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Therapeutic blocking of GM-CSF with otilimab did not significantly improve clinical status in
patients with severe COVID-19; however, otilimab demonstrated an acceptable safety profile and
reduced markers of inflammation https://bit.ly/3QquyYP
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Abstract
Background Granulocyte–macrophage colony-stimulating factor (GM-CSF) and dysregulated myeloid cell
responses are implicated in the pathophysiology and severity of COVID-19.
Methods In this randomised, sequential, multicentre, placebo-controlled, double-blind study, adults aged
18–79 years (Part 1) or ⩾70 years (Part 2) with severe COVID-19, respiratory failure and systemic
inflammation (elevated C-reactive protein/ferritin) received a single intravenous infusion of otilimab 90 mg
(human anti-GM-CSF monoclonal antibody) plus standard care (NCT04376684). The primary outcome
was the proportion of patients alive and free of respiratory failure at Day 28.
Results In Part 1 (n=806 randomised 1:1 otilimab:placebo), 71% of otilimab-treated patients were alive and
free of respiratory failure at Day 28 versus 67% who received placebo; the model-adjusted difference of 5.3%
was not statistically significant (95% CI −0.8–11.4%, p=0.09). A nominally significant model-adjusted
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difference of 19.1% (95% CI 5.2–33.1%, p=0.009) was observed in the predefined 70–79 years subgroup,
but this was not confirmed in Part 2 (n=350 randomised) where the model-adjusted difference was 0.9%
(95% CI −9.3–11.2%, p=0.86). Compared with placebo, otilimab resulted in lower serum concentrations of
key inflammatory markers, including the putative pharmacodynamic biomarker CC chemokine ligand 17,
indicative of GM-CSF pathway blockade. Adverse events were comparable between groups and consistent
with severe COVID-19.
Conclusions There was no significant difference in the proportion of patients alive and free of respiratory
failure at Day 28. However, despite the lack of clinical benefit, a reduction in inflammatory markers was
observed with otilimab, in addition to an acceptable safety profile.

Introduction
Severe COVID-19 is characterised by respiratory and/or multi-organ failure [1]. A subset of patients
displays systemic hyperinflammation including dysregulated myeloid cell responses [2–4]. Older age and
associated immunosenescence and underlying comorbidities may predispose patients to similar immune
abnormalities to those observed in COVID-19 [5, 6], increasing their risk of severe disease and
mortality [7–9].

Granulocyte–macrophage colony-stimulating factor (GM-CSF) is implicated in driving hyperinflammation
in severe COVID-19 [10–14], with increased circulating concentrations reportedly associated with
COVID-19 severity and mortality [12, 15]. This may be due to the putative role of GM-CSF in myeloid
cell activation, differentiation, survival and priming to enhance inflammatory cytokine and chemokine
production, leading to further myeloid cell recruitment to sites of inflammation. This potentially produces a
positive feedback loop driving cytokine and chemokine production, hyperinflammation and tissue
damage [10, 11].

Otilimab is a high-affinity, fully human, anti-GM-CSF monoclonal antibody (IgG1λ) that reduces
inflammatory activity in rheumatoid arthritis (RA) [16]. GM-CSF inhibition with otilimab was
hypothesised to reduce the production of proinflammatory cytokines and chemokines, decrease
myeloid cell migration and modulate hyperinflammation, leading to an improved outcome in severe
COVID-19 [10]. The otilimab in severe COVID-19-related disease (OSCAR) trial was designed to
investigate the efficacy and safety of otilimab in patients with acute respiratory failure and systemic
inflammation due to severe COVID-19.

Methods
Study design
OSCAR was a randomised, multicentre, placebo-controlled, double-blind study (GSK study 214094;
NCT04376684) conducted at 121 sites across 19 countries (supplementary material). This sequential study
was conducted in two parts: Part 1 enrolled patients aged 18–⩽79 years between 28 May 2020 and
15 November 2020, with the last patient completing Day 60 on 13 January 2021. Part 1 results indicated a
potential benefit of otilimab in a predefined subgroup of patients aged 70–79 years. Therefore, the original
protocol was amended to include Part 2, which enrolled only patients aged ⩾70 years between
15 February 2021 and 19 June 2021, with the last patient completing Day 60 on 16 August 2021.

Patients were randomised 1:1 in a blinded manner, using interactive response technology (block size of
four) to receive otilimab or matched placebo. Patients were monitored daily until Day 28 (or until hospital
discharge), with follow-up assessments at Days 42 and 60.

The study was conducted in accordance with the Declaration of Helsinki, Council for International
Organisations of Medical Sciences International Ethical Guidelines, International Conference on
Harmonisation, Good Clinical Practice and applicable country-specific regulatory requirements. The
protocol was approved by relevant institutional review boards. Before enrolment, informed consent was
obtained from the patient or their legally authorised representative. An independent data monitoring
committee monitored in-stream unblinded safety and efficacy data throughout the study.

Patients
Eligible patients were aged 18–79 years in Part 1 and ⩾70 years in Part 2, had a positive SARS-CoV-2
result from any validated test (predominantly reverse transcription PCR) and were hospitalised due to
radiographically confirmed pneumonia consistent with COVID-19. All patients had a clinical status of
Category 5 or 6 in the modified World Health Organization Ordinal Scale for Clinical Improvement
(supplementary methods) [17], defined by recent onset of oxygenation impairment requiring either
high-flow oxygen (⩾15 L·min−1; Category 5), noninvasive ventilation (Category 5) or invasive mechanical

This article has an editorial
commentary:
https://doi.org/10.1183/
13993003.02091-2022

Received: 2 July 2021
Accepted: 24 Aug 2022

https://doi.org/10.1183/13993003.01870-2021 2

EUROPEAN RESPIRATORY JOURNAL ORIGINAL RESEARCH ARTICLE | J. PATEL ET AL.

http://erj.ersjournals.com/lookup/doi/10.1183/13993003.01870-2021.figures-only#fig-data-supplementary-materials
http://erj.ersjournals.com/lookup/doi/10.1183/13993003.01870-2021.figures-only#fig-data-supplementary-materials
https://doi.org/10.1183/13993003.02091-2022
https://doi.org/10.1183/13993003.02091-2022


ventilation without additional organ support (Category 6) ⩽48 h prior to dosing. Serum concentrations of
the inflammatory markers C-reactive protein (CRP) or ferritin were required to be above the upper limit
of normal.

Patients were excluded if death was predicted within 48 h; if they had multiple organ failure according to
the investigator’s opinion and/or a Sequential Organ Failure Assessment [18] score >10; or if they were
receiving extracorporeal membrane oxygenation, haemofiltration/dialysis or more than one inotrope
or vasopressor of any class. Patients who had received intravenous immunoglobulin, monoclonal antibody
or immunosuppressant therapy within the past 3 months or who were currently receiving chronic oral
corticosteroids (>10 mg·day−1 prednisone or equivalent) for a non-COVID-19 indication were also
excluded. Full eligibility criteria are provided in the supplementary material.

Study treatments
Patients received either a single 1-h intravenous infusion of otilimab 90 mg or placebo on Day 1 and
standard of care according to current clinical guidelines and institutional protocols. This otilimab dosing
regimen was predicted to result in serum concentrations remaining within the target range for ∼1 week,
which was deemed to be sufficient to inhibit the expected levels of GM-CSF in circulation/tissue and
induce an anti-inflammatory effect, while allowing a return to normal GM-CSF levels in the recovery
phase, during which GM-CSF expression may promote lung repair [10].

End-points and assessments
The primary end-point was the proportion of patients alive and free of respiratory failure (clinical status:
Categories 1–4) at Day 28. Key secondary end-points included all-cause mortality at Day 28 ( post hoc for
Part 1) and Day 60; time to all-cause mortality up to Day 60; participants alive and free of respiratory
failure at Days 7, 14, 42 and 60; time to recovery from respiratory failure at Day 28; time to last
dependence on supplementary oxygen up to Day 28; time to final intensive care unit discharge up to
Day 28; time to first discharge from investigator site up to Day 60 (revised before unblinding in Part 1);
time to first hospital discharge to non-hospitalised residence up to Day 60 (revised before unblinding in
Part 1); and adverse events (AEs) and serious AEs (SAEs) up to Day 60. Exploratory end-points are
provided in the supplementary material.

Biomarker and pharmacokinetic assessments
Blood samples for otilimab and GM-CSF–otilimab complex concentrations were collected on Days 1, 2, 7
and 14. Further details of pharmacokinetic (PK) and exposure-response analyses are provided in the
supplementary material.

Free GM-CSF was assessed using an ultrasensitive immunoassay based on single molecule array
(Simoa™) technology. Target engagement was estimated from the target-mediated drug disposition model
[19] developed using baseline concentrations of free GM-CSF and concentrations of free GM-CSF,
otilimab and GM-CSF–otilimab complex over time.

Blood samples were collected at screening and on Days 2 (Part 1 only), 4 and 7 for measurement of serum
concentrations of inflammatory markers using electrochemiluminescence-based immunoassays and
neutrophil-to-lymphocyte ratios (NLRs) derived from clinical haematology panels.

Statistical analysis
Parts 1 and 2 were analysed separately. Full details are provided in the statistical analysis plan (SAP)
(supplementary material). Part 1 used a group sequential design to control for multiplicity, with interim
analyses for futility and efficacy. In Part 1 and Part 2, a sample size of 800 and 346 patients provided
∼90% and 80% power to detect a difference of 12% and 15%, respectively, in the proportion of patients
alive and free of respiratory failure at a one-sided 2.5% significance level and an assumed placebo
response rate of 45%.

The primary end-point was assessed using logistic regression, adjusting for treatment, sex (Part 2 only),
age and clinical status at baseline. Missing data in the overall primary analysis were imputed using
multiple imputation, assuming data were missing at random and adjusting for analysis covariates. The
primary end-point was also analysed in predefined stratification factors based on clinical status, age ( post
hoc in Part 2), clinical status by age (Part 1 only) and sex (Part 2 only), as described in the SAP
(supplementary material).
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Given that OSCAR was a single-dose trial, and dosing was anticipated to occur very quickly following
randomisation, it was assumed that any patients who were randomised but did not receive treatment were
those who withdrew consent or were randomised in error. Because these patients would have no
post-baseline data, the population for primary analyses included all patients who were randomised and
received study drug (modified intent-to-treat (mITT)). The SAP was finalised before the clinical database
was locked. For ease of interpretation, two-sided p-values with 5% significance level are presented.

Results
Baseline population findings
In Part 1, 793 patients were included in the mITT population (otilimab n=395; placebo n=398), with
patients aged 70–79 years accounting for 23% of the overall population; in Part 2, 347 patients were
included in the mITT population (otilimab n=174; placebo n=173) (figure 1). In both parts, baseline
demographics and disease characteristics were generally well balanced between groups and were reflective
of severe COVID-19 (table 1). Compared with Part 1, a larger proportion of patients in Part 2 were in
Category 5.

Primary end-point: patients alive and free of respiratory failure
In Part 1, 71% of patients in the otilimab group were alive and free of respiratory failure at Day 28 versus
67% who received placebo; the model-adjusted difference of 5.3% was not statistically significant (95% CI
−0.8–11.4%, p=0.09) (figure 2a). Model-adjusted differences for patients in Categories 5 and 6 were 5.9%
(95% CI −0.8–12.7%) and 4.6% (95% CI −9.6–18.8%), respectively (figure 2a). In the predefined
subgroup of patients aged 70–79 years, the model-adjusted difference was 19.1% (95% CI 5.2–33.1%,
nominal p=0.009); this response was consistent regardless of clinical status (figure 2a).

In Part 2, 52% of patients who received otilimab were alive and free of respiratory failure at Day 28 versus
51% who received placebo (model-adjusted difference: 0.9%, 95% CI −9.3–11.2%, p=0.86) (figure 2b).
For patients in Categories 5 and 6, the model-adjusted difference was 4.2% (95% CI −6.9–15.4%) and
−17.5% (95% CI −42.7–7.6%), respectively (figure 2b). Model-adjusted differences were −2.1% (95% CI
−14.0–9.8%, p=0.73) in patients aged 70–<80 years and 7.7% (95% CI −14.7–30.2%, p=0.51) in patients
aged ⩾80 years (figure 2b). Post hoc analyses of the primary end-point by baseline characteristic are
presented in supplementary figure S1.

Secondary end-point: all-cause mortality
In Part 1, all-cause mortality at Day 60 was 23% in the otilimab group compared with 24% in the placebo
group (model-adjusted difference −2.4%, 95% CI −8.0–3.3%, p=0.41) (figure 3a). In the 70–79 years
subgroup, there was lower mortality at Day 60 with otilimab (27%) versus placebo (41%) (model-adjusted
difference −14.4%, 95% CI −27.9–−0.9%, nominal p=0.04).

In Part 2, all-cause mortality at Day 28 was 37% in the otilimab group compared with 41% in the placebo
group (model-adjusted difference −5.2%, 95% CI −15.1–4.7%, p=0.31) (figure 3b). Mortality at Day 60
was 43% in the otilimab group and 45% in the placebo group, with a model-adjusted difference of −2.2%
(95% CI −12.4–7.9%, p=0.67). No significant differences in mortality at Days 28 or 60 were observed in
the predefined subgroups of either part.

Additional secondary and exploratory efficacy end-points
Generally, there were no significant differences in time-to-event analyses in the Part 1 mITT population
between treatment groups (figures 4a and 5a, supplementary figure S2a–g). However, improvements with
otilimab versus placebo were observed in the 70–79 years subgroup (figures 4b and 5b, supplementary
figure S2a–d), with treatment effects apparent 7–10 days post-infusion.

There was a short-term numerical benefit of otilimab versus placebo in most time-to-event analyses in
Part 2, including time to recovery from respiratory failure, as well as an early delay in time to invasive
mechanical ventilation; separation between groups was observed from around Day 3 and they converged
around Day 10 (figure 4c, supplementary figure S2a, b, e, g). There was no difference between otilimab
and placebo in time to all-cause mortality up to Day 60 (figure 5c).

In the exploratory end-point of change from baseline in inspiratory oxygen fraction (FiO2
), a greater

reduction was observed in patients receiving otilimab versus placebo in the Part 1 mITT population, Part 1
70–79 years subgroup and Part 2 mITT population up to Day 14 (supplementary figure S2h).
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8 excluded

7 ineligible owing to 

meeting exclusion criteria or 

not meeting inclusion criteria

1 each of AE, physician 

decision, withdrawal by subject#

175 assigned to receive placebo

2 not dosed

173 included in the

mITT and safety population

175 assigned to receive otilimab

1 not dosed

174 included in the

mITT and safety population

170 completed the study

94 completed follow-up

76 died

5 withdrawn

3 lost to follow-up

1 physician decision

1 participant decision

358 patients assessed for eligibility

350 randomised

b) Part 2

45 excluded

40 ineligible owing to 

meeting exclusion criteria or 

not meeting inclusion criteria

5 withdrawal by subject

403 assigned to receive placebo

5 not dosed

398 included in the

mITT population

403 assigned to receive otilimab

8 not dosed

395 included in the

mITT population

396 included in the safety population

2 randomised to placebo 

were dosed with otilimab

397 included in the safety population

2 randomised to placebo 

were dosed with otilimab

388 completed the study

295 completed follow-up

93 died

15 withdrawn

4 lost to follow-up

2 physician decision

2 protocol deviation

7 participant decision

379 completed the study

295 completed follow-up

84 died

24 withdrawn

8 lost to follow-up

5 physician decision

3 protocol deviation

8 participant decision

851 patients assessed for eligibility

806 randomised

a) Part 1

171 completed the study

97 completed follow-up

74 died

4 withdrawn

2 lost to follow-up

1 physician decision

1 participant decision

FIGURE 1 CONSORT flow diagram in OSCAR study Part 1 (a) and Part 2 (b). mITT: modified intent-to-treat;
AE: adverse event. #: patients may have more than one reason for failure.
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TABLE 1 Baseline characteristics

Part 1 Part 2

Overall population Age 70–79 years# Overall population

Characteristic Otilimab (N=403) Placebo (N=403) Otilimab (n=88) Placebo (n=92) Otilimab (N=175) Placebo (N=175)

Male sex 302 (75) 275 (68) 65 (74) 57 (62) 102 (58) 100 (57)
Age 59.8±11.7 59.4±11.9 74.0±2.8 74.0±2.8 75.3±4.7 75.0±4.7
Age group
Part 1:
<60 years 178 (44) 185 (46) 0 0 – –
60–69 years 135 (33) 127 (32) 0 0 – –
70–79 years 90 (22) 91 (23) 88 (100) 92 (100) – –

Part 2:
<70 years¶ – – – – 9 (5) 5 (3)
70–79 years – – – – 126 (72) 136 (78)
⩾80 years – – – – 40 (23) 34 (19)

Weight (kg) 88.0±20.9 88.2±20.9 84.6±20.2 80.0±14.2 83.9±16.2 81.9±16.5
Race or ethnic group
American Indian or Alaska Native 30 (8) 24 (6) 3 (3) 4 (4) 8 (5) 3 (2)
Asian 57 (14) 73 (19) 12 (14) 18 (20) 5 (3) 15 (9)
Black or African American 26 (7) 25 (6) 5 (6) 3 (3) 6 (3) 6 (3)
White 272 (69) 262 (67) 67 (77) 64 (71) 155 (89) 150 (86)
Hispanic or Latino 125 (31) 116 (29) 13 (15) 18 (20) 58 (33) 37 (21)

Clinical status
Category 5: Hospitalised, high-flow oxygen,

noninvasive ventilation
311 (77) 311 (77) 63 (72) 68 (74) 150 (86) 148 (85)

Category 6: Hospitalised, mechanical
ventilation

89 (22) 89 (22) 24 (27) 23 (25) 25 (14) 27 (15)

ICU status
Not in ICU and not on mechanical

ventilation
97 (24) 98 (24) 13 (15) 17 (18) 79 (45) 83 (47)

In ICU and not on mechanical ventilation 209 (52) 211 (52) 49 (56) 52 (57) 69 (39) 62 (35)
In ICU and on mechanical ventilation 97 (24) 94 (23) 26 (30) 23 (25) 27 (15) 30 (17)

Biomarkers+

CRP (mg·L−1) 111.8±86.0 116.3±84.5 109.7±79 128.8±82.2 96.1±79.4 93.5±77.7
Ferritin (μg·L−1) 1247.7±1242.9 1147.4±1041.6 1493.1±1916 1248.4±1201.3 1482.3±1697.3 1177.4±1060.7
GM-CSF (ng·L−1) 0.71±0.84 0.72±0.76 0.82±1.19 0.73±0.71 0.82±1.44 0.80±0.95

Residence prior to hospital admission
Independent or community dwelling 392 (98) 391 (97) NA NA 173 (99) 169 (97)
Long-term care facility 7 (2) 10 (2) NA NA 2 (1) 6 (3)

Current comorbidity§

Hypertension 192 (48) 209 (52) 59 (67) 61 (66) 113 (65) 129 (74)
Diabetes 147 (36) 149 (37) 31 (35) 39 (42) 57 (33) 63 (36)
Hyperlipidaemia 97 (24) 96 (24) 35 (40) 41 (45) 45 (26) 53 (30)
Heart disorder 51 (13) 45 (11) 21 (24) 21 (23) 35 (20) 47 (27)

Pretreatment medications§,
ƒ

Corticosteroids (including dexamethasone) 332 (84) 330 (83) 72 (82) 74 (80) 150 (86) 148 (86)
Dexamethasone 281 (71) 267 (67) 64 (73) 66 (72) 137 (79) 125 (72)
Remdesivir 127 (32) 142 (36) 28 (32) 32 (35) 12 (7) 22 (13)
Convalescent plasma therapy 20 (5) 24 (6) 5 (6) 4 (4) NA NA
Immunosuppressants 0 0 0 0 1 (<1) 0
Anti-IL-6 therapies 0 0 0 0 1 (<1)## 0
Antiviral 136 (34) 155 (39) 29 (33) 38 (41) 29 (17) 44 (25)
COVID-19 vaccine NA NA NA NA 2 (4) 1 (2)

Geographic region§

USA 98 (24) 90 (22) 20 (23) 23 (25) 1 (<1) 6 (3)
Europe¶¶ 142 (35) 160 (40) 41 (47) 38 (41) 69 (39) 78 (45)
Latin America++ 68 (17) 53 (13) 8 (9) 8 (9) 53 (30) 31 (18)
Rest of world§§ 95 (24) 100 (25) 19 (22) 23 (25) 44 (25) 49 (28)

Data are presented as n (%) or mean±SD. ICU: intensive care unit; CRP: C-reactive protein; GM-CSF: granulocyte–macrophage colony-stimulating
factor; IL: interleukin; NA: not available. #: baseline characteristics in the Part 1 age 70–79 years subgroup are presented in the modified
intent-to-treat population; ¶: patient age was derived from the date of screening visit, year of birth (provided at screening) and an assumed birth
date of June 30, and so some patients were recorded as <70 years; +: biomarkers summarised by actual treatment received; §: data in the Part 1 age
70–79 years group are from Day 4; ƒ: a dose or infusion of medication used prior to Day 1 (day of dosing of study drug), irrespective of whether
medication continued after dosing; ##: one patient who had received anti-IL-6 therapy was included in error; ¶¶: Belgium, France, Italy, Netherlands,
Poland, Spain, UK; ++: Argentina, Brazil, Chile, Colombia, Mexico, Peru; §§: Canada, India, Japan, Russian Federation, South Africa.
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Safety end-points
In both parts, no safety signals related to otilimab were identified. Overall safety findings, including the
scope of AEs and SAEs, were reflective of the severe COVID-19 population, and no clinically meaningful
differences in AEs, including the rates of secondary infections, were observed (table 2).

Biomarkers
Similar free GM-CSF concentrations were observed in both parts at baseline and Day 1 (table 1 and
supplementary table S1). In Part 1, free GM-CSF levels in the otilimab arm at Day 2, proximal to
maximum concentration (Cmax), were reduced by at least 95% to a mean of 0.037 ng·L−1

, with 255 of 381
samples (67%) falling below the assay lower limit of quantification (0.036 ng·L−1); levels in the placebo
arm remained unchanged. Day 2 data were not collected in Part 2, and post-Day 2 data are not available.

Otilimab also induced rapid reductions in other key inflammatory markers compared with placebo in the
7 days after infusion (supplementary figure S3). Data from the 70–79 years subgroup of Part 1 were similar

Primary end-point

Otilimab 

(N=395)

n1/n2 (%)

Placebo 

(N=398)

n1/n2 (%)

Adjusted mean 

difference 

(95% CI)

Age group

 <60 years

 60–<70 years

 70–79 years

141/171 (82)

79/131 (60)

57/87 (66)

148/179 (83)

72/123 (59)

42/91 (46)

0.2 (−7.7–8.1)

3.0 (−8.7–14.8)

19.1 (5.2–33.1)

89/172 (52) 87/170 (51) 0.9 (−9.3–11.2)

65/124 (52)

18/40 (45)

72/133 (54)

12/32 (38)

−2.1 (−14.0–9.8)

7.7 (−14.7–30.2)

82/147 (56)

7/25 (28)

75/143 (52)

12/27 (44)

4.2 (−6.9–15.4)

−17.5 (−42.7–7.6)

277/389 (71) 262/393 (67) 5.3 (−0.8–11.4)Overall

Favours placebo Favours otilimab 90 mg

233/302 (77)

125/144 (87)

62/95 (65)

46/63 (73)

218/303 (72)

127/146 (87)

56/90 (62)

35/67 (52)

5.9 (−0.8–12.7)

−0.2 (−7.9–7.6)

3.0 (−10.8–16.9)

20.8 (4.6–37.0)

Clinical status at baseline

      Category 5 

Overall

 <60 years

 60–<70 years

 70–79 years

      Category 6
44/84 (52)

16/27 (59)

17/34 (50)

11/23 (48) 

43/88 (49)

21/33 (64)

16/32 (50)

6/23 (26)

4.6 (−9.6–18.8)

−4.4 (−29.1–20.4)

0.0 (−24.1–24.1)

21.7 (−5.4–48.9)

 Overall

 <60 years

 60–<70 years

 70–79 years

Primary end-point

Age group

 70–<80 years

 ≥80 years

Overall

Clinical status at baseline

            Category 5

            Category 6

            

−30−40−50 −20 −10 0 10 20 30 40 50

50403020100−40 −30 −20 −10−50

Favours placebo Favours otilimab 90 mg

Adjusted mean difference (95% CI)

Adjusted mean difference (95% CI)

a) Part 1

b) Part 2#

Otilimab 

(N=174)

n1/n2 (%)

Placebo 

(N=173)

n1/n2 (%)

Adjusted mean 

difference 

(95% CI)

FIGURE 2 Proportion of patients alive and free of respiratory failure at Day 28 in a) Part 1 and b) Part 2 (primary end-point). #: analysis of the
primary end-point in patients by clinical status at baseline stratified by age group was not conducted in Part 2 owing to the low number of
patients aged ⩾80 years.
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to the total Part 1 population. In both parts, greater reductions in interleukin (IL)-6 and IL-10 were
observed with otilimab versus placebo at Day 2 and/or 4, converging by Day 7. CRP concentrations
decreased from baseline in both groups, although Part 2 showed greater reductions with otilimab by Day 7.
CC chemokine ligand 17 (CCL17) concentrations increased in the placebo group, but not in the otilimab
group in both parts, and a greater reduction from baseline in NLR was observed with otilimab at Days 4
and 7 in Part 2; however, the effect with placebo varied between study parts, as did the patterns observed
for macrophage chemotactic protein-1 (MCP-1) and IL-8.

All-cause mortality

Day 28
Overall
Age group
 <60 years
 60–<70 years
 70–79 years

Day 28
Overall
Clinical status at baseline
 Category 5
 Category 6

Day 60
Overall
Clinical status at baseline
 Category 5
 Category 6

Age group
 <60 years
 60–<70 years
 70–79 years 

64/386 (17)

15/168 (9)
31/131 (24)
18/87 (21)

74/393 (19)

16/179 (9)
29/123 (24)
29/91 (32)

−2.6 (−7.8–2.6)

−0.1 (−6.0–5.8)
−0.3 (−10.5–10.0)
−11.3 (−24.0–1.4)

84/373 (23)

55/291 (19)
27/79 (34)

22/162 (14)
39/127 (31)
23/84 (27)

93/386 (24)

66/299 (22)
26/85 (31)

20/176 (11)
36/120 (30)
37/90 (41)

−2.4 (−8.0–3.3)

−3.5 (−9.6–2.7)
0.8 (−12.4–14.0)

1.8 (−5.0–8.5)
0.0 (−11.0–11.0)

−14.4 (−27.9– −0.9)

Otilimab 
(N=395)

n1/n2 (%)

Placebo 
(N=398)

n1/n2 (%)

Adjusted mean 
difference 

(95% CI)

Mean difference (95% CI)

Favours placebo Favours otilimab 90 mg

a)

All-cause mortality 

Age group
 70–<80 years
 ≥80 years 

63/172 (37) −5.2 (−15.1–4.7)

51/147 (35)
12/25 (48)

40/124 (32)
21/40 (53)

−7.1 (−17.7–3.6)
5.6 (−20.6–31.8)

−3.9 (−15.3–7.4)
−8.0 (−30.7–14.6)

Otilimab 

(N=174)

n1/n2 (%)

Mean 

difference 

(95% CI)
Favours placebo Favours otilimab 90 mg

b)

Day 60
Overall
Clinical status at baseline
 Category 5
 Category 6

Age group
 70–<80 years
 ≥80 years 

74/171 (43) −2.2 (−12.4–7.9)

62/146 (42)
12/25 (48)

49/124 (40)
23/39 (59)

−2.9 (−14.0–8.1)
1.7 (−24.9–28.2)

−1.2 (−13.1–10.6)
−2.6 (−25.4–20.2)

70/170 (41)

58/143 (41)
12/27 (44)

49/133 (37)
19/32 (59)

Placebo 

(N=173)

n1/n2 (%)

76/170 (45)

63/143 (44)
13/27 (48)

55/133 (41)
19/32 (59)

−40−30−100304050

Mean difference (95% CI)

20 10 −20 −50

−40−30−100304050 20 10 −20 −50

FIGURE 3 All-cause mortality in a) Part 1 at Day 28 (post hoc#) and Day 60 (pre-specified), and in b) Part 2 at Day 28 and Day 60 (pre-specified).
#: Day 28 analysis in Part 1 was conducted post hoc, thus data are not available by clinical status at baseline.
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PK
Similar serum concentrations of otilimab (supplementary figure S4 and table S1) and GM-CSF–otilimab
complex concentrations (supplementary figure S5 and table S1) were observed in both parts. The target
engagement model predicted 91%, 74% and 23% target engagement at Days 2, 4 and 7, respectively.

Across all patients in both parts, the PK model-derived mean otilimab exposure parameters Cmax and area
under the concentration-time curve (AUC), following a single dose of 90 mg, were 18.9 μg·mL−1 and
50.7 μg·day·mL−1, respectively. The population clearance rate of otilimab was 1.67 L·day−1, and effective
half-life was 3.65 days.

Clinical response (patients alive and free of respiratory failure on Day 28, all-cause mortality at Day 60
and improvements in clinical status over time) when stratified by placebo and quartile of otilimab exposure
(AUC or Cmax) suggested that a higher otilimab exposure was associated with better response
(supplementary figure S6); however, patients in the lowest quartile group had a worse response than those
in the placebo group. Day 7 and 14 data for the proportion of patients alive and free of respiratory failure
were similar to Day 28 data. There was no clear relationship between exposure and serious infection or
change in CRP, IL-6, CCL17 or MCP-1.

Discussion
In this large study of hospitalised adults with COVID-19 aged 18–79 years (Part 1) and ⩾70 years (Part 2),
administration of otilimab was not associated with a significant difference in the proportion of patients
alive and free of respiratory failure at Day 28.
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FIGURE 4 Kaplan–Meier time to recovery from respiratory failure up to Day 28 in the a) modified intent-to-treat (mITT) population and b) post hoc
70–79 years group of Part 1, and c) in the mITT population of Part 2 (secondary end-point).
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FIGURE 5 Kaplan–Meier time to all-cause mortality up to Day 60 in the a) modified intent-to-treat (mITT) population and b) post hoc 70–79 years
group of Part 1, and c) in the mITT population of Part 2 (secondary end-point).
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In Part 1, otilimab was associated with a nonsignificant increase in the proportion of patients alive and free
of respiratory failure at Day 28. However, significantly more patients in a predefined subgroup aged
70–79 years receiving otilimab met this end-point compared with those receiving placebo. There was also

TABLE 2 Adverse events

Part 1 Part 2

AE

Safety population Age 70–79 years Safety population

Otilimab
(n=397)

Placebo
(n=396)

Otilimab
(n=89)

Placebo
(n=91)

Otilimab
(n=174)

Placebo
(n=173)

Any AE
Patients with ⩾1 event 274 (69) 265 (67) 73 (82) 68 (75) 140 (80) 133 (77)

Any SAE
Patients with ⩾1 event 124 (31) 147 (37) 33 (37) 49 (54) 90 (52) 90 (52)

Most common AEs ⩾5% in any group
Constipation 39 (10) 35 (9) 16 (18) 14 (15) 16 (9) 15 (9)
Pneumonia 43 (11) 29 (7) 13 (15) 11 (12) 12 (7) 17 (10)
Acute kidney injury 23 (6) 25 (6) 8 (9) 11 (12) 14 (8) 12 (7)
Anaemia 18 (5) 22 (6) 5 (6) 8 (9) 11 (6) 10 (6)
Respiratory failure 19 (5) 21 (5) 6 (7) 9 (10) 7 (4) 8 (5)
Hypotension 14 (4) 16 (4) 1 (1) 6 (7) 10 (6) 13 (8)
Atrial fibrillation 12 (3) 18 (5) 5 (6) 9 (10) 9 (5) 12 (7)
Septic shock 18 (5) 16 (4) 4 (4) 2 (2) 10 (6) 6 (3)
Pulmonary embolism 13 (3) 25 (6) 2 (2) 9 (10) 3 (2) 7 (4)
Hypoxaemia 10 (3) 13 (3) 1 (1) 8 (9) 10 (6) 12 (7)
MODS 12 (3) 16 (4) 3 (3) 5 (5) 6 (3) 11 (6)
Hypokalaemia 15 (4) 16 (4) 7 (8) 6 (7) 8 (5) 4 (2)
Diarrhoea 15 (4) 18 (5) 4 (4) 6 (7) 4 (2) 5 (3)
UTI 13 (3) 14 (4) 3 (3) 5 (5) 5 (3) 10 (6)
Pneumothorax 17 (4) 15 (4) 3 (3) 6 (7) 6 (3) 3 (2)
Pyrexia 20 (5) 15 (4) 3 (3) 6 (7) 1 (<1) 4 (2)
Hyperglycaemia 12 (3) 14 (4) 4 (4) 3 (3) 10 (6) 4 (2)
Delirium 17 (4) 17 (4) 4 (4) 5 (5) 3 (2) 2 (1)
Hyperkalaemia 17 (4) 13 (3) 5 (6) 7 (8) 4 (2) 4 (2)
Hypertension 17 (4) 10 (3) 6 (7) 3 (3) 6 (3) 5 (3)
Acute respiratory failure 10 (3) 11 (3) 5 (6) 3 (3) 6 (3) 9 (5)
Hepatocellular injury 6 (2) 5 (1) 5 (6) 1 (1) 14 (9) 10 (6)
Hypernatraemia 20 (5) 10 (3) 2 (2) 6 (7) 3 (2) 1 (<1)
Insomnia 12 (3) 5 (1) 3 (3) 2 (2) 8 (5) 7 (4)
Sepsis 7 (2) 12 (3) 1 (1) 6 (7) 6 (3) 3 (2)
Decubitus ulcer 16 (4) 9 (2) 8 (9) 3 (3) 0 2 (1)
Fluid overload 1 (<1) 2 (<1) 0 1 (1) 9 (5) 5 (3)

Most common SAEs ⩾5% any
group
Respiratory failure 17 (4) 18 (5) 6 (7) 8 (9) 6 (3) 8 (5)
MODS 12 (3) 15 (4) 3 (3) 5 (5) 6 (3) 8 (5)
Septic shock 14 (4) 13 (3) 4 (4) 2 (2) 8 (5) 5 (3)
Acute respiratory failure 9 (2) 10 (3) 5 (6) 3 (3) 6 (3) 9 (5)
Pneumonia 7 (2) 9 (2) 1 (1) 5 (5) 6 (3) 5 (3)
COVID-19# 3 (<1) 5 (1) 1 (1) 1 (1) 6 (3) 9 (5)
Pulmonary embolism 6 (2) 11 (3) 2 (2) 5 (5) 1 (<1) 3 (2)

Patients with AEs of special
interest
Serious infections 50 (13) 58 (15) 12 (13) 17 (19) 37 (21) 29 (17)
Cytokine release syndrome 0 2 (<1) 0 1 (1) 3 (2) 1 (<1)
Serious hypersensitivity reactions 1 (<1) 1 (<1) 1 (1) 0 0 0
Infusion site reactions 1 (<1) 1 (<1) 1 (1) 0 0 0
Neutropaenia 1 (<1) 0 0 0 0 0

Data are presented as n (%). AE: adverse event; SAE: serious adverse event; MODS: multiple organ dysfunction syndrome; UTI: urinary tract
infection. #: COVID-19, as per protocol, was only to be reported as an AE if the signs and symptoms of COVID-19 were more severe than expected.
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a corresponding decrease in all-cause mortality at Day 60. Immunosenescence and “inflammaging”,
associated with normal ageing of the immune system, may predispose older patients with COVID-19 to
inappropriate, myeloid cell-driven hyperinflammation [5, 6]. Further evidence emerged at the time of the
Part 1 analysis that supported the potential role of GM-CSF and myeloid cells in COVID-19 pathogenesis
[10–13].

Based on Part 1 findings and the high mortality rate observed in older patients with severe COVID-19 [9],
Part 2 specifically evaluated the potential clinical benefit in patients aged ⩾70 years. This extension of the
study did not, however, confirm the significant difference between otilimab and placebo for the primary
end-point observed in Part 1. Despite a credible hypothesis, it is likely that observations in a single
subgroup in Part 1 were due to chance. Other confounding factors may have also contributed to the
differences in results, including slight variations in patient demographics, risk profiles and clinical status
between parts, in addition to variability in mortality rates across geographies [20], improvements in
standard of care and patient management, and the changing prevalence and virulence of viral variants [21]
at the different stages of the pandemic. Additional study limitations include the use of an estimated birth
date (with only the year of birth recorded) to determine patient age and low patient numbers in certain
subgroups, which made it difficult to perform some sub-analyses.

Low systemic target engagement levels after Day 4 may have impacted efficacy. However, patients with
the lowest otilimab exposure generally had a worse clinical response than placebo-treated patients. This
suggests a potential bidirectional interaction between PK and response, whereby patients with more severe
disease have increased otilimab clearance, causing an apparent exposure-response relationship. Thus,
exposure-response data cannot indicate whether a higher dose of otilimab would provide any additional
benefit. Furthermore, while a potential early benefit in respiratory status was observed within the first
∼10 days of dosing in Part 2, the apparent benefit in the ⩾70 years subgroup in Part 1 was only observed
after Day 10, despite a decrease in otilimab concentration over Days 1–7, suggesting a delay in treatment
effect. Therefore, multiple doses may not have been more effective. However, given that the findings of an
overall benefit in most of the time-to-event analyses through to Day 28 in the ⩾70 years subgroup of Part 1
were not replicated in Part 2 (except for decreased FiO2

requirement), despite a similar population, the
observed differences between parts during the early stages of the studies are unlikely to be real.

In both parts of OSCAR, otilimab treatment resulted in lower concentrations of the putative
pharmacodynamic biomarker for otilimab activity, CCL17 [22], in the 7 days post-infusion with no
convergence with placebo, indicating successful target engagement and inhibition of pathways downstream
of GM-CSF. Inflammatory markers IL-6 and IL-10 are generally increased in hospitalised patients with
COVID-19 and are associated with disease severity [23]. In the RECOVERY study, inhibition of IL-6
reduced mortality and improved clinical outcomes [24]. The reduction in these cytokines observed with
otilimab may be associated with the delay in clinical deterioration observed in the first week in Part 2.
However, the otilimab group converged with placebo by Day 7, coinciding with the decrease in target
engagement from 95% at the end of infusion to 23% by Day 7. This could be due to the shorter than
previously observed effective half-life of otilimab in patients with COVID-19.

Elevated NLR is a predictor for critical disease [25], and neutrophils have been proposed to have an
important role in COVID-19 pneumonia [2, 4, 26]. Otilimab was associated with decreased NLR from
baseline up to Day 7 in Part 2, which suggests an early reduction in circulating neutrophil numbers and/or
repopulation of lymphocytes and potential dampening of the hyperinflammatory response following
GM-CSF inhibition [26, 27]. Because all observed biomarker changes were systemic, it is unclear whether
these changes were reflected in the lungs, where multiple mechanisms may lead to lung injury.

The lack of a clinically meaningful benefit of otilimab in this severe COVID-19 population may be due to
the highly complex and only partially characterised multiplicity of cytokines, chemokines and cellular
components involved in COVID-19 pathophysiology. With new evidence continually emerging,
combination therapies, targeting multiple pathways [28, 29], have been adopted into treatment regimens
and guidelines [1]. Furthermore, the timing of intervention may be key. OSCAR included patients with
already profound respiratory failure and systemic hyperinflammation. However, a window of opportunity
may exist in the early stage of hyperinflammation, before progression to significant respiratory failure [11].
This is suggested by the results of the LIVE-AIR study in which anti-GM-CSF lenzilumab was less
effective in patients with higher CRP concentrations [30]. Both parts of OSCAR demonstrated the ability
of otilimab to decrease FiO2

more rapidly in all age groups to Day 12–14. This apparent improvement in
gaseous exchange in the lungs was not, however, associated with improved clinical outcomes.
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Recent in vitro studies suggest that binding of the SARS-CoV-2 spike protein to circulating mononuclear
cells directly induces GM-CSF secretion, providing further evidence of a role for GM-CSF in the immune
response to the virus [31]. However, clinical anti-GM-CSF therapy has generated mixed results in various
COVID-19 trials. The anti-GM-CSF receptor α subunit mavrilimumab demonstrated efficacy in a phase 2
trial [32]; however, the phase 3 trial did not meet the primary end-point, leading to its discontinuation in
COVID-19 [33]. Anti-GM-CSF namilumab demonstrated a reduction in CRP in the CATALYST trial and
trends towards clinical improvement, but the study was not powered for these outcomes [34]. Finally,
while LIVE-AIR demonstrated that early intervention with lenzilumab decreases CRP and improves the
likelihood of survival without ventilation [30, 35], this was not supported by the ACTIV-5/BET-B trial of
lenzilumab plus remdesivir, which failed to meet the same primary end-point of survival without
ventilation [36]. Furthermore, lenzilumab did not significantly improve mortality rates in the overall
population of either trial [30, 36]. This inconclusive evidence for the benefit of anti-GM-CSF monotherapy
in COVID-19 may be linked to the varying disease severity of the patient populations and the different
end-points used in the different studies. Nevertheless, inflammatory biomarker findings in OSCAR
continue to support the ongoing evaluation of otilimab in other immune-inflammatory conditions. Indeed,
following two phase 2 studies in RA [16, 22], a large global phase 3 RA programme is ongoing [37–39].

The AE rate for OSCAR was as expected for a population with severe COVID-19 pneumonia, with the
most common SAE being respiratory failure. No clinically meaningful difference was observed between all
AEs, including, importantly, the rates of COVID secondary infections, and no safety signals related to
otilimab treatment were identified.

Treatment with a single dose of otilimab did not improve the proportion of patients alive and free of
respiratory failure at Day 28. Target engagement and a reduction in inflammatory markers were observed,
in addition to an acceptable safety profile in a severely ill patient population.
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