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Of the many lessons to draw from the coronavirus dis-
ease 2019 (COVID-19) pandemic is the need to imple-
ment precision medicine for critical illnesses with-
out delay. COVID-19 was caused by a single pathogen
(SARS-CoV-2) and seemed to follow a homogenous
3-phases time course corresponding to viral replication
followed by hyperinflammation and then recovery with
or without sequels or death. However, clinical observa-
tions highlighted substantial heterogeneity in individual
host responses to the virus. Analyses of the dynamic
courses in critical COVID-19 discovered that tempera-
ture [1] or ventilatory ratio and mechanical ventilation
power [2] trajectories enable prognostic enrichment for
mortality, excessive inflammatory response, or persis-
tent ventilatory-dependency. While several interventions
have favorably impacted the prognosis of COVID-19
patients, there is still substantial heterogeneity in indi-
vidual responses to these treatments. As an illustration,
treatment with corticosteroids variably increased the
chance of survival or harmed hospitalized COVID-19
patients during the first wave in 2020 [3]. During the sub-
sequent pandemic waves, the use of corticosteroids was
informed by evidence-based guidelines [4], with high
compliance of physicians to these guidelines [5]. In this
issue of the journal, Torres et al. highlighted the substan-
tial heterogeneity in response to corticosteroids in a large
cohort of critical COVID-19 patients [6]. On the whole
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population, corticotherapy led to a significant increase
in 90-day survival. Patients older than 60 years and the
sickest ones based on illness severity scores or the need
for invasive mechanical ventilation were the more likely
to get survival benefits from corticosteroids. The authors
also found that early initiation of corticosteroids was
associated with an increased risk of dying and a longer
duration of treatment (10 days or more) with increased
chance of survival. Taking together information from a
systematic review of randomized trials [4] and large and
low risk of bias observational cohorts [5, 6], the need for
mechanical ventilation is a strong predictor of survival
benefits from corticotherapy, and too early (<7 days from
infection) treatment initiation is a strong predictor of
harm. Based on RECOVERY data [7], one additional life
was saved for every 36 patients treated with corticoster-
oids. In patients with respiratory support, one additional
life was saved every 17 patients treated, but in those who
did not require oxygen support, one additional death
was observed every 27 patients treated. Therefore, there
is an urgent need to increase interventions efficiency
by rigorous selection of eligible patients in a precision
medicine approach. In sepsis, applying various artificial
intelligence methods enabled the selection of subgroups
of patients drawing optimal survival benefits from cor-
ticosteroids [8]. In COVID-19 related acute respiratory
distress syndrome (ARDS), using latent class analyses,
a 2-class model provided the best fitting population
[9]. Patients in the class 2 subset were characterized by
a hyperinflammatory profile and a higher risk of death.
This study showed a significant interaction between
ARDS class and response to corticosteroids with a lower
risk of death in the hyperinflammatory phenotype and a
higher risk of death in the hypoinflammatory phenotype.
There are three prerequisites for corticosteroids to save
patients’ lives (Fig. 1). First, the main action of gluco-
corticoids is to counteract proinflammatory signaling in
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Fig. 1 Corticotherapy for acute ilinesses today and tomorrow. Panel A Close monitoring of clinical response and markers of systemic inflammation
(i.e,, c-reactive protein, ferritin) should guide the adjustment of dose and duration of treatment. Panel B Precision medicine will consist of moving
from rough clinical phenotypes to enriched endotypes from multi-biological, and imaging approaches, enabling to discriminate patients with
hyper versus hypo-inflammatory status and those with intact versus altered corticosteroid signaling pathways. Then, for those eligible for cortico-
therapy, strategies based on nanomaterials encapsulating corticosteroids will allow finetuning drug delivery to specific tissue/cell targets

response to stress. Then, the patient’s response to SARS-
CoV-2 has to be characterized by excessive systemic
inflammation. Second, all the steps from corticosteroids
delivery to inflamed tissues to end-products of intracel-
lular glucocorticoids signaling pathways remain intact
[10]. A precision medicine approach to corticotherapy
for COVID-19, sepsis, or ARDS requires developing reli-
able signatures integrating information of the individual
patient’s immune response and molecular integrity of
corticosteroid signaling. It also requires accurate tools
to monitor these signatures in real-time and at the bed-
side. The most important gap to fill is the development
of companion tests for corticotherapy in acute inflam-
matory diseases. Third, as shown by Torres et al. [6], the
dosage, the timing of initiation, and the duration of treat-
ment are all essential elements to achieving an optimal
response to therapy. Great interindividual variability in
both (i) intracellular glucocorticoid receptor sensitivity
during corticotherapy [11, 12], and (ii) achieved blood
drug levels [13] is an important determinant of response
to treatment. We do not have a readily available test to
identify corticosteroid resistance; however, a higher
corticosteroid dose may overcome decreased corticos-
teroid sensitivity [11]. Even if we improve our ability to
identify responders, interindividual variability remains.
In response to corticosteroid treatment, rapid vs. slow
inflammatory cytokine reduction results in rapid vs. slow
physiological improvement [14]. For these reason,s dose
adjustments may have an important role in overcoming
interindividual variability. Possibly, a better approach
is personalized treatment directed by combined clinical
and laboratory variables, not different from what we do
with mechanical ventilation and vasopressor support.
Close monitoring of clinical response and markers of
systemic inflammation should guide the adjustment of
dose and duration of treatment [15]. Precision medicine
relies not only on enriched endotypes but also on tailor-
ing treatment delivery to target cells or tissues. To this
end, nanoparticles may be of potential interest. In a pre-
clinical model of sepsis, leukosomes, leukocytes-derived
nanovesicles, were used to encapsulate dexamethasone
and deliver the drug precisely at the level of the inflamed
vasculature [16]. This approach enabled enhanced dexa-
methasone therapeutic activity with faster resolution of
inflammation and higher survival rates. The future of

corticotherapy in acute inflammatory diseases is likely to
be characterized by combined enriched endotyping for
patient selection and nanomaterials encapsulating corti-
costeroids to better select target cells/tissues.
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