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Interleukin‑6 inhibitors in non‑COVID‑19 
ARDS: analyzing the past to step 
into the post‑COVID‑19 era
Lucia Gandini1,2,3†   , Gabriele Fior1,2,4†   , Andreas Schibler1,2,4   , Nchafatso G. Obonyo1,2,5,6   , 
Gianluigi Li Bassi1,2,4   , Jacky Y. Suen1,2*    and John F. Fraser1,2,4*    

In March 2020, tocilizumab, an interleukin (IL)-6 inhibi-
tor, was approved for the treatment of Coronavirus Dis-
ease 2019 acute respiratory distress syndrome (COVID-
19 ARDS) by the Chinese National Health Commission 
[1]. Since then, multiple IL-6 inhibitors, including sari-
lumab and siltuximab, have been used off-label against 
COVID-19, due to the lack of effective treatments and to 
slow down the high pandemic mortality.

Multiple trials were conducted to assess the efficacy 
of IL-6 inhibitors for COVID-19 ARDS, which at times 
reported conflicting results. The WHO-REACT meta-
analysis pooled data from 27 randomized controlled 
trials (RCT) on more than 10.000 COVID-19 ARDS 
patients showing that administration of IL-6 inhibitors, 

compared with usual care/placebo, was associated with 
lower 28-day all-cause mortality [2]. Yet, it remains 
unknown whether IL-6 inhibitors might have any benefit 
in ARDS caused by other etiologies.

To address this knowledge gap and considering the 
post-pandemic era, we sought to determine the effects 
of IL-6 inhibitors on non-COVID-19 ARDS populations. 
In accordance with PRISMA guidelines, we conducted 
a systematic review in three indexed online databases 
(PubMed/MEDLINE, EMBASE, CINAHL) for all pre-
clinical and clinical articles examining the use of IL-6 
inhibitors in non-COVID-19 ARDS, published or trans-
lated into English, up to July 18, 2022. The search terms 
used were a combination of headings and keywords, 
including three primary sets of terms pertaining to “IL-6 
inhibitors/antagonists/antibodies” AND “ARDS/lung 
injury/respiratory failure/pneumonia/critically ill” NOT 
“COVID-19/SARS-CoV-2/coronavirus.” A total of 741 
studies were retrieved from the initial search, resulting 
in 521 articles after excluding duplicates. All titles and 
abstracts identified were independently screened, and 
a total of 20 full-text published manuscripts of studies 
considered relevant were retrieved and independently 
reviewed by two authors (G.F., L.G.). Conflicting opinions 
were resolved by consensus with a third author (G.L.B.). 
Three additional studies were identified in citations dur-
ing full-text screening. After excluding non-inherent arti-
cles, four studies were included in the review. Of those, 
only one case report was conducted in humans [3], while 
three RCT appraised tocilizumab effects in rat models of 
acute lung injury [4–6]. As shown in Table 1, tocilizumab 
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significantly attenuated lung histopathological changes 
and lowered pulmonary inflammatory response and 
oxidative stress. In two studies [4, 5], a parallel safety 
trial was conducted with higher doses of tocilizumab 
(up to 64  mg/kg), and no adverse effect was observed. 
One study described a U-shaped trend of the therapeu-
tic effect of tocilizumab [5]: doses higher than 4  mg/kg 
showed decreased benefit in reducing morphological 
lung changes. This result may be attributed to incomplete 
IL-6 inhibition, allowing a minimal level of signaling to 
maintain balance in the immune system, given the pleio-
tropic pro- and anti-inflammatory profile of IL-6.

In summary, this review highlights the critical lack of 
comprehensive evaluation of the efficacy of IL-6 inhibi-
tors in non-COVID-19 ARDS populations. Although the 
identified pre-clinical studies have demonstrated effects 
on non-COVID-19 ARDS, similar to those observed in 
COVID-19 patients [2], we call attention to numerous 
aspects that require investigation before applying IL-6 
inhibitors to non-COVID-19 ARDS patients.

First, IL-6 inhibitors were introduced for COVID-19 
ARDS due to similarities between the detrimental acute 
inflammation observed in COVID-19 infection and the 
hyperinflammatory state of chimeric antigen recep-
tor T-cell-induced cytokine release syndrome (CRS), 
for which IL-6 inhibitors are the approved treatment 
[7]. However, while the proinflammatory role of IL-6 in 
fueling harmful CRS is established, the role of IL-6 in 
ARDS pathophysiology, in which IL-6 may have also anti-
inflammatory and anti-apoptotic activity [8], is not yet 
fully elucidated. Moreover, it remains to be determined 
whether IL-6 is simply a biomarker of lung injury or has 
a causative role in ARDS pathogenesis, and what is the 
harmful IL-6 threshold that justifies beginning of treat-
ment. Considering the complexity of pathogenic path-
ways underlying inflammatory syndromes such as CRS 
and ARDS, caution is needed in translating interventions 
from one syndrome to the other.

Secondly, COVID-19 ARDS is an etiological subphe-
notype of ARDS, and results on this cohort should not 
be generalized to the entire ARDS population. Indeed, 
ARDS heterogeneity is well-recognized and several stud-
ies have shown that ARDS can be split into subpheno-
types, which might respond differently to interventions 
[9]. A pharmacological treatment effective to lower mor-
tality across ARDS patients remains to be identified; as 
such, ARDS research is now moving toward predictive 
enrichment. Prospective clinical trials of IL-6 inhibitors 
will benefit by following this trend and selectively target-
ing specific ARDS subphenotypes, rather than trialing an 
unselected population.

Third, in most previous COVID-19 studies, it is difficult 
to determine the ARDS phase (exudative/inflammatory, 

proliferative, fibrotic) in which IL-6 inhibitors have been 
administered, leaving best timing for treatment still to 
be determined. Indeed, during pandemic, hospitals were 
overwhelmed, and patients have been treated at various 
ARDS stages.

Fourth, each of the several IL-6 inhibitors available has 
a different target in the IL-6 cascade. Precisely, IL-6 has 
three distinct signaling pathways (classic, trans-signal-
ing, trans-presentation) and drugs interfere with them 
at different levels [10]. For example, direct IL-6 antago-
nists (e.g., siltuximab) inhibit the classic pathway, while 
inhibitors of IL-6 membrane receptors (e.g., tocilizumab, 
sarilumab) block all the three pathways. No study has yet 
compared the different efficacies of these drugs in ARDS. 
What is the most efficacious IL-6 inhibitor? What is the 
correct dose? Single or multiple doses? Answers to these 
questions are warranted.

Finally, IL-6 inhibitors have historically been used in 
chronic inflammatory diseases. Shifting the indication of 
this class of immunomodulators to an acute disease, such 
as ARDS, needs to cautiously consider the higher risk of 
adverse effects in critically ill patients. So far, data on sec-
ondary infections are limited and definitions of adverse 
events were not consistent across COVID-19 trials.

To the best of our knowledge, robust data on effects of 
IL-6 inhibitors in non-COVID-19 ARDS are not avail-
able, and no ongoing clinical study can be found on clini-
caltrials.gov/WHO trials registry/Cochrane trials registry 
(search updated to July 18, 2022). While appreciating the 
treatment opportunity these immunomodulators could 
exercise in the post-pandemic era, high-quality mecha-
nistic studies and subphenotype-targeted prospective 
trials are now warranted before generalizing to the entire 
ARDS population promising results obtained during the 
pandemic.
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