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Abstract

COVID-19 has rapidly become a major concern for the health
systems worldwide. Its high contagiousness and associated
mortality demand the discovery of helpful interventions
with promising safety profile. Here, we report 3 severe CO-
VID-19 cases, which achieved rapid and sustained improve-
ment in outcome with the use of ruxolitinib, a JAK/STAT
pathway inhibitor. ©2020S. Karger AG, Basel

Introduction

COVID-19 has presented a serious challenge for most
healthcare systems across the world, mainly due to the
lack of effective therapies and incomplete understanding
of its pathogenesis. Patients with severe COVID-19 have
increased secretion of cytokines, such as IL-18, IFNy-
inducible protein (IP10), and macrophage inflammatory
protein (MIP1A), as the first immune response. Later,

lymphocytes, macrophages, and polymorphonuclear cells
are recruited to secrete IL-15, IFNy/IFNy, IL-12, and IL-
21, necessary for viral clearance, as well as producing an
excess of IL-6, TNFa, IL-17a, GM-CSF, and G-CSF, lead-
ing to the consequent pulmonary and systemic hyperin-
flammatory state [1]. Such phenomena, when sustained,
result in acute respiratory distress and multiple organ
dysfunction. Furthermore, with the massive release of cy-
tokines (cytokine storm), patients show high levels of
macrophage activation markers, such as ferritin and
sCD25 (IL-2RA).

In recent years, the JAK/STAT pathway has been de-
scribed to play a key role in various conditions of exces-
sive inflammation, for example in graft-versus-host dis-
ease, several autoimmune diseases, and in refractory he-
mophagocytic syndrome [2-4]. This signaling pathway is
highly efficient and plays a crucial role in the inflamma-
tory process, since it is necessary for both secretion and
the activity of several interleukins.

The possibility of inhibiting the JAK/STAT pathway
could promptly stop inflammatory lymphocyte activa-
tion and recruitment. Here, we report the cases of 3 pa-
tients with hyperinflammatory response linked to CO-
VID-19, who had a rapid favorable outcome after the use
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Table 1. Evolution of laboratory findings in patients with hyperinflammatory state

At diagnosis of COVID-19 At ruxolitinib start Day 8 of ruxolitinib Day 15 of ruxolitinib

CRP, ferritin, D-dimer, CRP, mg/ferritin, D-dimer, CRP, ferritin, D-dimer, CRP, ferritin, D-dimer, COVID-19

mg/dL  ng/mL  ng/mL mL ng/mL  ng/mL mg/dL  ng/mL  ng/mL mg/dL  ng/mL ng/mL  PCR
Casel 2 2,051 856 20 7,231 1,009 16 2,052 890 0.5 1,006 300 negative
Case2 3 1,090 1,500 13 3,209 658 4 4,506 1,185 5 802 201 negative
Case3 5 2,111 905 16 3,540 1,508 14 4,211 2,241 1.57 2,364 568 negative

of a JAK1/JAK2 kinase inhibitor ruxolitinib. The ruxoli-
tinib schedule included 16 days of treatment: first week
with 10 mg q12, second week with 5 mg q12, and the fol-
lowing 2 days with 5 mg a day.

Case Report/Case Presentation

Case 1

A 56-year-old male patient with arterial hypertension, being
treated with losartan, was admitted due to a week of fatigue and
fever. In the recent past, he had occupational exposure to a pa-
tient with COVID-19. Physical examination revealed no altera-
tion, and O, saturation was 97% with FiO, 21%. COVID-19 RT-
PCR was positive, and CT scan showed the presence of diffuse
interstitial pulmonary infiltrates, which were nonspecific, but at-
tributable to acute viral infection. During the following 48 h, fe-
ver was persistent, and treatment with hydroxychloroquine/
azithromycin showed no response. Monitoring of laboratory pa-
rameters showed intense elevation of D-dimer, CRP, and ferritin
(Table 1; Fig. 1). Other treatments initiated included: cefepime
for possible bacterial infection, prophylactic enoxaparin, and
symptomatic relief medication with intravenous acetaminophen.
After 72 h of admission, increase in heart rate and mild hypox-
emia developed, along with duplication of the initial inflamma-
tory parameters (Table 1). He was transferred to the intensive
care unit and tocilizumab 8 mg/kg i.v. was administered, with a
favorable response in clinical parameters. However, during the
following 72 h, intense progression of fatigue and progressive el-
evation of ferritin D-dimer was noted. After 6 days of worsening
symptoms, administration of 10 mg of ruxolitinib, every 12 h,
was initiated. Clinical improvement was remarkable, leading to
his discharge from hospital the day after initiating ruxolitinib
treatment. After 16 days of ruxolitinib intake, inflammatory pa-
rameters were normalized. No control lung imaging has been
performed yet. After 6 weeks of COVID-19 detection, viral RT-
PCR was negative.

Case 2

A 29-year-old male patient with Phi(-) acute lymphoblastic
leukemia, currently in the 3rd week of methotrexate phase of aug-
mented BFM chemotherapy regimen, with habitual mild cytope-
nia, developed headache, and mild nasal discharge. COVID-19
RT-PCR was positive. The initial evolution was satisfactory, with
spontaneous regression of symptoms; however, fever and dry
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cough evolved after 1 week of infection. A chest CT scan was per-
formed, showing mild pleural effusion and diffuse interstitial in-
filtrates, suggestive of viral infection. At the same time, intense
systemic inflammation was noted, with elevated D-dimer and fer-
ritin, along with further development of mild hypoxemia and sup-
plemental oxygen requirements (Table 1; Fig. 1). Ruxolitinib treat-
ment was started and prompt improvement in respiratory func-
tion, with cessation of supplemental oxygen needs, was noted in
less than 24 h. After 2 weeks of treatment, a new chest CT was
performed, which showed almost complete regression of the tho-
racic alterations (Fig. 2).

Case 3

A 58-year-old male patient was admitted to our hematology
department with diffuse bone pain and spontaneous T11 vertebral
fracture. Detailed investigation showed the presence of IgG mul-
tiple myeloma, R-ISS 2. Treatment with localized radiation thera-
py and cyclophosphamide-bortezomib-dexamethasone regimen
was initiated, with good tolerance and pain improvement. During
the second week of treatment, he developed fever and mild dys-
pnea. COVID-19 test result was positive. A chest CT scan was per-
formed, and acute diffuse interstitial infiltrates seen, suggestive of
viral infection. He was kept under observation for a week, under
treatment with prophylactic antibiotics, enoxaparin, and intrave-
nous acetaminophen. Unfortunately, he developed fever and
showed progressive elevation of CRP, ferritin, and D-dimer (Table
1; Fig. 1). Promptly, ruxolitinib was initiated, and after a week of
treatment, chest CT scan was performed again (Fig. 2); it showed
almost complete regression of the pulmonary infiltrates, and after
2 more weeks, all inflammatory laboratory findings returned to
normal values.

Discussion/Conclusion

Ruxolitinib is an oral inhibitor of JAK1/JAK2 kinases,
with FDA approval for treating myeloproliferative neo-
plasm and graft-versus-host disease. It reduces IL-6, IL-
13, MCP-1, and TNFa secretion in vitro [5]. This effect
had also been demonstrated by CAR T-cell therapy,
where the use of ruxolitinib prevented cytokine release
syndrome without affecting the effectiveness of cell ther-
apy [6], and in cases of refractory hemophagocytic lym-
phohistiocytosis [7].
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Prior to ruxolitinib

2 weeks of ruxolitinib

Prior to ruxolitinib

1 week of ruxolitinib

Fig. 1. Inflammatory markers before and after ruxolitinib treatment.
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Ruxolitinib has a very favorable safety profile, if used
in low doses and for a limited number of days, and the
occurrence of significant cytopenia and viral reactiva-
tions, like Herpesviridae and hepatitis B, is low [8]. It is
also reported to inhibit HIV replication [9]. To date, there

Ruxolitinib in COVID-19

has been no publication related to its use in COVID-19,
although its anti-inflammatory effects could have impor-
tant implications in this disease [10].

Here, we report the first series of successful treatment
of hyperinflammation, related to COVID-19, with ruxoli-
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tinib. Two of our patients had a hematologic neoplasm
with ongoing chemotherapy treatment and were immu-
nosuppressed owing to their cancer as well as the treat-
ment; they cannot, therefore, be generalized with the
non-cancer population.

Nevertheless, it would be worth highlighting that in
the 2 patients with hematological diseases, treatment with
ruxolitinib did not interfere with anti-leukemia or anti-
myeloma treatment. In addition, the viral load turned
negative during follow-up, hence suggesting that inhibi-
tion of the JAK/STAT pathway does not interfere with
viral clearance.

Despite the short duration of treatment, we used a ta-
pering schedule to avoid the theoretical risk of withdraw-
al syndrome and cytokine storm described with the
abrupt discontinuation of ruxolitinib [11]. It may be ar-
gued that control of the hyperinflammatory state in the 3
patients could be due to the natural course of COVID-19;
however, recent European data from patients with hema-
tologic disease and COVID-19 have shown poor out-
comes, with very high mortality (estimated as 40% in 1
month), which may be even higher with a longer follow-
up [12]. We, therefore, believe the rapid improvement
and discharge of the patient to be due to the active treat-
ment of the hyperinflammatory state with ruxolitinib.
For this reason, based on our small series, we concluded
ruxolitinib treatment as the main therapeutic strategy
that mitigated the cytokine storm and reversed the dismal
outcome of COVID-19.

Recently, data from an RCT in China, by Cao et al. [13]
have suggested the dose of 5 mg of ruxolitinib b.i.d. (20
patients) in patients with “severe COVID-19” (defined as
having hypoxemia in room air or respiratory rate >30
breaths/min) to significatively result in early improve-
ment of lungs (in CT scan) compared to placebo, and a
reduction in the risk of intubation and death (though not
significantly); however, no patient with hematologic neo-
plasm was included in this trial. Similar findings have
been obtained by La Rosée et al. [14], in a case series of 14
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