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Abstract

Severe asthma accounts for almost half of the cost associated with asthma. Severe asthma is driven
by heterogeneous molecular mechanisms. Conventional clinical trial design often lacks the power
and efficiency to target subgroups with specific pathobiological mechanisms. Further, the
validation and approval of new asthma therapies is a lengthy process. A large proportion of that
time is taken by clinical trials to validate asthma interventions. The NIH Precision Medicine in
Severe and/or Exacerbation Prone Asthma (PreclSE) program was established with the goal of
designing and executing a trial that uses adaptive design techniques to rapidly evaluate novel
interventions in biomarker-defined subgroups of severe asthma, while seeking to refine these
biomarker subgroups, and to identify early markers of response to therapy. The novel trial design
is an adaptive platform trial conducted under a single master protocol that incorporates precision
medicine components. Further, it includes innovative applications of futility analysis, cross-over
design with use of shared placebo groups and early futility analysis to permit more rapid
identification of effective interventions. The development and rationale behind the study design
are described. The interventions chosen for initial investigation and the criteria used to identify
these interventions are enumerated. The biomarker-based adaptive design and analytic scheme are
detailed as well as special considerations involved in the final trial design.
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. Goals of PreclISE

Severe asthma is driven by heterogeneous molecular underpinnings. The new class of
asthma biologics aimed at inhibiting Type 2 inflammation are effective in only about half of
severe asthma patients (1). Furthermore, the clinical response to these medications is highly
variable. The development of new therapies takes many years, largely secondary to the time
needed to complete clinical trials. Platform trials with adaptive study designs utilizing
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master protocols are promising alternatives to conventional study designs due to their
capacity to efficiently study multiple interventions. Additionally, precision medicine
approaches, utilizing phenotypic “biomarkers” to identify subgroups of patients more
responsive to the study intervention, are now available.

The NIH Precision Medicine in Severe and/or Exacerbation Prone Asthma (PrecISE)
program was established with the goal of creating a study that uses adaptive design
techniques to rapidly evaluate novel interventions in biomarker-defined subgroups of severe
asthma. Additionally, the program seeks to refine the biomarker subgroups and to possibly
identify early markers of response to therapy.

As opposed to standard randomized trials in which the study procedures and outcomes are
set at the beginning of the trial, and not modified after study initiation, adaptively designed
studies allow prospectively planned modifications to one or more aspects of the design based
on accumulating data from subjects in the trial and have been recognized as legitimate
designs for drug approval by the FDA. (2). These adaptations are based on interim study
data and have to be pre-specified. Adaptive components can include one, or several, of the
following based on interim analyses: 1) Modifying allocation proportion to different arms;
2) Modifying the study population; 3) Modifying the endpoints; 4) Changing the sample size
of the trial; 5) Dropping arms for futility; 6) Stopping the entire trial early for futility or
efficacy;. Adaptive approaches allow for more efficient use of subjects since fewer subjects
receive ineffective compounds and studies have the potential for producing results at smaller
sample sizes than initially expected. In trials with multiple interventions this results in more
rapid changing of treatments and reassignment of resources to more promising candidates.

To achieve these aims we designed a trial that incorporates an adaptive platform, a master
protocol design, and precision medicine components. A platform design in a master protocol
is a study designed in such a way that the basic structure can be used to perpetually evaluate
multiple interventions for a disease process. Precision medicine approaches are adaptive
approaches that allow for refinement of the patient subgroups targeted by interventions
during a trial.

Although adaptive platform trials with precision medicine components have been utilized in
cancer trials (3, 4), asthma is a temporally variable, complex, chronic inflammatory disease.
Precision medicine trials in asthma present both opportunities and unique challenges for
innovation in trial design. Herein we describe the development and structure of the PrecISE
platform trial (Clinical Trials.gov NCT04129931). It includes innovative applications of
futility analysis, cross-over design, and use of a shared placebo to permit more rapid
identification of effective interventions and refinement of predictive biomarker subgroups.
Our goal is to acquaint the reader with the trial and the innovative tools and analytic
approaches it utilizes. We outline our objectives in adopting different components of
adaptation and study structure and the framework and rationale we developed to achieve
these objectives. We also describe the criteria used to identify our potential interventions and
the biomarker-based adaptive design and analytic scheme. Additionally, we review special
considerations relevant to the protocol and analysis, and implementation realities. A more
detailed description of our statistical and analytic approach has been recently published (5).
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Il. Objectives and Framework and Rationale to Achieve Objectives

The Steering Committee (SC) and the Data, Modeling, and Coordination Center (DMCC)
defined the objectives outlined in Table I. To achieve these objectives we agreed on the
following conceptual approaches based on the provided rationales:

1.

Using a master protocol to allow more rapid introduction of potential
interventions rather than designing new protocols for each drug.

Utilizing a cross-over design with multiple periods in which subjects are treated
with multiple interventions and the interventions share the same placebo for that
subject, in order to maximally utilize information from recruited subjects. Such a
design also provides subjects with an opportunity to “try” multiple interventions
in the context of one overall trial.

Allowing interventions to demonstrate efficacy on any one of multiple efficacy
outcomes (e.g. exacerbations, airway function, symptoms). Simultaneously
testing for efficacy on multiple outcomes allows the use of the same trial design
across interventions, even though we might be testing interventions that address
different components of asthma pathobiology.

Reducing drug exposure time to the minimum duration thought to provide a
likelihood of response to allow testing of multiple agents in a shorter time frame.
For this reason, we adopted a substitute for exacerbations (CompEXx) (see below)
to evaluate efficacy in regard to exacerbations utilizing a reduced intervention
duration.

Performing an early futility analysis to reduce the time committed to testing of
interventions with a lower likelihood of efficacy, thus allowing more rapid
accrual to the remaining interventions and/or replacement of those ineffective
interventions with “back-up” interventions.

Preferentially assigning subjects to interventions based on pre-specified
biomarker thresholds to allow rapid assessment of whether a drug is effective in
the pre-specified biomarker subgroup.

Assigning some subjects to interventions even if they are outside the initial pre-
specified biomarker group to permit adjustment of biomarker thresholds during
the study.

lll. Criteria used to identify the top candidate interventions

Each clinical center application to join the network had proposed at least 3 specific
interventions. At the initial SC meeting, all interventions were discussed and each was
subsequently scored based upon the following criteria: 1) scientific basis for potential
efficacy in severe asthma; 2) definition of a target biomarker subgroup likely to respond to
the therapy; 3) feasibility of drug acquisition and administration (oral, injection, etc.); 4)
cost of therapy (if not donated by industry); 5) known safety profiles and potential
considerations in severe asthma; and 6) likelihood of obtaining approval for use in
adolescents from the U.S. Food and Drug Administration. Those that were deemed to be
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safe and potentially accessible, with the greatest overall scores, were then pursued as the
initial group of candidate interventions to be further investigated. Those finally chosen are
listed in Table Il. The hypothesized mechanisms and pharmacology of these interventions
will be detailed in future publications.

Each intervention required identification of proposed predictive biomarkers (up to two)
which would define the clinical subgroup, hypothesized a priori, to most likely respond to
each intervention. Those chosen are listed in Table Il. Several secondary and exploratory
predictive biomarkers were also identified for each intervention. In addition to using
biomarkers to predict intervention response, each intervention required proposed biomarkers
that would serve as monitoring biomarkers, intended to help identify early signs of efficacy
(or lack thereof) (Table I1). Several additional interventions are being similarly assessed to
serve as alternatives should any of the initially chosen agents be eliminated due to futility or
safety concerns.

IV. Protocol Design and Analytic Scheme

The study aims to randomize 800 subjects (650 adults and 150 adolescents (12-17 years of
age)). The general structure of the study is summarized and illustrated in Figure 1. Briefly,
over an approximately 8-week period, patients with reported asthma are screened to be sure
they meet criteria for severe asthma (6). During that period their biomarkers for all possible
interventions are ascertained. Where possible, subjects’ inhaled corticosteroid/long-acting
beta agonist (ICS/LABA) controller inhaler is changed to a standard high dose ICS/LABA
combination. Baseline symptoms and lung function are measured, and safety labs are
assessed. Based on a subject’s biomarker profile, the intervention specific safety
measurement thresholds, the available interventions, and the progress of the study, subjects
are randomized to their first intervention, with an increased probability (but not a certainty)
that they will be randomized to a treatment “best” for them based on their biomarker profile.

As illustrated in Figure 1, each period of treatment consists of 4 months of treatment and a
2-month washout (except for clazakizumab treatment which requires a 4-month washout due
to a long half-life). The first 2 periods of treatment correspond to a double-blind placebo
controlled 2-period cross-over design for the assigned intervention, such that a subject will
receive placebo during one of the initial 2 treatment periods. These two periods were
incorporated so that patients who are not able to participate after these first two periods are
guaranteed to have a placebo period. After the initial 2-period cross-over, each participant
continues with repeated re-randomizations to sequential 4-month treatment periods and 2-
(or 4-) month washout periods, for up to a total of 4 additional treatments. In each of these
subsequent periods, subjects are assigned to interventions or a matching placebo
(approximately 7:1 ratio during each period) based on biomarker profile, their history of
prior treatments including placebo, the intervention-specific safety measurement thresholds,
and the overall enroliment in each of the interventions at the point of each re-randomization.
As discussed below (Section V), no subject will be randomized to more than two placebo
periods during the trial.
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Subjects enrolled at the beginning of this 42-month study can potentially receive a maximum
of 5 different active treatments of the six listed in Table Il (as long as none had a prolonged
washout period). Subjects all will have at least one required placebo (during the 2-period
cross-over) and a maximum of two placebo periods.

The analytic approach and biomarker adaptation are illustrated in Figure 2. Specifics of the
analysis plan and the thresholds used are discussed in our statistical design paper (4).
Briefly, as illustrated in Figure 2, after 60 subjects are enrolled and complete an intervention
in the pre-specified biomarker-defined target subgroup, a futility analysis will be undertaken.
If a drug is determined to be futile, that intervention is immediately discontinued, thereby
freeing up patient resources to more rapidly complete investigation of other interventions or
introduction of a new intervention with its attendant predictive biomarkers. If futility criteria
are not met for the intervention, then a biomarker subgroup refinement is undertaken (see
Figure 2) based on the outcomes in the 60 patients and 30 additional subjects that have been
enrolled in that intervention outside the initial target subgroup. If necessary, the biomarker
cut-off will be adjusted so that the next 45 subjects will be enrolled using the new threshold
with ~20 additional subjects enrolled outside the new target threshold. Once completed, a
second biomarker subgroup optimization will be performed (see Figure 2), and a final 45
subjects will be enrolled in the new, refined target subgroup. Final efficacy analyses will be
performed on the 150 subjects who were in the target subgroups at any point in the study
(Green band in Figure 2).

V. Specific Considerations Regarding Study Design and Analysis

The study design and analysis plan outlined in Figure 1 and 2 require several areas of
explication.

QOutcomes.

Since the study structure is designed to facilitate screening of multiple interventions with
different mechanisms, the selected interventions may impact differing aspects of asthma
control. We therefore chose three primary efficacy outcomes to address this possibility.
Specifically, we chose to assess: 1) Airway function (FEV1); 2) Symptoms (ACQ-6); 3)
Exacerbations and loss-of-control events as a substitute for exacerbations, using the
CompEXx instrument (7). These outcomes will enable us to determine the effect of each
intervention on the three key components of asthma morbidity. Importantly, we considered
the possibility of including asthma exacerbations (defined as a treatment with systemic
corticosteroids) as a primary outcome measurement. However, the sample size required to
appropriately test a reasonable effect size prohibited using asthma exacerbations as a
primary endpoint. Due to this limitation the investigators elected to use the CompEx
instrument as a substitute for asthma exacerbations. Steroid-requiring exacerbations will be
examined as a secondary outcome and safety measures will be in place to handle
exacerbations. The effect sizes for a difference in treatment responses relative to placebo that
we believe we will be able to detect with 80% power in a final sample of approximately 150
subjects within the target biomarker subgroups are listed in Table I11. In all these
calculations, data from adolescents will be combined with data from the adults.

J Allergy Clin Immunol. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Israel et al.

Page 6

Upfront Assignment to Interventions Based on Phenotypic Biomarkers.

We have pre-defined the initial “target” biomarker subgroup that we will test for each
intervention as outlined in Table Il. In this study, subjects who fall within the parameters of a
biomarker-defined subgroup will be preferentially assigned to the intervention(s) expected to
be effective for that biomarker profile (Figure 2). We point this principle out to contrast it
with the typical post-hoc biomarker discovery approach. In the latter approach, subjects may
be randomly assigned to therapies and post-hoc analysis identifies biomarker profiles that
associate with improved responses to specific therapies. In our case, we have initially pre-
specified the target biomarker subgroup for each intervention (Table 1) and if an
intervention is not found to be futile (after enrollment of the first 60 subjects in the target
biomarker subgroup), we will refine the target biomarker group and assign additional
subjects to the intervention (Figure 2). At this point, we continue to include some subjects
outside the (newly) defined target subgroup, so that we can perform a second biomarker
refinement step for the subgroup after additional patients have been enrolled (Figure 2). We
will perform post-hoc analyses to see if we can identify other biomarkers that define
responder subject subgroups. In lvanova et al (5), we consider the statistical implications of
upfront adaptive assignment vs. unbiased assignment in more detail.

As a corollary, we were faced with the issue of when to assign a subject’s predictive
biomarker characteristics. We have chosen to assign predictive biomarker status based on
biomarker determinations during the run-in period, prior to any treatment intervention. We
have done so to decrease issues related to possible carryover effects from a prior treatment
during the short interval of time available for the washout (see below 4-month intervention
periods and 2-month washout, except for clazakizumab’s 4-month washout). While we will
not be reassigning subject predictive biomarker status during the process of preferential
randomization assignments, we will be reassessing these predictive biomarkers prior to each
randomization period. In a secondary analysis, we will examine whether predictive
biomarkers obtained just prior to each intervention period are better in defining target
response subgroups.

Crossing Subjects Over to Multiple Treatments to Maximize the Information Collected in

the Study.

We adopted a cross-over design for multiple reasons: 1) Since the subject population is
limited, crossing subjects reduces the need to recruit a new population for each intervention
and increases power for the sample size since each subject is used as their own control; 2)
Since subjects may qualify for multiple interventions based on overlapping target subgroup
definitions, crossing subjects over from one treatment to another affords subjects the
opportunity to be assigned to multiple drugs with a greater opportunity to identify
interventions effective in a particular subject (in effect “precision” medicine at the subject
level within the context of the trial); 3) Multiple cross-overs allow us to “share” placebo
periods providing increased efficiency to compare an intervention with placebo (See below
Placebo Considerations).
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Early Futility Analysis and Futility Boundaries.

All of our currently proposed interventions are novel in severe asthma. Many have not been
tested in humans as regards their efficacy in severe asthma. Thus, there is a likelihood that
several may be ineffective. We recognized that enrollment of a full cohort along with
biomarker profiling specific to an intervention that was not effective (as judged by our
outcomes in our trial) would divert subjects and resources from potentially informative
interventions. To make the trial adaptive in this regard, we strove to introduce early futility
analysis. Further, we set moderately wide boundaries in these analyses (please see Statistical
Analysis Publication (5)). We recognized that setting wider futility boundaries may result in
a higher likelihood of discontinuing “effective” therapies, and therefore tried to balance this
consideration against our goals of testing multiple interventions.

4-Month Intervention Periods and 2-Month Washout.

The study timelines allow us a maximum of 42 to 44 months of study participation in order
to have a sufficient number of cross-over treatments per subject to meet our study objectives,
we designed a 4-month treatment period and 2-month washout period for each intervention.
Our rationale for choosing 4 months and 2 months is as follows: 1) Nearly all effective
asthma treatments to date have shown the majority of their effect within 3—4 months; 2)
While effects on yearly exacerbations cannot be assumed to be reflected accurately within 4
months, we are using the recently reported instrument known as the CompEx which, with 3
months of measurement, generally yields similar power to that obtained measuring annual
asthma exacerbation rates over a year;(7) 3) As regards the washout, 2 months exceeds 5
times the known pharmacokinetic half-life of the drugs under consideration (except for
clazakizumab, for which we introduced a 4-month washout). In regard to this latter point, we
recognized that it is possible that the pharmacodynamic half-life of an intervention could
exceed the 2-month washout. To account for this possibility, we are not assessing efficacy (at
the end of each period) relative to baseline at the start of each period, but rather comparing
interventions with placebo based on the outcomes measured at the end of each treatment
period. To assess if our washouts are long enough, we will model baseline efficacy outcomes
as a function of previous treatment to shed light on the presence of carry-over effects in the
trial.

Placebo Considerations.

To assess whether an intervention is effective within its biomarker subgroup, interventions
will be compared to a placebo administered during the double-blind placebo cross-over
phase (Figure 1) and additional placebos administered during subsequent treatment
assignments. The latter additional placebos have been inserted to preserve blinding in the
subsequent periods, and to assess for period, seasonal, and secular temporal effects over this
~3.5-year study. As described in Section 1V, after the initial double-blind 2-period cross-over
period, subjects will be randomized to active intervention or matching placebo at an
approximately 7 to 1 ratio, with the caveat that no subject can receive placebo in more than
two periods during the trial. Throughout the trial subjects assigned to placebo will receive a
single dummy appropriate to their assigned therapy for that period. We did not introduce
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simultaneous dummies for all the interventions (potentially up to 6 interventions and
dummies at the same time) due to subject burden.

VI. Implementation Reality and Challenges of Developing a Platform
Protocol

Implementation of our design has presented several challenges.

Drug Acquisition.
Since almost all our therapies are novel interventions in asthma, most of these drugs are not
available for purchase over the counter. As a result, we needed to negotiate with each
manufacturer to obtain drug. All the manufacturers were interested in participating but
contract negotiations related to intellectual property and drug manufacturing timelines
frequently caused delays. In some cases, production of placebo has also contributed to
delays. At the time of this writing we have reached agreement with manufacturers of all 6
initial interventions but some of these negotiations have taken more than a year.

Regulatory Approval.

Almost all of our interventions are investigational new drugs (not currently on the market) or
not approved for use in asthma and therefore require FDA approval for study in severe
asthma. The FDA agreed that we could submit a single IND for the PrecISE master protocol
that included all interventions available at study start, with IND amendments submitted as
other interventions are added to the study. The FDA also gave us guidance that in order to
approve interventions for adolescents the intervention would have to have minimal toxicity
or, if there were potential for toxicity, we would need to show adequate evidence to suggest
effectiveness in severe asthma. As a result, of the six interventions listed in Table I1, it
appears at this time that only two will be able to be used in adolescents.

Based on availability, we have initiated the trial with medium-chain triglycerides and
clazakizumab. At the time of this writing, we have received FDA approval to add imatinib.
Approval to add cavosonstat, BronchoVaxom, and itacitinib will hopefully follow in short
order.

Overlapping Target Biomarker Groups and Prevalence of the Target Biomarker Group in
the Population.

Some of the interventions chosen have overlapping biomarker-defined target subgroups as
can be seen in Table 1. We realized that if we attempted to enroll subjects in these
interventions simultaneously accrual would be slow and thus a futility analysis would be
delayed. As a result, if a subject is eligible for two or more interventions, the randomization
algorithm favors the intervention closest to achieving the enroliment target for the 15t interim
analysis (the futility interim analysis).
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VIl. Conclusion

Authors

The PreclISE trial represents an innovative approach to trial design in severe asthma. By
bringing together experts in clinical trial design, adaptive trial design, and development of
master protocols, we have developed a platform that we believe will allow us to rapidly
evaluate novel interventions in severe asthma. The design also simultaneously allows us to
define and refine potential predictive biomarkers and to explore biomarkers of response. The
trial structure also permits subjects to receive multiple interventions with reduced placebo
periods, making the approach more attractive to potential participants.
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8 week Initial Screening Phase and Run-in

DoubleBlind Placebo Controlied Cross-Over Phase

Multi-Period Cross-over

Figure 1. PrecISE Study Structure.
See Section 1V — Protocol Design and Analytic Scheme.
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Figure 2. Futility Analysis, Biomarker Adaptation, and Study Analysis for an Intervention in
PrecISE.

Patients are characterized, and their biomarker characteristics are determined and assigned
during the run-in (see text). Based on these biomarker characteristics (Table I1) they are
preferentially (but not exclusively) assigned to interventions and placebos throughout their
participation in the trial (Figure 1). As seen in Figure 2, patients within the target biomarker
subgroup (green band) and those outside the target subgroup (orange band) are assigned to
each intervention. After an intervention has accumulated 60 patients within the target
biomarker subgroup (green band) and 30 subjects outside the biomarker subgroup (orange
band), a futility analysis is performed restricted to the within-target 60 patients (see text). If
the intervention is dropped for futility, all patients still receiving that intervention are
assigned to alternative interventions. If the intervention is not dropped for futility, subgroups
are refined and subjects within and outside the newly refined biomarker thresholds are
enrolled and evaluated as outlined with an additional scheduled refinement as shown. When
150 patients are enrolled within the varying refined subgroups a final efficacy analysis is
performed restricted to the 150 patients within the refined subgroups.
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Table I.
PrecISE Obijectives

Primary

1. To identify novel therapies that are efficacious in pre-defined biomarker-based subgroups of severe asthma patients

2. To optimize the subgroups targeted for treatment by refining the biomarkers and subgroup definitions

Secondary

1. To gain information about potential monitoring biomarkers for selected therapies

2. To explore the safety and effectiveness of selected therapies in adolescent patients with severe asthma.
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Table lll.

PreclSE Primary Outcomes

Primary Outcome

Minimally Detectable Treatment Difference from Placebo (80% Power)

Airway function (FEVl)a 4.3% predicted

Symptoms (ACQ-G)b

0.3 score

Loss of Asthma Control (CompEx)C 0.66 event rate

a . . R
FEV1 measured prior to bronchodilator administration (Assumed SD = 14.5%)

bAsthma Control Questionnaire (Assumed SD = 1)

CCompEx (Assumed SD =2)
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