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Abstract

enrichment, Prognostic enrichment

With the exception of a few successes in trials of supportive care, the majority of interventional clinical trials for acute
respiratory distress syndrome (ARDS) have not led to new therapies. To improve the likelihood of benefit from clinical
trial interventions in ARDS, clinical trial design must be improved. To optimize trial design, many factors need to be
considered including the type of therapy to be tested, the type of trial (phase 2 or 3), how patients will be selected,
primary and secondary end-points, and strategy for conduct of the trial, including potential newer trial designs such
as platform or adaptive trials. Of these, optimization of patient selection is central to the likelihood of success and

is particularly relevant in ARDS, which is a heterogeneous clinical syndrome, not a homogeneous disease. Recent
advances including improved understanding of pathophysiologic mechanisms and better tools for outcome predic-
tion in ARDS should facilitate both predictive and prognostic enrichment. This commentary focuses on new informa-
tion and novel methods for prognostic and predictive enrichment that may be useful to optimize patient selection
and increase the likelihood of positive clinical trials in ARDS.
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Introduction

The history of interventional clinical trials for acute res-
piratory distress syndrome (ARDS) is fraught with many
failures and only a few successes in supportive care. The
advent of the coronavirus SARS-CoV-2 pandemic in
2019, a new cause of ARDS, has emphasized the need
to improve ARDS clinical trial design to maximize the
likelihood of positive trial outcomes. To optimize trial
design, many factors need to be considered including
the type of therapy to be tested, the type of trial (phase
2 or 3), how patients will be selected, primary and sec-
ondary end-points, and strategy for conduct of the trial,
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including potential newer trial designs such as platform
or adaptive trials. Of these, optimization of patient selec-
tion is central to the likelihood of success and is particu-
larly relevant in ARDS, which is a heterogeneous clinical
syndrome, not a homogeneous disease. New informa-
tion and novel methods for prognostic and predictive
enrichment may be useful to optimize patient selection
in ARDS trials in 2020 and beyond and will be the focus
of this commentary.

Prognostic enrichment involves enriching trial enroll-
ment for patients with a high probability of an actionable
outcome of interest, such as mortality, ventilator-free
days or days alive and free of organ dysfunction (vaso-
pressors, mechanical ventilation, dialysis). Prognostic
enrichment aims to increase the frequency of the out-
come of interest, which may increase the power to detect
a beneficial treatment effect for a given sample size. In
ARDS, efforts at prognostic enrichment have primarily
focused on physiologic variables. The arterial to inspired
oxygen ratio (PaO,/FiO,) has been used in many trials
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(see Table 1) to enrich for patients at risk of worse clinical
outcomes due to more severe impairment of oxygenation.
The best example of successful prognostic enrichment in
ARDS is the PROSEVA trial of proning therapy which
enriched for patients with moderate-to-severe ARDS by
enrolling only those with PaO,/FiO, less than 150 mmHg
and showed a mortality benefit [1]. Earlier trials of pron-
ing in ARDS did not enrich for severity and were likely
underpowered to detect a survival benefit. Other poten-
tial physiologic candidates for prognostic enrichment
(see Table 1) include vasopressor-dependent shock and
chest imaging criteria that quantify the extent of pulmo-
nary edema (the radiographic assessment of lung edema
(RALE) score) [2]. Prognostic biomarkers may also be
used for enrichment. Bedside measurement of plasma
levels of IL-8, Protein C, and bicarbonate to identify a
hyperinflammatory phenotype could potentially identify
ARDS patients with higher mortality [3] as does a whole
blood gene expression signature in pediatric sepsis [4].
Various ICU risk scores have been tested unsuccessfully
because they are not specific for ARDS and other clinical
syndromes and because patients at the highest risk may
not benefit from therapy [5].

Predictive enrichment involves the enrollment of
patients who are more likely to respond to a given

Take-home message

As we enter the decade of the 2020s, we have the opportunity to
design better clinical trials in ARDS that are more likely to dem-
onstrate a beneficial treatment effect. Improved understanding
of pathophysiologic mechanisms and better tools for outcome
prediction that are now available should facilitate both predictive
and prognostic enrichment, hopefully increasing the likelihood of
positive trials going forward.

treatment based on the mechanism of benefit and thus
is more specific than prognostic enrichment. Predictive
enrichment has transformed cancer treatment trials,
wherein analysis of genetic mutations in an individual’s
tumor is used to predictively enrich for enrollment in tri-
als that mechanistically target these mutations. In severe
asthma, identification of a hypereosinophilic/type 2-like
phenotype has led to successful trials that enrich for
this phenotype. In ARDS, a number of potential strate-
gies for predictive enrichment have been proposed, with
many being specific to a single therapy (Table 1); as of
yet, there are few examples of completed predictively
enriched trials. One example is a currently enrolling trial
of systemic corticosteroids for moderate-to-severe ARDS
that enriches enrollment for patients with elevation

Table 1 Summary of potential strategies for prognostic and predictive enrichment in ARDS clinical trials

Prognostic factor

Metric for enrichment

Outcome targeted by enrichment
strategy

Used in published
ARDS trials?

Strategies for prognostic enrichment

Severity of hypoxemia

Presence of shock
Severity of pulmonary edema
Biomarkers of poor prognosis

Predictive factor

Strategies for predictive enrichment

Higher likelihood of fibroproliferative
ARDS

Higher likelihood of oxidative injury
from cell-free hemoglobin

Early lung injury more likely to respond

Focal vs. diffuse ARDS
Hyperinflammatory ARDS

Impaired vascular integrity

Higher likelihood of ventilator-induced
lung injury

Pa0,/Fi0,

Need for vasopressors
RALE score

Model incorporating IL-8, Protein C,
bicarbonate

Metric for enrichment

BAL PCP Il
Plasma cell-free hemoglobin
Enrollment prior to invasive ventilation

Chest CT distribution of infiltrates

Latent class analysis of clinical and
biomarker features

Plasma adrenomedullin

Increased dead space fraction and
lower compliance of the respiratory
system

Death and/or prolonged mechanical
ventilation

Death
Prolonged mechanical ventilation

Death and/or prolonged mechanical
ventilation

Mechanism targeted by enrichment
strategy

Anti-fibroproliferative effects of corti-
costeroids

Hemoprotein-reductant effects of
acetaminophen

Anti-inflammatory effects of inhaled
budesonide and formoterol

Personalized ventilator strategy
Anti-inflammatory effects of simvastatin

Vascular protective effects of adreci-
zumab

Identify group with highest predicted
drop in driving pressure with extracor-
poreal CO, removal

Yes

No
No
No

No, one trial is enrolling
Used in a pilot sepsis trial
No, one trial is enrolling

Yes
No

No, one trial is enrolling

No




2155

of bronchoalveolar lavage procollagen peptide III, an
early biomarker of activation of profibrotic pathways in
the lung (NCT#03371498). Another form of predictive
enrichment is being used in the ARREST trial of inhaled
budesonide and formoterol for severe pneumonia from
COVID-19 or other causes, where the target population
is enriched for early acute lung injury within 12 h of hos-
pitalization and prior to intubation. The rationale behind
this temporal enrichment is the hypothesis that early
acute lung injury is more likely to respond to inhaled
corticosteroids and beta-agonists than more established
ARDS [6]. Another strategy is to assess less enriched tri-
als for patterns of heterogeneity of treatment effect as has
been recently proposed by Goligher and colleagues [7].
Using data from a trial of extracorporeal CO, removal in
moderate-to-severe ARDS to simulate future trials, they
found that restricting enrollment to patients with a larger
predicted decrease in driving pressure based on the alve-
olar dead space fraction and static respiratory compli-
ance might increase the predicted mortality benefit, and
reduce predicted sample size and screening size require-
ments [8]. As another example, the hyperinflammatory
phenotype of ARDS that has been consistently identi-
fied among ARDS patients enrolled in clinical trials was
associated with reduced mortality with simvastatin treat-
ment in retrospective analysis of trial data, an effect that
was not seen in the hypo-inflammatory phenotype nor in
the trial as a whole [9]. A future trial of simvastatin that
enriches for the hyperinflammatory phenotype might be
more likely to show a treatment benefit.

Enrichment strategies have both advantages and disad-
vantages (Fig. 1). The major theoretical advantage of both

prognostic and predictive enrichment is to increase the
signal-to-noise ratio, reducing sample size and increas-
ing the likelihood of detecting a therapeutic benefit. Pre-
dictive enrichment also may lead to a larger effect size.
By excluding patients less likely to benefit from a spe-
cific treatment, predictive enrichment may also improve
the benefit-to-risk ratio of a trial since patients who are
unlikely to benefit from a therapy are still at risk of its
adverse effects.

The major disadvantage of both prognostic and pre-
dictive enrichment is reduction in generalizability.
As an example, the proning strategy applied in the
PROSEVA trial cannot be generalized to all ARDS,
since the trial enriched for more severe ARDS (PaO,/
FiO, <150 mmHg). Similarly, if a therapy were found to
be effective in patients with hyperinflammatory ARDS,
this finding would apply only to the smaller subset
(~25-30%) of ARDS patients in the hyperinflammatory
class. The potential for a more restricted indication for
a new pharmacologic therapy may reduce enthusiasm
from the pharmaceutical industry, a major funder of
large phase 3 clinical trials. Another disadvantage is that
enrichment strategies, by design, exclude many patients
from enrollment. Such restrictions may make enroll-
ment challenging and hinder timely completion of tri-
als. In addition, regulators (such as the FDA) or patient
associations might request that the therapeutic effects
be assessed in the marker-negative or non-enriched
population in order to demonstrate benefits of predic-
tive enrichment strategies [10]; these concerns are best
addressed once a treatment benefit has been identified
in a target population. Finally, it should be noted that

No Enrichment
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to therapy
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Fig. 1 Potential benefits, challenges and risks of different enrichment strategies for clinical trials in ARDS
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identification of reliable enrichment factors is challeng-
ing. Although this is most true for predictive enrichment,
where proposed mechanisms are often theoretical, it can
also be true for prognostic enrichment. An example is the
LIPS-A study of aspirin for prevention of ARDS [11]. In
that study, the lung injury prevention score (LIPS) was
used to prognostically enrich for patients more likely to
develop ARDS. However, the actual rate of ARDS in the
study was far less than predicted by LIPS which may have
contributed to the negative outcome of the trial.

As we enter the decade of the 2020s, we have the
opportunity to design clinical trials in ARDS that are
more likely to demonstrate a beneficial treatment effect.
Prognostic and predictive enrichment can improve the
signal-to-noise ratio, allowing smaller sample sizes and
increased effect sizes. These enrichment approaches rep-
resent one of the most promising ways to improve clini-
cal trial design in ARDS in the coming decade and can
also be applied to trials in patients with ARDS due to
SARS-CoV-2 infection as new data emerges around the
pathogenesis of this pandemic disease.
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