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1 | INTRODUCTION

Post-traumatic hemorrhage remains the leading cause of
death in people aged one to forty-four in the United States."
The initial management of the severely injured patient,
whether in the prehospital, emergency department, operat-
ing room, or critical care setting is inherently complex, with
diagnostic and therapeutic strategies occurring both simulta-
neously and sequentially.>* While substantial advancements
have been made in determining optimal resuscitation in
both civilian and military settings, the nature of trauma with
its diverse mechanisms of injury, heterogeneous patient pop-
ulation, and variable access to resources makes it a

challenging field in which to perform randomized controlled
trials (RCTs). The paucity of high-quality randomized evi-
dence has resulted in wide practice variation, with disparate
resuscitative approaches at different medical centers and in
different practice environments, which is potentially harm-
ful to patients.* This is particularly true in the prehospital
and early resuscitative phases of care, during which most
preventable post-injury deaths occur.>®

Traditional RCTs generally include two comparison
groups, created by assigning members of a homogeneous
patient population with equal probability to either the
experimental treatment or the existing standard of care.
Such RCTs are optimally structured to maximize internal
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validity in the estimation of the average treatment effect
of the proposed intervention in a specific patient popula-
tion.” While traditional RCTs are the prevailing tool for
generating the quality of evidence necessary to improve
clinical practice, they are sub-optimal for addressing the
challenge of evaluating acute and emergent therapies for
life-threatening hemorrhage. Assessing the multiple ther-
apies used in the treatment of critically injured patients
via traditional RCTs would require a sequence of trials,
each testing a single or few treatment arms in a restricted
population. This would require many years and currently
unavailable levels of funding to make meaningful pro-
gress. Further, these trials are often faced with financial
and recruitment barriers that limit the rate of recruit-
ment or the final sample size. Consequently, much of the
current evidence base for the clinical care of the severely
injured trauma patient comes from retrospective database
analyses or animal studies, which limits its quality, scope,
validity, and generalizability.®

Two advances in clinical research design have dem-
onstrated substantial promise for addressing these chal-
lenges: adaptive clinical trial design®'* and the extension
of adaptive trial methodology to platform trials."*'” In
contrast to a traditional fixed clinical trial design in
which the overall structure of the trial is held constant
during its execution, an adaptive trial is designed to take
advantage of the stream of information acquired during
the study period to trigger specific changes or adaptations
in the trial structure according to prespecified data-driven
decision rules.” Changes that may be triggered include
altering the number of treatment arms, the dosage of
pharmaceutical agents, or the randomization propor-
tions; the early termination of an arm or subpopulation
for a demonstration of efficacy, futility, or harm; or the
restriction of the overall study population to focus on sub-
jects who appear to be benefiting most from the experimen-
tal therapies (termed “enrichment”). Response-adaptive
randomization, in which future subjects are preferentially
randomized to the arm(s) that appear most promising based
on current data, can improve both the statistical perfor-
mance and the ethical balance of the trial."**' Trauma is
an ideal setting in which to apply adaptive approaches as
patient-centered outcomes are often measured in hours to
days, leading to a more rapid accrual of information.
Advances in Bayesian statistical methodology, including
computationally intensive approaches, have facilitated
adaptive trial design because the Bayesian inferential model
is well suited to analyzing results when changes in the
structure of the trial have occurred.

A platform trial is an extension of an adaptive clinical
trial design to evaluate multiple treatments simulta-
neously. Interventions are often administered in combi-
nation with the list of available treatment arms changing

over time as some are found to be effective, ineffective, or
harmful and new treatments become available.>”'> Fur-
ther, an adaptive platform trial is an integrated clinical
trial infrastructure, which operates under a single master
protocol using a coherent and integrated statistical infer-
ential framework.

The term “master protocol” refers to an ongoing and
stable clinical trial infrastructure that is one part of the
efficiency of the overall platform strategy. A master pro-
tocol allows a number of inferentially separate trials to be
conducted in series and does so more practically than if a
separate trial network and infrastructure were created for
each study. A platform trial, however, with an integrated
inferential framework, produces both operational and sta-
tistical efficiencies.

The design typically considers multiple clinically dis-
tinct subgroups of patients and allows for the effective-
ness of treatments, or even the identity of the most
effective treatment, to vary by subgroup. Platform trials
often use response-adaptive randomization to efficiently
allocate patients to treatments based on the combinations
of therapies that appear the most promising, given the
subject's baseline characteristics.">'” The ability of the
platform trial design to address combination treatment
strategies and heterogeneity of treatment benefits across
subgroups makes this approach particularly impactful in
the evaluation of interventions for severely injured
subjects.'®

The platform trial approach increases the efficiency of
learning, with every enrolled subject potentially provid-
ing information on the effectiveness of multiple thera-
pies, and avoids the waste associated with the startup
and breakdown of individual RCTs before and after
addressing each therapeutic question (Table 1)."7
Recently, platform trials have been particularly important
in rapidly addressing key questions in the care of patients
with COVID-19 infection, demonstrating such trial feasi-
bility and value.>**°

In this manuscript, we consider the advantages and a
few of the challenges associated with the use of an adap-
tive platform trial to evaluate treatments in the care of
both pediatric and adult patients suffering from poten-
tially life-threatening post-traumatic hemorrhage. To
consider the value proposition of an adaptive platform
trial, we will outline an overall structure for such a plat-
form trial, suggest potential domains of therapies that are
of high priority for investigation, and discuss the choice
of the primary outcome. Table 2 summarizes how the fea-
tures of the proposed adaptive platform design address
the previously identified challenges associated with con-
ducting an RCT in post-traumatic hemorrhage. An
accompanying manuscript will delve into the operational
details of an adaptive platform trial for post-traumatic



TOLLES ET AL.

TABLE 1 Sources of platform trial efficiency"’

Platform trial characteristic
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Associated efficiency

Simultaneous evaluation of multiple therapeutic options within ~ No requirement to duplicate control subjects for the evaluation of

each domain

Evaluation of multiple therapeutic domains

Dynamic set of treatment options

Response-adaptive randomization

Statistical modeling (e.g., hierarchical modeling) to yield
efficient estimation of treatment effects within prespecified
subgroups

Ability to replace the control treatment strategy

each experimental treatment within a domain

Simultaneous investigation of multiple domains of care, reducing the
average time and number of enrolled subjects required per result
generated. This supports the goal of exposing the minimum
number of subjects possible to address each clinical question.

The trial utilizes a dynamic set of treatment options so that there is
no stopping or pausing of the trial when a result is generated and
minimal start up time when a new treatment is added.

The randomization proportions for future subjects are adjusted, after
a suitable “burn in” period, so that future subjects are preferentially
allocated to the treatment regimens that are most likely to be
effective. This increases the rate at which data are generated for the
most promising therapies, even though the identity of the most
promising therapies cannot be known at the beginning of the
trial.'8-%°

Hierarchical modeling reduces the average mean-square error in the
estimation of treatment effects across subgroups, while allowing for
flexibility in the extent to which data across subgroups are pooled
or considered independently.?***

The control treatment or factor within each domain can be replaced
when the standard of care changes, eliminating the need to pause
or terminate the trial with improvements in the standard of care.

TABLE 2 Challenges in evaluating therapies in subjects with exsanguinating post-traumatic hemorrhage

Clinical research challenge

Variable mechanisms of injury, sources of bleeding, and
injury severity

Multiple phases and sites of care (e.g., prehospital,
emergency department, operating room, intensive care
unit)

Simultaneous administration of multiple treatments with
the possibility of interactions between treatments

Both early and longer-term outcomes of interest

Difficulty in obtaining consent will require an emergency
exception from informed consent (e.g., 21 CFR 50.24)

Changes in the effectiveness of care over time; secular
trends

Introduction of new standards of care

Pertinent platform trial feature

Estimation of treatment effects separately for prespecified clinically
distinct patient subgroups or strata; adjustment for baseline
characteristics

Trial can accommodate multiple time points at which a patient becomes
eligible for a treatment, with the allocation to later treatments only
revealed when needed

Separate randomization in each domain of care allows simultaneous
investigation of multiple therapies; evaluation of efficacy at the level of
the regimen (the combination of all assigned treatments or factors)
allows for the possibility of interactions or synergy among treatments.

The primary endpoint will be 6-hour all-cause mortality; however, in cases
in which informing clinical care requires consideration of longer-term
outcomes, the 28-day all-cause mortality will be considered

The trial will be designed to hold “out the prospect of direct benefit to the
subjects” as required in 21 CFR 50.24(a) (3) both through the
investigation of promising treatments and through the use of response-
adaptive randomization to improve outcomes within the trial

Explicit adjustment for time-based trends in the primary inferential model
rather than only as a secondary or post-hoc sensitivity analysis

If a new standard of care is defined for one of the treatment domains, the
prior standard of care can be removed from the trial, and the new
standard of care used as the control treatment or factor going forward.
This can be accommodated without any pause in the trial or change to
the underlying trial and statistical methodology
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hemorrhage,31 and another will address key ethical and
regulatory challenges of conducting such a trial in
resource-limited settings (including military environ-
ments) as well as considerations surrounding the inclu-
sion of children and pregnant women.*

2 | THE PROPOSED TRIAL DESIGN
2.1 | Overall structure of the adaptive

platform trial

The structure of an adaptive platform trial includes the
selection of the patient population; the timing of enroll-
ment, randomization, and assignment of treatments; the
domains of therapy that are to be investigated and the
specific treatment options within each domain; the pri-
mary outcome measure; and the decision rules used at
interim analyses.'"> Randomized treatment assignments
may be revealed immediately and the treatments admin-
istered, or they may remain concealed unless and until
they are relevant to the patient (e.g., assignment to a
particular intraoperative intervention would only be
revealed if the patient was taken to the operating
room). The decision rules include criteria for drawing a
conclusion regarding the efficacy of a particular treat-
ment (e.g., superiority, non-inferiority, futility, or
harm) and updating the randomization proportions for
future patients.'>'*!’

2.2 | Study populations and subgroups
Owing to the ubiquity of major traumatic injuries, we
propose to enroll a broad population including both pedi-
atric and adult subjects as well as victims of both pene-
trating and blunt trauma with signs and symptoms
suggestive of potentially life-threatening hemorrhage.
The inclusion criteria for the trial will be: (1) a major
traumatic injury meeting local criteria for preferential
transport to a specialized level I or level II trauma center,
or secondary transfer to a specialized center if initially
transported to a non-trauma center, (2) evidence of life-
threatening hemorrhage, defined either by local stan-
dards for initiation of a massive transfusion protocol or a
standardized clinical score, and (3) an estimated time-
since-injury of <6 h.

Exclusion criteria include the following: (1) traumatic
cardiac arrest at any time after the injury, (2) inability to
either obtain written informed consent from the patient,
an appropriate surrogate, or utilize an exception from
informed consent in compliance with local requirements,
(3) known membership in a group likely to object to one

TABLE 3 Example treatment domains and factors

Factors of treatment options

Treatment domain within the domain

Transfusion strategy 1. Arm A: (Control) with 1:1:1
plasma: Platelets:RBCs
2. Arm B: Low titer liquid cold
stored whole blood (LTOWB)
3. Arm C: Fresh whole blood

Management of 1. Arm A: (Control) plasma (FFP,
coagulopathy thawed or liquid)

2. Arm B: Thromboelastography
(TEG) guided management

3. Arm C: Fibrinogen concentrate
first strategy

4. Arm D: (Back up) Lyophilized
plasma

5. Arm E: (Back up) Prehospital
freeze-dried plasma w TEG-
guided ED management

Hemorrhage control 1. Arm A: (Control) Stop the

Bleed Interventions

2. Arm B: Prehospital
hemorrhage control with
wound packing using
hemostatic agents

3. Arm C: Prehospital
hemorrhage control with
injectable sponges

Management of acute 1. Arm A: (Control) Low tidal
respiratory distress volume ventilation
syndrome 2. Arm B: ECMO to obviate the

need for ventilation
3. Arm C: Anti-inflammatory
therapies

or more study treatments (e.g., Jehovah's Witnesses),
(4) prior enrollment in the trial, and (5) neurological
injury that is judged to be incompatible with survival.

The inclusion and exclusion criteria are intended to
select a broad population of patients suffering from
severe post-traumatic hemorrhage. However, it is antici-
pated that some of the treatments being evaluated will be
limited to subgroups of the overall study population.
Thus, with respect to the evaluation of a particular inter-
vention, additional exclusion criteria may apply.

2.3 | Treatment domains

The medical therapies assigned to study subjects in a
platform trial are organized into the categories of
domains, factors, and regimens."* A domain is a group of
mutually exclusive treatment choices being compared in
the trial, typically with each of the active treatments
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having the same general therapeutic aim. For example,
one domain might be transfusion strategy and the treat-
ments randomized within that domain might be different
transfusion thresholds or different choices in the ratios of
blood components used in initial resuscitation.*®> Within
each domain, the individual treatment options are called
“factors.” Another domain might be the management of
coagulopathy with two factors being the use of fresh-
frozen plasma or fibrinogen concentrate, or different
methods for monitoring coagulation parameters and
responding to deficits.** Further examples of domains
and factors relevant to the treatment of post-traumatic
hemorrhage are listed in Table 3. In general, the factors
across different domains can be assigned independently,
resulting in a factorial structure of the trial. It is also pos-
sible to implement restricted randomization, that is desig-
nating specific combinations of factors across domains as
unallowed. The set of all assigned treatment factors
across all randomized domains is called the treatment
“regimen” for the patient. Thus, each patient receives a
single regimen consisting of a single factor selected from
each of the treatment domains."?

Some domains may only be relevant to specific sub-
groups of patients, for example, those with a concomitant
blunt head injury, or may only be relevant to patients
that reach different treatment milestones, for example,
requiring mechanical ventilation or surviving admission
to the ICU. In the latter case, characteristics used in strat-
ified randomization®® within a specific domain may only
be apparent later in the patient's course, requiring a sec-
ond randomization time point and a new “time zero” for
the evaluation of those later interventions.

24 | Outcome measures

The timing and underlying cause of death for the
fatally injured trauma patient are highly variable. In
selecting a primary outcome measure with the goal of
being sensitive to improvements in the management of
exsanguinating hemorrhage, it is important to select an
outcome and timing of measurement for that outcome
that captures the effects of hemorrhage while, to the
extent possible, minimizing the influences of compet-
ing risks: other events (e.g., death from neurotrauma)
that make it impossible to observe the benefit of treat-
ment for hemorrhage.”® Based on these considerations
and substantial empirical evidence, a consensus confer-
ence convened by the National Institutes of Health
National Heart Lung and Blood Institute, and the US
Department of Defense recommended a relatively
short-term primary endpoint in studies of post-
traumatic hemorrhagic shock, namely 6-h all-cause

TRANSFUSION-=

mortality.>”*® This choice emphasizes death from a
hemorrhage while avoiding the subjective post hoc
classification of deaths as being due to hemorrhage ver-
sus other mechanisms while reducing contamination
from death due to neurotrauma which tends to occur
later. Thus, all-cause mortality at 6 h from initial
enrollment is the primary endpoint for the proposed
trial.

The choice of a proximate endpoint—6-h all-cause
mortality—may raise concerns about the possibility that
a treatment may paradoxically improve short-term out-
comes but worsen longer term, more patient-centered,
outcomes. Further, the impact of a positive trial result on
clinical care may be limited without information on
longer-term outcomes. To address these issues the key
secondary outcome of the trial will be 28-day, all-cause
mortality.*® Additional secondary outcomes, for example,
survival time, may be considered as well.

It may be desirable to investigate therapies that
address complications that only occur after a 6-h time
frame (e.g., respiratory or infectious complications). It
would be necessary to identify suitable longer-term out-
comes for such treatment domains.

2.5 | Randomization

Patients who meet enrollment criteria will be random-
ized to treatment options within each of the domains for
which the patient is eligible based on their baseline char-
acteristics. Patients may also be assigned treatments in
domains (e.g., operating room interventions) for which
they are not yet eligible, with the assignments
concealed until the patient meets the eligibility criteria
for the domain. Although a patient who is not yet eligi-
ble for a domain may be assigned a treatment, they
would not be included in an analysis of that domain
unless they become eligible, and the treatment assign-
ment is revealed.

Response-adaptive randomization will be utilized to
increase the statistical efficiency of the trial by increasing
the fraction of enrolled patients who receive the treat-
ments that are of most interest because they appear to be
performing better and to improve the outcomes of
patients enrolled in the trial.'"®*° After a period of fixed
randomization (termed the “burn in” period) across fac-
tors within each domain,'® response-adaptive randomiza-
tion will be applied at the level of the regimen, with the
probability of assignment based on the Bayesian proba-
bility that the regimen is the optimal choice for a patient
with the particular set of baseline characteristics. The
randomization probabilities will be updated during
interim analyses as the trial progresses. Even after



TOLLES ET AL.

= | TRANSFUSION

response-adaptive randomization is initiated, however, a
constant fraction of patients will be allocated to the cur-
rent standard of care in each treatment domain to ensure
the inferential statistical model can effectively detect and
adjust for secular trends, for example, changes over time
in the characteristics of the subject population or in the
effectiveness of the standard of care."

2.6 | Inferential model

The inferential statistical model for the trial will be based
on a Bayesian regression model of subject outcomes after
adjustment for baseline characteristics. The inferential
model will also account for the other assigned treatments
the subject received either simultaneously or previously.
While one feature of a Bayesian approach would be the
ability to incorporate prior information in estimating
treatment effects,'® non-informative or diffuse priors will
be used so that estimates are determined overwhelmingly
by the randomized experimental data.?” In essence, the
Bayesian “machinery” is being used only to provide a rig-
orous quantitative method for the frequent updating of
information as new data become available. The statistical
model will yield both posterior probability density func-
tions summarizing the effect of each treatment or factor
within a domain on subject outcomes, as well as esti-
mates of the probability that each treatment regimen—
the collection of all individual treatment options across
domains—is the optimal regimen for patients within
each of the primary strata. From this model, the probabil-
ity that each factor is optimal within its respective
domain for a defined subgroup of patients will be
obtained by summing the Bayesian posterior probabilities
that each of the regimens is optimal across all the regi-
mens that include that factor. By summing up the proba-
bilities that each combination of treatments that includes
the factor is optimal, we obtain the total probability that
the factor is optimal, essentially averaging across all other
treatment domains. The posterior probability associated
with each factor will then be used to implement the
interim decision rules that define the adaptive trial
design. The decision rules are designed to efficiently
select the most effective treatments. The inferential
model will also yield the probability that each experimen-
tal factor in a domain is superior to the control and the
probability that each factor is superior to the control by a
given amount (e.g., a threshold effect size expressed as an
odds ratio).

To address the challenges of efficient estimation of
treatment effects across multiple patient subgroups, hier-
archical modeling will be used.>® When a treatment effect
is consistent across subgroups, this approach results in

the borrowing of information across subgroups, resulting
in more precise estimates of treatment effects. In con-
trast, when the treatment effect appears more heteroge-
neous across subgroups, the estimate of treatment effect
in each subgroup is based primarily on the data from that
subgroup. Thus, estimates of the treatment effects in a
subgroup will be based on the outcomes in that sub-
group, as well as the consistency of the apparent treat-
ment effects across subgroups.**~*

Because the platform trial is intended to continue
over an extended period, with likely improvements in the
effectiveness of the existing standard of trauma care, the
inferential model will include a statistical adjustment for
time to allow for secular trends.*® This adjustment, along
with randomization ratios designed to maintain a suffi-
cient and stable allocation to the standard of care arm
within each domain,*’ helps to ensure valid estimation of
treatment effects despite variations in the patient
populations and concomitant therapies over time. This
modeling strategy has been used successfully in recent
COVID-19 platform trials.**~°

A related issue is the choice of control patients to be
included in comparisons when estimating the effects of
treatments. For experimental treatments that enter the
platform trial sometime after the start of the trial, the
concurrent controls are patients that, at the time of their
randomization, could have been assigned to that treat-
ment. Control patients randomized before a treatment
enters the trial, or at study sites that do not offer the
treatment, are considered to be non-concurrent controls.
Using only concurrent control patients for estimates of
the treatment effects of newly added treatments mini-
mizes the effect of a time trend caused by changes in
practice, patient population, or seasonal trends.* How-
ever, the use of non-concurrent control patient data along
with model-based approaches to adjust for time trends
can lead to more precise estimates of treatment
effects.’”*>** This approach would be particularly help-
ful in comparisons and evaluating treatments for which
the eligible patient population is small.

Use of non-concurrent control patient data may be
less controversial in deriving estimates of risk to be used
in risk adjustment analyses of the trial treatments. Such
risk adjustment is useful for trials involving heteroge-
neous populations, such as trauma, in which chance
imbalance in treatment groups can happen even without
changes in the patient population. In such settings,
adjusting for baseline risk is desirable to reduce bias in
estimates of treatment effects. In a platform trial, a risk
model could first be derived which could include data
from non-concurrent controls and other treatment arms.
The resulting model could then be used to calculate risk
estimates for patients randomized to treatments to be
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analyzed and concurrent controls to derive risk-adjusted
estimates of treatment effects.

2.7 | Interim analyses and decision rules
At each interim analysis of the trial, a snapshot of the
clinical database will be taken, and the data analyzed
using the Bayesian inferential model. A minimum clini-
cally important difference (MCID)* for an improvement
in survival will be defined, however, in this setting the
magnitude of the treatment effect sought by the trial will
be influenced by limitations in the expected rates of trial
enrollment and outcomes. The results of the inferential
model will be a probability that each factor is superior to
control, is superior to control by at least the MCID, or is
the optimal treatment choice within each domain. These
probabilities will be determined for each patient sub-
group or stratum using the hierarchical approach and the
interim decision rules will be based on these probabili-
ties. The precise decision rules and the associated proba-
bility thresholds for each treatment domain will be
determined by the trial steering committee prior to the
initiation of the trial. They will be informed by computer
simulation'? of the trial design while considering the spe-
cific treatment options and current standard of care
within each domain. The general structure of the
domain-specific decision rules is expected to be as fol-
lows, with typical probability thresholds included as
examples, and with each rule applying within a patient
subgroup or stratum:

1. Stopping for futility. Randomization to a particular fac-
tor within a domain will be irreversibly terminated if
the Bayesian posterior probability that the factor is
superior to the control factor by at least the MCID is
less than .01. Alternatively, if there is not a clearly
identified standard of care/control treatment in the
domain, a factor may be terminated if the probability
that it is the optimal factor is less than .01.

2. Stopping for demonstration of efficacy. Randomization
to a particular factor within a domain will be termi-
nated and efficacy considered demonstrated if the
Bayesian posterior probability that the factor is supe-
rior to the control factor is greater than .99. Other-
wise, if there is not a clearly identified control
treatment in the domain, a factor may be terminated,
and efficacy considered demonstrated if the probabil-
ity that it is the optimal factor among all choices is
greater than .99. If a factor is demonstrated to be
superior to the control, the existing control will be
dropped from the trial and the superior treatment will
become the new control therapy.

TRANSFUSION- =

3. Stopping due to the maximum sample size being
reached. Randomization to a particular factor within a
domain will be terminated if the maximum allowed
sample size for that factor (if specified) has been
reached. A limit on the sample size may be
implemented for logistical reasons, for example, a lim-
itation in the availability of the agent, or if it is
deemed futile or poor use of resources to continue
allocation to the factor if efficacy has not already been
demonstrated once the maximum sample size is
reached. This latter criterion for the maximum sample
size can be determined in a manner analogous to a
traditional sample size calculation.

4. Closing of a domain. If, based on the above decision
rules, fewer than two available factors remain in the
domain, then the domain will be closed. However, if
it is expected that a new factor in the domain will
become available in the near term, the domain may
be suspended while awaiting the introduction of the
new factor and a resumption of randomization.

5. Continue with revision to randomization proportions. If
the domain remains open, meaning there are at least
two remaining factors in the domain available for ran-
domization, then the randomization proportions
within the domain will be revised according to the
probability that each factor is an optimal choice. If the
probability that a factor is the optimal choice falls below
.05, then no patients will be allocated to that factor to
avoid randomizing patients to treatment strategies that
do not appear favorable based on the current data. How-
ever, the factor may be reintroduced in later randomiza-
tions if accumulating experience with the other factors
results in a probability of being optimal rising above
.05 at a future interim analysis.

If any of the statistical triggers 1 through 4 above are
met, then the results of the interim analysis and the
application of the decision rules will be reviewed by an
independent data and safety monitoring board (DSMB)
before any action is taken. The DSMB will make a recom-
mendation regarding the implementation of the decision
rule to the trial's steering committee. If none of the statis-
tical triggers are met, then the randomization probabili-
ties will be updated and the DSMB informed regarding
the updated randomization probabilities.

2.8 | Simulation-based trial design

Figure 1 visualizes the overall framework of the proposed
adaptive platform trial, defined by the features outlined
above. The detailed statistical design of this trial frame-
work, including the details of the Bayesian hierarchical
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Randomize Within
Transfusion Domain

Coagulopathy Domain
Hemorrhage Control Domain

Enroll Patients

Add New Factors
or Domains

Drop Factors or Domains
for Efficacy or Futility

FIGURE 1

Example Patient Regimens

Patient 1 Patient 2

\ Transfusion Transfusion

Strategy A Strategy B
Coagulopathy Coagulopathy

------- Strategy C Strategy C
.......... Hem. Control Hem. Control

......... Strategy B Strategy A

Update Statistical Model
Apply Prespecified Adaptation Rules
Update Randomizations

Record Outcomes

This figure illustrates the overall structure for the proposed platform trial, with example domains for illustration. The

process of enrolling patients, randomization, treatment, outcome assessment, updating of the statistical model, and application of adaptive

decision rules and response-adaptive randomization is intended to be a continual, seamless process. Each of the domains of care,

i.e., transfusion strategy, management of coagulopathy, and management of hemorrhage would have several treatment options or factors to

which patients are randomized. The factors or treatment options within each domain are denoted A, B, or C in this schematic.

model and the structure and thresholds of the decision
rules, will be determined by Monte Carlo computer simu-
lation of the trial design across a wide range of possible
scenarios.>’ The scenarios to be considered, and for
which the trial performance will be evaluated, will vary
in the assumed efficacy of the interventions and the het-
erogeneity of the treatment effects across subgroups, out-
comes rates, enrollment rates, and other parameters. For
example, type I error control will be demonstrated under
a variety of null scenarios with the assumption that at
least one of the experimental treatments is no better than
the control/standard of care. This will allow us to choose
a trial design that appropriately balances the required
sample size against the desire to generate estimates of
treatment effects that are sufficiently precise and specific
to clinically important subgroups of patients to support
both clinical and regulatory decision-making. In general,
the type I error rate for each therapeutic question will be
matched to what would be required for a single trial
addressing the same therapeutic question. While Monte
Carlo computer simulation will be used to evaluate the
type I (false positive) error risk associated with the pro-
posed decision rules, with the possibility of adjusting the
thresholds (e.g., .01 and .99) accordingly, we note that
these proposed thresholds are similar to those used in the
REMAP-CAP platform trial in COVID.**°

The simulation also has the potential to address con-
cerns that have been raised regarding sub-optimal statis-
tical characteristics associated with poorly designed
adaptive trials (e.g., inflation of type I error risk, excessive

bias in the estimation of treatment effects, vulnerability
to effects of secular changes in the patient population or
outcomes). Simulation of adaptive designs prior to trial
implementation can quantify these threats and facilitate
design optimization (e.g., adequate minimum sample
size, avoiding overly aggressive response adaptive ran-
domization, use of concurrent control subjects in the pri-
mary estimation of treatment effects) to ensure the
desired statistical performance is achieved.

3 | DISCUSSION

While an adaptive platform trial has not, to our knowledge,
been performed in a critically injured patient population,
recent experience during the COVID-19 pandemic has
demonstrated both the feasibility and immediate scientific
value of this approach. Further, conducting such a trial is
an opportunity to generate data on the treatment of popula-
tions who are typically excluded from such trials, for exam-
ple, pediatric patients and pregnant women.*?

Determining the scale of the trial (e.g., the number of
participating sites, number of domains to be considered,
and the number of factors in each domain) involves prac-
tical and statistical considerations. Not all trial sites may
participate in all domains, depending on local site capa-
bility to offer specific treatments. While increasing the
number of domains and factors will generally result in a
long time to answer the first therapeutic question, there
is an increase in overall efficiency with the addition of
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domains and factors, especially compared to an equiva-
lent series of standalone trials each evaluating a single
factor (or even each evaluating all factors within single
domains). Many platform trials grow in scale over time,
allowing a greater number of therapeutic questions to be
posed and answered quickly. The larger the number of
centers and the faster the pace of enrollment, the shorter
the time required to answer each therapeutic question.

The successful implementation of the proposed plat-
form trial, including providing the necessary oversight
and governance, will require a vibrant collaboration
across multiple investigators, institutions, and settings.
Multiple potential hurdles exist, however, including over-
coming challenges related to securing perpetual funding,
identifying eligible patients in often chaotic prehospital
and emergency department settings, ensuring effective
and ethical consent processes, implementing real-time
randomization and initiation of assigned therapies, and
achieving complete and accurate capture of outcomes.
Independent oversight from a multidisciplinary data and
safety monitoring board with a thorough understanding
of the trial design will also be required. A number of
these complex issues are addressed in companion
manuscripts.*

We acknowledge that investigating the effectiveness
of therapies—both current and novel—for the treatment
of patients with life-threatening hemorrhagic shock is a
daunting task. Variability in patient injury, hemody-
namic status, location of care and available resources,
and the complexity of administering multifaceted and
multidisciplinary care in a time-sensitive setting all create
additional challenges and barriers. However, failing to
compare treatments using a rigorous and prospective
clinical trial strategy would subject our future patients to
the same unproven therapies and unwarranted practice
variation that we continue to struggle with today.

In completing the statistical design of the clinical trial
and the detailed planning of clinical care and associated
data collection, collaborative discussions with regulatory
personnel will be critical. The intent to utilize the emer-
gency exception from informed consent for enrollment
will require the filing of an Investigational New Drug
Application (IND) for products regulated either by the
FDA Center for Drug Evaluation and Research or by the
Center for Biologics Evaluation and Research or an
Investigational Device Exemption (IDE) for devices regu-
lated by the Center for Devices and Radiological
Health.*® A key goal of the regulatory interactions will be
to ensure that the specified trial design, if it generates
definitive results, will be deemed of sufficient methodo-
logical rigor to inform regulatory decision-making. In
many cases, this will likely be the most efficient way,
both in terms of time and cost, to evaluate promising
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new treatments for patients with life-threatening post-
traumatic hemorrhagic shock.

4 | CONCLUSION

An adaptive platform trial evaluating treatments for
patients with life-threatening post-traumatic hemorrhage
has the potential to accelerate the discovery of more
effective treatments for this common and devastating dis-
ease. While the challenges of launching such a trial are
substantial, they can be successfully addressed if the
trauma research community coalesces around our com-
mon goal of finding the best ways to take care of these
patients.
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