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It has been over a year since the discovery of the first known
cases of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) in Wuhan, China. The ensuing pandemic has
caused over four million deaths, economic recession, and seri-
ous long-term consequences in multiple aspects of our society.
Over this period, there has been significant progress in under-
standing the pathogenesis and the course of the disease, which
led to significant vaccine-development efforts. However, mor-
tality in severe cases of COVID-19 remains high, and medical
professionals treating this specific subset of patients need effec-
tive treatment modalities to reduce long-term complications and
mortality.

As with all infections, the answer resides in the pathogenesis
of the disease of interest. Early in the pandemic, the hypothesis
of a “cytokine-storm” syndrome in severe COVID-19 patients
was predicated on preliminary data; thus, immunomodulating
treatments were deployed (steroids, IL-6 and IL-1 receptor in-
hibitors, etc.), and a series of trials (randomized and non-ran-
domized) commenced. In severe COVID-19 presentation, ste-
roids proved beneficial in reducing mortality and the need for
mechanical ventilation, and until recently, no other drug reduced
mortality in critically ill COVID-19 patients.

Most patients infected with SARS-CoV-2 have an efficient
immune response with only mild illness and symptoms; the in-
fection resolves within a short period [1]. However, in a sub-
set of cases, infection causes dysfunction of both the innate and
adaptive immune-response mechanisms, which results in the hy-
per-inflammatory state observed in severe COVID-19 patients
[2, 3]. In addition, apart from the hyper-inflammatory response,
significant endothelial damage, coagulopathy, and comple-
ment hyperactivation lead to hypercoagulability and associated
thromboembolism, both in terms of microangiopathy as well as
in clinically evident thromboembolism [2, 4, 5].

SARS-CoV-2 infection is a disease primarily affecting the
lung, and accumulating evidence shows multiple factors lead-
ing to COVID-19 pneumonia and Adult Respiratory Distress
Syndrome (ARDS). First, there is direct invasion of the endo-
thelial and lung epithelial cells of SARS-CoV-2 through high
expression of angiotensin-converting enzyme 2 receptors and
subsequent direct damage to the endothelial and epithelial cells.
Moreover, the immune dysregulation observed in both the innate
and adaptive immune mechanisms leads to cytokine over-pro-
duction, hypercoagulation, complement hyperactivation, and
impaired anti-inflammatory mechanisms. These mechanisms
eventually lead to interstitial edema, perivascular lymphocyte,
mainly T-cell, infiltration, multiple thrombi in blood vessels, and
diffuse alveolar damage that is present in ARDS cases, either
due to COVID-19 or unrelated. Lastly, pulmonary fibrosis can
be evident at a relatively early stage of disease [6, 7].

Treatment can be categorized into three domains: a) admin-
istering anti-viral drugs at disease onset, b) immunomodulating
and targeting the immune system’s dysfunction and disrupting
the hyperinflammation, and c) administering anti-thrombotic
medications. Until recently, only corticosteroids appeared to re-
duce mortality in severe COVID-19 patients [8, 9], and it is the
only drug that has received Surviving Sepsis Campaign (SSC)
recommendation in critically ill patients [10]. Numerous studies
on other immunomodulatory drugs (e.g., tocilizumab, anakinra,
sarilumab) have yielded promising results. Research on IL-6 re-
ceptor antagonists has been based on the apparently important
role of IL-6 receptor in the pathogenesis of COVID-19 [3] with
elevated IL-6 levels predicting mortality [11]. Tocilizumab has
been the most investigated and, despite initial skepticism and
conflicting results, has finally demonstrated efficacy through two
large randomized trials, REMAP-CAP [12] and RECOVERY
trial [9]. The recently published meta-analysis by the WHO RE-

European Journal of Respiratory Medicine



Eur J Respir Med 2021, 3:2

215

ACT Working Group [13] has confirmed the above findings and
led to the very recent addition in the WHO COVID-19 guide-
lines of a STRONG recommendation on “treatment with IL-6
receptor blockers (i.e., tocilizumab or sarilumab) for patients
with severe or critical COVID-19 infection.” However, one must
still ask why it took over a year to reach this conclusion when the
hypothesis was generated at the beginning of the pandemic [14].
The answer is complex, and proving the hypothesis required
generation of clinical-trial data. Several trials were designed and
conducted under tremendous pressure, both in terms of work-
load (with health-care systems overwhelmed all over the world
due to the pandemic) and in terms of time with answers urgently
needed. Initial randomized controlled trials failed to show the
benefit of tocilizumab in reducing mortality of COVID-19 pa-
tients [15, 16], and this was the main reason for the drug not
receiving WHO or SCC recommendation. There are several
reasons for these inconsistent results. One main confounder
was the patient-selection process. IL-6 receptor antagonists are
immunomodulating drugs that inhibit hyperinflammation and
immunodysregulation. But hyperinflammation must be present
for these drugs to show benefit, and hospitalized COVID-19
patients without hyperinflammation, obviously, will not benefit
from this treatment [17]. Hyperinflammation, characterized by
molecules such as TNFa, and IL-8, is difficult to detect in daily
clinical practice [18]. However, simple clinical and laboratory
tools are now available to detect hyper-inflammatory syndrome
[19, 20] and improve patient selection. Also, most patients with
hypoxemia benefit from dexamethasone, which lowered mor-
tality and mechanical-ventilation rates. Therefore these grossly
underpowered studies assessing efficacy of tocilizumab in hos-
pitalized patients often had negative results [21]. Finally, appro-
priate administration timing appears to play a significant role;
both REMAP-CAP and data from STOP — COVID trial showed
tocilizumab to be most effective when administrated early (<48
hours) in patients admitted to the intensive care unit (ICU) [12,
22].

Tocilizumab is not a panacea for COVID-19 infection because
hyperinflammation is neither the only pathogenetic mechanism
in this disease nor the single cause of mortality [23]. Other caus-
es, including secondary infections and thromboembolism, also
affect mortality of critically ill patients. The prevalence of bacte-
rial infections is low in hospitalized patients [24]; significantly,
however, benefit of tocilizumab in intubated ICU patients may
be attenuated due to the risk of increasing secondary infections
[25]. In addition, thromboembolism is also an important factor
in clinical deterioration and mortality for COVID-19 patients
[26], and anticoagulation is far more important in such cases
rather than immunomodulating treatment.

In conclusion, the recently published REMAP-CAP and RE-
COVERY trials, along with latest meta-analysis and the new
strong recommendation by the WHO, have clarified the effec-
tiveness of tocilizumab in critically ill COVID-19 patients con-
firming the molecular-pathophysiological hypothesis as well
as the clinical observation of several clinicians. The success of
tocilizumab has proved once again that randomized controlled
trials (RCTs) are an excellent tool in medical research but only in
the context of the right question and the correct design method-
ology. RCT results require critical reading before being accepted

as established knowledge.
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