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Summary
Background COVID-19 is associated with acute respiratory distress and cytokine release syndrome. The Janus kinase 
(JAK)1/JAK2 inhibitor ruxolitinib reduces inflammatory cytokine concentrations in disorders characterised by cytokine 
dysregulation, including graft-versus-host disease, myelofibrosis, and secondary hemophagocytic lymphohistiocytosis. 
We assessed whether treatment with the JAK1/JAK2 inhibitor ruxolitinib would be beneficial in patients with 
COVID-19 admitted to hospital.

Methods RUXCOVID was an international, randomised, double-blind, phase 3 trial of ruxolitinib plus standard of 
care versus placebo plus standard of care in patients with COVID-19. Patients who were hospitalised but not on 
mechanical ventilation or in the intensive care unit [ICU] were randomly assigned (2:1) to oral ruxolitinib 5 mg twice 
per day or placebo for 14 days (14 additional days were allowed if no improvement). The primary endpoint was a 
composite of death, respiratory failure (invasive ventilation), or ICU care by day 29, analysed by logistic regression 
including region, treatment, baseline clinical status, age, and sex as covariates. This trial is registered with 
ClinicalTrials.gov, NCT04362137.

Findings Between May 4 and Sept 19, 2020, 432 patients were randomly assigned to ruxolitinib (n=287) or placebo 
(n=145) plus standard of care; the mean age was 56·5 years (SD 13·3), 197 (46%) were female, and 235 (54%) were 
male. The primary objective was not met: the composite endpoint occurred in 34 (12%) of 284 ruxolitinib-treated 
patients versus 17 (12%) of 144 placebo-treated patients (odds ratio 0·91, 95% CI 0·48–1·73; p=0·77). By day 29, 
nine (3%) of 286 ruxolitinib-treated patients had died compared with three (2%) of 145 placebo-treated patients; 
22 (8%) of 286 ruxolitinib-treated patients had received invasive ventilation compared with ten (7%) of 145 placebo-
treated patients; and 30 (11%) of 284 ruxolitinib-treated patients had received ICU care compared with 17 (12%) of 
144 placebo-treated patients. In an exploratory analysis, median time to recovery was 1 day faster with ruxolitinib 
versus placebo (8 days vs 9 days; hazard ratio 1·10, 95% CI 0·89–1·36). Adverse events included headache (23 [8%] of 
281 on ruxolitinib vs 11 [8%] of 143 on placebo) and diarrhoea (21 [7%] vs 12 [8%]).

Interpretation Ruxolitinib 5 mg twice per day showed no benefit in the overall study population. A larger sample is 
required to determine the clinical importance of trends for increased efficacy in patient subgroups.

Funding Novartis and Incyte.

Copyright Published by Elsevier Ltd.

Introduction 
COVID-19 was declared a global pandemic on 
March 11, 2020, by WHO.1 As of March 1, 2022, more than 
437 million cases of COVID-19 had been reported, with 
5·96 million deaths worldwide.2 Although most people 
with COVID-19 develop mild or uncomplicated illness, 
many have some form of respiratory involvement.3–5 
Approximately 20% of people develop severe disease 
resulting in pneumonia, hospitalisation, and oxygen 
support; 5% require admission to the intensive care unit 
(ICU) and invasive mechanical ventilation.3–5

On infection, the virus activates the innate and adaptive 
immune systems, resulting in the release of 
pro-inflammatory cytokines in an attempt to eliminate 

the virus.6 As the disease progresses, the innate immune 
system response contributes to oxidative injury and 
alveolar membrane damage, resulting in hypoxia.6 
Hypoxemia is further exacerbated by pulmonary microt-
hromboses and macrothromboses.7,8

Severe disease can be complicated by acute respiratory 
distress syndrome (the primary cause of death in 70% of 
COVID-19 fatalities), sepsis and septic shock, or 
multiorgan failure, or a combination of these, which have 
all been linked to the host inflammatory response.9–12 The 
marked increase in immune cells and pro-inflammatory 
chemokines and cytokines, including interleukin (IL)-1, 
IL-6, IL-8, and tumour necrosis factor (TNF), drives lung 
injury and the activation of additional pro-inflammatory 
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pathways via the Janus kinase/signal transducer and 
activator of transcription (JAK/STAT) pathway, resulting 
in further lung inflammation, lung lesions, respiratory 
dysfunction and failure, and in some cases, death.8,10

Many patients with severe respiratory disease due to 
COVID-19 have features consistent with cytokine release 
syndrome (CRS),13 also referred to as cytokine storm, 
which is related to increased activation of the JAK/STAT 
pathway.11 Unlike the systemic CRS that can be caused by 
chimeric antigen receptor T-cell therapy, CRS-like 
cytokine storm in COVID-19 predominantly occurs 
within the lungs.12 Predictive criteria for cytokine storm 
risk in COVID-19 were recently proposed, with potential 
to enable a tailored preventive approach by identifying 
patients at high risk.14 In the early stages of the 
development of treatment strategies for severe COVID-19 

disease, it was suggested that host-directed therapies, 
including JAK inhibition and other immunotherapies, 
might be of benefit to patients with cytokine storm.15–17

Ruxolitinib is a potent and selective inhibitor of JAK1 
and JAK2, approved for the treatment of myelofibrosis, 
polycythemia vera, and steroid-refractory acute graft-
versus-host disease (USA only).18 Ruxolitinib reduces 
concentrations of inflammatory cytokines in disorders 
in which cytokine dysregulation plays a role, including 
graft-versus-host disease19 and hemophagocytic lympho-
histiocytosis.20–22

The activity of ruxolitinib in CRS-related diseases 
warranted investigation of its use in patients with 
severe COVID-19 with clear symptoms and a positive 
test for SARS-CoV-2 without progression to intubation 
or need for ICU care. Furthermore, independent 
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Research in context

Evidence before this study
We searched PubMed for articles published between Jan 1 and 
May 1, 2020, that evaluated treatments for COVID-19 using the 
search terms "(COVID-19 OR SARS-COV-2) AND (therap* OR 
treatment OR drug)". The search focused on clinical studies, 
clinical trials, meta-analyses, and systematic reviews. Before the 
start of this study (May, 2020), evidence regarding 
pharmacotherapy in severe COVID-19 was scarce. There were 
indications that severe disease and death might be related to 
hyperinflammation, with similarities to cytokine release 
syndrome. Studies suggested that agents that block 
inflammatory pathways, including the Janus kinase/signal 
transducer and activator of transcription (JAK/STAT) pathway, 
should be evaluated as treatment for severe COVID-19. Because 
ruxolitinib, a potent and selective inhibitor of JAK1 and JAK2, 
had previously shown efficacy in controlling inflammatory 
cytokine dysregulation in other disorders, such as graft-versus-
host disease, myelofibrosis, and secondary hemophagocytic 
lymphohistiocytosis, it was considered a candidate for the 
treatment of severe COVID-19 disease.

During the conduct of this trial, the North American ACTT-2 
study of baricitinib (a JAK1/JAK2 inhibitor) combined with 
remdesivir in COVID-19 found that addition of the JAK inhibitor 
to antiviral treatment reduced time to recovery, in particular in 
hospitalised patients requiring high-flow oxygen support. A 
trial of tofacitinib (a JAK1/JAK3 inhibitor) in Brazil found that 
tofacitinib plus standard care reduced mortality or respiratory 
failure in a population consisting mainly of patients with severe 
COVID-19. However, in another study in patients with mild-to-
moderate COVID-19, tofacitinib treatment showed a reduction 
in inflammatory markers, but no clinical benefits. Trials of 
tocilizumab in COVID-19 also found that patients with more 
severe disease were more likely to benefit from 
immunosuppressive therapy, and in the large RECOVERY trial 
(n=4116), tocilizumab improved outcomes in patients with 
hypoxia and substantial inflammation. 

Added value of this study
To our knowledge, this was the first randomised, controlled, 
phase 3 study to evaluate ruxolitinib plus standard of care 
(according to local practice) for patients with COVID-19. This 
study showed that, in a broad, international population of 
patients admitted to hospital for COVID-19 who were not on 
invasive mechanical ventilation or in the intensive care unit, a 
low dose of ruxolitinib (5 mg twice per day) plus standard-of-
care treatment did not significantly improve outcomes or slow 
progression of severe disease in an international population 
compared with placebo plus standard-of-care treatment. Hence 
our data suggest that JAK1/JAK2 inhibitor therapy in COVID-19 
needs to be considered with caution.

Implications of all the available evidence
RUXCOVID was compatible with previous studies of JAK 
inhibitors in COVID-19: although the proportion of patients on 
high-flow oxygen was small (22 [5%] of 432), a trend toward 
greater efficacy of ruxolitinib versus placebo was noted in this 
subgroup. No benefit was observed in patients with no or 
low-flow oxygen requirements. Substantial inflammation was 
not an inclusion criterion. Taken together, studies suggest that 
JAK inhibitor treatment might improve outcomes in patients 
with COVID-19, especially in a certain subset; however, our 
findings do not support the use of ruxolitinib as a treatment 
option for patients with mild-to-moderate COVID-19 who are 
admitted to hospital. Much is still being learned about 
COVID-19, and a need exists to identify patient subsets that 
would benefit from specific treatments. In novel global health 
crises, robust a priori sample-size estimates are not always 
possible. Therefore, we suggest that adaptive designs, including 
futility analyses and sample-size reestimation, be built into 
future studies conducted under these conditions. When all the 
evidence is viewed in context, JAK1/JAK2 inhibitor therapy in 
general is not effective in all subsets of hospitalised patient 
populations. More research is needed to better understand 
what inhibitors are beneficial in which subpopulations.
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investigator-initiated studies revealed potential clinical 
benefit from the addition of ruxolitinib to best available 
therapy.23,24 Here we report the primary analysis of 
RUXCOVID (NCT04362137), a global phase 3 study 
evaluating ruxolitinib plus standard of care versus 
placebo plus standard of care in hospitalised patients 
with COVID-19 not requiring invasive ventilation.

Methods 
Study design 
RUXCOVID was a randomised, double-blind, placebo-
controlled, multicentre, phase 3 study (appendix p 13) 
evaluating the efficacy and safety of ruxolitinib plus 
standard of care versus placebo plus standard of care in 
patients with COVID-19.25 The study was conducted in 
61 centres across 12 countries (Russia, USA, Brazil, Spain, 
Argentina, Peru, Turkey, Mexico, UK, Colombia, France, 
and Germany; appendix p 5). The study was approved by 
the institutional review board or central ethics committee 

at each participating institution and conducted in 
accordance with the Declaration of Helsinki.

Patients 
Patients were required to be aged 12 years or older and 
hospitalised for confirmed COVID-19 (by PCR test or 
another rapid test from the respiratory tract). Additionally, 
patients had to meet at least one of: pulmonary infiltrates 
(chest x-ray or chest CT scan); respiratory frequency of at 
least 30 breaths per min; requiring supplementary 
oxygen; oxygen saturation of 94% or less on room air; or 
arterial oxygen partial pressure (PaO2)/fraction of 
inspired oxygen (FiO2) of less than 300 mm Hg (40 kPa). 
Patients were excluded due to any of the following 
conditions: uncontrolled infection besides COVID-19; 
currently intubated or intubated between screening and 
randomisation; in ICU at time of randomisation; on 
antirejection, immunosuppressant, or immunomodul-
atory drugs (ie, tocilizumab, ruxolitinib, canakinumab, 

Figure 1: Trial profile 
ICU=intensive care unit. *Eight patients were randomly assigned but did not receive treatment due to consent withdrawal (n=4), patient decision (n=3), and 
misrandomisation (n=1). †Includes patients who completed first course of 14-day treatment, but discontinued from second course of 14-day treatment.

269 completed the study 

432 randomly assigned (stratified by geographical region)* 

462 patients assessed for eligibility 

30 did not meet screening criteria 

287 assigned to ruxolitinib plus standard of care
281 received ruxolitinib

40 initiated an additional 14 days of 
ruxolitinib 

145 assigned to placebo plus standard of care
143 received placebo

15 initiated an additional 14 days of 
placebo 

245 completed treatment 139 completed the study 132 completed treatment

287 included in the randomised set
284 evaluable for primary endpoint and ICU care

2 excluded due to respiratory failure, ICU care at randomisation, 
or both

1 excluded due to missing baseline clinical status
286 evaluable for secondary endpoints

1 excluded due to missing baseline clinical status
281 included in safety set

6 did not receive ruxolitinib

145 included in the randomised set
144 evaluable for primary endpoint and ICU care

1 excluded due to respiratory failure, requiring ICU care at 
randomisation, or both

145 evaluable for secondary endpoints
143 included in safety set

2 did not receive placebo 

18 discontinued study
9 death
6 patient decision
1 adverse event
1 lost to follow-up
1 protocol deviation 

36 permanently 
discontinued study 
treatment†
14 adverse event
10 patient decision

6 physician decision
3 progressive 

disease
2 death
1 protocol deviation 

6 discontinued study
3 death
3 patient decision

11 permanently 
discontinued study 
treatment†
5 adverse event
2 patient decision
2 physician decision
1 progressive disease
1 death

See Online for appendix
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sarilumab, or anakinra); unable to ingest tablets at 
randomisation; pregnant or nursing. Full inclusion and 
exclusion criteria can be found in the appendix (p 3). As 
per other studies early in the pandemic,26,27 inclusion was 
based on clinical criteria rather than hyperinflammation 
or cytokine storm because, at the time of study initiation, 
there were no clear cytokine-related criteria associated 
with COVID-19 that could have reliably been used. 
Eligible participants were only included in the study after 
informed consent was obtained, as approved by each 
institutional review board or independent ethics 
committee.

Randomisation and masking 
Patients were randomly assigned (2:1) to receive oral 
ruxolitinib or oral matching-image placebo. Block 
randomisation, with a block size of 3, was used to decrease 
the risk of imbalance. Randomisation was stratified by 
geographical region (North America, western Europe, 
eastern Europe, Latin America, and other). Randomisation 
was done by interactive response technology. The 
investigator contacted the interactive response technology 
system, which assigned a randomisation number to each 
participant, linking them to their unique medication 
number. Medication numbers were automatically 
assigned to medication packs. Study treatments were 
identical in packaging, appearance, taste, and odour.

Participants, investigator staff, persons performing the 
assessments, and the clinical trial team remained masked 
throughout the trial. Unmasking occurred in the case of 
participant emergencies and at the conclusion of the study.

Procedures 
Patients received oral ruxolitinib (Novartis Pharma AG, 
Stein, Switzerland) 5 mg twice per day or oral placebo 
twice per day, for 14 days. An additional 14 days of study 
drug was allowed if, in the opinion of the investigator, the 
patient’s clinical signs and symptoms were not improving 
or worsened, and the potential benefit outweighed the risk.

Ruxolitinib 5 mg twice per day is the approved starting 
dose in the USA for treatment of steroid-refractory acute 
graft-versus-host disease with demonstrated anti-
inflammatory effect.28 It is also the starting dose 
recommended for patients with myelofibrosis with 
a platelet count of 50 × 10⁹ per L to less than 100 × 10⁹ 
per L.18 Therefore, ruxolitinib 5 mg twice per day was 
included in this study.

Study treatment was given in combination with 
standard-of-care therapy according to the investigator’s 
clinical judgment, with appropriate monitoring of 
potential drug–drug interactions. Permitted concomitant 
therapies included antivirals (including remdesivir), 
corticosteroids (including dexamethasone), heparin, 
anticoagulants, antiemetics, calcineurin inhibitors, azole 
fungal prophylaxis, broad-spectrum antibiotics, narcotics, 
and sedatives. Prohibited medications were other JAK 
inhibitors, aspirin (>150 mg/day), and fluconazole 
(>200 mg/day).

Dose reductions or interruptions were allowed in the 
case of drug toxicities (appendix p 2). If the patient became 
intubated during the study, an aqueous suspension of the 
study medication could be delivered via nasogastric tube. 
Hospitalised patients were assessed daily up to day 29 (end 
of study) for vital signs, oxygen saturation (SpO2), fraction 
of inspired oxygen (FiO2), consciousness, haematology 
(every other day), clinical chemistry (every other day), 
in-hospital outcomes, and biomarkers (day 7). Patients 
who were discharged during the study period were 
subsequently assessed daily up to day 29, via telephone, for 
clinical status, ventilatory status, adverse events, and 

Ruxolitinib (n=287) Placebo (n=145) Total (N=432)

Age, years 56·4 (13·7; 22–90) 56·9 (12·5; 20–84) 56·5 (13·3; 20–90)

Age category, ≥65 years 83 (29%) 39 (27%) 122 (28%)

Sex

Female 125 (44%) 72 (50%) 197 (46%)

Male 162 (56%) 73 (50%) 235 (54%)

Race

White 242 (84%) 109 (75%) 351 (81%)

American Indian or Alaska Native 26 (9%) 13 (9%) 39 (9%)

Black or African American 6 (2%) 9 (6%) 15 (3%)

Asian 5 (2%) 5 (3%) 10 (2%)

Multiple 3 (1%) 2 (1%) 5 (1%)

Unknown 5 (2%) 7 (5%) 12 (3%)

Ethnicity

Hispanic or Latino 93 (32%) 39 (27%) 132 (31%)

Not Hispanic or Latino 184 (64%) 93 (64%) 277 (64%)

Not reported 2 (1%) 6 (4%) 8 (2%)

Unknown 8 (3%) 7 (5%) 15 (3%)

Weight, kg 85·2 (18·8) 87·2 (18·7) 85·9 (18·8)

n 283 145 428

Body-mass index, kg/m²

n 282 144 426

Mean (SD) 29·9 (5·6) 31·0 (6·5) 30·3 (5·9)

>30 kg/m² 129 (46%) 72 (50%) 201 (47%)

Country

Russia 114 (40%) 57 (39%) 171 (40%)

USA 32 (11%) 16 (11%) 48 (11%)

Brazil 28 (10%) 13 (9%) 41 (9%)

Spain 29 (10%) 10 (7%) 39 (9%)

Argentina 16 (6%) 11 (8%) 27 (6%)

Peru 15 (5%) 10 (7%) 25 (6%)

Turkey 13 (5%) 7 (5%) 20 (5%)

Mexico 14 (5%) 4 (3%) 18 (4%)

UK 10 (3%) 4 (3%) 14 (3%)

Colombia 7 (2%) 3 (2%) 10 (2%)

France 4 (1%) 6 (4%) 10 (2%)

Germany 5 (2%) 4 (3%) 9 (2%)

Time between onset of symptoms and 
randomisation, days

11·0 (8·0–14·0) 11·0 (8·0–13·5) 11·0 (8·0–14·0)

Time between diagnosis and 
randomisation, days

5·0 (3·0–8·0) 5·0 (3·0–7·0) 5·0 (3·0–8·0)

(Table 1 continues on next page)
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previous or concomitant nondrug therapies. On the date of 
discharge, patients on oxygen by nasal cannula (≤2 L/min) 
were assessed for SpO2 on room air, based on investigator 
medical judgement. On days 15 and 29, discharged 
patients had all assessments performed in clinic.

Outcomes 
The primary endpoint was a composite of death, 
respiratory failure (requiring invasive mechanical 
ventilation), or ICU care, by day 29.

Secondary efficacy endpoints included mortality rate by 
day 29, respiratory failure by day 29, ICU care by day 29 
(post hoc), duration of hospitalisation, changes in clinical 
status, and changes in the National Early Warning Score 2 
(NEWS2; appendix p 14). Changes in clinical status were 
measured using the COVID-19-specific 9-point (0–8) 
ordinal scale proposed by the WHO in February, 2020 
(appendix pp 2, 6). Assessments included the proportion 
of patients with improved or deteriorated clinical status 
scores at day 29; time to 1 or more points of improvement 
from baseline; and mean change in the score from baseline 
at days 15 and 29. Changes in NEWS2 included time to 
discharge or NEWS2 score of 2 or less for 24 h, whichever 
came first; and change from baseline in NEWS2 score.

Exploratory efficacy endpoints included time to recovery 
(a post-hoc measure to allow comparison with the ACTT-2 
study), independence from non-invasive ventilation, and 
oxygen therapy; duration of ICU stay, supplementary 
oxygen, and invasive mechanical ventilation; and ratio to 
baseline in concentrations of exploratory biomarkers, 
including C-reactive protein (CRP), ferritin, and D-dimer. 
Biomarker samples were analysed in central (for post-hoc 
measures of TNF, interferon [IFN]-γ, IL-10, IL-2RA, IL-6, 
IL-8) and local (ferritin, CRP, procalcitonin, IL-6 [if 
available], D-dimer) laboratories.

Treatment-emergent adverse events were defined as 
those occurring, or increasing in severity, between the 
first dose of study medication and the last study visit and 
were assessed and graded according to the Common 
Terminology Criteria for Adverse Events (version 5.0). 
The safety population included all patients who received 
at least one dose of study medication.

Statistical analysis 
The study was designed to have at least 80% power to 
detect an absolute difference of 15% between the 
treatment groups in the proportion of patients meeting 
the primary endpoint (based on multiple sample size 
calculations assuming the rate of the primary outcome in 
the control group to be in the range of 30–80%)—the 
required sample size was 402 patients.

The primary endpoint was analysed by a logistic 
regression model with treatment group, region, baseline 
WHO (0–8) clinical status (≤3 or ≥4), age, and sex as 
covariates. The estimated odds ratio (OR; <1 favours 
ruxolitinib), p values, and 95% CIs were calculated. 
Retrieved dropout data after study treatment 

discontinuation were collected. If retrieved dropout data 
were available up to day 29, those were used for analysis. 
If no retrieved dropout data were collected after study 
treatment discontinuation, the retrieved dropout data 
were not complete to day 29, or patients withdrew from 
the study before day 29, then the patient was considered 
to meet the primary endpoint, unless they were in one of 
the following scenarios: there was no occurrence of 
death, mechanical ventilation, or ICU care in all the 
available data and patients were discharged from the 
hospital; or, the last available data (either on treatment or 
off treatment) were from day 15 or later and there was no 
occurrence of death, mechanical ventilation, or ICU care 
in all the available data.

A post-hoc analysis of the primary endpoint examined 
subgroups defined by baseline demographic and disease 
state parameters. The subgroup analyses were explored 
using the same logistic regression model as described 
for the primary analysis with the additional term of 
subgroup factor (if not already included in the model) 
and the interaction term of subgroup and treatment. No 
adjustment was made for multiplicity. Secondary and 
exploratory endpoints were similarly analysed without 
adjustments for multiplicity. Time to discharge or 
recovery was analysed using a proportional hazards 
model for competing risk analysis, which included 
treatment, region, age, sex, baseline WHO (0–8) clinical 
status, and the interaction term of baseline WHO (0-8) 
clinical status and treatment as covariates. Patients who 
were not discharged and did not die were censored at 
their last assessment date. Median (95% CI) times to 
discharge or recovery were estimated by the Kaplan-
Meier method stratified by baseline clinical status, with 
dead patients being censored at the maximum follow-
up time in the study. For both time to discharge and 
time to recovery, hazard ratio (HR) and 95% CIs were 
calculated. An HR of more than 1 favours ruxolitinib. 

Ruxolitinib (n=287) Placebo (n=145) Total (N=432)

(Continued from previous page)

WHO (0–8) clinical status

3, hospitalised with mild disease (no 
oxygen therapy [defined as SpO2 ≥94% 
on room air])

94 (33%) 47 (32%) 141 (33%)

4, hospitalised with mild disease (oxygen 
by mask or nasal prongs)

175 (61%) 93 (64%) 268 (62%)

5, hospitalised with severe disease 
(noninvasive ventilation or high-flow 
oxygen)

17 (6%) 5 (3%) 22 (5%)

Missing baseline clinical status 1 (<1%) 0 1 (<1%)

Pneumonia 284 (99%) 144 (99%) 428 (99%)

Steroid use 170 (59%) 79 (54%) 249 (58%)

Remdesivir use 21 (7%) 7 (5%) 28 (6%)

Data are mean (SD; range); n (%); mean (SD); n; or median (IQR). SpO2=oxygen saturation. WHO (0–8)=COVID-19-
specific 9-point ordinal scale for clinical status proposed by WHO (appendix p 6).

Table 1: Baseline patient demographics and disease characteristics
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This study was registered with ClinicalTrials.gov, 
NCT04362137.

Role of the funding source 
The study was funded and designed by Novartis and 
Incyte. Data were analysed and interpreted by the funder 
in collaboration with all the authors; the funder was 
unaware of the treatment group assignments until 
database lock.

Results 
Between May 4 and Sept 19, 2020, 432 patients were 
randomly assigned (2:1) to receive ruxolitinib (n=287) 
plus standard of care or placebo (n=145) plus standard of 
care (randomised analysis set; figure 1). The greatest 
proportion of the 432 patients were from Russia 
(171 [40%]), followed by the USA (48 [11%]), Brazil 
(41 [9%]), and Spain (39 [9%]; appendix p 5 for all study 
sites). Patients who developed respiratory failure or 
required ICU care, or both, at randomisation 
(ruxolitinib n=2 and placebo n=1) were excluded from the 
primary efficacy analyses. The safety set comprised 
424 patients who received at least one dose of study drug 
(ruxolitinib n=281 and placebo n=143).

Baseline demographics and disease characteristics 
were balanced between the two treatment groups 
(table 1). Mean patient age was 56·5 years (SD 13·3); 
122 (28%) of 432 were aged 65 years or older and none 
were younger than 18 years (range 20–90). Most patients 
were White (351 [81%]), and nearly half (201 [47%] of 426) 
had a body-mass index (BMI) of more than 30 kg/m². 
The median time between the onset of COVID-19 
symptoms and randomisation was 11 days (IQR 8–14). 
Most patients had mild disease (WHO [0–8] clinical 
status of 3 [hospitalised, no oxygen support], 141 [33%] 
patients; WHO [0–8] clinical status of 4 [low-flow oxygen 
support], 268 [62%]); only 22 [5%] patients had severe 
disease (WHO [0–8] clinical status of 5 [non-invasive 
ventilation or high-flow oxygen support]). Most patients 
had pneumonia (428 [99%]). At baseline, 249 (58%) 
patients were receiving steroids and 28 (6%) were 
receiving remdesivir. Rates of concomitant therapy use 
at baseline by region (eg, antithrombotics, systemic 
steroids, remdesivir) are shown in the appendix (p 7). 
Concomitant therapy used at any time during the study 
is shown in the appendix (p 8).

The study failed to meet the primary objective (table 2). 
The composite endpoint of death, respiratory failure 
requiring invasive mechanical ventilation, or ICU care by 
day 29 occurred in 34 (12%) of 284 patients in the 
ruxolitinib group versus 17 (12%) of 144 patients in the 
placebo group (OR 0·91, 95% CI 0·48–1·73; p=0·77).

The subgroup analysis for the primary outcome 
(figure 2) revealed that for most subgroups, the 
proportions of patients who met the primary endpoint 
were similar between ruxolitinib and placebo. The 
strongest interaction between subgroup and primary 
endpoint in ruxolitinib versus placebo was for BMI 
(>30 kg/m² vs ≤30 kg/m²; unadjusted p=0·034). Patients 
with a BMI of more than 30 kg/m² had a better response 
with ruxolitinib versus placebo (OR 0·41, 95% CI 
0·15–1·08); however, since the analysis was not adjusted 
for multiplicity, it should be interpreted with caution. 
Patients in North America had a better response with 
ruxolitinib versus placebo than patients in other regions 
(OR 0·19; 95% CI 0·04–1·01); however, this was driven by 
a high proportion of patients meeting the primary 

Ruxolitinib (n=287) Placebo (n=145) Comparison (95% CI)

Primary endpoint

Composite endpoint of death, 
respiratory failure requiring 
mechanical ventilation, or ICU 
care by day 29*

34/284 (12%) 17/144 (12%) OR 0·91 (0·48–1·73); p=0·77

Secondary endpoints

Mortality rate by day 29 9/286 (3%) 3/145 (2%) OR 1·21 (0·35–5·11)

Respiratory failure by day 29* 22/286 (8%) 10/145 (7%) OR 0·99 (0·45–2·21)

ICU care by day 29*† 30/284 (11%) 17/144 (12%) OR 0·81 (0·42–1·55)

Change in WHO (0–8) clinical status at day 29‡

≥1-point improvement 261/286 (91%) 136/145 (94%) OR 0·79 (0·35–1·79)

≥2-point improvement 252/286 (88%) 129/145 (89%) OR 1·00 (0·52–1·92)

≥1-point deterioration 14/286 (5%) 5/145 (3%) OR 1·18 (0·40–3·49)

Death by baseline clinical status by day 29†§

WHO (0–8) clinical status of 3 2/94 (2%) 1/47 (2%) OR 0·80 (0·10–9·53)

WHO (0–8) clinical status of 4 7/175 (4%) 2/93 (2%) OR 1·35 (0·32–7·89)

Duration of hospitalisation, 
days¶

9·0 (8·0–10·0) 9·0 (8·0–12·0) HR 1·04 (0·84–1·28)

Time to hospital discharge or 
NEWS2 of ≤2 maintained for 
24 h, days¶

4·0 (3·0–4·0) 4·0 (3·0–5·0) HR 1·02 (0·84–1·23)

Exploratory endpoints

Time to recovery (no longer 
infected, or ambulatory with no 
or minimal limitations), days†¶

8·0 (8·0–9·0) 9·0 (7·0–11·0) HR 1·10 (0·89–1·36)

Time to independence from non-
invasive ventilation, days

19·0 (11·5–25·0) 12·0 (9·0–22·0) NA||

Time to independence from 
supplementary oxygen, days

5·5 (3·0–10·5) 6·0 (3·0–10·0) NA||

Duration of ICU care, days 9·0 (7·0–13·0) 9·0 (4·0–21·0) NA||

Duration of supplementary 
oxygen, days

5·0 (2·0–10·0) 6·0 (3·0–10·0) NA||

Duration of invasive mechanical 
ventilation, days

7·5 (5·0–16·0) 12·0 (5·0–28·0) NA||

Data are n/total number of patients included in the analysis (M [not model based]; [%]), median (95% CI), or median 
(IQR), unless otherwise specified. ORs are based on logistic regression models incorporating treatment group, region, 
baseline WHO (0–8) clinical status (≤3, ≥4), age, and sex as covariates. An OR of less than 1 means an event was less 
likely in the ruxolitinib group (which favoured ruxolitinib for all except the positive outcome events assessing ≥1-point 
or ≥2-point improvements in WHO (0–8) clinical status, in which an OR >1 favoured ruxolitinib). An HR of more than 1, 
representing higher instantaneous rates of discharge or recovery, favoured ruxolitinib. HR=hazard ratio. ICU=intensive 
care unit. NA=not analysed. NEWS2=National Early Warning Score 2. OR=odds ratio. WHO (0–8)=COVID-19-specific 
9-point ordinal scale for clinical status proposed by WHO (appendix p 6). *Patients who developed respiratory failure 
or required ICU care, or both at randomisation are excluded from the analysis. †Post hoc. ‡Patients with missing data 
at day 29 were treated as non-responders. §There were no deaths in the ruxolitinib and placebo groups in patients 
with a baseline WHO (0–8) clinical status of 5. ¶Patients who did not have the event and did not die were censored at 
their last assessment date. Median is estimated by Kaplan-Meier method, with deaths being censored at the maximum 
follow-up time in the study. ||Only summary statistics were conducted for these exploratory outcomes; all were 
evaluated on subsets of patients defined by post-baseline events, which could be confounded with treatment effect.

Table 2: Primary, selected secondary, and exploratory efficacy outcomes
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endpoint in the small placebo subgroup (five [31%] of 16). 
When assessed by baseline WHO (0–8) clinical status (3, 
4, and 5), findings suggested that patients with a higher 
clinical status score (ie, more-severe disease) had a better 

response to ruxolitinib than those with a lower baseline 
clinical status (status 3 OR 1·16 [95% CI 0·20–6·66]; 
status 4 OR 0·90 [0·43–1·90]; status 5 OR 0·28 
[0·03–2·78]). However, the sample size for patients with 

Figure 2: Primary endpoint (death, respiratory failure, or ICU care by day 29) according to subgroup analysis
ICU=intensive care unit. M=total number of patients included in the analysis. CRP=C-reactive protein. FEU=fibrinogen equivalent units.
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the most severe clinical status (score of 5) at baseline was 
small (n=20). Lower ORs were observed (which favoured 
ruxolitinib over placebo, with wide and overlapping CIs) 
in patients who were aged younger than 65 years (OR 0·69, 
95% CI 0·31–1·53); used corticosteroids at baseline 
(OR 0·77, 0·33–1·80); had no hypertension at baseline 
(OR 0·64, 0·25–1·66); and had more than 10 days between 
onset of symptoms and randomisation (OR 0·65, 
0·28–1·54). No subgroup analysis was done by remdesivir 
use because the proportion of patients receiving 
remdesivir was small (28 [6%] of 432 with baseline use 
and 49 [12%] of 424 with use at any time). An additional 
post-hoc analysis examined the effect of steroid treatment 
at any time during the study on the proportion of patients 
meeting the primary endpoint: among patients with any 
steroid use, 28 (14%) of 203 in the ruxolitinib group and 

13 (13%) of 100 in the placebo group met the primary 
endpoint; among patients with no steroid use, seven (9%) 
of 82 in the ruxolitinib group and four (9%) of 44 in the 
placebo group met the primary endpoint. Note that these 
steroid use subgroups were defined partly by post-
randomisation variables, and the subgroup memberships 
were influenced by treatments the patients received 
during the study. Thus, we cannot attribute any observed 
effect (or lack thereof) in this subgroup analysis to the 
investigational treatment since it could be due to 
differences in patient population.

The proportions of patients meeting the individual 
components of the primary endpoint were similar 
between the treatment groups (table 2). Change in 
WHO (0–8) clinical status over time was similar across 
treatment groups (appendix p 15) as were the median 
times to discharge and NEWS2 value of 2 or less 
maintained for 24 h (table 2). The median time to 
recovery was numerically shorter in the ruxolitinib group 
versus placebo group (8 days [95% CI 8–9] vs 9 days 
[7–11]; HR 1·10, 95% CI 0·89–1·36]; table 2). The 
difference in median time to recovery between ruxolitinib 
and placebo groups was numerically larger in patients 
with higher baseline WHO (0–8) clinical status scores 
(WHO [0–8] clinical status 3, 9 days vs 7 days; WHO [0–8] 
clinical status 4, 8 days vs 10 days; WHO [0–8] clinical 
status 5, 11 days vs 15 days; appendix p 9). Additional 
secondary endpoints are reported in the appendix (p 10).

The effect of treatment on inflammatory biomarkers 
(CRP, ferritin, D-dimer, procalcitonin, TNF, IFN-γ, IL-10, 
IL-2RA, IL-6, and IL-8) was also assessed. Over the 
29 days of study, decreases were observed in the median 
concentrations of CRP (42·4 mg/L [IQR 16·6–93·2] to 
3·1 mg/L [1·3–7·2] with ruxolitinib vs 45·0 mg/L 
[16·7–81·6] to 2·6 mg/L [1·0–5·7] with placebo), ferritin 
(628 µg/L [301–1276] to 254 µg/L [113–513] with ruxolitinib 
and 462 µg/L [264·5–999·5] to 200 µg/L [91–464] with 
placebo), and D-dimer (0·735 mg/L FEU [0·400–1·335] 
to 0·540 mg/L FEU [0·300–1·000] with ruxolitinib and 
0·700 mg/L FEU [0·440–1·260] to 0·520 mg/L FEU 
[0·320–1·020] with placebo). Concentrations of IFN-γ, 
IL-10, IL-2RA (marker of T-cell activation), and IL-6 
decreased (ie, improved) over time while IL-8, 
procalcitonin, and TNF concentrations did not. However, 
no appreciable difference in biomarker levels was 
observed between ruxolitinib and placebo groups.

Overall, 266 (63%) of 424 patients had an adverse event 
(appendix p 11). The most common treatment-emergent 
adverse events in the ruxolitinib versus placebo groups 
were headache (23 [8%] of 281 vs 11 [8%] of 143) and 
diarrhoea (21 [7%] of 281 vs 12 [8%] of 143; table 3). No 
meaningful differences in rates of adverse events were 
observed between treatment groups (any adverse events 
173 [62%] of 281 with ruxolitinib vs 93 (65%) of 143 with 
placebo; and grade 3 or more adverse events, 35 (12%) 
of 281 with ruxolitinib vs 23 (16%) of 143 with placebo). 
Rates of infection and cytopenia, which were adverse 

Ruxolitinib (n=281)* Placebo (n=143)

Number of patients with 
≥1 adverse event†

173 (62%) 93 (65%)

Headache 23 (8%) 11 (8%)

Diarrhoea 21 (7%) 12 (8%)

Alanine aminotransferase 
increased

17 (6%) 6 (4%)

COVID-19‡ 12 (4%) 3 (2%)

Cough 12 (4%) 3 (2%)

Fatigue 10 (4%) 2 (1%)

Constipation 9 (3%) 7 (5%)

Hypokalaemia 8 (3%) 7 (5%)

Transaminases increased 7 (2%) 3 (2%)

Anxiety 6 (2%) 1 (1%)

Asthenia 6 (2%) 0 (0%)

Hyperkalaemia 6 (2%) 6 (4%)

Nausea 6 (2%) 11 (8%)

Neutropenia 6 (2%) 4 (3%)

Pyrexia 6 (2%) 2 (1%)

Thrombocytosis 6 (2%) 3 (2%)

Aspartate aminotransferase 
increased

5 (2%) 3 (2%)

Hypoxia 5 (2%) 5 (3%)

Abdominal pain 4 (1%) 4 (3%)

Dyspnoea 4 (1%) 3 (2%)

Hyperglycaemia 4 (1%) 5 (3%)

Hypertension 4 (1%) 3 (2%)

Hypoproteinaemia 4 (1%) 3 (2%)

Leukocytosis 4 (1%) 4 (3%)

Insomnia 3 (1%) 4 (3%)

Urinary tract infection 3 (1%) 5 (3%)

Dizziness 2 (1%) 4 (3%)

Hyponatremia 1 (<1%) 3 (2%)

A patient with multiple adverse events within a preferred term is counted only 
once for that preferred term. *Preferred terms are presented in descending order 
of frequency in the RUX group. †A patient with multiple adverse events is 
counted only once. ‡COVID-19 relates to adverse events of worsening disease.

Table 3: Frequent treatment-emergent adverse events (≥2% in any 
treatment group) by preferred term
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events of special interest, were similar between the 
ruxolitinib and placebo treatment groups: infection 
(excluding tuberculosis), 24 (9%) of 281 versus 13 (9%) 
of 143; leukopenia, seven (2%) of 281 versus five [3%] 
of 143; anaemia, six (2%) of 281 versus one (1%) of 143; 
thrombocytopenia, three (1%) of 281 versus two (1%) 
of 143, respectively.

There were 46 (11%) of 424 patients who had serious 
adverse events (appendix p 12), with 45 (11%) of 
424 patients having a serious adverse event with a grade 3 
or more (31 [11%] of 281 in the ruxolitinib group, and 14 
[10%] of 143 in the placebo group). 12 patients died during 
the study (nine [3%] of 281 patients in the ruxolitinib 
group and three [2%] of 143 patients in the placebo 
group); no deaths were considered related to treatment.

Discussion 
RUXCOVID was a randomised, phase 3 study evaluating 
the safety and efficacy of ruxolitinib plus standard of care 
compared with placebo plus standard of care in patients 
with COVID-19. The study did not meet its primary 
objective, and ruxolitinib was not associated with 
clinically meaningful improvements versus placebo in 
the secondary or exploratory endpoints. Overall, clinical 
status and inflammatory biomarker levels improved over 
time and were similar in both treatment groups. 
Ruxolitinib was well tolerated, and rates of treatment-
emergent adverse events and serious adverse events were 
comparable between groups. Findings suggested that 
patients with more severe disease and those with a high 
BMI had a better response to ruxolitinib.

It should be noted that the study was designed at a very 
early stage of the COVID-19 pandemic. The standard of 
care evolved rapidly, and current knowledge might have 
led to differences in the timing of dosing and in the 
inclusion and exclusion criteria for choosing patients 
most likely to benefit from immunomodulatory 
treatment of the COVID-19 cytokine storm.

The results from our study differ from those reported in 
the ACTT-2 study of baricitinib (a JAK1/JAK2 inhibitor) 
plus remdesivir.26 Several possible factors could account 
for these differences. Ruxolitinib and baricitinib inhibit 
JAK1 and JAK2 with similar potency,17 but potential 
differences in how downstream proteins such as STAT3 
are impacted, especially in the presence of an antiviral 
drug, cannot be discounted. Levels of phosphorylated 
STAT3—which has an immunomodulatory role—were 
significantly greater in various immune cell types isolated 
from patients with COVID-19-related pneumonia and 
decreased after treatment with baricitinib in ACTT-2.26 
Although ruxolitinib can also inhibit STAT3 phos-
phorylation,29 this was not specifically examined in the 
present study and could contribute to the observed 
differences. Study designs were different: the RUXCOVID 
study had a composite primary endpoint that included 
mortality, respiratory failure, and ICU care, whereas 
ACTT-2 had a primary endpoint of time to recovery. 

Differences in regions might also have affected outcomes. 
Most patients (953 [92%] of 1033) in the ACTT-2 study 
were treated in North America compared with only 11% 
(48/432) in the present study (in which the small North 
American subgroup appeared to do better with ruxolitinib). 
The variability in clinical settings, standards of care, and 
outcomes (such as variation in how patients are triaged to 
ICUs, with ICU care being a component of the composite 
endpoint) was probably higher in our study, and thus the 
sensitivity to detect a clinical effect of ruxolitinib might 
have been lower, even with the inclusion of region in the 
logistic regression model.

More patients had severe COVID-19 (eg, more patients 
requiring high-flow oxygen or non-invasive mechanical 
ventilation) in ACTT-2 than in the RUXCOVID study. In 
the present study, median time to recovery for ruxolitinib 
was 11 days versus 15 days with placebo (HR 1·51, 95% CI 
0·44–5·19) in patients with more severe disease 
(WHO [0–8] score 5; non-invasive ventilation or high-
flow oxygen); median time to recovery was lower for 
patients treated with baricitinib plus remdesivir than 
placebo plus remdesivir in this subgroup of the ACTT-2 
study (10 days vs 18 days; rate ratio for recovery 1·51 
[95% CI 1·10–2·08]). Median time to recovery was 8 days 
with ruxolitinib vs 9 days with placebo in the overall study 
(HR 1·10, 95% CI 0·89–1·36), similar to what was seen 
in the ACTT-2 study (7 days with baricitinib plus 
remdesivir vs 8 days with placebo plus remdesivir; rate 
ratio for recovery 1·16, 95% CI 1·01–1·32).

Findings from tocilizumab studies also suggested that 
patients with more severe disease are the most likely to 
benefit from treatment with immunomodulatory 
agents.30,31 It is possible that patients with COVID-19 
require treatment with an immunomodulatory agent in 
combination with antiviral medication. In ACTT-2, all 
patients received remdesivir in combination with 
baricitinib; however, in RUXCOVID, only 49 (12%) of 
424 patients received remdesivir at any time during the 
study (appendix p 8). Additionally, baricitinib has been 
found to prevent viral entry through inhibition of numb-
associated kinases (NAKs),32 which suggests that the 
mechanism of action in COVID-19 might be different 
from that of ruxolitinib, which does not substantially 
inhibit NAKs at tolerated doses.17

A further difference between the ACTT-2 study and 
RUXCOVID was the dose: the dose of ruxolitinib used in 
RUXCOVID (5 mg twice per day) was at the low end of 
the dosing range (5–25 mg twice per day), while that of 
baricitinib in ACTT-2 (4 mg per day) was at the high end 
of the dosing range (1–4 mg daily).18,26 Ruxolitinib at a dose 
of 5 mg twice per day showed benefit in a phase 2 study of 
ruxolitinib in COVID-1924 and demonstrated efficacy in 
graft-versus-host disease.28 A further motivation for using 
this dose for the present study was to minimise the risk of 
cytopenia and infection (ultimately, these adverse events 
were not more prevalent in the ruxolitinib group in this 
study). Nevertheless, higher initial doses (≥10 mg twice 
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0·201–1·028; p=0·029) in the 15-mg group.34 These 
findings should be considered in the design of future 
studies. Moreover, there is a need to identify the subset 
of patients who would benefit the most from specific 
treatments, including treatment with immuno-
modulatory agents. Finally, because robust a priori 
sample-size estimates are unlikely to be possible in 
novel global health crises, we suggest that adaptive 
designs, including futility analyses and sample-size 
re-estimation, be built into future studies conducted 
under these conditions.
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per day) are routinely used in treating myelofibrosis and 
graft-versus-host disease,18 with a pronounced decrease in 
inflammatory cytokines observed.29

Although the design of our study was scientifically 
sound (a randomised, double-blind, placebo-controlled 
study), some limitations and weaknesses could not have 
been predicted at the time of the study design. The 
overall therapeutic landscape and standard of care 
changed substantially during the study, and this change 
might have impacted the proportion of patients meeting 
the primary endpoint in the control group. Remdesivir 
became the standard of care in the USA, but not in all 
countries where our study took place. More recent 
studies, like ACTT-2, demonstrated the benefit of 
combination therapy in this setting. Therefore, although 
the large geographical diversity of our study was a 
potential strength, making more generalisable 
conclusions possible, it might be a limitation due to 
geographical variation in standard of care.

Although no other studies have used ICU care as an 
outcome measure, the possibility of exceeding local ICU 
capacities was of urgent concern at the time of the study 
design. However, the timing and use of ICU care varied 
according to medical practice among centres, which 
might have impacted our results both by reducing the 
numbers of eligible patients on high-flow oxygen, who 
may or may not have been in ICU care, and by 
introducing variation in the determination of the 
primary endpoint. Given the inevitable uncertainty in 
designing studies in a global health crisis caused by a 
novel disease, futility analysis or sample-size 
re-estimation, or both, could be considered, especially 
when no earlier-phase trials have been done and it is not 
clear whether a drug will demonstrate clinical benefit or 
what the treatment effect could be.

Additionally, at the inception of the study, it was not 
known which patient groups might benefit the most 
from treatment. In RUXCOVID, patients were not 
screened for cytokine storm, and it was assumed that 
this was the major mechanism of pulmonary hyper-
inflammation. Patients with COVID-associated hyper-
inflammation have since been defined as those with a 
CRP of more than 150 mg/L or a ferritin level of more 
than 1500 µg/L, or both.33 In RUXCOVID, fewer than 
one-quarter of the patients met this criterion (based on 
the IQRs of CRP and ferritin). Recent studies suggest 
that patients with more-severe disease, including people 
with signs of hyperinflammation, might be the ones 
who benefit most from treatment with immuno-
modulatory agents. The DEVENT study evaluated 
ruxolitinib 5 mg twice per day and 15 mg twice per day 
versus placebo in patients with COVID-19 who required 
mechanical ventilation.25 The DEVENT study did not 
meet its primary endpoint: mortality up to day 29 in the 
two treatment groups versus placebo was 55% versus 
74% (OR 0·42, 95% CI 0·171–1·023; p=0·028) in the 
5-mg group and 52% versus 70% (OR 0·46, 95% CI 
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