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The intensive care unit (ICU) is both a challenging and 1 HBayesian analysis is an alternate sta-
opportune environment for the conduct of clinical tri- istical paradigm that answers the i

als. On the one hand, competing determinants of patient
outcome (including multi-morbidity and pre-ICU ill-
ness trajectory) and the of critical illness
syndromes the population-average

n the other hand, the

technically,

0 draw conc us1ons!the . is
statistics regards

e -19 pandemic has shown that we need to approach is-because
(and can) find a way to deliver more effectively on trials it (a) e questions of interest (prob-
in the ICU. The benefit of dexamethasone was demon- abilities of harm, or futil-

strated within just a few short months of the outbreak ity), thereb
of the global pandemic [5]. Conversely, many tens of
thousands of patients were treated with unproven and
potentially harmful therapies outside of trials, and the
benefit of certain interventions remains uncertain due )
to the challenges of completing trials of these rapidly 2 Most trials in COVID-19
adopted therapies. i
We therefore propose a_

-(Table 1).
rates and treatment effect,

overly optimistic predictions about event rates and
treatment effect [8]. Adapting treatment allocation
robabilities within the randomization algorithm
can also increase
ree or more arms by

*Correspondence: ewan.goligher@uhn.ca
3Toronto General Hospital Research Institute, 585 University Ave,, 11-PMB
Room 192, Toronto, ON M5G 2N2, Canada

Full list of author information is available at the end of the article rial efficiency in trials wi

©The Author(s) 2020. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit httpy//creativecommons.org/licenses/by/4.0/. The Creative Cormmons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-0990-6701
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-020-03393-5&domain=pdf
John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



Table 1 _and_for clinical trials in critical care

Proposal Current state

Barriers to implementation

Potential solutions

the and harm than Bayesian
statistics

re designed based on
statistics, vvh|ch ilelds_about
-when needed

Standard clinical trials employ rigid designs with fixed
sample sizes based on educated estimates of event
rates and treatment effect

Traditional clinical trials typically/build trialinfrastricy
[ttreétfunding, regulatory approval, logistics, recruit-
ment, investigator network, analysis, data monitor-
ing committee) to

Build a jplatform

Understand he nise

Some trials are criticized for being too pragmatic
and providing fixed interventions regardless of
mechanistically relevant physiological or biological
characteristics of individual patients

Most patients in critical care units are not enrolled in
a clinical trial

Many trials do not include patients from resource-
constrained settings

_ Trials employ dedicated electronic case report forms

and data coordinating centers
Data entry is often duplicated across multiple inter-
faces, increasing both workload and errors

e inclusie

Unfamiliarity with the Bayesian framework and adap-
tive trial design

Skepticism about the perceived subjectivity of Bayes-
jan prior distributions

Skepticism about the statistical validity of frequent
interim analyses to guide adaptations in design

Methodological expertise in adaptive trial design and
Bayesian trial design is not yet widespread

Funding is complex: Both the platform infrastructure
and the individual interventional research questions
require funding support

Authorship criteria can be challenging to establish

Demonstrating heterogeneity of treatment effect
increases sample size requirements

Clinical importance of different mechanistic pathways
may not be clear prior to the conduct of the trial

nd exclusion criteria
Challenges of obtaining informed consent in timely
fashion for time-dependent interventions

Widely accepted dissociation between clinical
care and clinical research. Widespread variability in
electronic health record systems

Resource-constrained settings may not have access to

electronic health record systems
Algorithms for detecting and reducing missing data
are not routinely implemented outside of trials

Education for clinicians, investigators, and funders
Widespread appreciation for the

Dissemination of consensus on best practices for the
design and conduct of adaptive trials

Successful completion and publication of arms and
domains from ongoing adaptive trials

Proactive partnerships with funding agencies to sup-
port platform infrastructure
Academic community should intentionally place

Development and validation of short-term surrogate
endpoints reflecting mechanistically relevant treat-
ment response for phase Il trials (similar to phase Il
oncology trials) before evaluation in phase Il trials

Use of response-adaptive randomization and other
adaptive trial techniques to enhance recognition
of differential treatment response among relevant
patient subgroups

Create potential incentives to including patients in
clinical trials

Enhance patient engagement in trial design

Partner with healthcare administrators to design trials
that contribute to quality and innovation within
healthcare systems

Integrate clinical record-keeping with minimum data-
sets for clinical research

Develop low-cost electronic health record systems for
widespread use
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structure for recruitment, treatment allocation, out-
come ascertainment, and analysis t

state or multiple
e games” can be

rovide important examples o
in COVID-19 [9, 10]. I-SPY2
provides a useful example of a Phase II platform
intended to test many potential interventions for
breast cancer, prioritizing the most promising agents
for Phase III trials [11]. I-SPY2 investigators have
now teamed with intensivists to launch an adaptive
platform trial (I-SPY COVID) for severe COVID-19,
with a similar Phase II focus.

m In critical illness syndromes,
e specific biological and physiological
driving outcomes may considerably

Hence, the benefit of therapeu-
argeting those mechanisms will also

ics (“signa
vary. To increase the probability of demonstrating
the benefit of therapy in treatment-responsive sub-

roups (where such benefit actually exists)—to
heterogeneity in treatmen
response needs to be characterized as much as pos-
sible before and during Phase III trials [12, 13]. Adap-
tive trials can be designed to

To ensure that trial _
we need to ensure that appropriately
patient are
est way to

Trials are costly, data
and finding patients
both electroni-
—offers a solution.

collection is labor-intensive,
can be difficult.
cally and cultura

cal registries, electronic health records) to “find”
patients, randomly assign treatments, collect data,

and ascertain outcomes can increase efficiency and
reduce costs.

Page 3 of 5

Utilizing the uncertainty of clinica
as an opportunity for randomization could dramati-
cally accelerate our capacity to improve care and out-

ecision-making

comes for patients [15]. The culture of

. Trials are not ancillary to
patient-centered care—they are integral

to the mission.
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