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ABSTRACT

The severe respiratory insufficiency observed
during COVID-19 infection may not be directly
related to a cytopathogenic effect induced by
the virus itself, but to an exaggerated and
inappropriate immune response. In an effort to
reduce the severity of organ dysfunction,
including respiratory insufficiency, monoclonal
antibodies (Mabs) that block the interleukin-6
receptor, such as tocilizumab, sarilumab, and
siltuximab, are under investigation for the
treatment of COVID-19. However, blocking of
just one of the many cytokines involved in the
inflammatory reaction may not slow down the
magnitude of the process. Since timing is
important, the immune deficiency induced by

IL6 blockade at the late immunodeficiency
phase of sepsis that follows the initial inflam-
matory response may be detrimental. Finally,
monitoring the degree and duration of IL6
blockade may be challenging because of the
long half-life of Mabs (2–3 weeks). Pro- and anti-
inflammatory cytokines act through a common
JAK-STAT signaling pathway, which can be
inhibited by JAK-STAT inhibitors. Ruxolitinib, a
tyrosine kinase inhibitor selective for JAK1, 2,
blocks many pro- and anti-inflammatory
cytokines including IL6. Ruxolitinib has favor-
able pharmacodynamics and an accept-
able safety profile. The short half-life (4–6 h) of
the drug offers the opportunity for ideal moni-
toring of the degree and duration of cytokine
blocking, simply by the adjusting dose and
duration of therapy. From a theoretical point of
view, the balanced control of cytokine blockade
throughout the course of the septic process
should be the cornerstone of modern manage-
ment. According to this hypothesis, maximiza-
tion of blocking should be attempted at the
phase of hyper-inflammation for preventing
severe organ damage, while pro-inflammatory
blockade should be minimized at the late phase
of immunoparalysis for prevention of secondary
infections. Based on the above considerations,
we consider that the efficacy and safety of this
drug deserves testing in the context of a con-
trolled randomized trial.
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Key Summary Points

COVID-19 infection cause an exaggerated
and inappropriate immune response.

Monoclonal antibodies blocking
interleukin-6 receptor have been used to
reduce this response.

Blocking one cytokine may not slow down
the magnitude of the process, and
monitoring the degree and duration of IL6
blockade may be challenging because of
long half-life of those antibodies
(2–3 weeks).

JAK-STAT inhibitors block many pro- and
anti-inflammatory cytokines including
IL6 and have favorable
pharmacodynamics.

Because of its short half-life (4–6 h), the
degree and duration of cytokine blocking
can be easily monitored by adjusting the
dose and duration of therapy.

INTRODUCTION

An unknown percentage of patients infected
with COVID-19 progress to lower respiratory
tract involvement usually complicated by sev-
ere acute respiratory distress syndrome (ARDS).
It has been postulated that the severe respira-
tory insufficiency observed during the course of
infection is not directly related to a cytopatho-
genic effect induced by the virus itself, but it is
rather the result of an exaggerated and inap-
propriate immune response [1]. Therefore, in an
effort to reduce the severity of organ damage,
immune-modulating or immunosuppressive
agents have been used by many physicians in
critically ill patients, such as corticosteroids or

monoclonal antibodies (Mabs). Among them,
the Mabs tocilizumab, sarilumab, and siltux-
imab with specificity against interleukin-6 (IL6)
are the most widely considered [2]. Anti-IL6
antibody administration is supported by data
showing that a cytokine storm mimicking sepsis
occurs during the course of this viral infection
[1]. Further supporting the role of IL6 in the
pathogenesis of COVID-19, a recent trial
including 89 hospitalized patients showed that
increased serum IL6 levels was the most accu-
rate predictor for the subsequent need for
mechanical ventilation [3].

Although data from controlled randomized
trials are lacking, anecdotal experience suggests
that anti-IL6 antibody use has at least modest
activity in patients with severe respiratory dys-
function and concurrent COVID-19 infection.
To our knowledge, among anti-IL6 antibodies,
tocilizumab has been the most widely used.
Tocilizumab is a Mab with specificity against
the IL6-receptor and has been granted approval
for the treatment of rheumatoid arthritis and
Still’s disease. Existing data regarding the safety
and efficacy of tocilizumab are limited to single
case or case series reports. In the largest pub-
lished report, tocilizumab was administered in
15 patients with respiratory failure due to
COVID-19 and showed promising efficacy [4].
In a previous commentary, Fu et al. presented
the rationale behind the promising efficacy of
tocilizumab as a treatment for the ARDS
observed in patients with COVID-19 [5]. The
timing of administration of this agent remains
one of the most important parameters in
assessing its beneficial effect.

Although much is known about the patho-
genesis of the septic process induced by com-
mon bacteria, any extrapolation of these data to
the infectious process induced by COVID-19 is
arbitrary and should be interpreted with cau-
tion. Moreover, the pathogenesis of COVID-19
is extremely complex, and the concept of a
single-cytokine blockade is over-simplistic. A
recent trial examined the dynamic changes
during the course of infection of lymphocyte
subsets and cytokine profile in 40 patients with
COVID-19. Progressive decrease in the counts of
CD8 cells and increasing serum levels of IL6,
IL10, 1L2, and IFN-g were strongly associated
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with disease severity and were excellent pre-
dictors of outcome [6]. This article is based on
previously conducted studies and does not
contain any studies with human participants or
animals performed by any of the authors.

THEORETICAL DISADVANTAGES
OF IL6 BLOCKING

Considering the existing experience of treat-
ment with anti-IL6 monoclonal antibodies and
the lack of solid data regarding COVID-19
pathogenesis, we assume that at least from a
theoretical point of view anti-IL6 antibody
administration may be associated with several
drawbacks that are briefly discussed below. (1)
The monoclonal antibodies that block IL6 like
siltuximab rather than the IL6 receptor like
tocilizumab and sarilumab inhibit the cis/trans-
signaling but not the trans-presentation via
Th17 lymphocytes [7]. (2) The immune
response and the resulting inflammatory reac-
tion against a pathogen are usually driven by a
multitude of cytokines, and therefore blocking
of just one of the many is not anticipated to
slow down the magnitude of the process, simply
because the absence of function of one cytokine
is counterbalanced by other pro-inflammatory
mediators acting in parallel [8]. As a proof of the
principle of the complexity of the septic process
and the multiplicity of the cytokines involved, a
recent study showed significant elevation in the
levels of 38 out of 48 measured cytokines in the
plasma of patients with COVID-19. More
importantly, 17 cytokines showed significant
correlation with the viral load, while 15
cytokines besides IL6 were strongly associated
with the severity of lung injury [9]. In a similar
trial including 50 patients with COVID-19
infection, serum levels of 14 cytokines were
found to be significantly elevated in patients
compared with healthy volunteers. Impor-
tantly, different disease severity was character-
ized by the specific cytokine expression profile.
Furthermore, IFN-c-induced protein 10 (IP10)
and monocyte chemotactic protein-3 (MCP3)
were the best predictors for progression to res-
piratory failure [10]. (3) Moreover, even if we
assume that blocking IL6 will be sufficient to

prevent severe lung damage, we should not
underestimate the immune deficiency induced
by IL6 blockade, especially if we consider the
late immunodeficiency phase of sepsis that fol-
lows the initial inflammatory response (Fig. 1).
(4) Another important disadvantage of anti-IL6
antibodies is the difficulty in monitoring the
degree and duration of IL6 blockade. We should
keep in mind that complete, and of prolonged
duration, blockade of the inflammatory phase
might have detrimental effects because of the
inability to eliminate the pathogen and the
subsequent termination of the immune process
(Fig. 1). Mabs have a half-life of 2–3 weeks, and
therefore reversal of cytokine blocking is not
possible for a few weeks after administration
[11]. Prolonged and/or intensive pro-inflam-
matory cytokine blockade may exacerbate the
immune suppression that usually occurs at the
late phase of sepsis [12]. As a result, patients
hospitalized in ICU frequently develop sec-
ondary infections such as ventilator-associated
pneumonia or bloodstream infections caused by
weakly virulent pathogens such as Acinetobacter,
Stenotrophomonas, Candida, etc. [13]. Secondary
infections lead to repeated cycles of hyper- and
hypo-inflammatory phases further complicat-
ing the septic process and not infrequently
resulting in the death of the patient despite the
elimination of the pathogen that triggered the
initial septic event (Fig. 1). Administration of an
anti-IL6 antibody for the treatment of hyper-
inflammation observed during COVID-19
infection, although initially reducing the elim-
ination of the cytokine storm and possibly the
need and duration of mechanical ventilation,
may subsequently increase the risk of secondary
infections and mortality (Fig. 1). Data regarding
the incidence of secondary infections and death
without COVID-19 in patients with COVID-19
treated with immunosuppressive agents such as
anti-IL6 antibodies are absent. Administration
of such agents in patients with infections is
justified only in the context of well-designed
prospective randomized trials.
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ANTI-INFLAMMATORY EFFECT
OF JAK-STAT PATHWAY INHIBITION

Ruxolitinib is a Janus tyrosine kinase (JAK)
inhibitor approved for the treatment of
myelofibrosis and hydroxyurea refractory poly-
cythemia-vera. Although ruxolitinib is effective
in reducing spleen size, the beneficial thera-
peutic effect in myelofibrosis is mostly
explained by its anti-inflammatory properties

[14]. Pro- and anti-inflammatory cytokines act
through a common signaling pathway consist-
ing of different JAK kinases interacting with
signal transducer and activator of transcription
(STAT) proteins. Ruxolitinib, by inhibiting JAK
proteins, at least theoretically, induces a global
immune modulation affecting not only the
initial inflammatory but also the late immune
deficiency phase of sepsis.

In previous experiments performed by our
group, when using different doses of ruxolitinib

Fig. 1 a) Although oversimplified, the septic process is
characterized by an initial hyper-inflammatory phase
followed by a late phase of immnue-deficiency. Blocking
of pro-inflammatory cytokines has been proposed as a
therapeutic modality with the aim to prevent the cytokine
strom and the resulting organ damage. However, either
excessive b) or inappropriate and at the wrong time c) pro-
inflammatory blockade may result in exacerbation of
immune-deficiency, inability to eliminate the pathogen,
and increased risk for secondary infections. d) Any

immune-modulating therapeutic approach in sepsis should
be applied in combination with an effective anti-pathogen
agent. Future studies exploring immune-modulation in
sepsis should take into account dynamic parameters such as
the intensity, the duration, as well as the proper timing of
immune intervention. Theoretically, an ideal approach
should focus on a balanced control of both hyper-
inflammation and immune-suppression with the aim to
prevent organ dysfunction but without compromising the
ability of the immune system to eliminate the pathogen
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in an animal model of sepsis due to candida, we
observed that survival improvement occurred
with intermediate dosing, while excessive or
very low dosing had a detrimental or no effect
on survival. Mice treated with high-dose rux-
olitinib had very high fungal loads but very low
inflammation scores compared with controls,
meaning that intensive abrogation of the
inflammatory phase results in uncontrolled
pathogen proliferation. On the other hand,
mice treated with the optimal dose of ruxoli-
tinib had the same fungal load but a lower
inflammation score compared with controls,
meaning that increased survival is due to pre-
vention of excessive tissue injury and not to an
antifungal effect of the study drug [15].

In accordance to our findings, ruxolitinib
showed significant efficacy in an animal model
of hemophagocytic lymphohistiocytosis (HLH)
induced by infection due to lymphocyte chori-
omeningitis virus (LCMV) [16]. Preliminary
analysis of data of a clinical trial testing rux-
olitinib as treatment for adult hemophagocytic
syndrome has also shown promising results
[17]. Of note, hemophagocytic syndrome is a
hyper-inflammatory reaction characterized by
acute respiratory distress, cytokine storm,
cytopenia, and high ferritin and IL6 levels as
observed in COVID-19 patients with severe
respiratory failure.

POTENTIAL ADVANTAGES
AND DRAWBACKS OF JAK
INHIBITION OVER IL6 BLOCKING

Based on the above, it is reasonable to assume
that ruxolitinib may be effective in patients
with COVID-19 and lung injury, and the effi-
cacy and safety of the drug deserves testing in
the context of a controlled randomized trial.
The theoretical benefits of ruxolitinib over an
anti-IL6 antibody are discussed below. (1) Rux-
olitinib blocks not only IL6 but also many pro-
and anti-inflammatory cytokines inducing a
global immune modulation. (2) The degree and
duration of cytokine blocking can be easily
monitored by using escalating dosing in differ-
ent cohorts of patients and by increasing the
days of administration. Avoiding of complete

blocking of the initial hyper-inflammatory
phase may also prevent a protracted and severe
late immune deficiency phase [18]. (3) The short
half-life of the drug (4–6 h) gives a significant
advantage over any anti-IL6 antibody, since any
possible harm due to immune suppression
should be more easily reverted after drug
discontinuation.

However, some theoretical drawbacks exist
as well that may have important clinical impli-
cations. The JAK-STAT signaling process upreg-
ulates interferon-controlled genes, a pathway
that is frequently inhibited by viral products
resulting in increased virulence. Thus, such
inhibition could facilitate viral replication as
well as viral re-activation of either SARS-CoV-2
(if this is confirmed) or other latent viruses such
as herpes simplex or herpes zoster viruses. Thus,
anti-herpes prophylaxis should be considered in
immunosuppressed individuals receiving such
agents [19].

DISCUSSION AND CONCLUSIONS

The impact of the COVID-19 pandemic on the
social health system has been devastating in
many countries, and there is an unmet clinical
need for effective treatments or therapeutic
interventions. As a result, the safety and efficacy
of various drugs have been tested in clinical
trials, while many more drugs have been
administered in a compassionate use in small
cohorts of patients. However, interpretation of
data from many clinical trials is inconclusive
mainly because of the absence of a comparator
arm. Tocilizumab has shown promising effects,
and prospective randomized trials testing its
efficacy and safety in patients with pneumonia
due to COVID-19 are ongoing. In this com-
mentary, we present our hypothesis regarding
some of the theoretical advantages and disad-
vantages of JAK inhibition over IL6 blocking.
Transgenic animals overexpressing ACE2
receptors could facilitate further examination of
the role of such immunomodulation in COVID
therapeutics [20]. Understanding the urgent
need for therapeutic schemes for the severe
respiratory failure manifestations of the new
COVID-19 infectious disease, we believe that
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the administration of immunosuppressive
agents should be implemented only in the
context of controlled randomized trials that
should consider the appropriate timing and
dosage of such administration and other pro-
phylaxis issues.
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