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Sepsis has been around since the beginning of time, con-
tinuing to have an immense impact on clinical practice as 
it represents the leading cause of death worldwide [1]. So 
far, two revolutions related to the treatment of sepsis took 
place: the discovery of antibiotics and the development 
of intensive care units (ICUs), both vastly improving the 
outcome of sepsis patients. Following the first consensus 
publication in 1992 [2], sepsis was defined as an exacer-
bated immune response to an infection. Consequently, 
pharmacological studies mainly focused on inhibiting 
the immune response or other sequelae of the hyper-
inflammatory reaction. Many trials failed to show a sig-
nificant benefit from inhibiting the immune response in 
septic patients [3]. Progression of insight into the patho-
physiology resulted in adjustments of the sepsis defini-
tion in 2016, now emphasizing the dysregulated immune 
response to an infection [4]. As the immune response to 
an infection represents a spectrum, this emphasizes the 
need to select and treat patients based on the underly-
ing biological process, called ‘predictive’ enrichment. 
Since sepsis is a notorious heterogeneous syndrome, 
predictive enrichment is anticipated to improve treat-
ment efficacy by selecting which patient may most likely 
benefit from a given therapy [5]. Nevertheless, most 
clinical trial designs are still based solely on ‘prognostic’ 
enrichment, where patients are selected based on the 
likelihood of having a disease-related clinical event that 
is chosen as the trial end point (Fig. 1). Likewise, follow-
ing the outbreak of SARS-CoV-2, randomized controlled 
trials were conducted in unselected coronavirus disease 
2019 (COVID-19) patients. Secondary subgroup analyses 

were performed based on conventional parameters such 
as the need for oxygen and probability of mortality, 
rather than based on biological processes. Nevertheless, 
some anti-inflammatory therapies were proven success-
ful for COVID-19 patients, possibly because COVID-19 
patients represent a more homogenous group of a hyper-
inflammatory phenotype [6] compared to general sepsis 
patients.

In this issue of Intensive Care Medicine, Fish and 
colleagues describe the identification of three distin-
guished sub-phenotypes (also called endotypes, as they 
are related to the pathophysiological process) in criti-
cally ill COVID-19 patients, using unsupervised analyses 
of 26 biomarkers within the Randomized, Embedded, 
Multifactorial, Adaptive Platform Trial for Commu-
nity-Acquired Pneumonia (REMAP-CAP) trial [7]. For 
this study, patients were either assigned to convales-
cent plasma or usual care. Out of the 2097 patients of 
REMAP-CAP, 1239 (737 convalescent plasma and 502 
usual care) patients had blood drawn at baseline and were 
eligible for this secondary analysis. While patients had 
similar baseline demographic characteristics and clini-
cal features, three sub-phenotypes emerged: sub-pheno-
type-1 (70% of patients), showed considerable variation 
of biomarker concentrations representing a dysregulated 
immune state and severe COVID-19. This sub-pheno-
type had the highest mortality, while there appeared to 
be therapeutic efficacy of convalescent plasma as mor-
tality was 2.9% lower in the treatment group. Subpheno-
type-2 (10%) showed another, more homogeneous mixed 
immune response biomarker pattern. Lastly, the bio-
marker pattern in sub-phenotype-3 (20%) was also more 
homogeneous, but demonstrated a pronounced early 
innate immune response. Overall mortality in both sub-
phenotype-2 and -3 was lower, and convalescent plasma 
appeared harmful in these patients (mortality 11.3% and 
4.4% higher, respectively). In summary, biomarker deter-
minations enabled detection of distinct sub-phenotypes 
in patients with similar clinical features, which are related 
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to outcome and therapeutic efficacy of the tested therapy. 
The authors advocate that beneficial effects of convales-
cent plasma in patients with sub-phenotype-1, could be 
related to the activation of inflammatory pathways by 
low-affinity antibodies in a less inflammatory patient. 
This would also explain why sub-phenotype-2 and -3, 
being more inflammatory, may show a higher mortal-
ity after convalescent plasma administration. This study 
confirms the potential and importance of an enrichment 
strategy.

Also for therapies that are currently standard of care 
for COVID-19 dexamethasone and tocilizumab, predic-
tive enrichment appears to increase therapeutic efficacy. 
Patients with higher pro-inflammatory biomarkers had a 
more pronounced improvement in survival rate follow-
ing treatment with corticosteroids [8]. Similarly, prob-
ability of survival improved with tocilizumab in patients 
with high IL-6 levels prior to anti-IL-6 treatment, while 
survival was lower in patients treated with tocilizumab 
that had low baseline concentrations of IL-6 [9]. Another 
example of enrichment is selection for anti-IL1 treatment 
with anakinra based on the concentration of the soluble 
urokinase plasminogen activator receptor (suPAR). A 
trial using an elevated suPAR concentration as an enroll-
ment criterion showed improved survival [10], while 
trials not using an enrichment strategy did not [11]. In 
accordance with the results of Fish et al., it is becoming 

increasingly clear that certain subgroups may benefit, 
while other subgroups may actually be harmed by the 
treatment. Of interest, predictive enrichment based on 
immunodysregulation in sepsis patients is being tested, 
for example in the ImmunoSep trial that is currently 
ongoing [12].

Beside biomarker phenotyping, other forms of phe-
notyping are also possible. For instance, with the use of 
whole blood transcriptomics, five phenotypes in COVID-
19 patients emerged that could predict which patient 
may benefit from which therapy based on the identified 
pathways that were suppressed or activated [13]. Another 
possibility is phenotyping based on clinical parameters 
and conventional laboratory values. It is now becom-
ing clear that distinct phenotypes are also present in 
COVID-19 patients [14], similar to the clinical pheno-
typing in general sepsis patients [15]. Of interest, espe-
cially the delta phenotype, representing the patients that 
are most inflamed, showed a significant improvement in 
outcome following dexamethasone therapy, while in the 
other three phenotype subgroups, the improvement in 
survival was much less pronounced.

In summary, the COVID-19 pandemic has incited an 
enormous amount of clinical research of which immu-
notherapy was shown to be effective for the first time. 
While most trials used some form of prognostic enrich-
ment (e.g., based on disease severity, need for oxygen, 

Fig. 1  Standard care versus personalized medicine
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the likelihood to experience an event), it is now becom-
ing clear that predictive enrichment (e.g., based on the 
inflammatory phenotype) is likely to further increase 
therapeutic efficacy of these compounds. The study of 
Fish and colleagues illustrates the clinical relevance and 
potential of predictive enrichment. Future trial design in 
sepsis should implement some form of predictive enrich-
ment to increase the likelihood for beneficial effects of an 
intervention to emerge. Following these developments, 
this more personalized approach contains the promise to 
become the third wave of improvement of care for sepsis 
patients.
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