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Abstract

Coronavirus disease 2019 (COVID-19) pneumonia caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) has resulted in significant mortality in pandemic proportions. 

Inflammation in response to the infection contributes to the pathogenesis of pneumonia. This 

review will discuss prior studies on the use of glucocorticoids to treat respiratory infections, the 

rationale for the use glucocorticoids in COVID-19, and review of existing data. We will also 

highlight outstanding research questions for future studies.
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Pneumonia, especially in most severe forms, can be considered a systemic inflammatory 

disease.1 Inflammation is a key element in pneumonia pathogenesis, and the balance 

between proinflammatory and anti-inflammatory cytokines is crucial in determining 

its clinical severity.2 This is why inflammation has been proposed as a potential 

therapeutic target in patients with pneumonia.3 Systemic corticosteroids exert pleiotropic 

anti-inflammatory activities, and are widely used in the treatment of several inflammatory 

diseases.4 They also have been suggested as adjunctive therapy in some pneumonia 

subtypes. For example, a clear benefit from glucocorticoid administration has been 

demonstrated in patients with Pneumocystis jirovecii and Mycoplasma pneumoniae 
pneumonia.5,6 However, conflicting data have been reported in other respiratory infections, 

such is the case of community-acquired pneumonia (CAP) and influenza.7,8
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Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) infection has a wide 

spectrum of clinical manifestations, ranging from asymptomatic carriage to acute respiratory 

distress syndrome (ARDS). Severe forms of disease are generally characterized by a 

prominent inflammatory syndrome, with elevated C-reactive protein, hyper-ferritinemia, 

thrombocytopenia, and high fever.9,10 Moreover, COVID-19 can lead to the development of 

immunologic complications characterized by hyper-inflammatory damage, such is the case 

of cytokine storm and macrophage activating syndrome (MAS).11

Current guidelines recommend offering treatment with systemic glucocorticoids to patients 

with SARS-CoV-2 infection and concurrent respiratory insufficiency.12 Furthermore, there 

is increasing evidence on the efficacy of inflammatory cytokine signaling inhibition (e.g., 

IL-1, IL-6, Janus kinase [JAK] pathway) in severe COVID-19.13 Herein we review the 

most significant immune mechanisms involved in COVID-19 pathogenesis, as a rationale 

to discuss the potential therapeutic role for glucocorticoids in SARS-CoV-2 infection, 

compared with other pulmonary infections and ARDS.

Corticosteroids in Community-Acquired Pneumonia

The adjunctive use of corticosteroids in CAP is controversial. Although some studies have 

shown benefit, currently, the American Thoracic Society (ATS)/Infectious Diseases Society 

of America (IDSA) guideline recommends against their routine use.14 However, they do 

recommend the use of IV hydrocortisone (200 mg/d) in patients with severe CAP and 

septic shock that is refractory to fluid resuscitation and vasopressor support, although the 

recommendation is weak, and the evidence quality is low. ►Table 1 summarizes the main 

RCTs regarding the use of glucocorticoids in CAP.15–22

Several systematic reviews and meta-analyses have reported that the use of corticosteroids 

in CAP improves outcomes.8,23–27 However, the benefit is inconsistent, partly related to the 

studies included and the heterogeneity of illness severity. Additionally, a range of primary 

and secondary outcomes are utilized creating more inconsistency. One study showed a 3% 

decrease in mortality, 5% reduction in the need for mechanical ventilation, and decreased 

length of hospital stay by 1 day.28

A Cochrane review of randomized controlled trial (RCT) of corticosteroid use versus 

placebo in severe CAP showed significant reduction in mortality in the treatment arm with 

risk ratio of 0.58.24 Early clinical failure defined as death from any cause, radiographic 

progression, or clinical instability at day 5 and 8, was significantly reduced in the steroid 

arm. In this meta-analysis, hyperglycemia was more common in the treatment group but 

there was no significant increase in secondary infections. The number needed to treat to 

prevent one death was 18 (95% confidence interval [CI]: 12–49). The quality of evidence on 

themortality benefit in severe CAP was deemed to be moderate. Others have reported that 

patients with severe CAP with high initial C-reactive protein level showed to have benefited 

from methylprednisolone.16 Of note, there was no mortality difference in the nonsevere CAP 

group, but a reduction in morbidity was observed.
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Corticosteroids in Influenza

Corticosteroids have been used to treated influenza-infected patients including pandemic 

influenza. The rationale of their use similarly relates to early viral-mediated cytokine release 

and an excessive inflammatory response.29 Case series during the H1N1 pandemic showed 

some promise of steroid use30 but other studies revealed the opposite.27,31 Even though the 

data was controversial, most patients (69%) hospitalized with severe illness during the H1N1 

pandemic received corticosteroids.32 There is onlyone RCTon the use of steroids in patients 

with influenza, the rest were observation studies. However, the one RCT was designed 

to assess the adjunctive use of corticosteroids in CAP, and only a subgroup analysis was 

completed for patients who were positive for influenza.33

A Cochrane meta-analysis review of corticosteroids in influenza revealed increased 

mortality.7 However, the heterogeneity of studies including steroid dosing and concomitant 

conditions may have influenced the corticosteroid use and clinical outcomes (e.g., asthma 

exacerbations and refractory shock). There were inconsistent indications, end points, 

clinical severity scores, dose and type of corticosteroid, timing, duration of use, and co-

interventions. The authors graded the certainty of the results as “very low.” Another meta-

analysis focused on H1N1 infections specifically found corticosteroid use was associated 

with a risk ratio for mortality of 1.85.34

Although corticosteroid use in respiratory infections has shown benefit in some studies, 

there is a theoretical risk of superimposed or increased risk of secondary bacterial or 

fungal infection. Meta-analysis of its use in influenza revealed an increased risk of hospital-

acquired infection with an odds ratio of 3.16.35 Therefore, overall, the ATS/IDSA guidelines 

recommended against the use of corticosteroids in influenza pneumonia.

Corticosteroids in Acute Respiratory Distress Syndrome

►Table 2 summarizes the main RCTs regarding the use of glucocorticoids in ARDS.36–40 

Early study on corticosteroid use in ARDS was performed in the 1980s with extraordinary 

doses of methylprednisolone of 30 mg/kg every 6 hours for a total of four doses over 

24 hours which did not reveal significant mortality benefit.41 However, an RCT in 1998 

showed a mortality reduction in patients with unresolving ARDS treated with corticosteroids 

initiated after 7 days of mechanical ventilation, albeit limited by the small sample size.40 

Later studies incorporating larger sample size showed no differences in mortality, including 

a larger study by Meduri and colleagues.38,39 The latter studies initiated corticosteroids 

within 72 hours of ARDS although they did not show mortality benefit but did show 

increase in ventilator free days and improvement of pulmonary and extrapulmonary organ 

dysfunction.38 Study using hydrocortisone in sepsis-associated ARDS showed improvement 

in pulmonary physiology but no mortality benefit.37 Because of the conflicting outcomes, 

corticosteroid is not routinely used for ARDS.

A very recent study of corticosteroid treatment in ARDS has shown more promise. A 

multicenter randomized controlled DEXA-ARDS trial involving 277 patients with moderate 

to severe ARDS demonstrated increase in ventilator-free days and absolute decrease in 
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mortality in patients receiving dexamethasone (20 mg daily for 5 days, followed by 10 mg 

daily for an additional 5 days).42 Seventy-seven percent of patients had pneumonia or sepsis 

as the etiology for their ARDS. At 60 days, 21% of the patients in the treatment group had 

died compared with 36% of the control group. The proportion of adverse effects did not 

differ between the groups.42

Corticosteroids for COVID-19: Pathophysiology and Rationale

Pathophysiology of COVID-19 and Related Systemic Inflammatory Syndrome

SARS-CoV-2 is mainly transmitted through respiratory droplets and direct contact,43 has a 

median incubation period of 5 days,44 and in approximately 40 to 45% cases the infection 

is asymptomatic.45 Among symptomatic patients, the majority develops a mild flu-like 

syndrome with concomitant anosmia, ageusia, and fatigue; a smaller percentage develops 

severe and potentially life-threatening pneumonia and respiratory failure with viral sepsis 

and multiorgan dysfunction.10 At early stages, SARS-CoV-2 infects nasal epithelial cells, 

and propagates through the respiratory tract. During replication, viral double-stranded RNA 

intermediates are recognized by cytoplasmic pattern recognition receptors, in particular 

melanoma differentiation antigen 5 and retinoic acid-inducible gene 1, which activate the 

signaling pathways leading to type I and III interferon (IFN) synthesis, as well as nuclear 

factor kappa-light-chain-enhancer of activated B-cells (NF-kB)-dependent synthesis of 

inflammatory cytokines.46 Thus, upper airway infection leads to an IFN-mediated immune 

response that is capable of clearing the virus in most cases.

However, SARS-CoV-2 is able to evade the IFN response,47 and about one-fifth of 

the patients progress to a more severe stage, characterized by lower respiratory tract 

involvement, with prominent inflammatory response. Through the activation of toll-like 

receptor 3 and NLRP3,48 infected pneumocytes release large amounts of proinflammatory 

cytokines (i.e., interleukin-6 [IL-6], IL-1β, and tumor necrosis factor-α [TNF-α]) that act as 

chemoattractants for other immune cells, such as neutrophils and lymphocytes. This strong 

inflammatory milieu, which is essential for enhancing viral clearance, is also responsible 

for local and systemic inflammatory damage, culminating in severe pneumonia, ARDS, 

viral sepsis, and cytokine storm.49,50 Interstitial edema, endothelial disruption, local and 

systemic inflammation are responsible for impaired oxygen diffusion, hypoxemia, and 

aberrant activation of the coagulation cascade with formation of microthrombi which are 

prominent features of severe COVID-19.51 Moreover, neutrophil extracellular traps (NETs) 

formation has been described in patients affected by SARS-CoV-2. These structures are 

associated with sustained local inflammation and pulmonary damage.52 On the other hand, 

direct viral injury is not the only contributor in precipitating organ dysfunction in patients 

with COVID-19.53 It has been postulated that factors as impaired viral clearance (due 

to genetic, acquired, or viral-related causes), low type I IFN signature,54 and increased 

NETosis might predispose to the development of severe forms of COVID-19, which can 

culminate in cytokine storm.11 However, predictors and risk factors for the occurrence of 

severe SARS-CoV-2 infection and cytokine storm remain largely unknown.

The term “cytokine storm syndrome” encompasses a group of disorders of different 

etiologies, culminating in systemic inflammatory syndrome, hemodynamic instability, and 
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organ failure.55 SARS-CoV-2 has been proven to be an established cause of cytokine 

storm.56 Classification criteria for COVID-cytokine storm have been recently proposed, 

emphasizing the prominent role of the immune system in severe COVID-19 pathogenesis 

and clinical presentation.57 Thus, it has been suggested to screen for cytokine storm 

syndrome in patients with severe SARS-CoV-2 infection.58 Moreover, such inflammatory 

mediators might stimulate autoreactive lymphocytes via bystander activation, and this could 

explain the appearance of autoimmune phenomena in late stages or severe forms of the 

disease.56

With these biological assumptions, immunomodulation was postulated to play a relevant 

role in the treatment of COVID-19, particularly in most severe forms when systemic 

inflammatory syndrome is present or incipient. By modulating a potentially harmful 

(hyper)immune response, anti-inflammatory drugs might exert a disease-modifying activity. 

Thus, hyperinflammation is regarded as a potential “treatable trait” in SARS-CoV-2 

infection. Risk stratification of patients (through medical tools, such as clinical, biochemical, 

radiological biomarkers, as well as artificial intelligence applications) is urgently required.

Pharmacology of Systemic Glucocorticoids and Rationale for Their Administration in 
Patients with COVID-19

Glucocorticoids are among the most potent inhibitors of inflammation. They have 

been proposed as an adjunctive therapy in other forms of pneumonia, although with 

contrasting results.3 Moreover, they have already been administered in certain types of 

viral pneumonia, such as influenza, SARS, and Middle-East respiratory syndrome.59 

Corticosteroids exert pleiotropic effects through both genomic and nongenomic activities, 

resulting in modulation of the inflammatory response and immunosuppression.60 Among 

the most elucidated mechanisms, glucocorticoids bind their receptor (GR) located in the 

cytoplasm of inflammatory cells, then migrate inside the cell nucleus and repress the 

activity of proinflammatory transcription factors, such as NF-kB and activator protein-1. 

This results into reduction of the synthesis of inflammatory cytokines (i.e., IL-6, IL-1, 

TNF-α, etc.), as well as other proteins and enzymes that would enhance inflammation 

through different mechanisms (e.g., phospholipase A2).61 Apart from transcription-

mediated effects, glucocorticoids also exert nongenomic effects, such as regulating 

intracellular calcium homeostasis, reactive oxygen and nitrogen species metabolism, and 

cyclooxygenase-2 expression.60,62 Due to their rapidity of onset, nongenomic activities 

might be responsible for the short-term benefits obtained with high-dose steroid therapy 

in acute inflammatory conditions. Dexamethasone and methylprednisolone display a more 

potent nongenomic activity compared with prednisone, and should be preferred for systemic 

high-dose treatment.63 Moreover, systemic glucocorticoids have been classified according 

to their pharmacokinetic profile into short- (cortisone and hydrocortisone), medium- 

(prednisone, prednisolone, and methylprednisolone), and long-acting (dexamethasone and 

betamethasone) molecules.64

Systemic glucocorticoid therapy was able to reduce the activity of NF-kB, as well 

as the synthesis of inflammatory cytokines, in a cohort of patients with unresolving 

ARDS.65 A recent meta-analysis has demonstrated corticosteroids efficacy in hospitalized 
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patients with COVID-19 and respiratory insufficiency,66 and current guidelines recommend 

considering steroid therapy in this subset of patients.12 ►Fig. 1 synthesizes the key elements 

in the immune pathogenesis of SARS-CoV-2 infection and the therapeutic targets of 

glucocorticoids.

From Pathophysiology to Therapy: Inflammation as a “Treatable Trait”

At the beginning of the pandemic, a three-phase model of COVID-19 pathogenesis has 

been proposed.67 In the first stages of infection, viral damage predominates, with low 

systemic inflammation. Effective treatment can be achieved with antiviral agents, and 

judicious glucocorticoid administration should be advised. Opposite, late stages of disease 

become more independent from viral replication, while systemic inflammatory response 

predominates and, sometimes, culminates into overt cytokine storm. Immunomodulatory 

therapy is warranted in late stages in which it may improve outcomes.

The entity of the individual patient’s immune response can be evaluated through 

laboratory biomarkers, and has been described as a determinant of morbidity and mortality 

in COVID-19.68 Endotypes are disease subsets characterized by common identifiable 

pathophysiological mechanisms through biomarkers, which are likely targetable by 

specific therapies. Four different endotypes have been recently described in hospitalized 

patients with COVID-19, based on laboratory data. Such type of approach should divide 

hospitalized cases of SARS-CoV-2 infection into different categories corresponding to 

different pathogenic mechanisms, different prognosis, and, perhaps, different response 

totherapies.69 Moreover, two distinct pheno-endotypes of SARS-CoV-2-related ARDS have 

been individuated: type 1 is characterized by a strong hyperinflammatory response, and 

is likely to benefit from immunosuppressive therapies, while coagulopathy and end-organ 

disfunction are the hallmarks of type 2, with minor contribution of inflammation.70 

Thus, cytokine profiling could be useful to identify two different endotypes in patients 

with COVID-19: a hyperinflammatory endotype which is supposed to benefit from 

immunosuppressive drugs and a hypoinflammatory endotype.71,72

A treatable trait is a therapeutic target identified as a phenotype or endotype through 

validated biomarkers.73 An endotype-based treating approach could help selecting patients 

who could most benefit from corticosteroid (or other immunosuppressive) therapy. Thus, 

the degree of inflammatory response might constitute a treatable trait in patients with 

SARS-CoV-2 infection, and a precision medicine-based approach might improve outcomes, 

other than leading to a better targeting of resources. There is a need to classify patients 

into different pheno- and endotypes who could benefit from glucocorticoids in different 

measures. Furthermore, the pathogenesis of SARS-CoV-2 infection is much complex, 

undergoing different stages with different consequences on the immune system, so that 

glucocorticoid administration might result in different outcomes depending on timing, 

disease phase, and immune status.67,74 Multidisciplinary team discussion could help 

improving outcomes, especially in those patients who may benefit from immunomodulation, 

despite not fulfilling current criteria for steroid initiation.75 It is noteworthy to mention that 

the clinical application of corticosteroids might be limited by their adverse effects, such as 

hyperglycemia, arterial hypertension, osteoporosis, and myopathy.60,61,76
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Current Evidence on Glucocorticoids in COVID-19

Systemic glucocorticoids are widely administered in patients with SARS-CoV-2 infection, 

and current guidelines recommend their use in patients with COVID-19 and hypoxemia.12 

►Table 3 summarizes the main RCTs regarding the use of glucocorticoids in COVID-19.77–

91 Several RCTs have proven the efficacy and safety of corticosteroids in COVID-19.77–82 

However, several factors should be considered.

First, different outcomes were analyzed in different studies. The RECOVERY trial 

demonstrated a clear benefit in reducing 28-day mortality in hospitalized patients with 

respiratory failure due to SARS-CoV-2 infection receiving dexamethasone 6 mg daily. 

Favorable outcomes were observed even when steroid therapy was initiated after 7 

days from the beginning of clinical symptoms, and this might confirm the hypothesis 

of a prominent inflammatory component in later phases of the disease.67,78 Instead, 

such difference in mortality was not reported in a smaller cohort in which, however, a 

subgroup analysis demonstrated clinical improvement from glucocorticoids in older patients 

with more pronounced systemic inflammation. Moreover, in the same study, the length 

of treatment was much shorter than in the RECOVERYprotocol.88 Other clinical trials 

explored the impact of steroid therapy in preventing or reducing measures of clinical 

failure (e.g., proportion or time to intensive care unit [ICU] admission, requirement for 

life support after an established time point, etc.). However, there was much heterogeneity 

in the definition of end points among different research groups.77,79–83,87,89,90 In two 

cohorts, glucocorticoid administration reduced the need for intensive care, respiratory, or 

cardiovascular support. In both cases, no difference in mortality could be observed.79,80 

In one study, methylprednisolone reduced the risk of severe respiratory failure and ARDS 

occurrence in nonventilated patients with SARS-CoV-2 pneumonia and intense systemic 

inflammatory response.82 Conversely, treatment failure was equally distributed between the 

steroid and nonsteroid arms in other clinical trials.77,87,89

Second, inclusion criteria are mainly based on clinical severity. With the exception of 

three RCTs,78,83,90 all the other studies included the need or degree of respiratory 

support as an inclusion criterion. Data from the RECOVERY trial suggested no clinical 

benefit from dexamethasone administration in patients who did not require oxygen 

supplementation.78 These results were recently confirmed in a small cohort: given at pulse 

doses, methylprednisolone failed in reducing mortality, preventing clinical worsening or 

respiratory insufficiency in patients with baseline oxygen saturation (SpO2)≥ 94%. The 

authors hypothesized that this patient phenotype could exhibit a better prognosis. However, 

no data are available on patients with SpO2 values between 90 and 93%.83 Severity of 

COVID-19 was assessed based on clinical data and only three studies considered the 

degree of systemic inflammation (e.g., serum C-reactive protein and IL-6) as an inclusion 

criterion.81–83 Indeed, inflammation could be regarded as a “treatable trait” in patients 

with SARS-CoV-2 infection.73 An endotyping approach based on inflammatory biomarkers 

might help to stratify patients into subgroups that are likely (or not) to benefit from 

steroids, independent from other clinical features or oxygen requirement.71 Glucocorticoid 

administration was associated with decreased mortality in a high-inflammatory subtype of 

COVID-19-related ARDS. This was not observed in patients with a hypo-inflammatory 
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disease.92 Moreover, corticosteroid exposure was associated with a trend toward increased 

mortality in the hypo-inflammatory phenotype.60 In an RCT, an early biomarker-guided 

steroid dosing strategy led to an increase in oxygen-free days and hospital-free days; also, 

there was a concurrent reduction in cumulative steroid exposure.93

Third, few studies have compared among different dosages of corticosteroids in 

patients with SARS-CoV-2 infection.84–86 The large COVID STEROID 2 trial failed in 

demonstrating a reduction in time alive without support in patients receiving 12 mg daily of 

dexamethasone, compared with a 6 mg daily dosage. Notwithstanding, higher doses might 

be associated with reduced mortality at 28 and 90 days, without significant differences 

in terms of adverse effects.86 Even at a 180-day follow-up, there was a tendency toward 

better outcomes in patients receiving 12 mg daily, even in the absence of a significant 

difference in mortality or health-related quality of life.94 Recently, Maskin and colleagues 

described a reduction in time of weaning from ventilator in a cohort of patients with SARS-

CoV-2-associated ARDS treated with high-dose steroids, even in the absence of significant 

mortality reduction. The incidence of adverse events did not differ between the two arms of 

the study.84 However, no clinical advantage was observed with high doses of dexamethasone 

in another cohort, while lower doses seemed to reduce time to clinical response, 60-day 

mortality, and infectious risk.85 Methylprednisolone, administered at 1 mg/kg daily, delayed 

time to viral clearance in a small population, but this was not associated with clinical 

deterioration.90 Favorable results were obtained with corticosteroids given at boluses in early 

phases of disease in patients requiring oxygen and with elevated inflammatory biomarkers,81 

whereas there was no clear benefit in those without respiratory insufficiency.83 So far, there 

is no unique opinion on which steroid dosage could optimize the cost-to-benefit ratio, and 

further research is required on this topic. Inflammation-based endotyping might be helpful in 

choosing the right doses of glucocorticoids for patients with COVID-19. Moreover, such a 

precision-medicine approach may guide clinicians in deciding the most appropriate duration 

of anti-inflammatory therapy, also improving the cost-to-benefit ratio.

Fourthly, different molecules were tested in the aforementioned studies; since there is 

great variability in terms of glucocorticoid and mineralocorticoid activity among such 

compounds,95 this could partially explain the heterogeneity of results. One study compared 

methylprednisolone, given at 2 mg/kg daily, and dexamethasone, 6 mg/kg daily, for 10 

days. The former molecule was superior to the latter in reducing all-cause mortality at 

28 days and was associated with a higher proportion of clinical improvement in the 

short term and reduced the length of hospital stay. However, if we consider equivalent 

dosages, patients on methylprednisolone received a much higher dose of corticosteroids 

than patients in the dexamethasone arm. This could explain the more favorable outcomes 

seen in the methylprednisolone group.91 Further research is required to determine which 

steroid compound may offer the greatest benefits in patients affected by COVID-19. 

Moreover, pharmacokinetics and pharmacodynamics of corticosteroids are still widely 

unexplored. Nongenomic effects, which may account at least partially for their role in case 

of hyperinflammatory states (e.g., cytokine storm),60 remain largely unknown.

Fifthly, data on long-term outcomes are scarce. Since SARS-CoV-2 infection can be 

associated with high mortality in the acute phase,96 the majority of clinical trials have 
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analyzed the short-term effectiveness of glucocorticoids. However, COVID-19 has been 

associated with a multitude of chronic sequelae and, even if practice guidelines have 

been proposed,97 no consensus exists on how to approach “long COVID” syndrome. Long-

term effects of steroid therapy have been in part described during the follow-up of the 

COVID STEROID 2 cohort. The study aimed at comparing the effect of two different 

dosages of glucocorticoid therapy. No significant difference was found in terms of mortality 

or quality of life change between patients who were administered high (12 mg daily) 

versus low (6 mg daily) doses of dexamethasone, but a tendency toward favoring higher 

dosages was described. “Long-term” follow-up was defined to be at 180 days after initial 

infection.94 In another small population, methylprednisolone did not influence the incidence 

of post-COVID interstitial lung disease, in terms of organizing pneumonia and fibrosis.53 

However, these data may have been affected by inadequate sample size.88 Currently, no RCT 

has explored long-term outcomes in patients undergoing steroid therapy for COVID-19. 

Moreover, there is paucity of data on pulmonary (functional disorders and radiologic 

stigmata) and systemic sequelae, for which steroid and/or immunosuppressive therapy could 

be conceivable. Efforts must be given to understand which patients are at risk of developing 

pulmonary and/or systemic complications from SARS-CoV-2 infection, how these could be 

prevented and, in case they are established, how they should be treated.

Lastly, no significant difference was reported in the incidence of glucocorticoid-related 

adverse events in the trials. In the RECOVERY study, which included the largest population 

sample, four serious events were reported: hyperglycemia (n = 2), gastrointestinal bleeding 

(n = 1), and psychosis (n = 1).78 In another study cohort, methylprednisolone seemed to 

increase by 3 days the time from virus shedding, but the finding was not associated with 

significant clinical differences.90

Thus, corticosteroid utilization in COVID-19 is still an area of uncertainty. There has been 

much heterogeneity in the type of corticosteroid, dosing, timing of initiation, duration, 

and route of administration of steroid therapy in patients with SARS-CoV-2 infection, 

and the most effective approach yet needs to be clarified. Moreover, different outcomes 

have been explored in various RCTs and this contributes to difficulty in translating the 

results into real-life practice. Further research is required to individualize steroid therapy in 

patients with COVID-19, based on the integration of clinical features, radiologic patterns, 

and biomarkers. Thus, a role for computational scores is desirable. Biomarkers should 

be representative of the underlying disease pathogenesis,98 so that therapies could be 

tailored on different phenotypes and endotypes, as well as targeted against ultimate disease 

mechanisms. Artificial intelligence has shown promising results in the field of COVID-19 

detection and diagnosis,99 and could be applied into models for evaluating prognosis and 

predicting response to therapies. Infections have been widely reported as complications of 

steroid therapy,100 and high doses of glucocorticoids have been associated with such risk 

in patients with COVID-19.85 Efforts are required to optimize immunosuppressive therapy 

in this subset of patients, to balance protective and harmful effects, in an antimicrobial 

stewardship approach. Finally, few data are available on the role of glucocorticoid therapy 

in patients with long-term consequences of SARS-CoV-2 infection in terms of (1) efficacy 

to reduce the incidence of sequelae, and (2) eventual therapeutic role in the “long COVID” 
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setting. ►Table 4 summarizes the main unmet needs in clinical research on the role of 

glucocorticoids in COVID-19.

Conclusion

Inflammation has been proposed as a potential therapeutic target in pneumonia and, in 

particular, COVID-19 pneumonia. Systemic corticosteroids are widely used in the treatment 

of several inflammatory diseases. However, conflicting data have been reported in case of 

CAP and ARDS and further RCTs are needed to clarify their role in these conditions. 

Systemic glucocorticoids are widely administered in patients with SARS-CoV-2 infection, 

and current guidelines recommend their use in patients with hypoxemia due to COVID-19. 

Several aspects should be clarified in patients with SARS-CoV-2 infection such as the 

type of corticosteroid, dosing, timing of initiation, duration, and route of administration of 

steroid therapy. Further research is required to individualize steroid therapy in patients with 

COVID-19, based on the integration of clinical features, radiologic patterns, and biomarkers.
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Fig.1. 
Immune pathogenesis of SARS-CoV-2 infection and possible therapeutic targets for the 

rationale of glucocorticoids employment. A type I IFN response is elicited by SARS-CoV-2 

and contributes to viral clearance, leading to mild forms of the infection. In patients with 

a low type I IFN response, NF-kB activation predominates, culminating in the production 

of great amounts of inflammatory cytokines (i.e., IL-6, IL-1, and TNF-α) which in turn 

amplify the mechanism of NF-kB-mediated inflammation. This exuberant inflammatory 

response leads to hyperinflammatory syndrome, severe COVID-19, and cytokine storm. 

Glucocorticoids inhibit NF-kB activation, thus attenuating this harmful and dysregulated 

inflammatory response (Dashed arrows stand for inhibition). COVID-19, coronavirus 

disease 2019; IFN, interferons; IL, interleukin; MAS, macropahge activating syndrome; 

SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
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