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Abstract

Both quality improvement and clinical research efforts over the
past few decades have focused on consensus definition of sepsis and
acute respiratory distress syndrome (ARDS). Although clinical
definitions based on readily available clinical data have advanced
recognition and timely use of broad supportive treatments, they
likely hinder the identification of more targeted therapies that
manipulate select biological mechanisms underlying critical
illness. Sepsis and ARDS are by definition heterogeneous, and
patients vary in both their underlying biology and their severity of
illness. We have long been able to identify subtypes of sepsis and
ARDS that confer different prognoses. The key is that we are now
on the verge of identifying subtypes that may confer different

response to therapy. In this perspective, inspired by a 2015
American Thoracic Society International Conference Symposium
entitled “Lumpers and Splitters: Phenotyping in Critical Illness,”
we highlight promising approaches to uncovering patient subtypes
that may predict treatment responsiveness and not just differences
in prognosis. We then discuss how this information can be
leveraged to improve the success and translatability of clinical trials
by using predictive enrichment and other design strategies. Last, we
discuss the challenges and limitations to identifying biomarkers
and endotypes and incorporating them into routine clinical
practice.
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Critical illnesses such as sepsis and acute
respiratory distress syndrome (ARDS)
are costly (1, 2) and deadly (3, 4).
Unfortunately, despite decades of dedicated
research efforts, we have yet to identify a
single targeted pharmacological therapy
effective in sepsis or ARDS (5, 6). Hundreds
of immunomodulatory therapies (e.g.,
tumor necrosis factor, endotoxin, and IL-1
antagonists) have shown promise in animal
sepsis models, but none have translated

into improved outcomes in human studies
(5). In ARDS, although the field has
advanced in terms of limiting mechanical
injury from ventilation (positive studies for
lower tidal volume ventilation [7],
neuromuscular blockade [8], and high
positive end-expiratory pressure [PEEP]
[9]), there have been many negative trials
for pharmacological agents, including
corticosteroids, neutrophil elastase
inhibitors, anticoagulants, prostacyclin,

and surfactant replacement, among
others (6).

Certainly, several factors may explain
our failure to identify targeted
pharmacologic therapies in sepsis (5) and
ARDS (6). Many of the treatments tested
may simply not have been efficacious. For
other treatments, such as corticosteroids for
persistent ARDS, the side effects of treatment
(e.g., hyperglycemia, neuromyopathy) may
always outweigh the benefits (e.g., reduced
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inflammation) (10). However, the large
number of studies that have shown benefit in
preclinical studies, but failed to translate to
improved outcomes in randomized clinical
trials (RCTs), suggests that either (1) the
animal models poorly represent the human
condition, or (2) we are failing to identify the
appropriate subset of humans to target with
novel therapies (5, 6, 11). Although efforts
proceed to improve preclinical models, this
Perspective explores the second avenue:
efforts to better identify patients in whom
specific biologic processes are most linked to
their subsequent clinical outcomes.

In this perspective, we summarize ideas
for identifying meaningful subtypes (see
Table 1 for nomenclature) of patients to
improve clinical trial design and advance
patient care. This perspective is motivated
by the 2015 American Thoracic Society
International Conference Symposium
entitled “Lumpers and Splitters:
Phenotyping in Critical Illness” and
conversations over the ensuing months.
Although we focus on sepsis and ARDS, the
ideas in this perspective are also applicable
to other critical illness syndromes.

Why Lump?

For centuries, physicians have tried to align
the signs and symptoms of disease (and later
anatomic and biological phenomena) into
groupings that would result in better
therapeutic management. The decision to

“lump” heterogeneous critically ill patients
together has served an important function
in advancing critical care by promoting
early recognition using simple and
relatively nonspecific criteria. The key
elements of current sepsis treatment—
antibiotics, source control, and
resuscitation—all require timely delivery to
be effective. Likewise, low tidal volume
ventilation must be initiated early in the
course of ARDS to prevent ventilator-
induced lung injury. Yet, many cases of
sepsis and ARDS are recognized late,
resulting in delayed and inconsistently
applied treatment (4, 12).

The 2001 and 2016 consensus sepsis
definitions (13, 14) and the 1994 American-
European and 2012 Berlin ARDS definitions
(15, 16) all rely on clinical criteria. These
syndrome definitions are reliable and timely,
with good construct validity, predictive
validity, and low measurement burden.
These clinical definitions have facilitated
earlier recognition and timely treatment of
both sepsis (17) and ARDS (18), likely
contributing to the observed declines in
mortality from these syndromes (18–20).
But, although useful, these consensus
definitions do not identify patients with a
high likelihood of an explicit disease process,
such as dysregulation of a particular
immune pathway in sepsis or the presence of
diffuse alveolar damage in ARDS.

A positive consequence of these clinical
definitions has been the identification of
intensive care unit practices that are

effective for the broader critically ill
population, such as sedation and ventilator
liberation practices (21), lower tidal volume
ventilation (7), and early mobility (22). For
many of these therapies, the clinically
defined syndrome may even be too narrow
a target population, as patients without the
syndrome may still benefit. For example, all
ventilated patients may do better with a
lower tidal volume ventilation strategy, not
just those with ARDS (23).

Why Split?

Just as physicians have lumped similar
patients together for centuries, they have
also observed that the traits of individual
patients affect both predisposition to
disease and response to treatment. The
principles of personalized medicine—
finding the right treatment for the right
patient—date back to the fifth century B.C.
writings of Hippocrates (24). And, with
the recent failure of many highly
anticipated trials of novel therapies for
sepsis and ARDS, there is renewed
interest in identifying meaningful
subtypes to match the right treatment to
the right patients (5, 6, 11). For patients
who meet the clinical definitions for
sepsis or ARDS, there will always be
subgroups of patients who are more or
less likely to benefit from a particular
therapy. In the case of sepsis, this
variability may exist because:

Table 1. Nomenclature for Describing Subsets of Patients with Critical Illness

Term Synonyms Definition

Subtype Subgroup; subset Generic terms for subset of patients. These terms do not imply
differences in function, biology, or observable characteristics.

Endotype A subset of patients defined by a distinct functional or
pathobiological mechanism. Endotypes often confer both a
differential risk of disease-related outcome and a differential
response to a therapy. Thus, such markers may enable both
predictive and prognostic enrichment.

Biomarker for treatment
responsiveness

Predictive marker; biomarker for therapeutic
responsiveness; theranostic marker

A measureable indicator that predicts likelihood of responding
to a particular therapy. Such a marker enables predictive
enrichment. The biomarker may also have prognostic
enrichment potential if it also predicts higher disease severity
and worse clinical outcomes.

Phenotype* A clinical entity defined by observable characteristics that are
produced by interactions of the genotype and the
environment. The term is often used to describe subsets on
the basis of clinical or biochemical variables, natural history,
manifestations of disease, and/or response to treatment
without any implication about mechanism.

*Because phenotype is used inconsistently in practice, we avoid this term in the Perspective for the sake of clarity.
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1. Some patients meeting the clinical
definition of sepsis (suspected infection
plus acute change in Sequential Organ
Failure Assessment score> 2) do not
actually have sepsis—for example, if the
organ failure is not actually caused by a
dysregulated host response to the
infection;

2. Even among patients with sepsis,
differences in the infection (25), the host
inflammatory response (26), or other
differences in the underlying biology
may render certain therapies more or
less beneficial;

3. Even among patients with more
homogenous disease (e.g., pulmonary
sepsis due to pneumococcus), the
severity and time course of illness may
still render certain therapies more or less
beneficial.

Clinicians inherently recognize that
sepsis in a young, healthy patient with
pneumococcal pneumonia is different than
sepsis in an immunosuppressed transplant
recipient with fungal infection. Yet, despite
this clinical intuition, our existing treatment
paradigms and bundles recommend the
same approach for both patients. For some
treatments, such as supportive care, this may
be optimal. However, for other treatments,
such as immune-modulating agents, it is
likely better to target specific subtypes of
septic patients.

Endotypes distinguish subtypes of
patients on the basis of differences in
function or biology, such as differences
in genotype, gene expression profile,
or biomarker concentrations. The
identification of distinct endotypes of
breast cancer, for example as defined by
hormone receptor status, has advanced the
management of this disease. Of course,
subtypes of complex diseases are rarely
defined by a single mechanistic pathway.
For example, in “BRAF-positive
melanoma,” after eradicating melanoma
cells that are BRAF positive, slower-
growing melanoma cells with different
mutations may be left to grow unchecked.
Nonetheless, just as BRAF positivity is a
useful predictor of responsiveness to a
BRAF inhibitor (27), endotypes defined by
a single mechanism can be valuable, even
if they do not fully explain disease
pathogenesis.

Lacking insight into underlying
mechanisms in critical care, or being unable
to measure mechanisms in real time, we

have settled for studying novel therapies
among all-comers with sepsis or ARDS in
most clinical trials or in subgroups not
tightly linked to underlying biological
mechanisms. It is possible that certain
therapies—effective for only a subset of
patients with sepsis or ARDS—have been
discarded or gone undiscovered because we
have not identified the optimal patient
population in which to test them.

Another barrier to identifying effective
therapies in clinical trials is that subgroups
of patients at different likelihood of benefit
from disease-modifying therapy (e.g.,
those with mild vs. severe sepsis) end up
having different net relative risk
reductions (RRRs) if the therapies also
pose fixed harms that are independent of
the magnitude of disease (e.g., risk of
intracranial hemorrhage from a therapy
for sepsis with anticoagulant properties)—
a concept known as heterogeneity of
treatment effect (28). A recent simulation
study suggests that clinically relevant
heterogeneity of treatment effect may well
exist within critical care trial populations,
such that some groups of patients benefit
a lot, whereas other groups experience
negligible benefits or may even be harmed
from treatment (29). Without assessing
for heterogeneity of treatment effect, we
may mistakenly conclude that a therapy
efficacious for some patients is never
efficacious because the average treatment
effect (the overall result of the clinical
trial) is negative.

Potential Solutions

To identify novel pharmacological therapies
for sepsis, ARDS, or any syndrome, we must
enroll patients who are most likely to
benefit. Although pragmatic clinical
definitions promote broader recognition
and implementation of first-line therapies,
they may not be the optimal criteria by
which to enroll patients into all RCTs (30),
particularly for trials that examine therapies
anticipated to work for only a subset of
patients (e.g., septic patients with specific
bacterial infection or patients with ARDS
with diffuse alveolar damage). Clinical trials
definitions require high reliability and
construct validity but can also tolerate
greater measurement and time burdens
(31). Yet, despite the contrasting goals of
clinical care and trial definitions, the
majority of critical care trials over the past

few decades have used clinical definitions
for study entry criteria (32).

Clinical Trial Enrichment
The United States Food and Drug
Administration has recently published a
guidance for clinical trial enrichment
strategies—“the prospective use of any
patient characteristic to select a study
population in which detection of a drug
effect (if one is in fact present) is more
likely than it would be an in unselected
population” (33). These strategies fall into
three broad categories: (1) practical
enrichment—decreasing “noise”; (2)
prognostic enrichment—identifying high-
risk patients; and (3) predictive
enrichment—selecting patients who are
likely to respond to treatment.

Practical enrichment is a feature in
nearly all early phase efficacy trials. A few of
the many examples include selecting
patients who are (1) likely to comply with
treatment, (2) unlikely to drop out of the
study or experience toxicity, (3) not already
taking a medication that is similar to the
treatment under study, and (4) likely to
have the disease being studied and unlikely
to die from other factors (33).

Prognostic enrichment strategies
involve enrolling patients with a greater
likelihood of having an outcome of interest
(study endpoint), which increases the
statistical power to detect a given level of
RRR (Figure 1, Table 2). For example, if an
adjuvant chemotherapy that confers a fixed
50% RRR for cancer relapse is studied in a
population with a 50% (enriched) or a 10%
(general population) placebo rate, then a
smaller sample size will be needed to detect
the corresponding 25 and 5% change in
absolute risk, respectively.

Prognostic enrichment is less
straightforward in trials of sepsis and ARDS
because, in contrast to studies of cancer and
other diseases, the outcome of interest (all-
cause mortality) may be due to the disease,
or it may be due to factors unrelated to the
disease (e.g., age, comorbid conditions).
Thus, in sepsis and ARDS trials, enriching
for the study outcome does not necessarily
increase our ability to detect a beneficial
treatment if the deaths are not disease
related. For this reason, it is better to enroll
patients who are likely to die from the
disease (e.g., patients with ARDS with a low
PaO2

/FIO2
ratio, or high Murray score [34]),

rather than simply enrolling patients with
higher risk of death in general (e.g., patients
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with ARDS with a high Acute Physiology
and Chronic Health Evaluation score). An
autopsy study of patients with ARDS
supports the merit of this approach: 47% of
the deaths in patients with a PaO2

/FIO2
ratio

less than 100 were due to hypoxic
respiratory failure, compared with just 11%
of the deaths in the cohort overall (35).

Predictive enrichment involves
enrolling patients who are more likely to
respond to treatment on the basis of
pathobiological differences that favor a
treatment response in the subset. This
has the effect of increasing not only the
absolute risk reduction but also the RRR
associated with treatment. Trastuzumab for
human epidermal growth factor receptor
2–positive breast cancer, vemurafenib
for BRAF V600E mutant melanoma,
immunomodulation for atopic asthma
endotype, and ivacaftor for patients with

cystic fibrosis with a G551D mutation are
all examples of predictive enrichment. In
particular, the beneficial effects of ivacaftor
on FEV1 would not have been detected in
an unselected cystic fibrosis population, as
only 4 to 5% of patients with cystic fibrosis
have a G551D mutation.

There can be overlap between
enrichment strategies, because particular
characteristics may identify patients with
both a higher rate of the study outcome
(prognostic enrichment) and a higher
likelihood of responding to therapy
(predictive enrichment) (Figure 1). For
example, a PaO2

/FIO2
ratio less than 150

in studies of prone positioning and
neuromuscular blockage resulted in higher
placebo mortality rate (prognostic
enrichment), but this criterion also
identifies patients with higher lung weight
who may be more likely to benefit from

lung recruitment (36) and neuromuscular
blockade (37) (predictive enrichment).
Although there can be overlap between
prognostic and predictive enrichment, the
distinction is important because not all
characteristics achieve both types of
enrichment. For example, the G551D
mutation in cystic fibrosis results in
predictive enrichment for ivacaftor (greater
RRR) but not prognostic enrichment,
because the G551D mutation is associated
with milder disease severity than other
common mutations (38).

Identifying Biomarkers to Use for
Predictive Enrichment
A major limitation to using predictive
enrichment is that different treatments
require different target populations, and
often we do not know a priori which
subgroups of patients are most likely to

Likelihood of responding
to treatment

Lower P/F ratio for
higher PEEP

Preoperative PSA velocity for
adjunctive prostate cancer treatment

Prognostic Enrichment: Selective enrollment of
patients with a greater likelihood of having a
disease-related endpoint. Same RRR as an
unselected population, but greater ARR (due to a
higher event rate).

Cystic Fibrosis
G551D mutation
for ivacaftor

Likelihood of having a
disease-related event
(e.g., death from ARDS)

Likelihood of
detecting the benefit

of a treatment
Predictive 
Enrichment: 
Selective 
enrollment
of patients with a 
greater likelihood of
responding to a 
specific therapy 
independent of 
disease severity. 
Greater RRR than 
an unselected 
population, and 
greater ARR than
an unselected 
population (due to 
greater RRR).

Figure 1. The relationship between predictive and prognostic enrichment strategies. The likelihood that a patient will have an outcome of interest (study
endpoint) and the likelihood that a patient will respond to treatment operate on different axes, and both affect our ability to detect treatment benefit. Some
biomarkers increase both the likelihood of having the study endpoint and the likelihood of responding to treatment. For example, lower PaO2

/FIO2
(P/F) ratio

identifies patients with a higher risk of dying from hypoxemic respiratory failure, and it also identifies patients with greater lung weight who are more likely to
benefit from lung recruitment. Some biomarkers increase the likelihood of having a disease-related event but not the likelihood of responding to treatment.
For example, preoperative prostate-specific antigen (PSA) velocity is a prognostic marker only; it is associated with a significantly elevated risk of death
from prostate cancer but does not predict the likelihood of responding to a particular treatment. Some markers operate on both axes. Some markers may
operate in different directions across the two axes. For example, a G551D mutation is associated with a milder clinical phenotype than F508del
homozygotes, but it strongly predicts whether a patient will benefit from ivacaftor. ARDS = acute respiratory distress syndrome; ARR = absolute risk
reduction; PEEP = positive end-expiratory pressure; RRR = relative risk reduction.
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benefit from a given therapy. One trial of
therapy in sepsis may require the presence
of a bacterial infection, whereas another
may require a particular immune response.
Although sepsis trials have traditionally
used clinical criteria to identify infection
and dysregulated host response, we soon
will have the opportunity to leverage
molecular diagnostics to rule in particular
bacterial infections (39) and increasingly
sophisticated lab testing to identify an
exaggerated, or impaired, inflammatory
response.

When we have a clear idea of how a
treatment works, we may select the study
population through a hypothesis-driven
approach, drawing on existing conceptual
models, animal experiments, and prior
studies. However, in instances where we do
not know a priori which patients may
benefit from a treatment, we must embark

on a multistep discovery-driven approach
to identify and vet biomarkers for therapy
responsiveness, starting with (1)
interrogation of observational cohort data
to identify putative therapy-responsive
biomarkers, or (2) post facto analyses
of clinical trials where treatment is
randomized, and ultimately (3) prospective
trials incorporating therapy-responsiveness
biomarkers with the option of adaptive
randomization (40) if a handful of
biomarkers are still in question.

We now present some examples of
promising work to identify endotypes of
sepsis and ARDS that may predict therapy
responsiveness. In a post hoc study of
the PROWESS (Recombinant Human
Activated Protein C Worldwide Evaluation
in Severe Sepsis Study) cohort, Man and
colleagues sought to identify clinically
relevant patient subgroups with differential

response to recombinant activated protein
C, defined objectively as a genomic marker
present in greater than 20% of the study
population, with an absolute risk reduction
of greater than 12.5% (41). The most
significant marker was present in 26% of
the cohort and associated with greater than
40% absolute risk reduction. Although this
study is hypothesis generating and not
confirmatory, it suggests the feasibility of
using high-throughput searches for
biomarkers of therapy responsiveness (so-
called theranostics) to inform subsequent
prospective studies. This study also suggests
that the failure of activated protein C in the
PROWESS-Shock trial may have been
related to not identifying the proper patient
population (42). Another post hoc analysis
of the PROWESS study found that
disseminated intravascular coagulation was
not only predictive of greater risk of

Table 2. Selected Strategies to Enhance Clinical Trial Efficiency

Strategy Definition
Why This Strategy Improves

Trial Efficiency Examples

Prognostic enrichment Identifying and focusing on high-risk
patients

Studying patients with a high event
rate increases the statistical
power to detect a given level of
relative risk reduction.

Norepinephrine dosage in septic
shock (57)

PaO2
/FIO2

ratio in ARDS (8, 58)
APACHE II score in septic shock (42)

Predictive enrichment Identifying and focusing on patients
who are more likely to respond to
the therapy being studied

Biologic markers related to a
therapy’s mechanism of action
can be used to identify likely
responders.

Response to corticotropin test for
corticosteroids in septic shock (59)

IL-6 level for monoclonal anti–tumor
necrosis factor in sepsis (50)

PaO2
/FIO2

ratio for neuromuscular
blockade in ARDS (8)

Direct lung injury for surfactant in
ARDS (60)

PaO2
/FIO2

ratio for prone positioning
in ARDS (58)

Vitamin D level for vitamin D
replacement in critically ill
patients (61)

Plasma cell–free hemoglobin for
acetaminophen in severe sepsis (62)

C-reactive protein level for
corticosteroids in community-
acquired pneumonia (51)

Adaptive
randomization

Adjust trial enrollment on the
basis of prespecified decision
rules and early results of the trial

Randomization is adapted in
order to answer trial question with
the fewest people, minimizing
the risk of harm and ensuring
adequate power.

Anti-PDL1 in septic shock (53)

Risk-based subgroup
analysis

Determine average treatment
effect by quantile of baseline risk

This strategy helps clarify the
expected benefit of treatment for
patients on the basis of baseline
risk, improving the application of
clinical trial results to bedside
practice.

Activated protein C in severe
sepsis (63)

Pulmonary artery catheters in critically
ill patients (64)

Route of enteral nutrition in critically
ill patients (65)

Protocol-based early goal-directed
therapy in sepsis shock (66)

Definition of abbreviations: anti-PDL1 = antibody against programmed death-ligand 1; APACHE = Acute Physiology and Chronic Health Evaluation;
ARDS = acute respiratory distress syndrome.
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mortality but also showed a trend toward
greater RRR with activated protein C
treatment (29 vs. 18%, P = 0.26) (43). An
ongoing phase III study of a related
therapy—recombinant human
thrombomodulin—now requires evidence
of disseminated intravascular coagulation
for study enrollment (44).

Rather than examining an extensive
number of individual biomarkers for
therapy responsiveness, it is also possible to
identify endotypes on the basis of a
collection of biomarkers, then determine the
most influential panel of biomarkers for
determining endotypes and assess therapy
responsiveness in these parsimoniously
defined endotypes.

In one example of this approach, Wong
and colleagues identified subclasses of
pediatric septic shock based on genome-
wide expression profiles in an observational
cohort of children (45, 46). The study used
an unsupervised learning approach,
meaning that patients with similar gene-
expression profiles were aggregated without
foreknowledge of patients’ outcomes. The
gene-expression profiles were then
condensed to the 100 best subclass
predictors, where the key distinguishing
genes corresponded with glucocorticoid
receptor signaling (47). In the subclass
with suppressed glucocorticoid receptor
signaling, corticosteroids were
independently associated with greater
mortality (46). This preliminary work
provides a testable hypothesis of which
patients with septic shock may benefit from
corticosteroids, a therapy that remains
controversial because of our current
difficulty in identifying which patients will
benefit (48).

In another example of this approach,
Calfee and colleagues identified endotypes
of ARDS using latent class analysis on the
basis of clinical and biological variables
collected during enrollment in two separate
ARDSNetwork trials (49). The two
endotypes were associated with widely
divergent clinical outcomes. They also had
a qualitatively different response to
ventilation with higher PEEP. In both trials,
one endotype had more severe
inflammation, shock, metabolic acidosis,
and worse clinical outcomes. This endotype
benefitted from a higher PEEP strategy,
which was assigned randomly in the
original study, whereas the other endotype
appeared to be harmed by higher PEEP.
Using just three endotype-defining

variables, the area under the receiver
operating characteristic curve for endotype
prediction was greater than 0.9, suggesting
that a modest number of variables could
potentially be used to determine a patient’s
endotype in clinical practice.

Incorporating of Biomarkers for
Therapy Responsiveness into Clinical
Trials
Once putative therapy-responsive
biomarkers are identified, they must be
incorporated into prospective clinical trials
to confirm that they identify patients likely
to benefit from treatment. To date, only a
limited number of critical care trials have
used predictive enrichment (see Table 2 for
additional examples). A 2004 trial
examining anti–tumor necrosis factor
therapy in patients with severe sepsis with
elevated levels of IL-6 is a classic failed
example. Although IL-6 was a strong
prognostic marker (higher mortality in
patients in the placebo arm with elevated
IL-6), it did not predict treatment response
(similar RRR between IL-6–positive and
IL-6–negative patients) in the primary
unadjusted analysis (50).

Recent trials using predictive
enrichment have met greater success. A
2015 study by Torres and colleagues found
that corticosteroid treatment in patients
with severe community-acquired
pneumonia and high inflammatory
response (C-reactive protein. 15 mg/dl)
reduced the composite outcome of
treatment failure (51). Because of the
narrow inclusion criteria, the study took 8
years to complete enrollment, and a larger
study will still be needed to confirm
mortality benefit. The accompanying
editorial notes that we tend to relax tightly
defined inclusion criteria to increase
feasibility and clinical relevance, but this
inclination is counterproductive in this
case, because it is unreasonable to expect
that all patients with community-acquired
pneumonia will benefit from corticosteroids
(52). We agree that tightly defined
inclusion criteria enriching for treatment
benefit will be key to advancing treatment
for sepsis and ARDS, even if these trials
take longer to complete and generalize to
fewer patients.

More studies using predictive
enrichment strategies are currently being
designed, such as a phase II study of a
monoclonal antibody directed against a
programmed cell death-1 protein ligand

(anti–PD-L1) for the treatment of severe
sepsis (53). The study population will
be enrolled and stratified based on
biomarkers of immune suppression to both
enrich for patients likely to benefit and
determine which biomarker is better at
predicting treatment response (53). Because
the optimal biomarker(s) to predict
responsiveness to anti–PD-L1 are
unknown, this study uses an adaptive
randomization scheme. The randomization
will evolve over the course of the trial for
each of the biomarker-defined subgroups,
as informed by early trial results and as
directed by prespecified decision rules. So,
if a particular biomarker-defined subgroup
appears to be harmed by the treatment,
then the randomization will no longer be
50:50 but instead will preferentially
randomize patients to the control
treatment until enough information is
accrued and the trial can be closed for the
particular biomarker-defined subgroup.
This approach minimizes the number of
patients exposed to potentially harmful
treatment, while still maintaining
randomization and acquiring enough data
to determine whether anti–PD-L1 is
beneficial or not for each biomarker-
defined subgroup.

Challenges and Limitations

Although we believe that treatment
advances for sepsis and ARDS will require
greater personalization of care, there are
limitations to this approach. If the
indication for a treatment depends on a
biomarker, then the biomarker must be
inexpensive, rapidly obtainable, and have
low measurement error to advance routine
practice. There will likely be trade-offs when
selecting biomarkers. For example, although
routinely collected clinical data may be
easier to implement, biological data may
better predict treatment response.

Second, although we believe that many
sepsis and ARDS pharmacotherapies should
be tailored toward distinct endotypes, we
cannot neglect the importance of evidence-
based treatments that are broadly applicable
(e.g., sedation minimization and early
mobility). Although targeted treatments
such as ivacaftor are highly beneficial for
select patients, they are costly and often have
only minimal impact on population health
given the small numbers of patients they
treat (54). However, sepsis and ARDS are
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common and deadly enough that expensive
targeted therapies may still be cost effective.

Third, although precision medicine has
advanced the treatment of some diseases,
substantial investments into disease
subtyping have not always translated into
effective targeted treatments, as in the case
of dementia (55). Nevertheless, the
attributes of personalized medicine can still
inform our approach to treating and
studying critical illness syndromes, where a
pragmatic, public health approach has
guided practice over the past 2 decades.
Certainly, early identification and treatment
remain key goals, but we must move
beyond “one-size-fits-all” treatment for
sepsis and ARDS.

Fourth, although adaptive
randomization can improve trial safety
and efficiency, it will be important to have
rigorous prespecified criteria to avoid the
well-known pitfalls of stopping trials
early (56).

Conclusions

Patients with sepsis and ARDS present with
heterogeneous biology, severity of illness,
and duration of disease, yet our approach to
treatment is largely the same for all patients.
In some instances, such as new trials of
supportive care strategies likely to have
broadly applicable benefit, this approach

may be appropriate. However, to advance
the study and treatment of sepsis, ARDS,
and other critical illness, we should not
reflexively study new therapies in all-comers
with sepsis or ARDS but should instead use
prognostic and predictive enrichment
strategies to efficiently test treatments in the
patients most likely to benefit. When there is
uncertainty about the optimal markers for
predictive enrichment, we recommend
interrogation of cohort and/or RCT data
first, followed by prospective assessment of a
handful of markers using adaptive
randomization. n
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