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Sepsis remains a major global health concern and cur-
rent treatment relies on antibiotics, fluids and vasopres-
sors. Based on their pluripotent actions, especially on 

immune function and cardiovascular status, and the concept 
that septic patients may develop relative adrenal insufficiency, 
corticosteroids have been proposed as adjunctive therapies in 
septic shock since the 1960s. However, the exact role for these 
drugs remains disputed. Corticosteroids have been consistently 
reported to have beneficial effects on cardiovascular status in 
septic shock with many trials demonstrating shorter shock du-
ration in those patients given corticosteroids (1–5) (Table 1). 
However, as described by the authors of the other viewpoints 
in this series (6, 7) beneficial effects on mortality have been less 
clearly demonstrated. Although a mortality benefit has been 
seen in a number of trials (2, 5) this has not been seen in all (1, 
3) (Table 1).

Recently two transcriptomic sub-phenotypes (endotypes), 
based on genome wide RNA expression profiles, have been 
described in septic patients. Similar profiles were seen in sepsis 

due to both pneumonia (8) and fecal peritonitis (9). The first 
profile, termed sepsis response signature (SRS) 1 appears to be 
associated with relative immune suppression based on patterns 
of RNA expression, greater disease severity and higher mor-
tality than SRS2 (Table 2). Importantly, as well as being prog-
nostic of outcome it seems that these two sepsis endotypes may 
also predict response to treatment. In a post-hoc analysis of the 
Vasopressin versus Norepinephrine as Initial Therapy in Septic 
Shock clinical trial (10), where patients with septic shock were 
randomized to either vasopressin or norepinephrine followed 
by either hydrocortisone or placebo, patients were assigned to 
either SRS1 or SRS2 endotypes based on whole genome RNA 
expression collected at trial inclusion (11). When outcomes 
were compared in patients who received either hydrocortisone 
or placebo, in those patients who exhibited the SRS1 endotype 
there was no difference in mortality (hydrocortisone vs pla-
cebo in SRS1 odds ratio [OR], 0.85, 95% CI 0.30–2.43). How-
ever, this was not the case in SRS2 patients where mortality was 
significantly greater in those randomized to hydrocortisone 
(hydrocortisone vs placebo in SRS2 OR, 7.9, 95% CI 1.6–39.9). 
The test of treatment effect by SRS endotype interaction was 
also statistically significant, p = 0.02 (11), illustrating the clear 
difference in response to hydrocortisone by patients according 
to endotype. Interestingly, although it failed to reach statistical 
significance, there was a trend in both SRS1 and SRS2 endo-
types toward a shorter duration of shock in those randomized 
to receive corticosteroids (hydrocortisone vs placebo 31 hr vs 
44 hr SRS1, 59 hr vs 90 hr SRS2), as has clearly been seen in 
multiple other steroid trials.

The differential treatment effects seen between SRS1 and 
SRS2 endotypes implies that a ‘one size fits all’ approach to the 
use of corticosteroids in septic shock is not appropriate and 
could cause harm to some. This finding may well account for 
mortality differences reported in previous clinical trials. If one 
study recruited a higher proportion of less sick, SRS2, patients 
then the increased mortality with corticosteroids in this group 
could mask any survival benefit in the other patients or lead 
to an overall signal toward harm. Specifically, the recent Ad-
junctive Corticosteroid Treatment in Critically Ill Patients with 
Septic Shock (ADRENAL) trial, overall day-90 mortality 28% 
(1), found no survival benefit with corticosteroids whereas the 
Activated Protein C and Corticosteroids for Human Septic 
Shock (APROCCHSS) trial, overall day-90 mortality 46% 
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(2), found corticosteroids improved survival. These findings 
would be consistent with a larger proportion of SRS2 patients 
in the ADRENAL trial, accounting for the lower overall mor-
tality, who may be expected to be the ones not to benefit from 
corticosteroids.

The mechanisms underlying the differences in disease se-
verity and outcomes between SRS1 and SRS2 remain unclear 
as, at present, we have no clear functional understanding of 
the two endotypes. However, some insight can be gained from 
the differential gene expression between the two groups. SRS1 
is associated with down-regulation of genes associated with 
human leucocyte antigen (HLA) class II expression and T cell 
activation (8). It is perhaps surprising then that the apparently 
more immunocompetent, SRS2, patients come to harm when 
given corticosteroids. We propose that whilst the cardiovas-
cular effects of corticosteroids are seen in all patients, irrespec-
tive of SRS endotype, the immunosuppressant effects are more 
pronounced in SRS2. One possible explanation is that we know 
genes coding for HLA class II are up-regulated in SRS2 (8), and 
that low levels of HLA-DR have been associated with worse sur-
vival in sepsis (12), raising the possibility that improvement in 
antigen presentation in SRS2 could account for the improved 
survival rates consistently seen in this group of patients. How-
ever, it has been previously reported that corticosteroids can 

down-regulate major histocompatibility complex II (12–14) 
potentially removing the protective advantage of the SRS2 
endotype. Corticosteroids may also have effects on NFκB, 
T-cells, and apoptosis (15, 16) all of which showed evidence of 
differential expression between the SRS endotypes so modula-
tion of these pathways could account for different degrees of 
immunosuppression induced by corticosteroids between SRS 
endotypes. Such immune dysfunction is recognized to increase 
the risk of nosocomial infection and be associated with higher 
rates of mortality (17).

Although still speculative, the concept that the major ben-
efits of corticosteroids in septic shock lie in their cardiovas-
cular effects, whilst their immunomodulatory effects could 
cause harm in some, may account for other differences in the 
corticosteroid literature. In the two studies that have shown a 
survival benefit (2, 5), hydrocortisone was given in conjunc-
tion with fludrocortisone, whereas in those trials showing no 
mortality benefit, hydrocortisone was given alone (1, 3). Cor-
ticosteroids exhibit a combination of glucocorticoid and min-
eralocorticoid effects in a ratio dependent on the specific drug. 
Glucocorticoids have effects on a number of physiologic func-
tions especially immunity and metabolism, whilst mineralo-
corticoids cause salt and water retention and elevation in blood 
pressure. Hydrocortisone has roughly equal glucocorticoid and 

TABLE 1. Comparison of Several Corticosteroids for Septic Shock Trials

References Year Intervention

Mortality  
Control  

Group, n/ 
Total (%)

Mortality  
Corticosteroid  

Group, n/ 
Total (%)

Median Shock 
Duration,  
Control  

Group (d)

Median Shock 
Duration,  

Corticosteroid  
Group (d)

Annane et al (5) 2002 6 hr; hydrocortisone boluses 
with once daily oral 
fludrocortisone vs placebo

91/149 (61)a 82/150 (55)a 9 7

CORTICUS (3) 2008 6 hr; hydrocortisone 
boluses vs placebo

78/248 (31)a 86/251 (34)a 5.8 3.3

ADRENAL (1) 2018 Hydrocortisone infusion vs 
placebo

526/1826 (29)b 511/1,832 (28)b 4 3

APROCCHSS (2) 2018 6 hr; hydrocortisone boluses 
with once daily oral 
fludrocortisone vs placebo

308/627 (49)b 264/614 (43)b Not available Not available

ADRENAL = Adjunctive Corticosteroid Treatment in Critically Ill Patients with Septic Shock, APROCCHSS = Activated Protein C and Corticosteroids for 
Human Septic Shock, CORTICUS = Corticosteroid Therapy in Septic Shock.
a  28-d mortality.
b  90-d mortality.

TABLE 2. Comparison of Sepsis Response Signature Cohorts

References Patients

28-D Mortality

SRS1, n (%) SRS2 n (%)

Davenport et al (8) Pneumonia sepsis 29/108 (27) 27/157 (17)

Burnham et al (9) Fecal peritonitis sepsis 10/48 (21) 5/69 (7)

Antcliffe et al (11) Septic shock from all causes from VANISH—placebo group 13/35 (37) 2/24 (8)

Septic shock from all causes from VANISH—hydrocortisone group 9/27 (33) 13/31 (42)

SRS = sepsis response signature, VANISH = vasopressin versus norepinephrine as initial therapy in septic shock.
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mineralocorticoid effects whereas fludrocortisone is at least 
12.5 times more potent as a mineralocorticoid (18) and may 
also cause α1-adrenoreceptor sensitization (19). It is plausible 
that the additional cardiovascular effects of fludrocortisone, 
without additional immunosuppression, could provide ad-
ditional survival benefit. Similarly, some of the earliest work 
exploring the use of corticosteroids for sepsis used methyl-
prednisolone at supra-physiologic doses, a corticosteroid with 
almost no mineralocorticoid actions, and in the largest of these 
trials (20) methylprednisolone use lead to worsened survival.

Several groups have explored transcriptomic responses to 
sepsis. Although we described two main transcriptomic endo-
types it has been suggested that there may be as many as four 
distinct endotypes in adults (21) and it is plausible that the 
response to corticosteroids could be different in each, although 
this has not yet been explored. Of particular interest is work 
performed in pediatric sepsis populations (22, 23), where three 
RNA subclasses were identified, termed A, B and C. Although 
there is little crossover with the genes responsible for the SRS 
endotypes identified in adults, subclass A was associated with 
down-regulation of genes associated with the adaptive immune 
system and repression of genes associated with glucocorticoid 
signaling (23). In an observational study children in the immu-
nosuppressed group, subclass A, had worse outcomes if given 
corticosteroids (22). These data again supports a differential 
effect of corticosteroids based on subclinical transcriptomic 
profiles, although the endotypes are not the same as those seen 
in adults (9, 24, 25) and in the pediatric study corticosteroid 
treatment was based on physician choice rather than random-
ized allocation as part of a trial.

CONCLUSIONS
Although corticosteroids clearly have beneficial effects on 
shock duration their impact on patient survival is less clear. The 
differences in mortality effects seen in past clinical trials could 
be explained by different transcriptomic endotypes expressed 
by the included patients, leading to differential responses 
to corticosteroid treatment. To account for these differential 
responses future trials should aim to stratify patients accord-
ing to their RNA expression endotypes so that subgroups who 
may respond positively to corticosteroids can be identified and 
those who may come to harm can avoid this treatment. As 
RNA endotypes cannot be assigned using clinical parameters 
alone, we urgently need rapid diagnostic tests to better charac-
terize our patients and select optimal, personalized treatments, 
whether they be “old” drugs, such as corticosteroids, or “new” 
immunotherapies.
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