Many patients with RA refractory to current treatments have 
decreased health-related quality of life (HRQoL).1 4 There are 
also patients who meet the criteria for ‘clinical response’ but 
remain dissatisfied with their treatment due to the persistence of 
unacceptable subjective symptoms, notably pain and fatigue.5–7 
Therefore, new treatment options and novel MoAs to help 
patients with IR to current therapy are needed.

Preclinical evidence suggests that granulocyte-macrophage 
colony-stimulating factor (GM-CSF) has a role in the pathogen-
esis of RA8–12 and is a key mediator of pain through a variety of 
mechanisms including neuroimmune interactions with sensory 
neurons.11 13 GM-CSF is produced by various cells including 
activated T-cells and B-cells, myeloid and stromal cells, including 
synovial fibroblasts, and both GM-CSF and its receptor (GM-
CSFR) are elevated in RA synovial tissue and fluid.8 10 14–16 
Owing to its ability to promote myeloid cell activation, differ-
entiation, survival and priming (enhanced production of inflam-
matory cytokines including (interleukin) (IL)-6, IL-1 and tumour 
necrosis factor (TNF)-α), GM-CSF is hypothesised to promote 
of proinflammatory myeloid cell functions.8–11 17 This, theoret-
ically, would lead to recruitment of myeloid cells into inflamed 
RA joints, driving further cytokine and chemokine production 
and generating a positive feedback loop, impacting T-cell activa-
tion, and resulting in chronic inflammation, tissue damage and 
pain.8–11 17 Therefore, GM-CSF is an attractive target for the 
treatment of the contemporary unmet need in RA.10–12 17 18

Otilimab is a high-affinity anti-GM-CSF monoclonal anti-
body19 that demonstrated clinical efficacy, including improve-
ments in Disease Activity Score-28 joints (DAS28) and pain, and 
was generally well tolerated in combination with MTX in the 
phase 2b dose-ranging randomised controlled trial (RCT) in 
RA, BAROQUE.20 Here, we report results of two phase 3 RCTs 
that evaluated the efficacy and safety of otilimab compared with 
placebo, as well as with the JAKi, tofacitinib, with concomitant 
MTX (contRAst 1) or csDMARDs (contRAst 2), in adult patients 
with active RA and an IR to MTX (contRAst 1) or csDMARDs 
and/or bDMARDs (contRAst 2).

METHODS
Trial design
ContRAst 1 and contRAst 2 were 52-week, phase 3, multi-
centre, double-blind RCTs. ContRAst 1 (study 201790; 
NCT03980483) was conducted at 227 sites across 19 coun-
tries, from 16 May 2019 to 16 August 2022. ContRAst 2 (study 
201791; NCT03970837) was conducted at 303 sites across 
19 countries, from 5 June 2019 to 14 September 2022 (online 
supplemental table 1). Recruitment continued in China and 
Japan to meet local regulatory requirements; however, these 

additional cohorts are outside the scope of the primary anal-
ysis and are not reported here. Both trials coincided with the 
COVID-19 pandemic.

In both trials, patients were randomised 6:6:3:1:1:1 to 
receive otilimab 90 mg or 150 mg subcutaneously (SC) once 
weekly, tofacitinib 5 mg capsules orally two times per day, 
or placebo (1 placebo arm per active comparator) in combi-
nation with MTX (contRAst 1) or csDMARDs (contRAst 2) 
(figure 1). Otilimab doses were selected based on pharmaco-
kinetic (PK), efficacy, safety, exposure–response and dose–
response modelling of BAROQUE data (study 201755; 
NCT02504671).20 21 Patients initially treated with otilimab 
or tofacitinib continued treatment for 52 weeks. Patients 
allocated to placebo were treated to week 12 (time of 
primary endpoint; period 1), then switched to their respec-
tive active interventions (period 2) and continued treatment 
to week 52. At week 52, patients had the option to enter a 
long-term safety and efficacy extension study (contRAst X; 
study 209564; NCT04333147). Patients who did not enter 
contRAst X underwent a safety follow-up 8 weeks after their 
last blinded treatment administration.

The trials were conducted in accordance with the Declaration 
of Helsinki, International Conference on Harmonisation, Good 
Clinical Practice and applicable country-specific regulatory 
requirements. Protocols were approved by relevant Institutional 
Review Boards/Independent Ethics Committees (online supple-
mental table 1). Regulatory safety updates to the tofacitinib 
label to include a boxed warning for major adverse cardiovas-
cular events (MACE) and updates to boxed warnings regarding 
mortality, malignancy and thrombosis led to protocol amend-
ments after trial commencement. Permanent stopping criteria 
were updated to include venous thromboembolism, pulmonary 
embolism (PE) and deep vein thrombosis. All patients provided 
written informed consent.

Patients
Eligible patients were aged ≥18 years with a diagnosis of RA 
and fulfilling the American College of Rheumatology/European 
Alliance of Associations for Rheumatology (ACR) 2010 Classi-
fication Criteria,22 a Global Functional Status in RA of class I, II 
or III per ACR 1991 Revised Criteria23 and a disease duration 
≥6 months at screening. Active disease at screening and base-
line, defined by tender joint count (TJC)≥6/68 and swollen 
joint count (SJC)≥6/66 were required, with a high sensitivity 
C reactive protein (hsCRP) ≥3 mg/L. Patients were required 
to have ≥1 bone erosion in hand, wrist or foot confirmed 
by central reading. In contRAst 1, patients had an IR despite 
current treatment with MTX (15–25 mg) for≥12 weeks prior 
to day 1 and currently receiving a stable dose for ≥8 weeks. 
In contRAst 2, patients had an IR despite current treatment 
with up to two of the permitted concomitant csDMARDs 
(online supplemental table 2), for at least 12 weeks prior to 
day 1. ContRAst 1 allowed prior bDMARD exposure in ≤20% 
of patients, provided they were not bDMARD-IR. ContRAst 
2 allowed bDMARD-IR patients. In both trials, bDMARD 
therapy had to be discontinued prior to randomisation (online 
supplemental table 2).

Patients were excluded if they had any prior treatment with 
an anti-GM-CSF/GM-CSFR or JAKi, had active or recurrent 
infections, persistent cough or dyspnoea, or an abnormal chest 
radiograph within 12 weeks of study screening. Full inclusion/
exclusion criteria are provided in online supplemental materials.

IN THE TREATMENT OF PATIENTS WITH MODERATE TO 
SEVERE, ACTIVE RA AND A PRIOR INADEQUATE RESPONSE 
TO CS/BDMARDS.
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Randomisation and blinding
Patients were centrally randomised in a blinded manner using an 
interactive response technology system. In contRAst 2, randomi-
sation was stratified by previously failed medication (csDMARD 
only, 1 bDMARD or >1 bDMARD). To maintain blinding, all 
patients received SC injections once weekly and oral capsules 
two times per day. Study treatments were dispensed by an 
unblinded pharmacist who ensured patients and study investiga-
tors remained blinded to the medication.

Trial treatments
Patients received either SC injection of otilimab 90 mg or 150 
mg once weekly and tofacitinib placebo two times per day, or 
tofacitinib 5 mg capsules two times per day, and otilimab 
placebo once weekly; or both placebos and continued to 
receive their current stable dose of MTX (contRAst 1) or 
csDMARDs (contRAst 2). Oral corticosteroids at a stable dose 
of ≤10 mg/day prednisolone or equivalent were permitted 
prior to and throughout the study treatment period (dose 
adjustments permitted for safety reasons only). Analgesics, 
including acetaminophen (paracetamol) as rescue medication 
with limited dosage and timing for pain management, were 
permitted throughout the study (online supplemental table 
2).

Endpoints and assessments
The primary endpoint was the proportion of patients achieving a 
≥20% improvement in ACR criteria (ACR20 response)24 at week 
12 vs placebo. Major multiplicity-controlled secondary efficacy 
endpoints included: proportion of patients achieving Clinical 
Disease Activity Index (CDAI) (LDA; ≤10); change from base-
line (CFB) in Health Assessment Questionnaire-Disability Index 
(HAQ-DI) and Functional Assessment of Chronic Illness Therapy 
(FACIT)-Fatigue at week 12 vs placebo; proportion of patients 
achieving ACR20 responses at week 24 (superiority and non-
inferiority vs tofacitinib); CFB in CDAI, pain Visual Analogue 
Scale (VAS) score, and FACIT-Fatigue at week 24 (superiority 
vs tofacitinib). Additional secondary endpoints included: CDAI 
remission (≤2.8), ACR50/70 responses, DAS28-CRP≤3.2/<2.6, 
CFB in van der Heijde modified total Sharp score (mTSS; see 
online supplemental methods), and Short Form (SF)-36 Physical 
and Mental component summary (PCS and MCS) scores. Safety 
endpoints included the incidence of adverse events (AEs), serious 

AEs (SAEs), AEs of special interest (AESIs) and CFB in key labo-
ratory parameters.

PK/pharmacodynamic and biomarker assessments
Blood samples for measurement of serum concentrations of 
otilimab, GM-CSF–otilimab complex, CC motif chemokine 
ligand (CCL17), IL-6 and matrix-metalloprotease-degraded 
Type I collagen (C1M) were collected on days 1, 8, 15, 29, 85 
and 169 for pharmacodynamic (PD) and biomarker assessments, 
and on days 15, 29, 57, 85, 113, 169, 253 and 365 for PK assess-
ments (post-day 85 data not reported).

Statistical analysis
For each trial, a minimum sample size of 1500 was required 
to provide >99% power to detect a 25% difference between 
otilimab and placebo in ACR20 response rates at week 12 based 
on a two-sided significance level of 0.05, using a pooled z-test. 
The primary endpoint was analysed using a logistic regression 
model, comparing otilimab with placebo at week 12, including 
fixed effects for treatment arm, baseline SJC66 and TJC68, and 
for previously failed medication (contRAst 2 only).

A step-down, graphical, multiple testing procedure 
was used to control for multiplicity of primary and major 
secondary endpoints. Statistical significance for a partic-
ular endpoint could be claimed only if the prior endpoints 
in the sequence met the requirements for significance 
(online supplemental figure 1). P values are only reported 
for endpoints that demonstrated statistical significance per 
the testing hierarchy. For the comparison of otilimab and 
tofacitinib, a non-inferiority margin of 12% was assumed. If 
patients agreed to continue to participate in the study, their 
data continued to be collected for use in the analysis. Missing 
data for this primary estimand were handled using multiple 
imputation (see online supplemental materials). Supple-
mentary analysis using non-responder imputation, where 
patients who discontinued treatment were considered non-
responders, was conducted.

Binary endpoints were analysed using logistic regression 
and continuous endpoints using analysis of covariance. The 
intention-to-treat (ITT) and safety populations were defined as 
all patients who were randomised and received ≥1 dose of study 
medication. In each trial, 15 patients randomised to the placebo-
tofacitinib sequence were mistakenly allocated tofacitinib 

Figure 1  ContRAst 1 and 2 study design. *Stable oral dose of MTX and ≥5 mg/week folic acid as standard of care. †Otilimab solution in vial/pre-
filled syringe. ‡Tofacitinib administered as 5 mg oral capsule. ACR20, 20% improvement in American College of Rheumatology criteria; b/csDMARD, 
biologic/conventional synthetic disease-modifying antirheumatic drug; C1, contRAst 1; C2, contRAst 2; IR, inadequate response; JAKi, Janus kinase 
inhibitor; LTE, long-term extension; MTX, methotrexate; RA, rheumatoid arthritis, SC, subcutaneous; W, week.
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Table 1  Demographics and baseline characteristics

ContRAst 1 ContRAst 2

Placebo 
(N=256)

Otilimab 
90 mg once 
weekly 
(N=513)

Otilimab 
150 mg 
once weekly 
(N=510)

Tofacitinib 
5 mg two 
times per day 
(N=258)

Total 
(N=1537)

Placebo 
(N=270)

Otilimab 
90 mg once 
weekly 
(N=545)

Otilimab 
150 mg 
once weekly 
(N=539)

Tofacitinib
5 mg two times 
per day (N=271)

Total 
(N=1625)

Baseline demographics

 � Sex, female, n (%) 202 (79) 401 (78) 399 (78) 209 (81) 1211 (79) 214 (79) 431 (79) 430 (80) 229 (85) 1304 (80)

 � Age* (years), mean (SD) 52.4 (12.0) 53.7 (12.1) 54.2 (10.8) 54.3 (11.7) 53.8 (11.6) 55.5 (11.9) 55.2 (11.2) 55.6 (11.4) 55.4 (11.8) 55.4 (11.5)

 � Race, n (%)

  �  White 218 (85) 432 (84) 434 (85) 201 (78) 1285 (84) 203 (75) 409 (75) 393 (73) 197 (73) 1202 (74)

  �  Asian 16 (6) 48 (9) 39 (8) 29 (11) 132 (9) 48 (18) 96 (18) 98 (18) 49 (18) 291 (18)

  �  Black or African 
American

7 (3) 11 (2) 11 (2) 12 (5) 41 (3) 3 (1) 10 (2) 8 (1) 3 (1) 24 (1)

Baseline clinical characteristics

 � TJC68, mean (SD) 24.6 (13.7) 23.7 (12.5) 24.0 (12.4) 23.2 (12.2) 23.8 (12.6) 23.6 (13.2) 23.0 (13.2) 23.8 (14.0) 24.2 (12.7) 23.6 (13.4)

 � SJC66, mean (SD) 15.1 (8.6) 15.0 (8.1) 14.8 (8.0) 14.4 (7.4) 14.8 (8.1) 15.2 (8.6) 14.7 (8.8) 15.4 (8.5) 15.3 (8.6) 15.1 (8.6)

 � Pain VAS, mean (SD) 66.2
(20.5)

67.0 (18.3) 65.3 (21.2) 66.4 (18.9) 66.2 (19.8) 66.0 (20.8) 65.2 (21.6) 66.0 (20.8) 65.2 (22.1) 65.6 (21.3)

 � PtGA, mean (SD) 67.3 (17.9) 65.7 (18.5) 65.3 (19.6) 65.7
(19.2)

65.9 (18.9) 65.6 (18.9) 64.5
(19.6)

65.1
(20.3)

67.0
(20.5)

65.3
(19.9)

 � PhGA, mean (SD) 68.0
(15.6)

68.9
(15.8)

68.8
(16.1)

67.8
(15.9)

68.5
(15.9)

66.6
(16.6)

65.8
(17.2)

67.0
(18.1)

67.3
(17.2)

66.6
(17.4)

 � CRP (mg/L), mean (SD) 18.9
(23.8)

19.5
(28.7)

16.4
(21.7)

17.1
(21.2)

17.9
(24.5)

18.4
(27.1)

20.0
(27.7)

18.6
(25.3)

20.4
(26.8)

19.4
(26.7)

 � HAQ-DI, mean (SD) 1.7
(0.6)

1.6
(0.6)

1.7
(0.6)

1.6
(0.6)

1.7
(0.6)

1.6
(0.6)

1.5
(0.6)

1.5
(0.6)

1.6
(0.6)

1.6
(0.6)

 � CDAI, mean (SD) 39.1
(11.6)

39.3
(12.1)

39.3
(11.6)

38.2
(11.4)

39.1
(11.7)

38.5
(11.7)

38.3
(11.9)

39.0
(12.7)

40.1
(12.2)

38.9
(12.2)

 � DAS28-CRP, mean (SD) 5.8
(0.9)

5.8
(0.9)

5.8
(0.9)

5.7
(0.9)

5.8
(0.9)

5.7
(0.9)

5.7
(0.9)

5.7
(0.9)

5.9
(1.0)

5.7
(0.9)

 � FACIT-fatigue, mean (SD) 26.6
(10.2)

27.5
(10.1)

26.5
(10.5)

26.8
(9.9)

26.9
(10.2)

27.8
(10.6)

28.5
(11.0)

28.9
(10.5)

28.1
(10.6)

28.4
(10.7)

 � mTSS, mean (SD) 26.5
(38.6)

29.4
(43.1)

30.0
(42.4)

32.8
(42.6)

29.7
(42.1)

34.4
(45.1)

29.2
(40.7)

34.2
(47.5)

33.8
(47.9)

32.5
(45.0)

 � SF-36 MCS, mean (SD) 45.1
(10.9)

45.1 (10.5) 44.9
(11.6)

44.9
(10.3)

45.0
(10.9)

45.5
(11.0)

45.8
(11.5)

45.7
(10.7)

45.1
(11.2)

45.6
(11.1)

 � SF-36 PCS, mean (SD) 32.8
(7.0)

33.8
(7.1)

33.1
(7.4)

33.5
(6.9)

33.3
(7.2)

33.4
(7.0)

34.2
(7.4)

34.1
(7.4)

33.7
(7.8)

34.0
(7.4)

RA disease history

 � Time since RA diagnosis 
(years), mean (SD)

8.66
(7.1)

8.62
(7.4)

8.97
(7.5)

9.09
(7.5)

8.82
(7.4)

9.95
(8.4)

10.14
(8.1)

9.97
(8.2)

10.58
(9.2)

10.13
(8.4)

 � Stratum (previously failed 
medication)

  �  csDMARD only, n (%) N/A N/A N/A N/A N/A 213
(79)

431
(79)

429
(80)

213
(79)

1286
(79)

  �  1 bDMARD N/A N/A N/A N/A N/A 38
(14)

74
(14)

70
(13)

38
(14)

220
(14)

  �  >1 bDMARD N/A N/A N/A N/A N/A 19
(7)

40
(7)

40
(7)

20
(7)

119
(7)

RA medications taken at baseline (day 1)

 � MTX, n (%) 256
(100)

511
(>99)

507
(>99)

258
(100)

1532
(>99)

210
(78)

450
(83)

433
(80)

216
(80)

1309
(81)

  �  MTX dose (mg/week), 
mean (SD)

18.21
(4.6)

17.63
(4.3)

17.64
(4.2)

18.09
(4.5)

17.81
(4.3)

17.08
(4.9)

16.57
(4.9)

16.29
(5.0)

16.48
(4.6)

16.55
(4.9)

 � csDMARDs>1, n (%)† 0 0 2 (<1) 2 (<1) 4 (<1) 37
(14)

92
(17)

94
(17)

40
(15)

263
(16)

 � Glucocorticoids, n (%)‡ 127
(50)

241
(47)

259
(51)

125
(48)

752
(49)

150
(56)

270
(50)

280
(52)

139
(51)

839
(52)

 � Glucocorticoids dose (mg/
day)‡

6.77
(2.6)

6.46
(2.7)

6.25
(2.6)

5.92
(2.4)

6.35
(2.6)

5.66
(2.4)

5.53
(2.9)

5.69
(2.7)

5.44
(2.3)

5.59
(2.6)

*Age is imputed when full date of birth is not provided.
†csDMARDs other than MTX taken at baseline included hydroxychloroquine, sulfasalazine, azathioprine, chloroquine, leflunomide (contRAst 1); hydroxychloroquine, sulfasalazine, chloroquine, 
leflunomide, iguratimod, bucillamine and ciclosporin (contRAst 2).
‡Only includes patients who have taken oral corticosteroids for ≥4 weeks prior to baseline.
b/csDMARD, biologic/conventional synthetic disease-modifying antirheumatic drug; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; DAS28, Disease Activity Score-28 joints; 
FACIT, Functional Assessment of Chronic Illness Therapy; HAQ-DI, Health Assessment Questionnaire-Disability Index; MCS, mental component summary; mTSS, modified Total Sharp Scale; MTX, 
methotrexate; N/A, not available; PCS, physical component summary; PhGA, Physician’s Global Assessment; PtGA, Patient’s Global Assessment; RA, rheumatoid arthritis; SF-36, Short Form-36; SJC, 
swollen joint count; TJC, tender joint count; VAS, Visual Analogue Scale.
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treatment from week 4 onwards. These patients were included 
in the placebo group (as randomised) for efficacy analyses, and 
in the tofacitinib group (as treated) for safety analyses. The PK 
population included all patients in the safety population who 
had at least one non-missing PK assessment.

Patient and public involvement
Patients were involved in patient advisory boards and in-person 
touchpoints in which the trial design and endpoints were 
discussed. There was no further patient or public involvement in 
the conduct or reporting of the trial.

RESULTS
Trial population
In contRAst 1, of the 3051 patients screened, 1537 met the 
inclusion criteria, were randomised to receive study treat-
ment and included in the ITT and safety populations; 118 
patients completed the safety follow-up and 1171 entered 
contRAst X (online supplemental figure 2A). In contRAst 2, 
of 2888 patients screened, 1625 met the inclusion criteria, 
were randomised to receive study treatment and included 
in the ITT and safety populations; 123 patients completed 
the safety follow-up and 1223 entered contRAst X (online 
supplemental figure 2B). Withdrawal rates were similar 
across treatment arms in both trials, and the main reasons 
for screen failure were not meeting the inclusion/exclusion 
criteria (primarily low CRP levels and lack of bone erosions), 

and temporary suspension of randomisation from March to 
June 2020, due to COVID-19. Baseline demographics and 
clinical characteristics were generally balanced across treat-
ment groups in both trials. In contRAst 2, 79% of patients 
had previously failed csDMARDs only, 14% had addition-
ally failed 1 bDMARD and 7% had additionally failed >1 
bDMARD (table 1).

Primary endpoint
A significantly greater proportion of patients were ACR20 
responders at week 12 with otilimab 90 and 150 mg compared 
with placebo in both contRAst 1 (54.7% (p=0.0023) and 50.9% 
(p=0.0362) vs 42.7%) and contRAst 2 (54.9% and 54.5% vs 
32.5%, p<0.0001 for both) (figure  2, table  2, online supple-
mental figure 3).

Secondary endpoints
In contRAst 1, otilimab 90 mg resulted in a significantly greater 
proportion of patients achieving CDAI LDA at week 12 vs 
placebo, but otilimab 150 mg did not (20.9% (p=0.0188) 
and 19.8% (p=0.0368) vs 13.9%). In contRAst 2, both doses 
resulted in a significant difference versus placebo (26.5% and 
25.1%, respectively, vs 11.4%, p<0.0001 for both) (figure  2, 
table 2, online supplemental figure 3).

In contRAst 1, a greater reduction versus placebo in HAQ-DI 
at week 12 was reported with otilimab 90 mg (–0.46 vs –0.27, 
p<0.0001) and 150 mg (–0.38 vs –0.27); however, statistical 
significance could not be tested for the 150 mg arm according 
to the testing hierarchy. In contRAst 2, both doses resulted in 
a significantly greater CFB versus placebo (–0.32 and –0.31 vs 
–0.14, respectively, p<0.0001 for both) (figure 2, table 2, online 
supplemental figure 3).

Otilimab 150 mg failed to demonstrate non-inferiority 
versus tofacitinib based on ACR20 response at week 24. 
Tofacitinib resulted in a significantly greater proportion of 
ACR20 responders versus otilimab 90 mg and 150 mg in 
both contRAst 1 (74.4% vs 63.9% (p=0.0061) and 61.3% 
(p=0.0007)) and contRAst 2 (79.8% vs 65.0 and 62.5%, 
p<0.0001 for both) (figure 2; online supplemental table 4, 
online supplemental figure 3). Due to the step-down multiple 
testing approach, statistical significance could not be assessed 
for any of the subsequent endpoints in either trial.

Supplementary analyses using non-responder imputation 
yielded similar results to the primary analysis (online supple-
mental figure 4). The proportions of ACR20 responders at 
week 24 for patients who switched from placebo to otilimab or 
tofacitinib after week 12 were mostly similar to those who initi-
ated active treatment at week 0 (online supplemental figure 5). 
No consistent trends in ACR20 response were observed across 
contRAst 1 and contRAst 2 in the analyses of subgroups strati-
fied by sex, disease duration and serological status (positive for 
both rheumatoid factor and anticyclic citrullinated peptide anti-
body; online supplemental figures 6 and 7). Subgroup analysis 
of prior failed DMARD in contRAst 2 suggested a trend towards 
a greater benefit for patients with prior csDMARD failure 
only versus patients with ≥1 bDMARD failure; however, wide 
CIs were observed in the bDMARD failure subgroups (online 
supplemental figure 7).

In both trials, otilimab demonstrated numerical improvements 
versus placebo in FACIT-Fatigue, pain VAS score and CDAI at 
week 12, which continued to week 52 (figure 3, table 2, online 
supplemental figure 8). There were no major differences in the 
proportions of patients achieving CDAI remission with either 

Figure 2  Proportion of patients achieving (A) ACR20 and (B) CDAI 
LDA at weeks 12, 24 and 52, and (C) LS mean CFB in HAQ-DI score at 
weeks 12, 24 and 52. *Otilimab versus placebo, per SAP. Comparison 
of tofacitinib versus placebo was not included in the SAP; however, 
statistical data are provided in the data tables. ACR, American College 
of Rheumatology; CDAI, Clinical Disease Activity Index; CFB, change 
from baseline; HAQ-DI, Health Assessment Questionnaire-Disability 
Index; LDA, low disease activity; LS, least squares; PBO, placebo; SAP, 
statistical analysis plan.
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dose of otilimab versus placebo at week 12 in either trial (online 
supplemental figure 9 and online supplemental tables 4 and 5).

In both trials, otilimab treatment resulted in greater 
proportions of ACR50 and ACR70 responders at week 12 
vs placebo, which increased up to week 52; the proportions 
of responders were similar for both otilimab doses in both 
trials (online supplemental figures 10 and 11, online supple-
mental table 4 and 5). Compared with placebo, both otilimab 
doses improved the additional ACR core data set measures of 
TJC and SJC, Patient and Physician Global Assessments and 
CRP to a similar extent (online supplemental table 4, online 
supplemental figure 12) and resulted in greater reductions 
from baseline in DAS28-CRP in both trials (online supple-
mental figure 13, online supplemental table 4 and 5). Addi-
tionally, there was an increase in the proportion of patients 
achieving DAS28-CRP ≤3.2 and <2.6 at week 12 with 
otilimab versus placebo.

In contRAst 1, both doses of otilimab reduced progression 
of joint damage as measured by a lower CFB in mTSS versus 
placebo at week 12; this was not observed in contRAst 2, where 
a relatively low mean progression was observed in the placebo 
arm. In both trials, patients who received tofacitinib showed the 
least progression (online supplemental figures 14–16, online 
supplemental tables 4 and 5). At week 12, the proportions 
of patients with mTSS changes ≤0.5 were 84% and 88% for 
otilimab 90 mg and 83% and 93% for otilimab 150 mg vs 77% 
and 86% for placebo, in contRAst 1 and contRAst 2, respectively 
(online supplemental figure 14).

Improvements versus placebo in SF-36 PCS scores were 
reported with both otilimab doses in both trials. No differences 
versus placebo in SF-36 MCS scores were reported with either 
otilimab dose in either trial (online supplemental table 5).

Greater improvements were reported with tofacitinib versus 
otilimab in most of the secondary endpoints including CDAI 
LDA response, HAQ-DI, pain VAS and FACIT-fatigue scores.

Safety
Unless otherwise indicated, week 52 safety data are reported for 
patients who were randomised to active treatments from baseline; 
a safety summary following the week 12 switch from placebo to 
active treatment is provided in online supplemental table 6. The 
incidence of AEs was similar across treatment groups in both 
trials (table 3); the most common (≥5%) AEs were COVID-19, 
RA, lymphopaenia, anaemia, injection site reaction, hyperten-
sion, increased alanine transaminase, urinary tract infection, 
upper respiratory tract infection, nasopharyngitis and headache 
(online supplemental tables 7 and 8). The incidence of SAEs 
was ≤8% in either otilimab group and ≤11% with tofacitinib 
(table 3, online supplemental table 9 and 10). The incidence of 
any AESI was 8%–14% (online supplemental table 11). In any 
treatment group, the incidence of serious infections was ≤4% 
(approximately half were COVID-19). The incidence of MACE 
was <1%; 1 patient in the tofacitinib arm reported an MACE in 
contRAst 2 (0 in contRAst 1), and 4 (<1%) and 3 (<1%) patients 
reported a MACE with otilimab 90 mg or 150 mg, respectively, 
in both trials. The incidence of malignancy in any treatment arm 
was ≤2% (table 3, online supplemental table 11). There were no 
events of active tuberculosis (TB) or reactivation of latent TB, no 
events of serious hypersensitivity reactions or pulmonary alve-
olar proteinosis (PAP) with otilimab. Herpes zoster was reported 
in 1 (<1%) patient in the otilimab 150 mg group, and in no 
patients in the tofacitinib group. Across both trials, 34 deaths 
occurred, including 4 in the placebo group (1 prior to the switch 
to active treatment and 3 after), and 5 occurring more than 56 
days after the last treatment dose (online supplemental tables 6 
and 12). None of the deaths were considered treatment-related 
(eight were COVID-19 related) and no patterns were observed 
in any of the treatment arms (online supplemental table 12). No 
clinically meaningful differences were observed with otilimab 
versus placebo in laboratory parameters (online supplemental 
tables 13 and 14) including neutropenia.

PK/PD and biomarkers
In both trials, a steady-state mean serum otilimab concentration 
of ~2200 ng/mL was achieved with otilimab 90 mg by week 8; 
the 150 mg dose achieved a steady-state concentration of ~3700 
ng/mL in contRAst 1 and ~4100 ng/mL in contRAst 2 by week 
8 (online supplemental figure 17). Patients who switched from 
placebo to otilimab after week 12 showed similar serum otilimab 
concentrations from their first measurement at week 16 (4 weeks 
post-first otilimab dose), and serum otilimab concentrations 
remained stable for the duration of the trials. Similar baseline 
serum free GM-CSF levels of ~0.3 ng/L were reported across 
the treatment groups. Following otilimab treatment, GM-CSF–
otilimab complex accumulation indicated target engagement, 
which stabilised from approximately week 8 and was maintained 
for the duration of the trial (online supplemental figure 18).

In both trials, both otilimab doses reduced CCL17 and CCL22 
at week 12 compared with placebo and tofacitinib. Both otilimab 
doses and tofacitinib reduced VICM by week 12 vs placebo, 
with otilimab 150 mg and tofacitinib having a greater effect in 

Figure 3  LS mean CFB in (A) pain VAS, (B) FACIT-Fatigue and (C) CDAI 
Due to the step-down multiple testing approach, statistical significance 
was not assessed, or cannot be claimed, for otilimab versus placebo 
for these endpoints; however, statistical data are provided in the data 
tables. CDAI, Clinical Disease Activity Index; CFB, change from baseline; 
FACIT, Functional Assessment of Chronic Illness Therapy; LS, least 
squares; PBO, placebo; VAS, Visual Analogue Scale.
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contRAst 1 and contRAst 2, respectively. An early reduction of 
the inflammatory markers, IL-6 and C1M, was observed with 
both doses of otilimab compared with placebo (except for IL-6 

in contRAst 2), which plateaued to week 12, while tofacitinib 
consistently showed greater reductions than otilimab in both 
(online supplemental figure 19).

Table 3  Safety summary

Adverse event, no of patients 
(%)

ContRAst 1 ContRAst 2

Pooled 
placebo 
(N=241)

Otilimab
90 mg once 
weekly 
(N=513)

Otilimab
150 mg 
once weekly 
(N=510)

Tofacitinib
5 mg two times 
per day (N=273)

Pooled placebo 
(N=255)

Otilimab
90 mg once 
weekly (N=545)

Otilimab 150 
mg once weekly 
(N=539)

Tofacitinib
5 mg two 
times per day 
(N=286)

Weeks 0–12

 � Any AE 95 (39) 222 (43) 234 (46) 122 (45) 127 (50) 267 (49) 268 (50) 143 (50)

 � Any SAE 8 (3) 8 (2) 6 (1) 9 (3) 6 (2) 12 (2) 19 (4) 6 (2)

 � Any AESI 4 (2) 25 (5) 26 (5) 5 (2) 5 (2) 27 (5) 44 (8) 5 (2)

  �  Serious infection* 3 (1) 3 (<1) 2 (<1) 4 (1) 1 (<1) 2 (<1) 7 (1) 1 (<1)

  �  Serious infection, excluding 
COVID-19*

1 (<1) 2 (<1) 1 (<1) 3 (1) 1 (<1) 2 (<1) 3 (<1) 1 (<1)

  �  Active TB* 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

  �  Latent TB* 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

  �  TB reactivation* 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

  �  PAP* 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

 � COVID-19 diagnosis† 8 (3) 11 (2) 12 (2) 9 (3) 3 (1) 10 (2) 13 (2) 7 (2)

 � Any adjudicated CV event 0 (0) 1 (<1) 1 (<1) 0 (0) 0 (0) 1 (<1) 2 (<1) 0 (0)

  �  Adjudicated MACE 0 (0) 1 (<1) 1 (<1) 0 (0) 0 (0) 1 (<1) 1 (<1) 0 (0)

  �  VTE (DVT and/or PE) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (<1) 0 (0)

  �  PE 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (<1) 0 (0)

  �  DVT 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

 � Any malignancy 2 (<1) 1 (<1) 1 (<1) 0 (0) 0 (0) 0 (0) 2 (<1) 0 (0)

 � Any malignancy, excluding 
NMSC

2 (<1) 1 (<1) 0 (0) 0 (0) 0 (0) 0 (0) 2 (<1) 0 (0)

 � Fatal SAE 1 (<1) 1 (<1) 1 (<1) 2 (<1) 0 (0) 0 (0) 4 (<1) 0 (0)

Otilimab
90 mg once weekly 
(N=513)

Otilimab
150 mg once 
weekly (N=510)

Tofacitinib
5 mg two times per 
day (N=273)

Otilimab
90 mg once weekly 
(N=545)

Otilimab 150 
mg once weekly 
(N=539)

Tofacitinib
5 mg two times per 
day (N=286)

Weeks 0–52‡

 � Any AE 367 (72) 383 (75) 207 (76) 420 (77) 408 (76) 224 (78)

 � Any SAE 33 (6) 39 (8) 23 (8) 44 (8) 43 (8) 31 (11)

 � Any AESI 65 (13) 58 (11) 22 (8) 72 (13) 75 (14) 32 (11)

 � Serious infection* 16 (3) 18 (4) 8 (3) 12 (2) 13 (2) 12 (4)

  �  Serious infection, excluding 
COVID-19*

9 (2) 8 (2) 3 (1) 6 (1) 7 (1) 6 (2)

  �  Active TB* 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

  �  Latent TB* 22 (4) 9 (2) 11 (4) 15 (3) 10 (2) 8 (3)

  �  TB reactivation* 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

  �  PAP* 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

 � COVID-19 diagnosis† 58 (11) 65 (13) 39 (14) 62 (11) 46 (9) 35 (12)

 � Any adjudicated CV event 5 (<1) 4 (<1) 0 (0) 4 (<1) 7 (1) 2 (<1)

  �  Adjudicated MACE 4 (<1) 3 (<1) 0 (0) 4 (<1) 3 (<1) 1 (<1)

  �  VTE (DVT and/or PE) 1 (<1) 1 (<1) 0 (0) 0 (0) 4 (<1) 1 (<1)

  �  PE 0 (0) 0 (0) 0 (0) 0 (0) 2 (<1) 1 (<1)

  �  DVT 1 (<1) 1 (<1) 0 (0) 0 (0) 2 (<1) 0 (0)

 � Any malignancy 1 (<1) 3 (<1) 2 (<1) 1 (<1) 4 (<1) 6 (2)

 � Any malignancy, excluding 
NMSC

1 (<1) 2 (<1) 2 (<1) 1 (<1) 4 (<1) 6 (2)

 � Fatal SAE 2 (<1) 7 (1) 3 (1) 5 (<1) 6 (1) 2 (<1)

*Only select AESIs with relevance to the MoA of otilimab or tofacitinib are reported. See online supplemental table 11 for all AESIs.
†Data reported for patients who were randomised to active treatments from baseline. See online supplemental table 5 for the safety summary for patients who switched from 
placebo to active treatment at week 12.
‡Total cases (either AEs or SAEs).
AE, adverse event; AESI, AE of special interest; CV, cardiovascular; DVT, deep vein thrombosis; MACE, major adverse cardiovascular event; MoA, mechanism of action; NMSC, non-
melanoma skin cancer; PAP, pulmonary alveolar proteinosis; PE, pulmonary embolism; SAE, serious AE; TB, tuberculosis; VTE, venous thromboembolism.
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Post hoc exposure–response analyses demonstrated trends 
for a higher otilimab exposure resulting in greater reductions in 
CCL17, CRP and CCL22 (only in contRAst 2 for CCL22), but 
not IL-6 (online supplemental figure 20).

DISCUSSION
These two trials were conducted across a total of 30 countries 
across North and South America, Europe, Asia and Africa, with 
the COVID-19 pandemic spanning most of the trial duration. 
In patients with active RA, a statistical improvement in ACR20 
response (primary endpoint) was demonstrated with both doses 
of otilimab versus placebo; however, differences in response 
were modest. In both trials, a significantly greater proportion of 
patients achieved CDAI-LDA responses and a significant reduc-
tion from baseline HAQ-DI with otilimab 90 mg vs placebo. The 
same was observed for otilimab 150 mg in contRAst 2; however, 
in contRAst 1, otilimab 150 mg failed to result in a significant 
difference versus placebo in CDAI LDA, therefore, HAQ-DI 
could not be tested for significance. As the most recent MoA to 
be added to the therapeutic armamentarium for RA, the JAKi, 
tofacitinib, was considered an appropriate active comparator 
for these trials. Otilimab was consistently inferior to tofacitinib 
across multiple endpoints.

A higher placebo response was noted in contRAst 1, compared 
with contRAst 2, which may account for the generally greater 
otilimab treatment effect over placebo observed across multiple 
endpoints in contRAst 2, despite the patient population having 
a slightly longer disease duration and a subgroup of patients 
having failed multiple DMARDs. However, otilimab was asso-
ciated with inhibition of structural joint damage in contRAst 1, 
but not in contRAst 2. Indeed, contRAst 2 reported a greater 
CFB in mTSS with otilimab 90 mg vs placebo, although this 
may reflect the relatively low mean radiographic progression 
in the placebo arm, possibly due to outliers with high negative 
scores. Nevertheless, while both doses of otilimab resulted in 
reductions versus placebo in pain VAS, FACIT-Fatigue, CDAI, 
DAS28-CRP as well as increases in ACR50, DAS28-CRP≤3.2 
and <2.6 responses, the benefit with tofacitinib was consis-
tently greater than that of either otilimab dose and was compa-
rable to that reported in previously published tofacitinib trials 
conducted in similar populations, such as ORAL Standard, 
Strategy and Scan.25–27

While otilimab met the primary endpoint versus placebo, the 
limited efficacy versus tofacitinib in these trials does not support 
the use of otilimab in a broad RA patient population. As expected, 
a greater proportion of ACR20 responses was reported in the 
subgroup of patients with csDMARD failure only, compared 
with patients with 1 bDMARD and >1 bDMARD failures.

The steady-state serum otilimab concentrations achieved 
in these trials were higher than predicted for these dosing 
regimens,21 and higher than those achieved in BAROQUE.20 
At week 12 in the contRAst trials, serum otilimab concen-
trations with otilimab 90 mg and 150 mg weekly were ≥2.1 
fold and ≥3.8 fold higher than those achieved with otilimab 
180 mg every 2 weeks in BAROQUE. Despite achieving 
higher steady-state concentrations for the 150 mg vs 90 
mg dose, similar efficacy was observed, suggesting a lack of 
dose-response. Otilimab treatment resulted in ~30%–40% 
reduction in serum concentrations of CCL17 (the putative 
PD biomarker for otilimab activity), which is similar to the 
reduction observed with otilimab 180 mg once weekly in the 
phase 2a mechanistic study, RENAISSANCE,28 suggesting 
that both otilimab doses were pharmacologically active.

Residual pain is a key unmet need in patients with RA.29 
The clinically meaningful improvements in pain VAS scores 
with otilimab in the BAROQUE trial, despite non-significant 
DAS28-CRP<2.6 responses at week 24,20 were a key consider-
ation of the rationale for this phase 3 programme. In contRAst 
1 and 2, both otilimab and tofacitinib improved pain; however, 
the benefit with otilimab was lower than that with tofacitinib, 
conceivably due to the greater anti-inflammatory effects of 
tofacitinib versus otilimab. Additionally, the use of the weekly, 
rather than biweekly, otilimab dosing strategy in contRAst 1 
and contRAst 2 compared with BAROQUE did not improve 
on previous pain responses, nor did it increase ACR20/50/70 
responses as previously predicted,21 despite achieving higher 
steady-state serum concentrations. The current results are similar 
to those of other anti-GM-CSF therapies such as namilumab and 
mavrilimumab which reduced DAS28-CRP scores versus placebo 
in RA clinical trials.30 31 However, a more pronounced inhibi-
tion of the inflammatory biomarker, IL-6, was reported with 
mavrilimumab.32

Previously, there have been theoretical safety concerns 
regarding anti-GM-CSF therapies due to the potential impair-
ment of myeloid cell production and function that could result 
in PAP,33 and the potential impact on immunological responses34 
that could result in increased infections or reactivation of 
latent infections such as TB, as observed with anti-TNFs.35 36 
However, there were no reports of PAP, the incidence of neutro-
penia or serious infections was ≤4% with either otilimab dose 
(COVID-19 infection was balanced across treatment groups 
and accounted for approximately half of serious infections) and 
there were no reports of active TB or reactivation of latent TB in 
these trials. Moreover, the incidence of MACE was <1% across 
treatment arms. These safety results add to those of prior anti-
GM-CSF phase 2 RCTs.20 30 31 37–41

A strength of both trials was the consistency of responses to 
tofacitinib with those of previous phase 3 RCTs,42–44 indicating 
that both trials were well conducted, despite difficulties imposed 
by the COVID-19 pandemic, and providing confidence in the 
results observed. Ultimately, apart from pausing trial recruit-
ment for 3 months to accommodate local restrictions, the 
overall impact of COVID-19 was minimal, with a low number of 
protocol deviations and missing data points. Additional strengths 
include the global reach of the trials, which captured various 
regional populations, and the reporting of positive outcomes 
considered important to patients such as pain and its impacts, 
physical function, fatigue, sleep disturbance and HRQoL.45–47 
Study limitations include the differing geographic locations 
between contRAst 1 and contRAst 2, and the low subgroup 
numbers in contRAst 2, making it difficult to interpret whether 
the number of prior failed DMARDs impacted the responses to 
otilimab.

CONCLUSIONS
Otilimab met the primary endpoint of ACR20 response versus 
placebo at week 12 in both contRAst 1 and contRAst 2. Despite 
the lack of statistical significance for a number of endpoints, 
otilimab treatment reduced measures of RA disease activity, 
reduced inflammatory markers, improved symptoms such as 
pain and fatigue, and demonstrated an acceptable safety profile. 
However, despite a plausible evidence base, the limited effi-
cacy of otilimab compared with tofacitinib in these RCTs, or 
compared with sarilumab in contRAst 3 (published separately), 
does not support a suitable benefit/risk profile for its use in the 
treatment of RA in these patient populations.
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