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Summary
Background Mortality in patients with COVID-19 pneumonia and systemic hyperinflammation is high. We aimed to 
examine whether mavrilimumab, an anti-granulocyte–macrophage colony-stimulating factor receptor-α monoclonal 
antibody, added to standard management, improves clinical outcomes in patients with COVID-19 pneumonia and 
systemic hyperinflammation. 

Methods This single-centre prospective cohort study included patients aged 18 years or older who were admitted to 
San Raffaele Hospital (Milan, Italy) with severe COVID-19 pneumonia, hypoxia, and systemic hyperinflammation. 
Patients received a single intravenous dose (6 mg/kg) of mavrilimumab added to standard care given by the hospital 
at the time. The control group consisted of contemporaneous patients with similar baseline characteristics who 
received standard care at the same hospital. The main outcome was time to clinical improvement (defined as 
improvement of two or more points on the seven-point ordinal scale of clinical status). Other outcomes included 
proportion of patients achieving clinical improvement, survival, mechanical ventilation-free survival, and time to 
fever resolution. Adverse events were monitored daily. 

Findings Between March 17 and April 15, 2020, 13 non-mechanically ventilated patients (median age 57 years 
[IQR 52–58], 12 [92%] men) received mavrilimumab and 26 patients (median age 60 [IQR 53–67], 17 [65%] men) in 
the control group received standard care. During the 28-day follow-up, no patients in the mavrilimumab group died, 
and seven (27%) patients in the control group died (p=0·086). At day 28, all patients in the mavrilimumab group and 
17 (65%) patients in the control group showed clinical improvement (p=0·030), with earlier improvement in the 
mavrilimumab than in the control group (mean time to improvement 8 days [IQR 5 to 11] vs 19 days [11 to >28], 
p=0·0001). By day 28, one (8%) patient in the mavrilimumab group progressed to mechanical ventilation compared 
with nine (35%) patients in the control group who progressed to mechanical ventilation or died (p=0·14). By day 14, 
fever resolved in ten (91%) of 11 febrile patients in the mavrilimumab group, compared with 11 (61%) of 18 febrile 
patients in the control group (p=0·18); fever resolution was faster in mavrilimumab recipients versus controls 
(median time to resolution 1 day [IQR 1 to 2] vs 7 days [3 to >14], p=0·0093). Mavrilimumab was well tolerated, with 
no infusion reactions. Three (12%) patients in the control group developed infectious complications.

Interpretation Mavrilimumab treatment was associated with improved clinical outcomes compared with standard 
care in non-mechanically ventilated patients with severe COVID-19 pneumonia and systemic hyperinflammation. 
Treatment was well tolerated. Confirmation of efficacy requires controlled testing.

Funding IRCCS San Raffaele Scientific Institute.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has spread rapidly since its identification 
in patients with severe pneumonia in Wuhan, China.1 
From December, 2019, COVID-19, which is caused by 
SARS-CoV-2, has caused an international outbreak of 
respiratory illness affecting more than 6·2 million people 
worldwide as of June 1, 2020. Current therapy for patients 
with COVID-19 is limited to non-specific, supportive care; 
global mortality among confirmed cases (6 284 065 cases 
with 375 902 deaths as of June 1, 2020), primarily due to 

respiratory failure, is approximately 6% (for data see 
Johns Hopkins University & Medicine [Baltimore, MD, 
USA] Coronavirus Resource Center). 

The toll of the COVID-19 pandemic in Italy is severe 
(233 197 total cases as of June 1, amounting to 3855 cases 
per million population, and 33 475 deaths; for data see 
the Coronavirus Resource Center), and patients requiring 
hospital-based care often outnumber available resources. 
Effective treatments are urgently needed to reduce the 
individual and societal burden of the COVID-19 pandemic. 
Accumulating evidence suggests that a subgroup of 

https://coronavirus.jhu.edu/
http://crossmark.crossref.org/dialog/?doi=10.1016/S2665-9913(20)30170-3&domain=pdf
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patients with severe COVID-19 pneumonia develop 
a hyperinflammatory response, similar to the cytokine 
storm following chimeric antigen receptor (CAR) T-cell 
therapy or during macrophage activation syndrome,2 and 
resembling secondary haemophagocytic lymphohistio
cytosis,3 which can contribute to mortality. Predictors of 
fatality from recent studies suggest that mortality might 
be due to virally triggered hyperinflammation.4

Granulocyte–macrophage colony-stimulating factor 
(GM-CSF) is a cytokine with a cardinal role in modulation 
of inflammation. Ligand binding to the GM-CSF receptor-α 
(GM-CSFRα) activates multiple pro-inflammatory path
ways and, in macrophages and neutrophils, results in 
increased secretion of pro-inflammatory cytokines, includ
ing tumor necrosis factor, interleukin (IL)-1, IL-6, IL-23, 
and IL-12,5 as well as stimulation of multiple downstream 
signalling pathways, including Janus kinase 2 (JAK2)–
signal transducer and activator of transcription 5 (STAT5), 
the mitogen-activated protein kinase (MAPK) pathway, 
and the phosphoinositide 3 kinase (PI3K) pathway, all 
of which influence activation and differentiation of mye
loid cells.6,7

Under physiological conditions, the concentration of 
circulating GM-CSF is low, but concentrations are elevated 
in inflammatory settings. Several cell types can serve as a 
source of GM-CSF, including fibroblasts, endothelial cells, 
macrophages, dendritic cells, T cells, neutrophils, eosino
phils, and tumour cells, with most production occurring 
locally at the site of inflammation,6 thus functioning as a 
feedforward inflammatory amplifier.8

In hyperinflammation, immunomodulation is likely to 
be beneficial. Mavrilimumab is a monoclonal antibody 
(human isoform lgG4) that binds to GM-CSFRα and dis
rupts downstream signalling.9 Mavrilimumab has shown 
efficacy and safety across several phase 1 and phase 2 

randomised trials in patients with rheumatoid arthritis.10 In 
addition, a phase 2 trial in giant cell arteritis is ongoing 
(NCT03827018). 32 patients with rheumatoid arthritis have 
received single intravenous doses of up to 10 mg/kg,11 and 
approximately 550 patients with rheumatoid arthritis have 
received repeat subcutaneous doses of up to 150 mg 
biweekly for up to 3 years.12 On the basis of clinical trial 
data, mavrilimumab shows low rates of serious infec
tions compared with other immnomodulatory therapeutics 
used in rheumatoid arthritis.10,11 We aimed to investi
gate whether mavrilimumab, added to standard man
agement, improves clinical outcomes in patients admitted 
to hospital with COVID-19 pneumonia and systemic hyper
inflammation.

Methods
Study design and patients
In this single-centre, prospective cohort study, clinical 
data from all patients who were admitted to San Raffaele 
Hospital (Milan, Italy) with COVID-19 were collected daily 
through a specifically designed, dedicated case report 
form according to an institutional protocol (COVID-BioB 
Study, ethical committee approval number 34/int/2020, 
registered with ClinicalTrials.gov, NCT04318366).13

We prospectively identified non-mechanically ventilated 
patients for treatment with mavrilimumab who fulfilled 
the following criteria: patients who were aged 18 years 
or older and diagnosed with COVID-19 pneumonia by 
detection of viral sequences at quantitative RT-PCR testing 
(nasopharyngeal swab) and radiological findings at chest 
x-ray or CT scan; had acute lung injury, defined as a ratio of 
the partial pressure of oxygen to the fraction of inspired 
oxygen (PaO2:FiO2) of 300 mm Hg or less, in the presence 
of bilateral pulmonary infiltrates by chest radiograph or CT 
scan, and no clinical evidence of left atrial hypertension;14 

Research in context

Evidence before this study
Patients with severe COVID-19 often develop respiratory failure 
that necessitates admission to the intensive care unit (ICU) or 
mechanical ventilation. Although no systematic literature search 
was done, we searched MEDLINE for research articles published in 
English between Jan 1 and March 17, 2020, and selected key 
evidence. In an initial report, about a third of patients with 
COVID-19 required admission to the ICU, and 15% of cases were 
fatal. In a subsequent report of 201 patients who were admitted 
to hospital, 42% developed acute respiratory distress syndrome, 
and 52% of these patients died. Effective treatments are 
needed to prevent disease escalation to a critical stage. 
Hyperinflammation, with its excessive cytokine production 
(known as a cytokine storm), has been identified as a key 
factor of poor prognosis in patients with COVID-19-related 
severe pneumonia, leading to high frequencies of respiratory 
failure and mortality. Several anti-inflammatory approaches 
targeting different cytokine pathways are among the potential 

treatments being evaluated currently. We hypothesised that 
blocking granulocyte–macrophage colony-stimulating factor 
(GM-CSF) signalling at the receptor would offer therapeutic 
benefit in addition to the standard of care.

Added value of this study
This study provides preliminary data that mavrilimumab 
treatment was associated with greater and faster 
improvement in a small population of non-mechanically 
ventilated patients with COVID-19-related severe pneumonia, 
hypoxia, and hyperinflammation, compared with a 
contemporaneous control cohort, with earlier discharge from the 
hospital and no progression to death with mavrilimumab 
treatment.

Implications of all the available evidence
These data represent the first evidence of a treatment effect of 
GM-CSF inhibition in COVID-19 and support further 
investigation of this biologic in controlled settings.

https://coronavirus.jhu.edu/
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and had hyperinflammation, defined as elevation of 
serum inflammation markers C-reactive protein (CRP) to 
100 mg/L or more (normal range <6 mg/L) or ferritin 
to 900 μg/L or more (normal range 30–400 μg/L), in the 
presence of any increase in lactate dehydrogenase (LDH; 
normal range 125–220 U/L). Exclusion criteria for this 
protocol were: management (including mechanical ventila
tion) in the intensive care unit (ICU); evidence of bacterial 
infection; and concomitant administration of other immu
nosuppressive biological agents or corticosteroids. A 
control cohort was also assembled during the active treat
ment period, consisting of consecutive contemporaneous 
patients who received local standard of care but were not 
treated with mavrilimumab for several reasons (no drug 
availability at the time of hospital admission [42% of cases], 
shortage of drug [50% of cases], absence of patient’s 
consent [8% of cases]). Patients selected for the control 
group were comparable for age, sex, comorbidities (tobacco 
smoking, arterial hypertension, coronary artery disease, 
diabetes, chronic obstructive pulmonary disease, dyslipi
daemia, and obesity), baseline inflammatory markers 
(serum CRP, ferritin, and LDH), and respiratory dys
function (PaO2:FiO2, need for non-invasive ventilation, 
high-flow oxygen, and low-flow oxygen). The clinical out
comes of these patients were not known at the time of their 
selection for the control cohort.

The institutional review board approved the treatment 
protocol, administered under expanded access criteria, 
and all patients provided written informed consent.

Procedures
Patients received standard care given by the hospital at the 
time the protocol was conducted. All patients who were 
admitted to hospital with COVID-19 pneumonia received 
on admission treatment with oral hydroxychloroquine 
(200 mg twice a day), intravenous azithromycin (500 mg 
once daily until patient tested negative for urine antigen for 
Legionella pneumophila), oral lopinavir–ritonavir (400 mg 
and 100 mg, respectively, twice a day), and respiratory 
support with supplemental oxygen or non-invasive ventila
tion with continuous positive airway pressure (with a 
positive end expiratory pressure of 10 cm of water).

Mavrilimumab (provided by Kiniksa Pharmaceuticals, 
Lexington, MA, USA) was administered intravenously as 
a single dose of 6 mg/kg. The dose rationale, and by 
extension the intravenous route of administration for 
patients with COVID-19, was based on a combination of 
data from previous safety and efficacy evaluation of single 
and multiple doses in patients with rheumatoid arth
ritis, and the assessment of mavrilimumab lung dis
tribution and pharmacodynamic effects in mice.15,16 An 
extrapolation of these findings taken together with the 
known pathophysiology of COVID-19, in particular lung 
disease and hyperinflammation, led to the selected dose 
for this protocol.

Treatment with mavrilimumab (or follow-up for the con
trol group) started when patients met the case definition 

for COVID-19 pneumonia with systemic hyperinflam
mation. The same medical team managed the patients in 
the mavrilimumab group and those in the control group.

Data on patients’ clinical outcomes were evaluated from 
first fulfilment of eligibility criteria and for the follow
ing 28 days. Specifically, baseline was the day on which 
treatment with mavrilimumab was started for patients and 
the day of first fulfilment of eligibility criteria for con
trols. Clinical status, oxygen saturation (SaO2), PaO2, FiO2, 
PaO2:FiO2, axillary temperature, and CRP were assessed 
until discharge from hospital, day 28 of hospital stay, 
ICU admission, or death, whichever came first. Derived 
PaO2:FiO2 was calculated according to the formula: 
SaO2:FiO2=64 + 0·84 × (PaO2:FiO2).17 Serum CRP was evalu
ated on a near-daily basis, as indicated per clinical judge
ment. Repeated imaging of the chest (x-ray or CT scan) 
was performed in some patients as indicated as part of the 
monitoring of patients with pneumonia. Clinical status 
was assessed by a seven-point ordinal scale used in pre
vious studies of patients admitted to hospital with severe 
influenza and COVID-19 and recommended by the WHO 

Mavrilimumab group 
(n=13)

Control group  
(n=26)

p value*

Age, years 57 (52–58) 60 (53–67) 0·19

Sex ·· ·· 0·14

Male 12 (92%) 17 (65%) ··

Female 1 (8%) 9 (35%) ··

PaO2:FiO2 ratio, mm Hg 196 (167–215) 217 (138–258) 0·43

PaO2:FiO2 ratio ·· ·· 0·48

PaO2:FiO2 200–300 mm Hg 6 (46%) 14 (54%)

PaO2:FiO2 100–199 mm Hg 6 (46%) 9 (35%) ··

PaO2:FiO2 <100 mm Hg 1 (8%) 3 (12%) ··

Respiratory support ·· ·· 0·75

Low-flow oxygen† 4 (31%) 11 (42%) ··

High-flow oxygen‡ 6 (46%) 9 (35%) ··

Non-invasive ventilation 
with continuous positive 
airway pressure‡

3 (23%) 6 (23%) ··

Patients with fever 11 (85%) 18 (69%) 0·53

Fever duration, days 11 (10–12) 7 (4–10) 0·0038

Duration of hospital stay before 
enrolment, days

2 (1–2) 1 (1–2) 0·33

C-reactive protein, mg/L 152 (100–177) 123 (77–190) 0·77

Lactate dehydrogenase, U/L 420 (377–505) 467 (354–522) 0·72

Ferritin, µg/L 2302 (1040–3217) 1269 (854–3369) 0·70

Interleukin-6, pg/L§ 40 (28–60) 47 (36–98) 0·26

Lymphocyte count, cells per µL 800 (700–1000) 1050 (700–1300) 0·16

Platelet count, cells per µL 252 000 (190 000–285 000) 222 500 (166 000–296 000) 0·56

Data are median (IQR) or n (%). PaO2:FiO2=partial pressure of oxygen:fraction of inspired oxygen. *Wilcoxon rank sum 
test was used for continuous variables. Fisher’s exact test by doubling the one-sided p value was used for binary 
variables. Cochran-Mantel-Haenszel test with 1 degree of freedom was used to test the PaO2:FiO2 ratio, which has three 
ordinal categories. Cochran-Mantel-Haenszel test for testing general association was used to test respiratory function, 
which has three categories. †Corresponding to a score of four on the seven-point ordinal scale. ‡Corresponding to a 
score of five on the seven-point ordinal scale. §Baseline interleukin-6 concentrations were available for eight of 
13 patients in the mavrilimumab group and 12 of 26 controls only. 

Table 1: Demographic and baseline clinical characteristics
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R&D Blueprint Group,18 which consists of the following 
numeric scale and scale descriptors: (1) patient dis
charged from the hospital; (2) hospitalisation, not requiring 

supplemental oxygen, no longer requiring ongoing 
medical care for COVID-19; (3) hospitalisation, not 
requiring supplemental oxygen, requiring ongoing medi
cal care (COVID-19 related or otherwise); (4) hospitalisa
tion, requiring supplemental low-flow oxygen therapy 
(FiO2 ≤35%); (5) hospitalisation, requiring nasal high-flow 
oxygen therapy (FiO2 ≥40%), non-invasive mechanical 
ventilation, or both; (6) hospitalisation, requiring invasive 
mechanical ventilation; and (7) death. The main outcome 
was time to clinical improvement (defined as improvement 
of two or more points on the seven-point ordinal scale for 
clinical assessment). Other clinical secondary outcomes 
were time to discharge from hospital, the proportion of 
patients reaching a score of one or two on the seven-point 
ordinal scale for clinical assessment, the proportion of 
patients without fever, time to resolution of fever without 
need for antipyretics for at least 48 h, overall survival, 
mechanical ventilation-free survival, serum CRP, and the 
PaO2:FiO2 ratio.

Monitoring of adverse events included daily clinical 
examination with vitals and blood tests; blood, sputum, 
and urine cultures were performed, as clinically indicated.

Statistical analysis
Continuous variables are reported as median (IQR) accord
ing to the distribution of the data, and categorical variables 
are reported as number and percentage. In the univariate 
analysis, we analysed categorical variables with Fisher’s 
exact test (by doubling the exact one-tailed probability) or 
the Cochran-Mantel-Haenszel test. We assessed the time 
to main outcome after all patients had reached day 28, with 
failure to reach the outcome or mechanical ventilation or 
death before day 28 considered as right-censored at day 28 
(right-censoring occurs when an event might have 
occurred after the last time a person was under observation, 
but the specific timing of the event is unknown). For time 
to fever resolution, we only analysed the first 14 days of 
data because fever resolution later than 14 days seemed to 
be clinically irrelevant in this setting; if present, fever 
was likely associated with another event, different from 
SARS-CoV-2 infection (ie, another superimposed infec
tion). The time to main outcome was portrayed by Kaplan-
Meier plots, and curves were compared with a log-rank 
test. Similarly, secondary endpoints were portrayed by 
Kaplan-Meier plots and compared with a log-rank test, 
with the exception of survival. Because there was no cen
soring before 28 days and no deaths in the mavrilimumab 

Figure 1: Clinical outcome measures in the mavrilimumab group versus the 
control group
(A) Cumulative survival estimated by a Kaplan-Meier curve at 28 days and 
compared with a Fisher’s exact test. (B) Mechanical ventilation-free survival 
estimated by a Kaplan-Meier curve and compared with a log-rank test. 
(C) Time to clinical improvement estimated by a Kaplan-Meier curve and 
compared with a log-rank test. (D) Time to fever resolution estimated by a 
Kaplan-Meier curve and compared with a log-rank test.
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group, we used Fisher’s exact test in preference to the 
log-rank test, which is based on asymptotic theory. We 
estimated median survivals from the Kaplan-Meier plots 
with accompanying 95% CIs. Statistical significance was 
defined as a p value of 0·05 or less. Data were analysed 
with SAS (version 9.4).

Role of the funding source
The funder of the study had no direct role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had final respon
sibility for the decision to submit for publication. 

Results
Between March 17 and April 15, 2020, 13 patients (median 
age 57 years [IQR 52–58], 12 [92%] men) with COVID-19 
pneumonia and systemic hyperinflammation were treated 
with mavrilimumab and 26 contemporaneous control 
patients (median age 60 [IQR 53–67], 17 [65%] men; 
table 1) with COVID-19 pneumonia and systemic hyper
inflammation were given standard care. Demographic 
and clinical characteristics of patients are summarised in 
table 1 and in the appendix 2 (p 1).

11 (85%) patients in the mavrilimumab group and 
18 (69%) patients in the control group were febrile. 
Considering patients who were dependent on supple
mental oxygen at baseline, four (31%) patients in the 
mavrilimumab group and 11 (42%) patients in the control 
group were on supplemental low-flow oxygen (FiO2 ≤35%, 
corresponding to category four on the seven-point ordinal 
scale), six (46%) patients in the mavrilimumab group 
and nine (35%) patients in the control group were on 
high-flow oxygen (FiO2 ≥40% and not on non-invasive 
ventilation, corresponding to category five on the seven-
point ordinal scale), and three (23%) patients in the 
mavrilimumab group and six (23%) patients in the control 
group were on non-invasive ventilation (corresponding to 
category five on the seven-point ordinal scale; p=0·75; 
table 1). The median PaO2:FiO2 ratio was comparably low 
across groups. No patients were on mechanical ventilation 
at baseline.

During the 28-day follow-up period, no patients in 
the mavrilimumab died, and seven (27%) patients in the 
control group died (Fisher’s exact test: p=0·086; figure 1A). 
All deaths occurred in patients with severe respiratory 
failure, defined as a score of higher than four on the 
seven-point ordinal scale (Cochran-Mantel-Haenszel test: 
p=0·0094 for the effect of baseline score on death, after 
stratification for treatment group); six (86%) of seven 
deaths occurred during the first week of follow-up, and 
the remaining death occurred on day 8.

At 28 days of follow-up, all patients in the mavrilimumab 
group and 17 (65%) patients in the control group had 
shown a clinical improvement of two or more points on 
the seven-point ordinal scale (p=0·030; table 2). One (8%) 
patient in the mavrilimumab group progressed to 

mechanical ventilation compared with nine (35%) patients 
in the control group who progressed to mechanical 
ventilation or died (p=0·14; table 2; figure 1B). The 
mavrilimumab-treated patient who progressed to mechan
ical ventilation achieved clinical improvement within the 
28-day observation period. Mechanical ventilation-free 
survival was not significantly different between the 
mavrilimumab group and the control group (figure 1B).

Notably, patients treated with mavrilimumab reached 
the clinical improvement endpoint in significantly fewer 
days than did the control group (median 8 days [IQR 5 to 11] 
days vs 19 days [11 to >28]), as demonstrated by the Kaplan-
Meier plot (χ²=14·59, p=0·0001; figure 1C; table 2).

Accordingly, mavrilimumab treatment was associated 
with earlier discharge from hospital than was stan
dard care (median 10 days [IQR 9 to 12] vs 20 days 
[12 to >28] days, p=0·0030; table 2). Changes in clinical 
status of individual patients are shown in figure 2.

At day 28, the median increase in PaO2:FiO2 from 
baseline was higher in the mavrilimumab group than in 
the control group (275 mm Hg [IQR 202 to 313] vs 
175 mm Hg [–63 to 287]), based on ANCOVA with baseline 
value as the covariate on log scale (p=0·026). All patients 
in the mavrilimumab group showed an improvement in 
PaO2:FiO2 by 25% or more, compared with 17 (65%) 
patients in the control group (p=0·030). All patients in the 
mavrilimumab group had a PaO2:FiO2 of 300 mm Hg or 
more at the last available follow-up, compared with 
17 (65%) patients in the control group (p=0·030).

The improvement in respiratory function in patients 
treated with mavrilimumab was parallelled by reduction 

Mavrilimumab 
group (n=13)

Control group 
(n=26)

p value*

Clinical improvement† 13 (100%) 17 (65%) 0·030

Days to clinical 
improvement‡

8 (5 to 11) 19 (11 to >28) 0·0001

Days to discharge from 
hospital

10 (9 to 12) 20 (12 to >28) 0.0030

Days to resolution of 
fever in the first 2 weeks

1 (1 to 2) 7 (3 to >14) 0·0093

Fever resolution by 
day 14§

10 (91%) 11 (61%) 0·18

Mechanical ventilation or 
death

1 (8%) 9 (35%) 0·14

Death 0 (0%) 7 (27%) 0·086

CRP reduction ≥75% 11 (85%) 11/25 (44%)¶ 0·035

Data are n (%) or median (IQR). *Proportions were tested using Fisher’s exact test 
by doubling the one-sided p value; time to event variables were analysed using 
the log-rank test. †Clinical improvement defined by live discharge from the 
hospital, improvement of at least two points from baseline on a modified 
seven-point ordinal scale (as recommended by the WHO R&D Blueprint Group), or 
both. ‡Patients who died are censored on day 28. §Fever resolution calculated on 
patients who were febrile at day 0—ie, 11 patients treated with mavrilimumab 
and 18 patients in the control group. ¶Only patients with post-baseline 
assessments were included in the analysis.

Table 2: Follow-up data of patients treated with mavrilimumab and the 
control group at day 28 See Online for appendix 2
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in serum CRP (last available median CRP 8 mg/L [6–28] vs 
52 mg/L [14–141] in the control group; p=0·0068), 
corresponding to a CRP reduction of at least 75% in 
11 (85%) patients in the mavrilimumab group and 11 (44%) 
of 25 patients with post-baseline assessments in the 
control group (p=0·035; table 2; see also appendix 2 p 4).

By day 14, fever resolved in ten (91%) of 11 febrile 
patients in the mavrilimumab group, compared with 
11 (61%) of 18 febrile patients in the control group 
(p=0·18); time to resolution of fever was significantly 
shorter in mavrilimumab-treated patients than in the 
control group (median 1 day [IQR 1 to 2] vs 7 days [3 to >14]; 
χ²=6·76, p=0·0093; figure 1D).

As part of the monitoring of patients with pneumonia, 
CT scans were done on patients to assess radiological 
evolution of the disease. Imaging obtained at baseline 
and discharge for two representative patients treated 
with mavrilimumab showed significant improvement in 
lung opacification (figure 3), consistent with the overall 
improvement in their clinical status.

Because it is currently under debate whether elevated 
D-dimer levels could be associated with a worse outcome in 
COVID-19,19,20 we explored the available data in our patient 
population of 39 patients. However, since the D-dimer 
testing was not a part of our standard of care at the time 
of the treatment protocol, data were not available for 
15 (38%) of the patients. Within the limited available data, 
the D-dimer values at baseline were median 0·8 μg/mL 
(IQR 0·4–1·5) in the mavrilimumab-treated patients and 
1·7 μg/mL (1·4–3·9) in the control group. A further 
analysis showed that, in patients with available measure
ments, the level of D-dimer at baseline did not appear 
to affect the observed treatment effect (data not shown). 

Mavrilimumab treatment was well tolerated in all 
patients, without infusion reactions. We did not observe 
any cases of neutropenia. An increase in CRP, white 
blood cells, and serum procalcitonin was observed in one 
patient treated with mavrilimumab, and this patient was 
admitted to the ICU 3 days after infusion. Empirical 
antibiotic treatment was started; however, microbiological 
cultures of blood and urine obtained before antibiotic 
treatment remained negative. Three (12%) patients in the 
control group developed infectious complications.

Discussion
These data suggest that administration of mavrilimumab 
in patients admitted to hospital with COVID-19 pneu
monia and hyperinflammation improved clinical out
comes compared with local standard care only. Over the 
course of 28 days of follow-up, mavrilimumab treatment 
was associated with superior and earlier clinical improve
ments in respiratory parameters, faster resolution of 
inflammation, and fewer deaths compared with standard 
care. The improvement in respiratory outcomes with 
mavrilimumab resulted in earlier weaning from supple
mental oxygen and in shorter hospital stays than with 
standard care alone. All mavrilimumab-treated patients 
attained clinical improvement, and none died during 
follow-up; conversely, 27% of control patients died. Mor
tality in the control group in our study is in line with that 
emerging from previous studies in similar clinical settings, 
considering patients with hyperinflammatory features.4,21 
This mortality rate is not surprisingly higher than that 
emerging from recent reports of patients admitted to 
hospital in the New York City area (NY, USA); this 
latest assessment was probably diluted by the inclusion 
of patients with COVID-19 without hyperinflammatory 
features.22 Patients in the control group died primarily 
during the first 8 days after enrolment (which was, in both 
groups, the first day that evidence for hyperinflammation 

​Figure 2: Changes in clinical status and oxygen support from baseline in individual patients
Baseline (day 0) was the day on which treatment with mavrilimumab was started for patients, and the day of first 
fulfilment of eligibility criteria for controls. A patient’s status improved if the oxygen-support status improved by at 
least two points on a seven-point scale before day 28 or if the patient was discharged.
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was present). Considering a median disease duration of 
6 days before baseline, the identified peak of death for 
patients in the control group is in line with the earliest 
peak of death initially described by authors from Wuhan.21 
These data indirectly emphasise the cardinal role of 
rampant inflammation in early mortality and strengthen 
the rationale for immunomodulation in hyperinflammatory 
settings. Mavrilimumab was well tolerated in all patients.

The pathogenesis of COVID-19 pneumonia involves a 
maladaptive, detrimental inflammatory response in the 
lungs. Post-mortem studies of patients with COVID-19 
revealed inflammatory exudates and rich infiltration 
of neutrophils and myeloid cells in air spaces.23 Detri
mental inflammation in the lungs is parallelled by eleva
tions in serum CRP and ferritin, which are markers of 
disease severity.4,21

GM-CSF is a cytokine with a cardinal role in innate 
inflammation and is a potential mediator of the cytokine 
storm.7 The concentration of circulating GM-CSF is low 
under physiological conditions, and increases in inflam
matory settings, being produced by several cell types 
at the site of inflammation and functioning as a feed
forward inflammatory amplifier.6,8 Moreover, GM-CSF 
regulates pulmonary surfactant homoeostasis and alve
olar macrophage-mediated innate host defence.24

Mavrilimumab is an anti-GM-CSF-Rα monoclonal anti
body, which inhibits the GM-CSF signalling axis in 
granulocytes and myeloid cells. In previous phase 2 studies 
in patients with rheumatoid arthritis, mavrilimumab 
dampened inflammation, improved clinical outcomes, 
and was well tolerated.9,10 Notably, in clinical studies with 
mavrilimumab, there was no causal association apparent 
between administration of mavrilimumab and clinically 
significant respiratory disease. This finding is of great 
clinical importance considering the observation that 
high levels of autoantibodies against GM-CSF, as well as 
mutation of the α or β subunits of the GM-CSFR, have 
been associated with idiopathic and hereditary pulmonary 
alveolar proteinosis, respectively.25

Several anticytokine biological agents have the potential 
to dampen detrimental inflammation in COVID-19.26,27 
However, we theorised that inhibition of inflammatory cas
cades upstream could yield robust results. Mavrilimumab 
inhibits a cardinal pathway of granulocytes and mye
loid cells upstream, thus quenching downstream produc
tion of myriad pro-inflammatory mediators involved 
in the pathogenesis of COVID-19. These preliminary 
results represent the first evidence of attenuation of 
hyperinflammation in COVID-19 pneumonia by inhibition 
of the GM-CSF pathway.

The findings reported in this study need to be con
sidered in the light of several important limitations. The 
protocol design was the best possible under truly dramatic 
circumstances: quick access to a potentially life-saving 
medication was prioritised over investigational setup to 
quickly identify whether an efficacy signal could be per
ceived. As a consequence, patients could not be randomly 

assigned to receive mavrilimumab or the institutional 
standard of care; rather, patients who were contem
poraneously admitted to hospital and who did not receive 
mavrilimumab due to several reasons (eg, no drug avail
ability or shortage of drug and absence of patient consent) 
and with similar baseline characteristics were identified at 
time of hospital admission to serve as a contemporaneous 
control group, and their outcomes were compared pros
pectively to the clinical outcomes of patients receiving 
mavrilimumab. That being said, the absence of a pre-
established randomisation process can nevertheless intro
duce risks for selection bias, treatment bias, or placebo 
effect. Furthermore, other clinical variables besides 
mavrilimumab treatment might have affected clinical 
outcomes, despite the matching of baseline demographics 
and clinical characteristics (appendix 2 pp 1–3). It should 
be noted that patients who received mavrilimumab had 
had a longer fever duration before enrolment than 

Figure 3: Radiographic findings in two patients in the mavrilimumab group
Lung CT scans of a man aged 58 years at day 0 (A) and at discharge from hospital on day 7 (B). At day 0, the patients 
was febrile, receiving oxygen through a face mask, with fraction of inspired oxygen (FiO2) of 0·4, partial pressure of 
oxygen (PaO2) of 86 mm Hg, lactate dehydrogenase (LDH) concentration of 374 U/L, and C-reactive protein (CRP) 
concentration of 100 mg/L. The day 0 lung CT scan shows presence of bilateral, blurred ground-glass opacities with 
crazy paving pattern and small dense consolidation areas. The CT scan at discharge (afebrile, on room air, oxygen 
saturation of 98%, LDH normalised, and CRP concentration of 12·5 mg/L), shows reduction and regression of these 
findings. Lung CT scans of a man aged 56 years at day 0 (C) and at discharge from hospital on day 14 (D). At day 0, 
the patient was febrile, receiving high-flow oxygen through a face mask with reservoir bag and continuous positive 
airway pressure 12 h per day, PaO2 of 176 mm Hg, LDH concentration of 944 U/L, and CRP concentration of 
177 mg/L. The day 0 lung CT scan shows extensive involvement of the right lung with a posterior large consolidation 
area and aerial bronchogram; ground-glass opacities and crazy paving pattern are predominant on the left side. 
The CT scan at discharge (afebrile, on room air, oxygen saturation of 98%, LDH normalised, and CRP concentration 
of 28·2 mg/L), shows improvement in lung involvement.
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had control patients: this characteristic might have differ
entially affected clinical outcomes; however, any potential 
difference in disease stage would be small, especially 
considering the comparable number of days of hospital 
stay between groups. Additionally, the mavrilimumab 
group had a non-significant male predominance com
pared with the control group; however, women in general 
have better outcomes than men, providing a bias, if any, 
against mavrilimumab treatment.28

The relatively short follow-up of 28 days, although 
focused on outcome data that could be easily collected 
during the hospital stay, is inherently limited for longer-
term efficacy and safety conclusions, even while acknow
ledging that near-term results with respect to the survival 
of patients treated with mavrilimumab were encouraging. 
This is the first evaluation of a novel therapeutic strategy 
in a setting overwhelmed by the COVID-19 pandemic, 
in order to tackle cogent and immediate clinical needs. 
Although these initial findings should be confirmed 
in subsequent placebo-controlled studies, dampening of 
hyperinflammation with mavrilimumab seems to have 
the potential to be beneficial for COVID-19.29

Understanding the limitations of these preliminary data, 
patients treated with mavrilimumab showed greater and 
faster improvement than did a control cohort receiving 
standard management. These encouraging preliminary 
results represent the first evidence of a treatment effect in 
COVID-19 with GM-CSF inhibition; further testing in 
controlled trials is warranted, and multicentre, double-
blind, randomised, placebo-controlled studies are planned 
on the basis of the signal obtained here.
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