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Background: Accumulating evidence proposed Janus-associated
kinase (JAK) inhibitors as therapeutic targets warranting rapid
investigation.
Objective: This study evaluated the efficacy and safety of
ruxolitinib, a JAK1/2 inhibitor, for coronavirus disease 2019.
Methods: We conducted a prospective, multicenter, single-blind,
randomized controlled phase II trial involving patients with
severe coronavirus disease 2019.
Results: Forty-three patients were randomly assigned (1:1) to
receive ruxolitinib plus standard-of-care treatment (22 patients)
or placebo based on standard-of-care treatment (21 patients).
After exclusion of 2 patients (1 ineligible, 1 consent withdrawn)
from the ruxolitinib group, 20 patients in the intervention group
and 21 patients in the control group were included in the study.
Treatment with ruxolitinib plus standard-of-care was not
associated with significantly accelerated clinical improvement in
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severe patients with coronavirus disease 2019, although
ruxolitinib recipients had a numerically faster clinical
improvement. Eighteen (90%) patients from the ruxolitinib
group showed computed tomography improvement at day 14
compared with 13 (61.9%) patients from the control group
(P 5 .0495). Three patients in the control group died of
respiratory failure, with 14.3% overall mortality at day 28; no
patients died in the ruxolitinib group. Ruxolitinib was well
tolerated with low toxicities and no new safety signals. Levels of
7 cytokines were significantly decreased in the ruxolitinib group
in comparison to the control group.
Conclusions: Although no statistical difference was observed,
ruxolitinib recipients had a numerically faster clinical
improvement. Significant chest computed tomography
improvement, a faster recovery from lymphopenia, and favorable
side-effect profile in the ruxolitinib group were encouraging and
informative to future trials to test efficacy of ruxolitinib in a
larger population. (J Allergy Clin Immunol 2020;146:137-46.)

Key words: Ruxolitinib, COVID-19, cytokine storm, efficacy, safety,
randomized controlled trial

The end of 2019 witnessed an outbreak of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
and its associated coronavirus disease 2019 (COVID-19) in
Wuhan, China.1,2 The rapid global spread has been classified
as a pandemic by the World Health Organization3 and now
represent the most serious issue to public health globally.
COVID-19 is a heterogeneous disease. Most patients are
asymptomatic or exhibit mild to moderate symptoms,4-6 but
around 15% progress to severe pneumonia and about 5%
were eventually admitted to the intensive care unit (ICU)
because of acute respiratory distress syndrome, septic shock,
and/or multiple organ failure.7-9 Among 138 hospitalized pa-
tients with COVID-19, 26.1% were transferred to the ICU
because their condition deteriorated or they developed compli-
cations, which mainly (61.1%) included acute respiratory
distress syndrome.7 Patients who develop acute respiratory
distress syndrome respond poorly to therapy and have an
extremely dismal prognosis.8,10

So far, only remdesivir has been shown to accelerate recovery
from advanced COVID-19 based on a preliminary data analysis,11

although supportive therapies still have a fundamental role in the
treatment of COVID-19. Among the unmet medical needs related
to COVID-19, one of the most urgent issues is to assess existing
conventional drugs in the treatment of severe/critical COVID-
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19 to improve the unsatisfactory clinical outcomes. COVID-19,
like severe acute respiratory syndrome (SARS) and Middle East
respiratory syndrome, is characterized by an exuberant cytokine
storm.12-16 Upon virus infection, the body produces inflammatory
cytokines to restrict the spread/replication of the virus and elimi-
nate the virus. However, highly pathogenic coronaviruses often
induce uncontrolled cytokine/chemokine response, known as a
cytokine storm, which results in high morbidity and mortality
due to immunopathology.17 Although virus-induced direct patho-
genic effects have an essential role in disease severity, viral load is
not correlated with theworsening of symptoms in SARS.18-20 Pre-
vious studies on SARS suggested that a dysregulated immune
response results in an exuberant inflammation and lethal dis-
ease.21 In a recent study, which enrolled 41 cases with confirmed
COVID-19, one-third of patients were admitted to ICUs, 10% pa-
tients required mechanical ventilation, and 6 eventually died
(14.6%); among these patients, cytokine storm was found to be
associated with disease severity.18 There is accumulating evi-
dence on the key pathophysiological role of cytokines during
the severe stage of COVID-19. In the context of lack of vaccine
and specific antiviral agents, testing of immunomodulatory agents
to reduce excessive or uncontrolled inflammation before it results
in irreversible multiorgan dysfunction infection has received
increasing research attention.

Ruxolitinib is a Janus-associated kinase (JAK)1/2 inhibitor
approved by the US Food and Drug Administration and the
European Medicines Agency for the treatment of polycythemia
vera and myelofibrosis.22 It is also a promising option in the treat-
ment of steroid-refractory acute graft-versus-host disease after
allogeneic hematopoietic stem cell transplantation23 or secondary
hemophagocytic lymphohistiocytosis24 by targeting the delete-
rious effects of aberrant host inflammatory response. Anemia
was the most common adverse event in patients receiving ruxoli-
tinib though most anemia events were mild to moderate in
severity.25 Nonhematological adverse events were generally low
with long-term ruxolitinib treatment.25 Accordingly, we hypoth-
esized that ruxolitinib might be effective against the conse-
quences of the elevated levels of cytokines in patients with
COVID-19. Besides, the potential negative impact of ruxolitinib
on virus clearance and SARS-CoV-2 antibody production need
to be elucidated.

To evaluate the efficacy and safety of ruxolitinib for COVID-
19, we conducted a randomized, multicenter, placebo-controlled,
single-blind phase II trial in patients hospitalized with severe
COVID-19.
METHODS

Study design
This prospective, single-blind, randomized controlled phase II trial

included participants with COVID-19 enrolled for screening between

February 9 and February 28, 2020, across 3 hospitals including Tongji

Hospital, No. 1 Hospital, and the Third Xiangya Hospital in China. The

original protocol included secondary randomization in the treatment group for

infusion of mesenchymal stem cells if the patient’s clinical response

deteriorated at day 7 (D7) after the first randomization. Because no patients

from the treatment group experienced deterioration at D7, secondary random-

ization was unnecessary after the first randomization, and the protocol was up-

dated correspondingly. This study followed the principles of the Declaration

of Helsinki and was approved by the medical ethics committees of Tongji

Hospital, Wuhan No. 1 Hospital, and Third Xiangya Hospital.
Participants
Participants who met the following inclusion criteria were included in the

study: (1) met the diagnostic criteria for COVID-19; (2) 18 years or older and

younger than 75 years; (3) severe cases. The diagnosis and the illness severity

of COVID-19 were defined according to the Chinese management guideline

for COVID-19 (version 5.0),26 and the full translated edition of diagnostic

criteria is available in this article’s Methods section in the Online Repository

at www.jacionline.org. Exclusion criteria were as follows: (1) patients with

concomitant malignant tumors; (2) patients with severe cardiovascular and

metabolic disease that is not medically controlled; (3) patients with a mental

or severe psychiatric disorder; (4) patients in need of invasive mechanic venti-

lation at recruitment; (5) patients who could not guarantee to complete all the

scheduled treatment plans and follow-ups; (6) women of child-bearing age

with positive pregnancy test results or those in the lactating period; and (7) pa-

tients whose condition was further complicated with other active infections.

Written informed consent was obtained from all participants.
Randomization and masking
The enrolled patients were randomly allocated into 2 groups (1:1 allocation

ratio) by an independent statistician using permuted blocks of 4 for all sites.

The whole process of randomization was masked to all treating physicians.

Patient unique identification number and treatment allocation codes were

provided by a clinical research associate in sequentially numbered opaque

envelopes. Treating physicians were aware of group allocations for safety

concern, whereas the enrolled participants, the staff at trial sites, computed

tomography (CT) radiologists, and laboratory personnel were masked to the

trial group assignment.
Procedures
Thefirst day of randomizationwas designated asD0. The secondday and the

fourth day after randomization were designated D1 and D3, respectively. Dend

was the day before discharge. The enrolled patients were randomly separated

into 2 groups: the treatment group (groupB), which received oral intake of rux-

olitinib 5mg twice a day plus standard-of-care (SoC) treatment, and the control

group (group A), which received placebo (100 mg vitamin C) twice a day with

SoC treatment. The dose of 5 mg twice a day is a ruxolitinib dose frequently

used for the treatment of autoimmune/inflammatory conditions and has shown

effective inhibition of inflammation proteins in previous trials.27 All costs of

ruxolitinib and vitamin C tablets were covered by the funding from principle

investigators. The SoC treatment included antiviral therapy, supplemental ox-

ygen, noninvasive and invasive ventilation, corticosteroid, antibiotic agents,

vasopressor support, renal-replacement therapy, and extracorporealmembrane

oxygenation. The safety profile was monitored daily by 2 senior physicians

from the Safety Monitoring Committee of the trial center. Adverse events

were classified according to the National Cancer Institute Common Terminol-

ogy Criteria for Adverse Events, version 5.0.28 Non–contrast-enhanced chest

CT examinations were performed on D0 and should be followed up at D14.

Additional chest CT might be performed if the condition deteriorated. All

http://www.jacionline.org


J ALLERGY CLIN IMMUNOL

VOLUME 146, NUMBER 1

CAO ET AL 139
CT images were reviewed using the Picture Archiving and Communication

System. The CT features, which were blindly evaluated by 2 independent se-

nior radiologists, were supposed tomeet at least 1 of the following criteria to be

considered as improved: the decreased presence of ground-glass opacities,

decreased lung opacification, reduced density of consolidation, or decreased

pleural effusion with existence of fibrous stripes.29 Disease progression is

defined by comparing the scope, quantity, and density of lesions detected in

2 chest CT scans. Obviously, fusion of lesions, new lesions, and (or) increased

lung density were considered progression.30 If independent senior radiologists

did not observe a significant difference in the lesions between the 2 CT scans,

the patient’s condition was considered stable.30 Peripheral blood was taken

from patients on D1, D3, and Dend for the determination of viral load by RT-

ddPCR, SARS-CoV-2–specific IgM, and IgG and 48 cytokines (see this arti-

cle’s Methods section in the Online Repository). Data from each participant

were filled in 1 case record form. All the case record form tables were input

and saved by researchers into an electronic data capture system and validated

by trial staff, including demographic characteristics, medical history, daily

clinical findings, oximetric measurements, and laboratory data involving

complete blood cell count, serum biochemical parameters, high-sensitivity

C-reactive protein, and so forth.
Outcomes
The primary efficacy end point was the time to clinical improvement,

defined as the time from randomization (D0) to an improvement of 2 points on

a 7-category ordinal scale or live discharge from the hospital (Dend), and

improvement rate of follow-up CT scans at D14. The 7-category ordinal scale

has been used in other COVID-19 randomized controlled trials31 and also rec-

ommended by the World Health Organization R&D Blueprint expert group32

(see this article’s Methods section in the Online Repository). Other clinical

outcomes included clinical improvement rate as assessed with the

7-category ordinal scale on D7, D14, D21, and D28, time from randomization

to lymphocyte recovery and to invasive mechanical ventilation, the duration

of hospitalization in survivors, and the time from treatment initiation to death

and virus clearance time. The primary safety end point was the incidence of

serious adverse events occurring up to 28 days. Safety outcomes included

adverse events and serious adverse events that occurred during treatment.

Particularly, the eventual negative impact of ruxolitinib on SARS-CoV-2 virus

clearance and its specific IgM and/or IgG-antibody formation and/or lympho-

cyte recovery was also included in the safety profile. Lymphopenia was

defined as peripheral absolute lymphocytes less than 1.0 3 109/L. Lympho-

cyte recovery time was defined as the first day at which lymphocytes returned

to the normal levels within the observation period. The virus clearance time

was defined as the time from randomization to the first day of at least 2 consec-

utive negative RT-PCR assays separated by 24 hours apart. The secondary end

point is the overall mortality at D28. The investigational outcomes included the

dynamic changes in the virus copies, cytokine profile, SARS-CoV-2–speicific

antibody, and its correlation with clinical treatment response.
Statistical analysis
The trial was initiated in rapid response to COVID-19 public health

emergency. Because limited information about clinical outcomes in hospital-

ized patients with COVID-19 was available at that time, we estimated the

sample size in 2 different ways. We assumed that the median clinical

improvement for the treatment group is 7 days, whereas that for the control

group is about 15 days and the estimated sample size was set at 70 to provide

the trial with 80% power (a5 0.05).We also hypothesized that therewas 40%

difference gap in terms of CT improvement at D14 between the 2 groups, with

approximately 90% patients having CT improvement in the treatment group.

Accordingly, the estimated sample size was set at 40 to provide the trial with

80% power (a5 0.05). We decided to set the final sample size to 70 cases to

reduce the possibility of underpower of the trial. The number of cases in the

experimental group and the control group was 1:1. The planned enrollment

of 40 patients in the trial was accomplished quickly. Because of the slowing

down of the pandemic in China and the fact that few newly diagnosed patients

are available, recruitment to the trial was stopped earlier than expected.
Continuous variables were expressed as median (interquartile range [IQR])

and compared with the unpaired 2-sided student t test; categorical variables

were expressed as number (%) and compared by chi-square test or Fisher exact

test. A modified intention-to-treat analysis that excluded 2 patients (1 ineli-

gible, 1 consent withdrawn) who did not take ruxolitinib in the ruxolitinib

group was performed. For the primary end point, the time to clinical improve-

ment was portrayed by Kaplan-Meier plot and compared using a log-rank test.

Hazard ratios with 95%CIs were calculated usingMantel-Haenszel approach.

The improvement rates of CT scan at D14 were compared usingWilcoxon rank

sum test. The clinical improvement at D7, D14, and D21, time to clinical dete-

rioration, clinical deterioration at D7 and D14, and mortality rate at D28 were

compared using the Fisher exact tests. Time from randomization to discharge,

to death, to lymphocyte recovery, and to virus clearance were portrayed by

Kaplan-Meier plot and compared using a log-rank test. For comparing the

serum level of cytokines, anti–SARS-CoV-2 specific antibody, and virus

copy numbers, mean 6 SEM is given for continuous variables and median

and ranges are given for variables that were not normally distributed. Means

were compared using t tests for normally distributed continuous variable.

Otherwise, the Mann-Whitney U test was used. All statistical analyses were

performed using SPSS (Statistical Package for the Social Science) version

13.0 software (SPSS Inc, Chicago, Ill). P value less than .05 (2-tailed) was

considered statistically significant.
RESULTS
Among a total of 58 individuals who were screened for

eligibility between February 9 and February 28, 2020, 43 patients
were randomly assigned to receive ruxolitinib plus SoC treatment
(22 patients, ruxolitinib group) or placebo based on SoC treatment
(21 patients, control group). Fifteen patients were excluded from
the study including 10 of them who participated in other clinical
trials and 5 of them who refused to sign a written informed
consent. After randomization, 2 patients were excluded from the
ruxolitinib group because 1 was found to be ineligible because of
persistent humoral immune deficiency after B-cell mature
antigen–targeting chimeric antigen receptor T-cell therapy, while
another withdrew the consent before treatment started (Fig 1).
Their data were not included in the analyses. The demographic
and clinical characteristics of the patients at baseline are outlined
in Table I. At baseline, the median age of patients was 63 years
(IQR, 58-68 years), ranging from 32 years to 75 years, and
58.5% of the patients were males. The median interval time
from symptom onset to randomization was 20 days. There was
no significant difference between the 2 groups in demographic
characteristics, baseline laboratory test results, distribution of
ordinal scale scores, or National Early Warning Score 2 scores
at enrollment (Tables I and II). During the study, the use of
systemic corticosteroids was balanced between the ruxolitinib
group (70.0%) and the control group (71.4%). The proportion
of patients who received antivirals was balanced between the 2
groups (90.0% in the ruxolitinib group vs 90.5% in the control
group, Table II).

For primary efficacy end points, no statistical differences were
detected in terms of clinical improvement between the 2 groups,
although patients treated with ruxolitinib had a numerically
shorter median time to clinical improvement (12 [IQR, 10-19]
days vs 15 [IQR, 10-18] days; log-rank testP5.147; hazard ratio,
1.669; 95% CI, 0.836-3.335) compared with the control group
(Table III and Fig 2, A). Eighteen (90%) patients from the ruxoli-
tinib group showed significant improvement on the follow-up
chest CT scans at D14 compared with only 13 (61.9%) patients
from the control group (P5 .0495; Table III). No statistical differ-
ences were detected in terms of the percentage of improvement



FIG 1. Randomization and trial profile. CAR, Chimeric antigen receptor.
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rates at D7, D14, and D21 between the 2 groups; however, the per-
centage was numerically higher at D7, D14, and D21 in the ruxoli-
tinib group than in the control group. A total of 4 patients in
control group experienced clinical deterioration. Three of 4
were transferred to the ICU and required invasive mechanical
ventilation. The cumulative improvement rate was compared
between the 2 groups (Fig 2, A).

For secondary end point, 3 patients from the control group
eventually died of respiratory failure. The 28-day overall mor-
tality was 14.3% in the control group, whereas no patients died in
the ruxolitinib group. The median time from randomization to
death was 15 days (IQR, 4;19) in the control group. Therewas no
significant difference in the days from randomization to discharge
between the 2 groups (Table III; P 5 .941). The cumulative
incidence of death was compared between the 2 groups (Fig 2,
B; P 5 .089).

For primary safety end points, a total of 16 patients (80%) in the
ruxolitinib group and 15 patients (71.4%) in the control group
reported adverse events from randomization to D28. All adverse
events are summarized in Table IV. There was no significant dif-
ference in the total number of adverse events of any grade in he-
matological, nonhematological toxicities and chemical
laboratory abnormalities between the 2 groups (see Table E1 in
this article’s Online Repository at www.jacionline.org). One pa-
tient in the ruxolitinib group developed grade 3 lymphocytopenia
after taking ruxolitinib for 4 days, which improved in 2 days
without interrupting ruxolitinib treatment (see Fig E1, A, in this
article’s Online Repository at www.jacionline.org). Grade 3 hy-
pertension developed in 1 patient in the ruxolitinib group during
the study and was judged by the investigators to be related to the
trial medication and was transient and reversible. All serious
adverse events, including secondary infection, sepsis, shock,
and acute heart failure, occurred only in the control group. To
address the concern that whether ruxolitinib has a negative influ-
ence on SARS-CoV-2 clearance, specific SARS-CoV-2 antibody
production, and lymphocyte recovery, a total of 17 patient (8 pa-
tients in the ruxolitinib group and 9 patients in the control group)
who had a positive RT-PCR result at D0 on the throat swab were
serially followed up. Patients in the ruxolitinib group had similar
median time of virus clearance (13 [IQR, 5-16] days vs 12 [IQR,
3-16] days; log-rank test P 5 .649; hazard ratio, 0.782; 95% CI,
0.271-2.257) compared with patients in the control group
(Fig 2, C). One-step RT-ddPCR was used to further evaluate the
clearance of SARS-CoV-2; the mean (6 SEM) baseline blood
viral RNA loads at D1 in the ruxolitinib group were comparable
with those in the control group (Fig 2, D; 94 6 26 copies/mL
vs 102 6 21 copies/mL; P 5 .565). The viral load at discharge
did not differ between the ruxolitinib recipients and those
receiving SoC treatment alone (Fig 2, E; P5 .631). Interestingly,
the peak level of anti-IgM of SARS-CoV-2was profoundly higher
in the ruxolitinib group than in the control group, whereas no sig-
nificant difference was found in peak IgG between the 2 groups
(Fig 2, F and G). A total of 21 patients (9 patients in the control
group and 12 patients in the ruxolitinib group) were found to
have lymphopenia at or after enrollment. Patients in the ruxoliti-
nib group had a significantly shorter median time of recovery
from lymphopenia compared with those in the control group
(Fig 2, H; 5 [IQR, 2-7] days vs 8 [IQR, 2-11] days; log-rank
test P 5 .033; hazard ratio, 3.307; 95% CI, 1.097-8.409).

We investigated whether ruxolitinib could inhibit cytokines
downstream of JAK by assessing the levels of 48 cytokines in the
serum of patients who received ruxolitinib and controls. As shown
in Fig 3, A, in the control group, the patients’ average value of 44
cytokines decreased after SoC therapy, whereas the other
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TABLE I. Demographic and clinical characteristic of the patients at baseline

Characteristic Total

Control group Ruxolitinib group

P value(N 5 21) (N 5 20)

Age (y) 63 (58-68) 64 (59-71) 63 (51-65) .123

Sex >.999

Female 17 (41.5) 9 (42.9) 8 (40.0)

Male 24 (58.5) 12 (57.1) 12 (60.0)

Comorbidity 27 (65.9) 13 (61.9) 14 (70.0) .744

Hypertension 16 (39.0) 9 (42.9) 7 (35.0) .751

Diabetes 8 (19.5) 3 (14.3) 5 (25.0) .454

Coronary artery heart disease 3 (7.3) 1 (4.8) 2 (10.0) .606

Smoking history 4 (9.8) 2 (9.5) 2 (10.0) >.999

Respiratory rate >24 breaths/min 8 (19.5) 4 (19.0) 4 (20.0) >.999

Pulse >_125 beats/min 7 (17.1) 3 (14.3) 4 (20.0) .697

Fever (temperature >_37.38C) 5 (12.2) 2 (9.5) 3 (15.0) .663

White-cell count (3109/L) 8.4 (6.1-11.0) 8.3 (6.7-11.0) 8.4 (5.6-11.0) .652

<4 2 (4.9) 0 (0.0) 2 (10.0) .512

4-10 26 (63.4) 14 (66.7) 12 (60.0)

>10 13 (31.7) 7 (33.3) 6 (30.0)

Lymphocyte count (3109/L) 1.1 (0.92-1.6) 1.2 (0.97-2.0) 1.0 (0.76-1.2) .084
>_1.0 25 (61.0) 15 (71.4) 10 (50.0) .208

<1.0 16 (39.0) 6 (28.6) 10 (50.0)

Platelet count 264 (173-314) 214 (175-285) 297 (165-355) .114
>_100 36 (87.8) 19 (90.5) 17 (85.0) .663

<100 5 (12.2) 2 (9.5) 3 (15.0)

Serum creatinine (mmol/L) 67 (56-75) 66 (60-74) 69 (52-75) .872
<_133 38 (92.7) 20 (95.2) 18 (90.0) .606

>133 3 (7.3) 1 (4.8) 2 (10.0)

Aspartate aminotransferase (U/L) 36 (23-68) 35 (19-88) 39 (26-52) .742
<_40 24 (58.5) 13 (61.9) 11 (55.0) .758

>40 17 (41.5) 8 (38.1) 9 (45.0)

Alanine aminotransferase (U/L) 25 (17-46) 23 (18-50) 26 (17-47) .841
<_50 30 (73.2) 15 (71.4) 15 (75.0) >.999

>50 11 (26.8) 6 (28.6) 5 (25.0)

Lactate dehydrogenase (U/L) 275 (225-413) 300 (226-438) 262 (213-384) .489
<_245 16 (39.0) 8 (38.1) 8 (40.0) >.999

>245 25 (61.0) 13 (61.9) 12 (60.0)

Albumin (g/L) 32.0 (30.0-34.0) 32.0 (30.0-34.0) 32.0 (30.0-35.0) .821
<_35 32 (78.0) 17 (81.0) 15 (75.0) .719

>35 9 (22.0) 4 (19.0) 5 (25.0)

D-Dimer (mg/mL) 2.4 (0.65-7.5) 2.5 (0.68-15.0) 2.1 (0.62-3.5) .248
<_1.0 14 (34.1) 6 (28.6) 8 (40.0) >.999

>1.0 23 (56.1) 13 (61.9) 10 (50.0)

Missing data 4 (9.8) 2 (9.5) 2 (10.0)

High-sensitive cardiac troponin I (ng/mL) 3.5 (2.0-6.3) 3.0 (1.6-6.8) 4.1 (2.2-6.5) .483
<_28.0 33 (80.5) 18 (85.7) 15 (75.0) .653

>28.0 5 (12.2) 2 (9.5) 3 (15.0)

Missing data 3 (7.3) 1 (4.8) 2 (10.0)

Data are median (IQR) or n (%).
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4—macrophage inflammatory protein 1a (MIP-1a), G-CSF, IFN-
a2, and IL-1a—increased on D3. On the contrary, all average
values from 48 cytokines decreased in patients from the ruxoliti-
nib group on D3. Furthermore, the average fold-change in the rux-
olitinib group was 0.466, whereas it was 0.739 in the control
group. The ratios were significantly lower in the ruxolitinib group
(P < .0001). Moreover, the levels of 7 cytokines—IL-6, nerve
growth factor b, IL-12 (p40), macrophage migration inhibitory
factor, MIP-1a, macrophage inflammatory protein 1b (MIP-
1b), and vascular endothelial growth factor (VEGF)—weremark-
edly decreased in the ruxolitinib group but not in the control group
(Fig 3,B-H). In correlationwith the reduction in these cytokines, a
significant reduction in high-sensitivity C-reactive protein was
observed in the ruxolitinib group but not in the control group
(Fig 3, I). Although all the 3 ruxolitinib recipients with fever
had rapid resolution of fever in 2 days, fever resolution took 4
or 5 days in 2 patients with fever in the control group. Further-
more, there was no significant difference in the levels of
IFN-a2 and IFN-g, 2 important cytokines protecting hosts against
virus, between the ruxolitinib group and the control group (see
Fig E1, B and C).
DISCUSSION
This randomized trial found that ruxolitinib added to SoC

treatment was not associated with significantly accelerated



TABLE II. Patients’ status and treatments received at or after enrollment

Characteristic

Total Control group Ruxolitinib group

P value(N 5 41) (N 5 21) (N 5 20)

NEWS2 score at D1 5 (4-6) 4 (4-5) 5 (4-7) .318

Days from illness onset to randomization 20 (17-28) 22 (18-28) 20 (16-27) .457

7-category scale at day 1 >.999

4: Hospitalization, requiring supplemental oxygen 36 (87.8) 18 (85.7) 18 (90.0)

5: Hospitalization, requiring HFNC or noninvasive

mechanical ventilation

5 (12.2) 3 (14.3) 2 (10.0)

Treatments during study period

Vasopressor 3 (7.3) 3 (14.3) 0 .232

Noninvasive mechanical ventilation 6 (14.6) 4 (19.0) 2 (10.0) .663

Invasive mechanical ventilation 3 (7.3) 3 (14.3) 0 .232

Glucocorticoid therapy 29 (70.7) 15 (71.4) 14 (70.0) >.999

Renal-replacement therapy 2 (4.9) 2 (9.5) 0 .488

Intravenous immunoglobin 18 (43.9) 11 (52.4) 7 (35.0) .350

Antibiotic agent 20 (48.8) 12 (57.1) 8 (40.0) .354

Antiviral agent* 37 (90.2) 19 (90.5) 18 (90.0) >.999

Abidol 27 (73.0) 15 (78.9) 12 (66.7) .476

Oseltamivir 10 (27.0) 4 (21.1) 6 (33.3)

HFNC, High-flow nasal cannula for oxygen therapy; NEWS2, National Early Warning Score 2.

Data are median (IQR) or n (%).

*Antiviral agent included oral abidol or oseltamivir.

TABLE III. Outcomes in the modified intent-to-treat population

Characteristic

Total Control group Ruxolitinib group

P value(N 5 41) (N 5 21) (N 5 20)

Time to clinical improvement (d) 14 (10-18) 15 (10-18) 12 (10-19) .147

Clinical improvement

D7 6 (14.6) 2 (9.5) 4 (20.0) .410

D14 21 (51.2) 9 (42.9) 12 (60.0) .354

D21 36 (87.8) 18 (85.7) 18 (90.0) >.999

Time to clinical deterioration (d) 6 (2-12) 6 (2-12) 0

Clinical deterioration

D7 3 (7.3) 3 (14.3) 0 .232

D14 4 (9.8) 4 (19.0) 0 .107

CT scan follow-up at D14 .0495

Improvement 31 (75.6) 13 (61.9) 18 (90.0)

Stable 7 (17.1) 6 (28.6) 1 (5.0)

Progression 3 (7.3) 2 (9.5) 1 (5.0)

D28 mortality 3 (7.3) 3 (14.3) 0 .232

Time from randomization to discharge (d) 16 (11-20) 16 (11-20) 17 (11-21) .941

Duration of invasive mechanical ventilation (d) 5 (2-8) 5 (2-8) 0

Time from randomization to death (d) 15 (4-19) 15 (4-19) 0

Time to lymphocyte recovery (d) 5 (2-8) 8 (2-11) 5 (2-7) .033

Virus clearance time (d) 12 (3-16) 12 (3-16) 13 (5-16) .649

Data are median (IQR) or n (%).
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clinical improvement in severe patients with COVID-19,
although ruxolitinib recipients had a numerically faster clinical
improvement compared with the control group. Ruxolitinib
recipients showed significantly faster improvement in the chest
CT at D14 compared with the control group (18 [90%] vs 13
[61.9%];P5.0495). The 28-daymortality was 14.3% in the com-
parison group. No death or deterioration occurred in ruxolitinib
recipients. These data provide a rationale for further trials to
determine whether ruxolitinib treatment can reduce the overall
incidence of deterioration and death. Patients treated with ruxoli-
tinib showed a significantly shorter lymphocyte recovery than
those in the control group (5 [IQR, 2-7] days vs 8 [IQR, 2-11]
days; P 5 .033). We assume that a faster recovery from lympho-
penia is of clinical relevance because lymphopeniawas associated
with poor prognosis. A shorter duration of lymphopenia in ruxo-
litinib recipients was consistent with a higher mean peak level of
IgM specific for SARS-CoV-2 in patients treated with ruxolitinib.
Among 4 patients from the control group who experienced clin-
ical deterioration, 3 were transferred to the ICU and required inva-
sive mechanical ventilation. Three patients in the control group
eventually died of respiratory failure. The demographic and clin-
ical characteristics of the patients were balanced between the 2
groups at enrollment. The use of corticosteroids and antivirals
was comparable between the control and ruxolitinib groups.



FIG 2. Primary and secondary outcomes.A, The cumulative improvement rate inmodified intention-to-treat

analysis patients. B, Cumulative 28 days incidence of death. C, Cumulative incidence of virus clearance rate

in analyzed patients. D, Comparison of blood viral loads of the control group and the ruxolitinib group at D1.

E, Comparison of blood viral loads of the control group and the ruxolitinib group at discharge. F and G, The

peak levels of SARS-CoV-2–specific IgM and IgG. H, Cumulative incidence of lymphocyte recovery rate in

analyzed patients.

TABLE IV. Summary of adverse events*

Adverse event

Control group (N 5 21) Ruxotlitinib group (N 5 20)

Any grade Grades 1-2 Grades 3-4 Any grade Grades 1-2 Grades 3-4

Hematological adverse events 12 (57.1) 10 (47.6) 2 (9.5) 13 (65.0) 12 (60.0) 1 (5.0)

Neutrocytopenia 1 (4.8) 1 (4.8) 0 1 (5.0) 1 (5.0) 0

Lymphocytopenia 4 (19.0) 3 (14.3) 1 (4.8) 2 (10.0) 1 (5.0) 1 (5.0)

Anemia 9 (42.9) 8 (38.1) 1 (4.8) 11 (55.0) 11 (55.0) 0

Thrombocytopenia 3 (14.3) 2 (9.5) 1 (4.8) 4 (20.0) 4 (20.0) 0

Chemical laboratory abnormalities 7 (33.3) 7 (33.3) 0 10 (50.0) 10 (50.0) 0

Alanine aminotransferase increase 2 (9.5) 2 (9.5) 0 7 (35.0) 7 (35.0) 0

Aspartate aminotransferase increase 1 (4.8) 1 (4.8) 0 3 (15.0) 3 (15.0) 0

Alkaline phosphatase increase 1 (4.8) 1 (4.8) 0 2 (10.0) 2 (10.0) 0

g-GT increase 2 (9.5) 2 (9.5) 0 2 (10.0) 2 (10.0) 0

Hypoalbuminemia 3 (14.3) 3 (14.3) 0 1 (5.0) 1 (5.0) 0

Hypercholesterolemia 4 (19.0) 4 (19.0) 0 4 (20.0) 4 (20.0) 0

Hypertriglyceridemia 2 (9.5) 2 (9.5) 0 0 0 0

Hypokalemia 1 (4.8) 1 (4.8) 0 1 (5.0) 1 (5.0) 0

Hypochloremia 2 (9.5) 2 (9.5) 0 1 (5.0) 1 (5.0) 0

Hypocalcemia 2 (9.5) 2 (9.5) 0 1 (5.0) 1 (5.0) 0

Adverse events 6 (28.6) 6 (28.6) 0 7 (35.0) 7 (35.0) 0

Headache 0 0 0 1 (5.0) 1 (5.0) 0

Dizziness 1 (4.8) 1 (4.8) 0 2 (10.0) 2 (10.0) 0

Rash 1 (4.8) 1 (4.8) 0 2 (10.0) 2 (10.0) 0

Nausea 2 (9.5) 2 (9.5) 0 2 (10.0) 2 (10.0) 0

Decreased appetite 2 (9.5) 2 (9.5) 0 1 (5.0) 1 (5.0) 0

Hypertension 2 (9.5) 2 (9.5) 0 1 (5.0) 0 1 (5.0)

Serious adverse events 4 (19.0) 0 4 (19.0) 0 0 0

Secondary infection 2 (9.5) 0 2 (9.5) 0 0 0

Acute heart failure 2 (9.5) 0 2 (9.5) 0 0 0

Shock 2 (9.5) 0 2 (9.5) 0 0 0

Sepsis 1 (4.8) 0 1 (4.8) 0 0 0

*Adverse events that occurred in more than 1 patient after randomization through D28 are shown. Some patients had more than 1 adverse event. The proportions of patients with

values worse than baseline values are listed here. All deaths were due to respiratory failure.
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FIG 3. Serial cytokine assessment of 48 cytokines and hsCRPwas performed in the ruxolitinib group and the

control group.A, The ratio of themean value of each cytokine at D3 and D1 after randomization. B-H, Stacked

scatter plots demonstrated cytokines, which were significantly decreased in the ruxolitinib group. I, hsCRP

was significantly decreased in the ruxolitinib group. hsCRP, High-sensitivity C-reactive protein; MIF, migra-

tion inhibitory factor. All data represent mean 6 SEM.
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Therefore, it was unlikely that the baseline characteristics and
treatments of the 2 groups would affect the end points of our
study.

The present randomized trial also found that ruxolitinib with
SoC treatment was well tolerated with low hematological and
nonhematological toxicities. All ruxolitinib recipients completed
the full course of administration until discharge, whereas the
control group needed more intensive supportive treatments after
enrollment due to the deterioration in some cases. The addition of
ruxolitinib based on SoC did not increase the risk of adverse
events compared with the control group. The overall incidence of
adverse events was similar between the 2 groups. Interestingly,
although most of the adverse events occurred at grade 1 or 2,
adverse events at grade 3 or 4 and serious adverse events were
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more common in the control group due to the progressive
deterioration in patients with COVID-19 in this group. Among
all ruxolitinib recipients, only 2 adverse events at grade 3
occurred and were transient and reversible. There were no
unexpected adverse events and previously unknown events in
ruxolitinib recipients. One of themajor concerns related to the use
of ruxolitinib in the treatment of COVID-19 is its therapeutic
action in reducing systemic inflammation, and potential to
unfavorably delay the clearance of viral loads and impair the
generation of SARS-CoV-2–specific antibodies. In the current
study, there was no significant difference in viral RNA loads or
duration as well as IFN-a2 and IFN-g levels between ruxolitinib
recipients and the control group. Interestingly, the mean peak
level of IgM specific for SARS-CoV-2 was profoundly higher in
the ruxolitinib group compared with the control group, whereas
no significant difference was found in the mean peak IgG against
SARS-CoV-2 between the 2 groups. The favorable side-effect
profile observed in the current trial provides a rationale for the
initiation of a large-scale clinical trial at the same or higher
ruxolitinib dose regimens in efforts to improve outcomes.

In the present study, we found that the addition of ruxolitinib to
SoC treatment could significantly mitigate exuberant cytokine
storm featured in severe COVID-19, which justified the use of
ruxolitinib for reduction of systemic inflammation. In 2 published
autopsy reports,33,34 it was identified that the severe immune
injury was also involved in other organs without obvious viral in-
clusions, thus indicating the important role of cytokines storm
instead of the direct viral damage to the whole body. The infil-
trated immune cells in alveoli were mostly macrophages and
monocytes, which was in accordance with our findings on cyto-
kines changes. In particular, the levels of 7 cytokines—IL-6,
nerve growth factor b, IL-12(p40), migration inhibitory factor,
MIP-1a, MIP-1b, and VEGF—were markedly decreased in pa-
tients who received ruxolitinib in comparison to the control
group. Among these cytokines, IL-6 has been reported as a critical
cytokine driving proinflammatory activity in cytokine-mediated
organ dysfunction and tissue damage35 and IL-6–directed therapy
as the cornerstone of cytokine-based therapy after chimeric
antigen receptor T-cell therapy.36,37 IL-12(p40), MIP-1a, and
MIP-1b are critical chemokines for the recruitment of activated
monocytes/macrophages and other cells to the site of infec-
tion.38-40 VEGF, which has been reported to recruit monocytes/
macrophages, participates in increased capillary permeability
syndrome that characterizes some types of viral pneumonia.41

These results indicate that ruxolitinib may exert its inhibitory ef-
fect by targeting multiple critical cytokines rather than any spe-
cific cytokine, and these cytokines could be used as surrogate
biomarkers in future ruxolitinib trials.

The present study has several limitations. First, the sample size
was small due to no eligible patients available at the end of the
pandemic at our trial centers and the few end points reached
statistical significance. The safety profile during this study was
favorable, but further testing in larger patient cohorts with
different ethnicity or disease status is required. Second, there
are some limitations related to the ordinal scale that was used to
evaluate primary end points. Because of the severity of the
epidemic, even if the patients had a significant improvement in the
CT scan as well as clinical symptoms, they still asked for nasal
cannula oxygen (<2 L/min) until being discharged from hospital,
which may contribute to the nonstatistically significant P value of
clinical improvement. Finally, critically ill patients or patients
with invasive ventilator dependence were not included in this
study because of the lack of previous data and our concerns on
the unknown safety profile of ruxolitinib treatment in pneumonia.
Therefore, our conclusion is confined to patients with severe
COVID-19. Nevertheless, this study is the first randomized
controlled trial on the use of ruxolitinib in patients with severe
COVID-19 based on a novel therapeutic rationale. These findings
are hypothesis-generating and require additional larger controlled
studies to confirm the possibility of a treatment benefit of ruxoli-
tinib. However, these early data were promising and informative
to future trials with ruxolitinib or other JAK1/2 inhibitors.

We appreciate eStart Medical Technology Co, Ltd, Professor & Dr Jie Hou,

Meng Chen, Zhongyan Zhang, Xu Ji, Chun Li, and so forth for discussion of

study design, medical affairs, data management, and statistics. We also

appreciate Professor Guangliang Shan and Wei Han, PhD, from the
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Peking UnionMedical College, for their kind assistance in statistical analysis.

Clinical implications: The favorable side-effect profile com-
bined with a reduction in inflammation and significant chest
CT improvements in the ruxolitinib plus SoC treatment group
should inform future trials in a larger population to assess
with ruxolitinib or other JAK1/2 inhibitors in patients with
COVID-19.
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METHODS

Clinical diagnosis and classification criteria of 2019-

nCoV pneumonia (5th trial edition) Hubei Province

Standard
Diagnostic criteria (Hubei province).
1. Suspected cases

Comprehensive analysis based on the following epidemiological history and

clinical features:

1) Epidemiological history
(1) History of travel or residency in Wuhan and its surrounding

areas or other communities with case reports within 14 days

before the onset of illness;

(2) Exposure to people from Wuhan and its surrounding

areas, or patients with fever or respiratory symptoms in commu-

nities with case reports within 14 days before the onset of illness;

(3) Clustered onset;

(4) History of exposure to patients infected with 2019-nCoV

within 14 days, who were those with positive result of nucleic

acid test.

2) Clinical features

(1) Fever and/or respiratory symptoms;

(2) The total white-cell count was normal or decreased, or

the lymphocyte count was decreased in the early stage of

disease.

(3) Having any of the epidemiological history or no epidemiolog-

ical history, and meeting 2 of the clinical features at the same

time.

2. Clinically diagnosed cases

Suspected cases with imaging features of pneumonia.

3. Confirmed cases

Clinically diagnosed or suspected cases with 1 of the following etiological

evidence:

1) Real-time fluorescent RT-PCR of respiratory or blood

specimens showed positive result of nucleic acid test for 2019-nCoV;

2) Result of gene sequencing of virus in respiratory or blood speci-

mens was highly homologous to known 2019-nCoV.

The severity of COVID-19 was classified as follows:
(1) Mild.

The clinical symptoms were mild, and there were no imaging features

of pneumonia.

(2) General.

There was fever, respiratory symptoms, as well as imaging features

of pneumonia.

(3) Severe.

Meeting any of the following items:

d Respiratory distress, respiratory rate greater than or equal to

30 breaths/min;

d In the resting state, the oxygen saturation less than or equal

to 93%;

d Partial pressure of oxygen in arterial blood/fraction of

inspired oxygen less than or equal to 300 mm Hg (1 mm

Hg 5 0.133 kPa).

(4) Critically ill.

Meeting any of the following items:

d Respiratory failure needing mechanical ventilation;

d Shock;

d Being complicated with other organ failures needing ICU

monitoring and treatment.
Sample collection
Serum samples were collected using a serum separator tube and allow samples

to clot for 30 minutes at room temperature before centrifuging for 15 minutes at

1000g. Remove serum and assay immediately or aliquot and store samples at less

than or equal to2208C.Avoid repeated freeze-thaw cycles. Plasma samples were

collected usingEDTAor heparin as an anticoagulant. Centrifuge for 15minutes at

1000g. Assay immediately or aliquot and store samples at less than or equal to

2208C. Avoid repeated freeze-thaw cycles.

Determination of SARS-CoV-2 copies number by

1-step RT-ddPCR
For quantitative detection of SARS-CoV-2 copies number, Viral RNA

purification kit (QIAamp Viral RNA Mini Kit, Qiagen, Duesseldorf, Germany),

1-step RT-ddPCR advanced kit, QX200 droplet generator (BioRad, Hercules,

Calif), and QX200 droplet reader (BioRad) were used following the

manufacturer’s instructions. To increase sensitivity, the 4-well test was performed

per sample in this study. The SARS-CoV-2–specific minor groove binder

probe-primer set was designed for targeting the orf1ab region and the sequences

were as follows: forward primer 59TGACCCTGTGGGTTTTACACTTAA39;
reverse primer 59CAGCCATAACCTTTCCACATACC39; probe 59-FAM-AAC

ACA GTC TGTACC GTC T-MGB-39.

SARS-CoV-2–specific IgM and IgG detection
The SARS-CoV-2–specific IgM and IgG were detected by

paramagnetic particle chemiluminescent immunoassay using iFlash-SARS-

CoV-2 IgM/IgG assay kit (Shenzhen Yhlo Biotech Co, Ltd, Shenzhen, China)

and iFlash Immunoassay Analyzer (Shenzhen Yhlo Biotech Co, Ltd).

Cytokines measurements and analysis
The levels of serum cytokines, growth factors, and chemokines were

assessed by Bio-Plex Pro Human Cytokines 48-Plex Screening assay

(BioRad) using a Luminex FLEXMAP 3D system according to the

manufacturer’s protocols. The 48-Plex Screening panel: basic

fibroblast growth factor (Basic FGF), cutaneous T-cell attracting chemokine

(CTACK), eotaxin, granulocyte-colony stimulating factor (G-CSF),

granulocyte-macrophage colony-stimulating factor (GM-CSF), growth

regulated oncogene (GRO)-a, human hepatocyte growth factor (HGF),

intercellular cell adhesion molecule-1 (ICAM-1), IFN-a2, IFN-g, IL-1a,

IL-1ra, IL-2, IL-2Ra, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12,

IL-13, IL-15, IL-16, IL-17A, IL-18, interferon-inducible protein-10 (IP-10),

leukemia inhibitory factor (LIF), monocyte chemoattractant protein-1

(MCP-1), MCP-3, macrophage colony stimulating factor (M-CSF), migration

inhibitory factor (MIF), monokine induced by gamma interferon (MIG),

macrophage inflammation protein-1a (MIP-1a), MIP-1b, b-nerve growth

factor (b-NGF), platelet derived growth factor BB (PDGF-BB), reduced upon

activation mormal T expression and secreted (RANTES), stem cell factor

(SCF), stem cell growth factor-b (SCGF-b), stromal cell-derived factor-1

(SDF-1a), tumor necrosis factor (TNF)-a, TNF-b, TNF-related

apoptosis-inducing ligand (TRAIL), vascular cell adhesion molecule-1

(VCAM-1), vascular endothelial growth factor- A (VEGF-A).
The 7-category ordinal scale
The 7-category ordinal scale consists of the following criteria: (1) not

hospitalized and able to resume normal activities; (2) not hospitalized, but

unable to resume normal activities; (3) hospitalized, not requiring supplemental

oxygen; (4) hospitalized, requiring supplemental oxygen; (5) hospitalized,

requiring nasal high-flow oxygen therapy, noninvasive mechanical ventilation,

or both; (6) hospitalized, requiring extracorporeal membrane oxygenation,

invasive mechanical ventilation, or both; and (7) death.



FIG E1. The dynamic change in lymphocytes, IFN-a2, and IFN-g after treatment with ruxolitinib. A, Dynamic

changes in lymphocytes in the patient who developed grade 3 lymphocytopenia after ruxolitinib treatment.

The dotted line indicates absolute lymphocyte of 0.5 3 109/L. (B) IFN-a2 and (C) IFN-g were assessed on D1

and D3 in the ruxolitinib group and the control group. Scatter plots represent the levels of IFN-a2 or IFN-g.

J ALLERGY CLIN IMMUNOL

JULY 2020

146.e2 CAO ET AL



TABLE E1. Summary of adverse events of any grade

Adverse event Control (N 5 21) Ruxotlitinib (N 5 20) P value

Hematological adverse events 12 (57.1) 13 (65.0) .751

Neutrocytopenia 1 (4.8) 1 (5.0) >.999

Lymphocytopenia 4 (19.0) 2 (10.0) .663

Anemia 9 (42.9) 11 (55.0) .538

Thrombocytopenia 3 (14.3) 4 (20.0) .697

Chemical laboratory abnormalities 7 (33.3) 10 (50.0) .350

Alanine aminotransferase increase 2 (9.5) 7 (35.0) .067

Aspartate aminotransferase increase 1 (4.8) 3 (15.0) .343

Alkaline phosphatase increase 1 (4.8) 2 (10.0) .606

g-GT increase 2 (9.5) 2 (10.0) >.999

Hypoalbuminemia 3 (14.3) 1 (5.0) .606

Hypercholesterolemia 4 (19.0) 4 (20.0) >.999

Hypertriglyceridemia 2 (9.5) 0 .488

Hypokalemia 1 (4.8) 1 (5.0) >.999

Hypochloremia 2 (9.5) 1 (5.0) >.999

Hypocalcemia 2 (9.5) 1 (5.0) >.999

Adverse events 6 (28.6) 7 (35.0) .744

Headache 0 1 (5.0) .488

Dizziness 1 (4.8) 2 (10.0) .606

Rash 1 (4.8) 2 (10.0) .606

Nausea 2 (9.5) 2 (10.0) >.999

Decreased appetite 2 (9.5) 1 (5.0) >.999

Hypertension 2 (9.5) 1 (5.0) >.999

Serious adverse events 4 (19.0) 0 .107

Secondary infection 2 (9.5) 0 .488

Acute heart failure 2 (9.5) 0 .488

Shock 2 (9.5) 0 .488

Sepsis 1 (4.8) 0 >.999

g-GT, g-glutamyltraspeptidese.

Values are n (%).

Adverse events that occurred in more than 1 patient after randomization through D28 are shown. Some patients had more than 1 adverse event. The proportions of patients with

values worse than baseline values are listed here. All deaths were due to respiratory failure.
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