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Asthma is a heterogeneous disease, with multiple underlying
inflammatory pathways and structural airway abnormalities
that impact disease persistence and severity. Recent progress
has been made in developing targeted asthma therapeutics,
especially for subjects with eosinophilic asthma. However, there
is an unmet need for new approaches to treat patients with
severe and exacerbation-prone asthma, who contribute
disproportionately to disease burden. Extensive deep
phenotyping has revealed the heterogeneous nature of severe
asthma and identified distinct disease subtypes. A current
challenge in the field is to translate new and emerging
knowledge about different pathobiologic mechanisms in asthma
into patient-specific therapies, with the ultimate goal of
modifying the natural history of disease. Here, we describe the
Precision Interventions for Severe and/or Exacerbation-Prone
Asthma (PrecISE) Network, a groundbreaking collaborative
effort of asthma researchers and biostatisticians from around
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the United States. The PrecISE Network was designed to
conduct phase II/proof-of-concept clinical trials of precision
interventions in the population with severe asthma, and is
supported by the National Heart, Lung, and Blood Institute of
the National Institutes of Health. Using an innovative adaptive
platform trial design, the PrecISE Network will evaluate up to 6
interventions simultaneously in biomarker-defined subgroups of
subjects. We review the development and organizational
structure of the PrecISE Network, and choice of interventions
being studied. We hope that the PrecISE Network will enhance
our understanding of asthma subtypes and accelerate the
development of therapeutics for severe asthma. (J Allergy Clin
Immunol 2022;149:488-516.)

Key words: Severe asthma, precision medicine, adaptive clinical
trial design, asthma exacerbation, type 2 asthma, non—type 2
asthma, patient advisory committee, biomarker
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1. INTRODUCTION

Asthma is a highly heterogeneous disease, with multiple
underlying inflammatory pathways and structural airway abnor-
malities that impact disease persistence and severity."2 Although
recent progress has been made in developing targeted asthma
therapeutics, there is an unmet need for new approaches to treat
patients with severe and exacerbation-prone asthma, who
contribute disproportionately to disease burden.”* For example,
while approximately 3% to 10% of adult patients with asthma
have severe disease, care of these patients accounts for more
than 60% of asthma-related health care expenditures. Extensive
deep phenotyping has revealed the heterogeneous nature of severe
asthma and identified distinct disease subtypes.”® A current chal-
lenge in the field is to translate new and emerging knowledge
about distinct pathobiologic mechanisms in asthma into patient-
specific therapies, with the ultimate goal of modifying the natural
history of disease. This approach would be superior to achieving
symptom control only, while the underlying intrinsic disease pro-
cess continues.

To address these unmet needs, the National Heart, Lung, and
Blood Institute (NHLBI) developed the concept for a precision
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TABLE I. Compounds and targeted subgroups
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Compound Drug target Targeted subgroup Estimated subgroup prevalence*
Imatinib C-Kit Eos < 300/pL 62%
Clazakizumab IL-6 IL-6 > 3.1 ng/mL 33%
MCTs Metabolic pathways Feno > 15 ppb 64%
Broncho-Vaxom Microbiome Eos > 300/pL 38%
Itacitinib JAK1/3 Eos > 300/pnL or FENo > 25 ppb 53%

Eos, Eosinophils.
*Based on data from SARP.

intervention, adaptive clinical trials network, which was outlined
in a request for applications (RFA) in 2016 (RFA-HL-17-009).
The RFA encouraged innovation in trial design and data analysis,
in the selection of interventions to be evaluated, and in the
identification of patient phenotypes that each intervention should
target. The RFA pointed out that our rapidly expanding under-
standing of diverse pathobiologic mechanisms in asthma provides
an opportunity to leverage this knowledge base and develop more
precise, biologically based approaches for asthma management
and potentially disease modification. The Precision Interventions
for Severe and/or Exacerbation-Prone Asthma (PrecISE)
Network was formed in response to the RFA, and is a
groundbreaking collaborative effort of leading asthma re-
searchers and biostatisticians from around the United States.
The PrecISE Network was designed to conduct adaptive, phase 2/
proof-of-concept clinical trials of precision interventions in the
population with severe asthma. Evaluation of potential predictive
and monitoring biomarkers to guide the use of each intervention
was also required.

Study objectives, and overview of trial design and
statistical analysis plans

The primary objectives of the PrecISE Network are to (1)
identify novel therapies that are efficacious in predefined
biomarker-based subgroups of patients with severe asthma and
(2) optimize the subgroups targeted for treatment by refining the
biomarkers and subgroup definitions. Secondary objectives
include (1) to gain information about potential monitoring
biomarkers for selected therapies and (2) to explore the safety
and effectiveness of selected therapies in adolescent patients with
severe asthma. To meet these objectives, we developed a master
protocol using an adaptive platform design to provide proof of
concept for up to 6 precision intervention therapies (see Table I).
Our trial design allows for the evaluation of multiple treatments in
patients with different types of asthma within the same overall
trial structure. The benefits of a master protocol to evaluate mul-
tiple therapies include the development of infrastructure to
streamline trial logistics, improve data quality, and facilitate
data collection and sharing across therapies.” Furthermore, the
use of a common protocol that incorporates innovative statistical
approaches to study design and data analysis allows for a broader
set of objectives to be met more effectively than would be possible
in independent trials of each therapy.’ The use of an adaptive plat-
form trial conducted under a master protocol allows flexibility in
that interventions can enter the study when they become avail-
able, and leave the study at different times and for different rea-
sons, including stopping early for futility or graduating for
further study to support regulatory approval.®

We reported the PrecISE study design in a recent publication in
the Journal of Allergy and Clinical Immunology.” Key features
include the use of a cross-over design that allows patients to
receive multiple interventions during the 32-month study. Treat-
ment allocation is designed such that subjects expected to benefit
from a particular intervention based on their biomarker profiles
are more likely to receive that intervention, and the adaptive
design allows for the target subgroup of each intervention to be
refined on the basis of accumulating data during the study. After
a screening and run-in period, subjects proceed to an initial
double-blind placebo-controlled cross-over phase, followed by
multiple cross-over phases for the remainder of the trial (Fig 1, re-
produced from Israel et al’). There are 3 primary efficacy out-
comes: (1) airway function (FEV;), (2) symptoms (6-item
Asthma Control Questionnaire [ACQ-6]), and (3) asthma exacer-
bations and loss-of-control events as a substitute for exacerba-
tions, using the composite exacerbation (CompEx) instrument.’
The statistical analysis plan is summarized in a recent publication
in the Journal of Biopharmaceutical Statistics.'” The analysis
plan leverages shared placebo data to optimize power for evalu-
ating each intervention relative to placebo, in addition to analyses
to determine and refine the optimal subgroup that each interven-
tion should target. Furthermore, we will perform an early futility
analysis to reduce the time committed to testing interventions that
do not demonstrate efficacy on any of the 3 primary outcomes.

Network creation and governance

The NHLBI convened a scientific review group that evaluated
proposals submitted in response to the RFA. Ten clinical centers
(CCs) and a Data Modeling and Coordinating Center (DMCC)
were chosen, and the network was formally launched in late 2017.
The CCs were charged with the following tasks: to work in a
collaborative manner to determine the scientific direction of the
PrecISE Network; to actively implement each network-wide
protocol approved by the Steering Committee (SC); to recruit and
enroll severe and/or exacerbation-prone patient cohorts; to pro-
pose phenotype- and biomarker-informed adaptive clinical trials
for the treatment of severe and/or exacerbation-prone asthma; to
collect and report highly detailed phenotype and endotype data to
answer the primary research questions of the PrecISE Network
studies; and to conduct scientific analysis and interpret results.
The DMCC was charged with working with CCs to develop and
implement clinical protocols; conducting interim and final
analyses of data; developing a statistical analysis and modeling
plan to help determine the best predictive and monitoring
biomarkers for use in specific patient phenotypes; developing
and submitting regulatory documents to the single institutional
review board (IRB) and the Food and Drug Administration
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Double-Blind Placebo-Controlled Cross-Over Phase

Multiperiod Cross-over

8-week Initial Screening Phase and Run-in
Period
Subject Assessment Treatment
Screening || ofPredictive || Assignment [T "~ |
and Biomarkers Basedon | Fiscebo |
Adherence and Biomarkers ‘
Monitoring Phenotyping and Safety | Intervention

8-16- 8-16-
week week
washout washout

Intervention
or Placebo

FIG 1. PreclSE study structure. The study structure has 3 phases. First, during an 8-week initial screening
phase and run-in period, subjects undergo screening and adherence monitoring, assessment of predictive
biomarkers and phenotyping, followed by treatment assignment based on biomarkers and safety
considerations. Second, subjects enter the double-blind, placebo-controlled cross-over phase followed
by washout. The second phase varies between 48 and 64 weeks, depending on the washout duration.
Finally, during the multiperiod cross-over phase, subjects can be randomized to up to 4 additional
interventions. Reprinted with permission from Israel et al.’

(FDA); coordinating network activities and oversight by the SC
and an independent, NHLBI-appointed Data and Safety Moni-
toring Board (DSMB); coordinating manuscript preparation;
overseeing the PrecISE clinical trial budget; developing plans
for drug acquisition and distribution; negotiating contracts with
industry partners; and providing quality assurance.

The SC is the main governing body of PrecISE and is composed
of the principal investigators (PIs) and coinvestigators of the 10
CCs and the DMCC, and the NHLBI Project Scientist. Two SC
cochairs were appointed who are independent of the CCs and the
DMCC to preside over SC meetings and provide guidance to the
network. All major scientific decisions are determined by super-
majority vote of the SC. The SC has primary responsibility for the
general organization of PrecISE, finalizing clinical protocols and
budgets, facilitating the conduct and monitoring of the studies,
reporting study results in a timely manner, and working with the
NHLBI to promote prompt dissemination of the findings. The SC
also created a plan for biospecimen banking and public avail-
ability, according to NHLBI policies, during the first year of the
program. The committee structure of the network is described in
more detail in Section 2, and a full list of network participants is
outlined in Table E1 in this article’s Online Repository at www.
jacionline.org.

Protocol development and implementation

Intensive protocol development and trial planning began in
January 2018, and key study design decisions were made over a
series of SC meetings in early 2018. The network engaged a
patient advisory committee to provide guidance on key aspects of
protocol design (summarized in Section 3). We selected 6 novel
therapeutic agents to study initially in this precision medicine
network, and additional agents to potentially enter the trial at a
later time (see Table I). These include a novel biologic targeting
IL-6, a medium-chain triglyceride (MCT) dietary supplement, a
bacterial lysate, small-molecule antagonists of tyrosine kinases
and Janus kinases, and an inhibitor of S-nitrosoglutathione reduc-
tase (GSNOR). One goal of the PrecISE Network is to identify
novel biomarkers of severe asthma and response to therapy.

More information about the agents selected and their
biomarker-targeted subgroups is reported in Section 4.

The 3 primary outcomes in PrecISE are lung function (FEV ),
patient-reported symptoms (ACQ-6 score), and a novel surrogate
for asthma exacerbations (CompEx). Section 5 reviews how these
outcomes are measured and other procedures in the network.

Our network was launched at the end of 2019, but soon
thereafter we put all recruitment activities on hold for 6 months
due to the coronavirus disease 2019 (COVID-19) pandemic. In
Section 6, we describe how we modified the protocol to reflect the
new realities of conducting clinical research during the pandemic
and vaccine roll-out, including low-touch strategies to maximize
safety of our participants and staff. It will be important to rapidly
disseminate the findings of the network to different target
audiences. These efforts are coordinated and overseen by a
Publications Committee, as reported in Section 7. Patient safety
was a paramount concern during protocol development, with the
use of novel agents not currently approved for treatment of asthma
and some not approved for any indication. Our approach to safety
monitoring is described in Section 8.

As the PrecISE Network ramps up subject recruitment, we look
forward to implementing our innovative protocol and demon-
strating the utility of precision medicine trial designs in severe
asthma.

2. PreclSE COMMITTEES AND ORGANIZATIONAL
STRUCTURE

The PrecISE Network consists of 10 CCs and a DMCC. Each
CC comprises at least 1 PI and research team, and many involve
partnerships between different institutions (see Acknowledg-
ments for complete roster of the network). The DMCC is
composed of data scientists and managers responsible for the
coordination, support, and data analysis of the network.

On formation of the network, these groups undertook the
monumental task of designing a novel clinical trial structure,
selecting interventions and monitoring biomarkers, and imple-
menting this trial for a complex and heterogeneous group of
patients with severe and uncontrolled asthma. To this end, the
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FIG 2. Organization of the PrecISE Network.

PrecISE Network organized into hierarchical entities and com-
mittees that each serve a specific purpose.

Fig 2 shows the hierarchical organization of the PrecISE
Network, which was informed in part by experiences in other
NHLBI-supported asthma research networks.''*'> Oversight and
guidance are provided by the NHLBI and supported by a panel
of experts from outside the network. The panel initially func-
tioned as a Protocol Review Committee, and later was reconfig-
ured as a DSMB.

The SC is composed of PIs and co-PIs from each clinical
partnership and the DMCC. Two SC Chairs were appointed from
the outset of the network, and are independent of the DMCC and
clinical partnerships. The SC solicits progress reports from each
of the clinical partnerships, as well as from the DMCC and
various cores responsible for centralization of procedures, such as
interpretation of spirometry, imaging, central sample processing,
and biorepository. The SC also oversees the functional commit-
tees and work groups created to manage crucial components of
the network.

An Executive Committee (EC) was established, which includes
NHLBI program officers, DMCC investigators, the SC Chairs,
and 2 representatives from among the CC PIs. The CC PIs serve 1-
year rotating terms. The functions of the EC are to ensure the
network remains focused on the goals of the RFA, to plan SC
meeting agendas, to develop charges to and rosters of committees,
and to oversee center, DMCC, and network performance and
communication issues.

The organization of PrecISE committees and work groups
occurred in 2 main phases, protocol design and protocol
implementation, to reflect the changing needs of the network
(Fig 3). PrecISE formed committees, which reported to the SC.
Each clinical partnership and the DMCC was offered representa-
tion in each committee through at least 1 research team member.
A complete list of committee rosters, including chair and co-
chairs, is contained in this article’s Online Repository at www.
jacionline.org.

The SC and the EC established several guiding principles to
facilitate committee operations and intranetwork communica-
tion. These included using standard terminology and defini-
tions for key concepts, committee meetings structrued around
action items, timely reporting of meeting minutes, a password-

protected network website where documents and meeting
minutes were regularly updated, and frequent communication
about committee activities by email and bimonthly SC
meetings.

The following committees were established to provide foun-
dational resources toward the overall success of the network and
have remained consistent during both phases:

- Partnerships Committee: Establishes collegial relations with
key industry decision makers. It obtains industry data to
inform selection of interventions, and pursues agreements
with companies to obtain medications and biologics for
use in PrecISE at optimal cost.

- Communication Committee: Sets strategy and policies for
outreach to patients with severe asthma, including engage-
ment of community medical providers. It also directs the
development of public-facing communications: public web-
site, social media, newsletters, press releases, and so forth.

- Recruitment and Retention Committee: Works with the
Communication Committee on development of promotional
materials, and monitors recruitment and retention data dur-
ing the course of the study, recommending adjustments as
needed.
COI and Ethics Committee: Recommends procedures to
ensure that the PrecISE Study complies with National Insti-
tutes of Health regulations on financial conflict of interest.
This committee conducts regular reviews of investigators’
conflict of interest disclosures, and determines how to
address these conflicts (eg, recusal from voting on certain
topics). The committee also considers guidelines governing
interactions between PrecISE investigators and pharmaceu-
tical companies, and reviews any concerns that may require
a confidentiality agreement or other actions.
Safety Committee: Develops and establishes protocols to
ensure safety of the study participants, including those
related to adverse events (AEs), resource utilization, and
assessment and treatment of asthma exacerbations. For
each intervention, identification of intervention-specific
safety exclusion criteria, additional intervention-specific
safety monitoring labs, and procedures for managing
abnormal results.
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Protocol Design Phase Protocol Implementation Phase

Partnerships Committee
Communication Committee
Recruitment and Retention Committee
COI and Ethics Committee
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Publications and Presentations Committee
Biomarker and Biospecimen Committee
Biostatistics Committee
Protocol Development Committee — Protocol Implementation Committee
Participant Advisory Committee Adaptation and Design Committee
Resource Acquisition Committee Quality Control Committee

T2 and non-T2 committees

FIG 3. Committees of the PrecISE Network. COI, Conflicts of interest.

Pediatrics Committee: Develops recommendations specific
to the age 12- to 17-year population, to facilitate testing
of biomarkers and interventions, emphasizing safety and
feasibility. The committee considers the possible differing
pathobiology and disease expression in adolescents, and
how this may impact characterization, outcomes, and the
integration with the adult population.

Biomarker and Biospecimen Committee: Following prior-
ities set by the SC, this committee studies the practical as-
pects of biomarker collection, including cost, feasibility,
and any special issues related to adolescent participants. It
oversees biospecimen collection, storage, and distribution
for biomarker discovery. The committee helps document
the procedures and develop the forms required for all bio-
markers, and evaluates consent forms to ensure that
biomarker data are adequately described.

New Approaches Committee: Evaluates newly proposed in-
terventions for possible inclusion in the PrecISE trial.
Criteria include safety, feasibility, innovation, potential
effectiveness, and evidence for a sensitive and specific
monitoring biomarker(s). The committee also evaluates
ancillary proposals for merit and feasibility.

Publications and Presentations Committee (PPC): Promotes
the generation of accurate, impactful publications and pre-
sentations that reflect the consensus of PrecISE investiga-
tors. The committee develops policies to determine
authorship for PrecISE manuscripts. This is described
further in Section 7.

Biostatistics Committee: This committee reviewed biosta-
tistical approaches during the study design phase, and
advised the DMCC and the DC on different analytical
approaches.

Coordinators Committee: Provides a forum for research co-
ordinators to collaborate across centers to ensure consistent
collection of research data and to support each other toward
successful recruitment, participant engagement, and in all
study-related interventions.

During the design phase, the partnerships were tasked to

develop an adaptive study protocol that was scientifically rigorous

statistically stable, with interventions supported by
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preliminary data for efficacy in severe asthma and bolstered by
biomarkers predictive of efficacy or useful for monitoring of
clinical outcomes. Therefore, committees for protocol develop-
ment, participant/community engagement, and resource acquisi-
tion were formed.

- Protocol Development Committee: Considers and develops

recommendations for phenotypes, interventions, bio-
markers, and the design approach, while considering safety
and cost.
O The Protocol Development Committee encompassed
multiple working groups: The Definitions Working Group
established the rigorous definitions for severe asthma, exac-
erbation, and end points.'? The Protocol Design and Anal-
ysis Working Group created models from the protocol to
determine statistical power and established statistical
methods for data analysis.'” The Protocol Elements Com-
mittee developed visit structures, inclusion and exclusion
criteria, and descriptive standards for protocol compliance
and participant discontinuation. Following priorities set by
the SC, an Intervention Working Group was created for
each of the interventions selected as possibly feasible and
efficacious in the study population. Each working group
developed a proposal for dosing, monitoring, and acquisi-
tion of study drug.

- Participant Advisory Committee: Inherent to a complex
clinical trial for treatment of a severe disease is participant
burden. The Participant Advisory Committee held multiple
participant and community engagement sessions in which
patients with severe asthma, and their family members,
were asked to provide feedback on the proposed protocol,
procedures, interventions, and outcomes. This valuable
feedback was used in all aspects of PrecISE Study develop-
ment, as described in the following section.

- Resource Acquisition Committee: This committee works on
forms development, equipment acquisition, and interfacing
with site study coordinators and PrecISE central reading
centers and cores.

In the implementation phase, committees reflected the remain-
ing tasks necessary for the study to begin enrollment.

- Adaptation and Design Committee: Formed in part as a
response to input from the external Protocol Review Com-
mittee, this committee examines issues such as how new in-
terventions will be prioritized and implemented, the need
for a dynamic consent and reconsent process, and potential
sources of participant bias.

- Quality Control: Performs quarterly reviews of quality con-
trol measures including data queries, protocol violations,
data completeness, biospecimen quality, and quality mea-
sures provided by the cores and working groups. Provides
recommendations for process improvements and retraining
to the SC.

The Protocol Implementation Committee was formed to
replace the Protocol Development Committee. Like its predeces-
sor, the Protocol Implementation Committee oversaw multiple
working groups (see Table E2 in this article’s Online Repository
at www.jacionline.org). The success of this complex clinical
research network has required an organizational and leadership
structure that emphasizes accountability, teamwork, and adapt-
ability to different stages of research work. The PrecISE Network
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will again reorganize committees if necessary, to meet the needs
of future research stages. The committees and work groups sup-
porting PrecISE will ensure its success.

3. METHODS AND RESULTS OF ENGAGING A
PARTICIPANT ADVISORY COMMITTEE FOR PreclISE
(COMMITTEE CHAIRS, DR LYNN GERALD,
UNIVERSITY OF ARIZONA, KIM ERWIN,
UNIVERSITY OF ILLINOIS AT CHICAGO, AND DR
JERRY KRISHNAN, UNIVERSITY OF ILLINOIS AT
CHICAGO)

Rationale and proposed role for the Participant
Advisory Committee

There is relatively little published information about the
methods and results of stakeholder engagement in clinical trials
to support discovery science (eg, phase 1, 2, or 3 clinical trials).
Here, we describe the methods and results of engaging adoles-
cents and adults with severe asthma and their caregivers to inform
the design of the PrecISE clinical trial.

The PrecISE SC recommended the development of a Partici-
pant Advisory Committee (PAC) to solicit feedback among
adolescents (and their caregivers) and adults with severe asthma
in 5 areas: (1) acceptability of clinical trials among adolescents,
their caregivers, and adults with severe asthma; (2) study
processes, such as randomizations, placebos, and washouts; (3)
study procedures, such as schedules, tests, and incentives; (4)
expected participant activities between visits, specifically medi-
cation tracking and logging; and (5) proposed treatments,
including pathways and blinding. The PAC was coled by 3
PrecISE investigators (Jerry Krishnan, Lynne Gerald, and Rajesh
Kumar) and an expert in human-centered design (Kim Erwin).

Represented groups and methods of recruitment

A 7-month scope of work was approved by the PrecISE SC that
included 3 in-person workshops in Chicago, Tucson, and Winston-
Salem. These locations were selected for their combined diversity
of patient populations (White, LatinX, Black), settings (urban,
suburban, rural), and geography (Midwest, Southwest, Southeast).
PrecISE investigators were invited to nominate individuals who
were 12 to 70 years old with clinically diagnosed severe asthma;
caregivers of adolescents (age 12-17 years) with severe asthma
were also invited. Adults were invited to participate in in-person
half-day workshops, and adolescents were invited to participate in
individual interviews with their caregivers to ensure the trial fit the
family, not just the patient.

Structure of the PAC

Workshop participants included 10 Black participants, 8 White
participants, 1 White caregiver, and 1 LatinX caregiver across the
college-age to retirement life stages.

Approaches to the generation of data and PAC
input

Workshops were conducted using 3 large-format (3 X 5 feet)
information graphics, designed to help participants easily under-
stand and discuss study goals and its precision medicine model;
the participant enrollment experience from data collection
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through randomization; and the participant visit schedule, treat-
ments, and specific procedures during the study. Participants
were given markers and invited to annotate printouts as each topic
was discussed. Feedback was recorded on the printouts so
everyone could see the accumulated viewpoints and recommen-
dations (Fig 4).

Five adolescents (2 Black, 1 White, and 2 LatinX) and their
caregivers were interviewed. Adolescent interviews used projec-
tive images (images of different emotions) and the information
graphics. Adolescents and their caregivers were asked to pick 2
images that best represented their feelings about coping with
severe asthma. Together these supports were used to elicit
perceptions of the fit, relevance, and feasibility of the proposed
study, especially in light of high school demands and challenges
of being a young person with a severe chronic disease. All
interviews were conducted with the caregiver present and were
recorded and transcribed. The study procedures were reviewed by
an IRB and determined to be exempt (University of Illinois at
Chicago IRB, 2018-0938). Written permission to photograph
PAC participants during the sessions was obtained.

Issues brought forward by the PAC and their
resolution

PAC participants proposed 19 key recommendations across the
5 themes (Table II). Participants indicated that the study was
important to people with severe asthma and were broadly support-
ive of an adaptive trial design that could produce results promot-
ing “personalized” disease treatment. Many described being
traumatized by their illness, frustrated by a lack of effective treat-
ment options and repeated hospitalizations, losing their jobs, re-
lationships, or putting school on hold for months and years. As
a result, the PAC expressed enthusiasm for PrecISE’s strategy
of testing different interventions over time, rather than a single
intervention, to provide an opportunity to understand the risks
and benefits in individual study participants. PAC participants
also offered to assist with recruitment of trial participants and
to provide ongoing advice to study investigators, once the study
was open for enrollment.

Adults highlighted study logistics, rather than the treatments or
procedures, as needing accommodation. They requested assis-
tance that could help them complete the study, such as flexibility
in scheduling, extra supports to help integrate treatments into their
daily routines, and the ability to switch sites (snowbirds and
college-enrolled) as needed over the long duration of the study.
Adolescents and caregivers expressed more caution; parents
noted they are protective of their children and want them back
on track, succeeding in school and paving a path for their future.
More time away from school, family, and friends for study visits
was cited as a significant concern. One parent said, “I just need to
know what the actual responsibility is for our family to be part of a
study in terms of doctors’ appointments. He’s in 8th grade right
now, he’s already missed a third of the school year on doctors’ ap-
pointments.” Parents also asked for more flexible follow-up pro-
cedures (eg, at-home spirometry and blood panels performed
locally) that could minimize the inconvenience and travel time
to sites that are sometimes hours from home. Adolescents
concurred, expressing guilt at the demands their illness had
already placed on their families, and gratitude for the partnership
with their parents.
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FIG 4. Participant Advisory Committee. Large information graphics describing key aspects of the PreclISE
trial (overview, randomization and procedures, visit structures) were posted on the walls to facilitate
discussion and assist participants in quickly understanding the trial. Shared review and live annotation

promoted robust and equitable discussion.

Ongoing involvement of the PAC in PreclSE

The PrecISE PAC strongly supported the core study questions
and noted the answers were crucial to a better future for those with
asthma. One participant commented, “I would like to participate
because even if participating doesn’t help me then it can help
other kids and their families in the future.” An adaptive clinical
trial design was perceived as necessary to more effectively
address the unique needs of people with severe asthma. The
PAC also expressed interest in supporting clinical trial participa-
tion as a way of giving back and preventing others from struggling
as they had.

Participant engagement is both common and de rigueur for
delivery science.'*'® It is less common in discovery science
where the focus is on investigator-defined outcomes and mecha-
nistic studies. In recent years, the average length of a clinical trial
increased by 70% and the average number of study procedures
increased by 65%, with a concomitant 21% drop in enrollment
rates and a 30% drop in retention.'**° A recent systematic review
indicated that patient engagement can increase study enrollment
rates and aid researchers in designing study protocols to increase
retention.'®

Incorporating PAC feedback to improve the research experi-
ence and enhance recruitment and retention efforts is a challenge
in multisite clinical trials, particularly those focused on discovery
science. Barriers among discovery science investigators include a
lack of familiarity with qualitative methods. Clinical trialists are
often not familiar with the standard qualitative principle of
saturation, the criterion for determining sample size.”’ Reaching
saturation in qualitative research means that no new information
is being obtained. Often, this occurs at much smaller sample sizes
than those clinical trialists are used to seeing, which leads to ques-
tions about the generalizability or usefulness of PAC input.'’
Another barrier to incorporating PACs in discovery science is
limited experience in integrating feedback from individuals
with the target condition. Once information is gained from the
PAC, researchers must take specific steps to revise protocols to ac-
count for this feedback and sometimes these steps are hard to
identify. Complexity of scheduling early and continuous engage-
ment activities between nonscientific stakeholders and study in-
vestigators can also be a barrier to working with PACs.
Individuals with severe asthma may not be able to convene on-
demand due to personal commitments, but investigators need to
move quickly with establishing scientific protocols to ensure clin-
ical trial milestones are met. Finally, we lack rigorous evidence

about how participant engagement can translate into improved
study performance (eg, recruitment and retention) in discovery
science clinical trials.

To address these barriers, we suggest (1) establishing a clear
mechanism and time points in protocol development to respond to
PAC-proposed modifications; (2) developing training curricula
about research that is accessible to nonscientific stakeholders; and
(3) integrating study coordinators when interpreting input from a
PAC, because study coordinators are participant-facing and
would be particularly well suited to incorporating their sugges-
tions during study implementation. PAC recommendations do not
have to be implemented all at once and can often be incorporated
over time, especially when conditions change (such as during the
COVID pandemic). Furthermore, using PACs throughout the
study process and not just for initial consultation is likely to
further improve clinical trial adherence and interest for partici-
pants. A framework for such continuous patient engagement has
been proposed by Mullins et al'” where patients are engaged in
every step of research from topic solicitation to dissemination.
Clinical trials should consider having a Participant Engagement
Core similar to other central cores (as in Fig 2).

The PAC works closely with the Recruitment and Retention
Committee to implement strategies to enhance subject recruit-
ment in general, and minorities and adolescents in particular.”’
Some of the steps taken, based in part on PAC recommendations,
include (1) using flexible scheduling including evening and
weekend appointments, (2) allowing participants to switch sites
if they move (eg, graduating high school seniors going to college
in another city, see below), (3) combining study appointments
with clinical appointments, (4) reimbursing subjects for trans-
portation to the site, and (5) using surveys/procedures that can
be done at home to shorten face-to-face visits. We will continue
to engage the PAC during later stages of trial implementation
and results reporting in the PrecISE Network as resources
permit.

In conclusion, the PrecISE PAC experience suggests that
individuals with severe asthma are highly supportive of the
overall goals of the PrecISE adaptive clinical trial design and that
engaging individuals with the target condition of interest can be
used to inform clinical trial enrollment and retention procedures.
Studies evaluating the impact of integrating the recommendations
of individuals with the condition of interest, such as asthma, in
discovery science clinical trials on recruitment and retention are
needed.
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TABLE Il. Key recommendations of the PreclISE Participant Advisory Group

Theme

Key recommendations

1. PrecISE study overview to identify
points of interest, acceptability,
and perceived benefits

2. Study processes, such as
randomizations, placebos, and
washouts

Engage participants in promoting the trial
1. Get statements/testimonials from others already participating in the trial, as this is a community that
orients to others with the same lived experience
Create communications that help participants get support for trial activities
2. Provide explanatory materials for school officials that showcase the importance of the trial—“changing
the future of asthma care”
Close the loop with participants and their study data
3. Provide participants and their personal physicians an end-of-study “debrief” that unmasks their treat-
ments and how they did on each one

Make it easier for participants to complete the study
4. Make it possible/easy to transition between sites— college students away at school, snowbirds during
the year, persons moving
5. Determine way for adolescents of driving age to attend study visits alone

6. Consider how to combine study visits with other MD appointments

3. Study procedures, such as
schedules, tests, and incentives

Improve feasibility and flexibility of study procedures
7. Consider shorter enrollment options with ability to “renew”

8. Limit visit length to no longer than 3 h
9. Provide flexible scheduling—early morning, nights, weekends. Schedule far ahead so participants can

plan

10. Allow surveys to be done at home or online

11. Allow some tests to be performed at home (spirometry) or local facilities and sent to Clinical Center
12. Provide school excuses for children, and “dean’s” excuse for college students

13. Ensure skilled technician for blood draws

4. Expected participant activities
between visits, specifically
medication tracking and logging

Create multiple approaches for self-tracking
14. Paper diaries for participants who did not want to learn digital tracking or apps, or for older and
minority participants who express significant concerns about data privacy

15. Ensure parents and adolescents can share tracking data/logging—parents are looking for ways to
safely transition adolescents to self-management
16. Train coordinators how to troubleshoot and provide technical support for digital devices

5. Proposed treatments, including
pathways and blinding

Help participants incorporate treatments, prospectively address side effects
17. Create supports for use of medications at school

18. Create materials with practical/specific advice for things participants can do to manage side effects
(start medication on Friday night as it may cause diarrhea)

19. Limit the number of injectable treatments for younger adolescents, as parents are tired of fighting to
get kids to appointments for injections

4. STUDY MEDICATIONS IN PreclISE

The major goals of PrecISE are 2-fold: (1) to identify novel
interventions for severe asthma and (2) to optimize biomarkers of
response to therapy for each intervention. Therefore, one of the
first tasks of the network was to select and prioritize a list of
interventions. Each participating center proposed 1 or more
interventions to the SC. The proposals included preliminary
data for efficacy in severe asthma, safety considerations for the
population with severe asthma (including adolescents), feasibility
of dosing and placebo matching, acceptability to the participant,
logistic challenges for drug acquisition, and strength of predictive
and monitoring biomarkers. Predictive biomarkers are defined as
those that are measured before treatment and used to predict
response to therapy, whereas monitoring biomarkers are
measured serially over time during treatment periods as indicators
of response. Using this information, the SC identified 6 priority
interventions (see Table I and below). Six intervention working
groups were formed that identified industry contacts and devel-
oped intervention-specific protocols and procedures. An impor-
tant advantage of our master protocol and adaptive platform
trial design is that interventions can enter the study when they
become available, and leave the study at different times and for

different reasons (eg, stopping early for futility or graduating
for further study).”

Clazakizumab (anti-IL-6) (Working Group Chairs: Dr
Michael Peters and Dr John Fahy, University of
California San Francisco)

Rationale for selection. The prominence of older age and
obesity among the phenotypic features of severe asthma’~**" rai-
ses the possibility that the systemic inflammation associated with
aging, obesity, and metabolic dysfunction may have effects in the
airway to worsen asthma. Low-grade systemic inflammation oc-
curs in a subset of obese patients,”* because adipocytes and in-
flammatory  macrophages in adipose tissue  secrete
proinflammatory cytokines such as IL-6.*> Although low-grade
systemic inflammation is associated with insulin resistance,
atherosclerosis, type 2 diabetes, and hypertension, the role of sys-
temic inflammation and metabolic dysfunction as risk factors for
severe asthma is poorly understood. Two recent studies of plasma
IL-6 levels in the Severe Asthma Research Program-3 (SARP-3)
provide evidence that systemic IL-6 inflammation commonly pre-
sent in older patients with metabolic dysfunction could impair
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lung health. SARP-3 is a longitudinal cohort study that includes
participant characterization at baseline and annually for 3 years
and longer. In a cross-sectional study focusing on baseline data,
increased plasma IL-6 levels (but not sputum IL-6 levels) were
strongly associated with features of metabolic dysfunction
(obesity, hypertension, and diabetes) and features of severe
asthma (lower lung function and history of asthma exacerba-
tions).”® In a subsequent study focused on prospectively captured
3-year asthma exacerbation rates, participants with recurrent ex-
acerbations (“exacerbation-prone asthma”) were characterized
by increased body mass index, higher prevalence of hypertension
and diabetes, and higher levels of plasma IL-6. Furthermore, each
1-pg/mL increase in baseline plasma IL-6 levels increased the
incident rate ratio for exacerbation risk by 10%.>’ Together, these
findings lead us to hypothesize that [L-6-related systemic inflam-
mation originating outside the lung impairs lung function from
the “outside in.”*® Targeting the IL-6 axis has proven to be help-
ful in chronic inflammatory diseases such as rheumatoid arthritis,
giant cell arteritis, psoriatic arthritis, and cardiovascular disease,
and we propose to test here whether it is helpful in severe asthma
as well. Therefore, we hypothesize that inhibiting IL-6 will
improve asthma control and reduce exacerbations in patients
with severe asthma.

The link between systemic IL-6 inflammation, obesity, and
asthma morbidity may be mediated by IL-6— driven immune
dysfunction that weakens airway host defense. A sputum cell
gene expression signature for CD8* T cells is decreased in obese
patients with asthma,” a finding consistent with known impair-
ments of CD8" T cells (and natural killer cells) by obesity and
systemic IL-6 inflammation.’”" Such impairments in CD8" T
cells and natural killer cells could weaken airway defense against
viral infection. Relevant here is the clinical trial data showing that
inhibiting the IL-1/IL-6 axis in patients with high plasma IL-6
levels decreases the risk of developing lung cancer.’” This anti-
cancer effect may be explained by the ability of anti—IL-6 treat-
ment to restore the ability of cytotoxic T cells to detect and
eliminate malignant cells.**' This raises the possibility that
anti-IL-6 treatment may also restore natural killer—cell and
CD8" T-cell function to normalize antiviral airway defenses
and decrease virus-induced asthma exacerbations.

Another plausible mechanism of IL-6-mediated asthma
morbidity is the role of IL-6 in propagating Ty17 cells and IL-
17-associated inflammation.”” IL-6 is critical for the differentia-
tion of naive CD4" T cells into Tyl7 cells.** Furthermore, a
recently discovered genetic polymorphism in the IL-4 receptor
alpha chain promotes conversion of induced regulatory T (Treg)
cells toward Ty (T 17) cells in mice and humans with asthma.™
This skewing toward Ty17 is promoted by IL-6, mediated by
Notch 4, and inhibiting IL.-6 with anti-IL-6 antibodies prevented
Tyul7-mediated airway inflammation in mice.”° In human
asthma, treatment with the anti—IL-6 medication tocilizumab in
2 children suppressed Ty2/Ty17 responses, improved asthma
symptoms,3 7 and reduced NOTCH4 expression on Treg cells.”®

Pharmacology. Clazakizumab is a human recombinant mAb
that binds to the IL-6 ligand and blocks binding to its soluble and
membrane-bound IL-6 receptors. Clazakizumab will be admin-
istered subcutaneously at a dose of 12.5 mg every 4 weeks. This
dose was selected to maximize clinical efficacy and minimize the
risk of AEs, but dose modification will be available as discussed in
the Safety subsection. A reduction in serum C-reactive protein
(CRP) levels occurs as a result of IL-6 signal blockage.*® Thus,
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decreases in serum CRP levels indicate effective blockade of
the IL-6 axis. Clazakizumab administered at a dose of 12.5 mg
subcutaneously every 4 weeks is effective at suppressing blood
CRP levels would indicate appropriate inhibition of systemic
IL-6 inflammation at this dose. Lower AE rates have been seen
with lower doses of clazakizumab.””*” Clazakizumab pharmaco-
kinetics has been studied in patients with rheumatoid arthritis and
healthy control subjects. In a phase 1 study of healthy male sub-
jects, the mean half-life of clazakizumab ranged between 31.1 and
33.6 days after subcutaneous administration, and across studied
doses of 25 mg to 200 mg, the pharmacokinetics was observed
to be linear. Because of the relatively long half-life of clazakizu-
mab, the washout period for the clazakizumab arm has been
extended from 8 weeks to 16 weeks. The cumulative washout
will be 20 weeks because the final dose of clazakizumab is admin-
istered 4 weeks before the end of the study. The 20-week washout
is equivalent to 5 half-lives and will ensure that plasma clazakizu-
mab concentrations drop to less than 94% of the starting dose. As
expected for a humanized mAb, the volume of distribution (V) of
clazakizumab is small (<6000 mL) and suggests little distribution
from the extracellular fluid to tissue.

Potential predictive and monitoring biomarkers. The
main predictive biomarker for the anti-IL-6 intervention is
plasma level of IL-6. IL-6 is produced by macrophages and
activated T cells. IL-6 can be measured in plasma or serum
samples, and a Clinical Laboratory Improvement Amendments
(CLIA)-certified laboratory test is available from PPD Labora-
tories. Recently, the NHLBI SARP-3 study found that approxi-
mately 33% of participants with severe asthma had increased
plasma IL-6 levels (>3.1 pg/mL). The 3.1-pg/mL cutoff was
derived from a reference value representing the upper 95th centile
of IL-6 levels in plasma from healthy control subjects (n = 95).
Participants with “IL-6 high” asthma were characterized by
worse asthma symptoms, decreased lung function, and increased
asthma exacerbation rates when compared with “IL-6 low”
asthma participants.”®

IL-6 stimulates hepatocytes to produce and secrete CRP and
other acute-phase proteins, such as serum amyloid A, into the
systemic circulation.”’ We will measure CRP and serum amyloid
A levels as surrogate markers of IL-6 activation. In particular, we
will use the high-sensitivity CRP test as the primary response/
pharmacodynamic biomarker of systemic IL-6 activity; we will
explore its utility as an alternative to plasma IL-6 as a secondary
predictive biomarker to identify patients responsive to
clazakizumab.

Safety monitoring considerations. Clazakizumab is a
human recombinant mAb that binds to IL-6, and clinical trials of
clazakizumab in rheumatoid arthritis and psoriatic arthritis have
shown clinical efficacy.””*” Sarilumab and tocilizumab are mAbs
that bind to the IL-6 receptor, and these drugs are both FDA-
approved to treat rheumatoid arthritis. Tocilizumab is also
FDA-approved for the treatment of giant cell arteritis, polyartic-
ular juvenile idiopathic arthritis, and cytokine release syn-
drome.”**° The risks of inhibiting IL-6 or IL-6R are similar
and include injection-site reactions, more frequent infections,
liver dysfunction, neutropenia and thrombocytopenia, hypercho-
lesterolemia and hypertriglyceridemia, bowel perforation, and
(very rarely) demyelination. To mitigate the risk of liver dysfunc-
tion and cell count dyscrasia, a safety lab monitoring protocol was
developed for dose reductions when baseline or monitoring safety
lab thresholds were met (see Table E3 in this article’s Online
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Repository at www.jacionline.org). Subjects who have a dose
adjustment to the lower 6.25-mg dose will remain at the 6.25-
mg dose until the end of the intervention unless the subject meets
criteria for discontinuation of the drug (ie, diverticulitis, triglyc-
erides >1000 mg/dL, or an opportunistic infection). If a subject
meets criteria for discontinuation of the drug, they will not be
given additional drug doses, but they will remain in the trial
and complete all procedures. To mitigate the risk of serious infec-
tions, we elected to exclude patients with a history of diseases
associated with immunosuppression and/or individuals with
known infections such as tuberculosis, HIV, and hepatitis. Pa-
tients taking other immunosuppressive medications were also
excluded from this trial. Finally, the relatively short trial length
of 16 weeks will minimize the exposure period and infection
risk but allow sufficient time to determine clinical efficacy.

Breathe better diet: MCT supplementation
(Working Group Chair: Dr Serpil Erzurum, Cleveland
Clinic)

Rationale for selection. Altered cellular metabolism plays
a role in asthma origins through diverse effects on immune cell
differentiation and functions*”** including a strong link between
asthma and metabolic syndrome,*~" high prevalence of obesity
in patients with asthma, and obesity as a risk factor for atopic and
nonatopic asthma.*”?

The airway inflammation of asthma is typified by high levels of
Tw2 cytokines, nitric oxide (NO), and reactive oxygen species, all
of which are modulated by bioenergetic pathways.”*> The high
fractional exhaled nitric oxide (FENO) in asthma is generated by
inducible NO Synthase, which catalyzes conversion of arginine
to NO and citrulline.”®>® High NO in asthma is associated with in-
flammatory injury,”’””® but metabolism of arginine may also
contribute to asthma through pathways other than generation of
NO. Arginine levels in asthmatic airways are higher than in healthy
controls.”® Cells synthesize arginine endogenously via arginino-
succinate synthetase, which uses citrulline and aspartate as sub-
strates to form argininosuccinate that is subsequently cleaved by
argininosuccinate lyase to generate arginine (Fig 2). In addition
to higher inducible NO Synthase and arginine levels, arginase 2,
which catabolizes arginine to ornithine, is increased in asthma.”’
The ornithine generated by arginase 2 gives rise to glutamate
and then a-ketoglutarate, which enters the tricarboxylic acid
(TCA) cycle (Fig 5). Thus, arginine metabolism is closely linked
to the TCA cycle flux in the mitochondria.””*” In addition to en-
ergy production, mitochondria are an important source for reactive
oxygen species generation in inflammation.®' "

Mitochondrial function is central in regulating metabolism and
susceptibility to allergic and immunologic diseases.””**% The
arginine-citrulline-NO cycle is linked to the TCA cycle,”' and
there is a high arginine metabolic subphenotype of asthma.®*®’
Mitochondrial provision of TCA cycle intermediates for oxida-
tive metabolism may have important consequences on signal
transducers of airway inflammation. Greater TCA cycle flux
dampens proinflammatory signal transduction events that are cen-
tral to asthma origins, and serves as a brake on Ty2 inflammation,
suggesting potential beneficial effects to suppress airway inflam-
mation in asthma.’”-*"%

Studies suggest that patients with asthma have systemic
changes in bioenergetics and mitochondrial meta-
bolism.”*°%**72 Changes in mitochondria appearance and
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function are present in the ovalbumin allergen-murine experi-
mental asthma model,>”® and linked to asthma features,
including hyperresponsiveness and Ty;2 inflammation.”* Picado
et al’” showed that individuals with mild asthma are metabolically
more efficient as compared with healthy controls. The codepen-
dency of bioenergetics and inflammation pathways provides an
opportunity to target bioenergetics in treatment of asthma.

Dietary composition regulates metabolism and cellular pro-
cesses that produce oxidants and cause inflammation. Studies
have shown that inflammation can be mitigated by caloric
restriction.”” Intermittent caloric restriction improves meta-
bolism, decreases inflammation, increases longevity, and de-
creases risk of diabetes, cancer, and cardiovascular disease,
independent of weight loss.”®’” Studies suggest that beneficial ef-
fects of caloric restriction on immune function can be mimicked
by supplementing the diet with MCTs."®’® In addition to glucose/
pyruvate metabolism by mitochondria, lipids are catabolized by
mitochondrial beta oxidation. MCTs as compared with long-
chain triglycerides cross the mitochondrial membrane indepen-
dently of the acylcarnitine transfer system, leading to an increase
in energy sources and preferential metabolic utilization. MCT in-
terventions are known to change mitochondrial energy meta-
bolism as compared with either long-chain triglycerides or
carbohydrates and afford benefits for brain’” and cardiovascular
health.®® This intervention will test whether a specific MCT inter-
vention may benefit clinical outcomes in patients with asthma.

Pharmacology. The study intervention is a daily supplement
of a unique and specific MCT formulation (Vitaflo, Alexandria,
Va) or placebo. The MCT and placebo are provided in sachets and
contain 2 g protein, 10 g fat, and 98 Kcals. The active supplement
contains a proprietary formulation of MCTs designed to reduce
airway inflammation. In the placebo supplement, MCTs will be
replaced with polyunsaturated and monounsaturated fats derived
from canola oil. The supplement dose is standardized so that the
MCT or the placebo fats provide approximately 15% of a
participant’s total dietary caloric intake. Total dietary intake is
calculated on the basis of participant’s dietary intake required to
maintain body weight at their daily kilocalorie expenditure. Daily
kilocalorie expenditure is calculated from resting energy expen-
diture obtained by the Mifflin-St Jeor equations®’ multiplied by a
sedentary physical activity factor of 1.2. Dietary intake is further
validated by a standardized, electronic dietary recall method
(Automated Self-Administered 24-hour Recall, National Cancer
Institute, Bethesda, Md).*” The supplements are provided in pow-
der form and can be mixed in various foods and beverages. Partic-
ipants are instructed on daily supplement consumption by trained
PrecISE Study staff, mixing and recipe handouts, and receive
oversight from a registered dietitian. Participants with a body
mass index of 40 kg/m2 or greater are excluded from this interven-
tion because of suboptimal dosing. Participants with diabetes,
milk allergy, and coconut allergy are also excluded.

Potential predictive and monitoring biomarkers. The
arginine-citrulline-NO cycle is linked to the TCA cycle,”® and
there is a high arginine metabolic subphenotype of asthma.®®%’
High levels of metabolism are required to sustain arginine avail-
ability in asthma, and this metabolic flux is associated with damp-
ening inflammation.”” Greater arginine flux thus preserves
cellular respiration and suppresses pathological signaling events
that promote inflammation in asthma. We propose to use FENO
as a biomarker to predict greater benefits of treatment with
MCT. Feno is an exhaled biomarker that is easily measured,
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FIG 5. Mitochondrial metabolism is connected through biochemical path-
ways with arginine/NO metabolism, which is a biomarker of asthma
inflammation. The TCA pathway is linked to the arginine-citrulline cycle,
which gives rise to NO. Arginase 2 (ARG2) is increased in asthmatic airway
epithelial mitochondria, and feeds arginine into the TCA cycle via ornithine
to alpha-ketoglutarate (aKG) to enter TCA and increase electron transport
chain (ETC) for energy production. The acceleration of the TCA cycle leads
to intermediates that dampen proinflammatory signal transduction. MCTs
freely diffuse into the mitochondria, are oxidized rapidly, and feed acetyl-
CoA into the TCA cycle. MCT may be protective against inflammation
related to metabolism in those individuals with greater arginine meta-
bolism as determined by Feno. ASL, Arginine succinate lyase; ASS, arginine
succinate synthetase; AST, aspartate aminotransferase; iNOS, inducible
NO Synthase; OAT, ornithine aminotransferase; ROS, reactive oxygen spe-
cies. Reproduced with permission from Xu et al.®®

readily available, and able to be obtained rapidly. Preliminary
data based on a similar MCT product in a small clinical early-
phase study suggests that responders to MCT with FENO more
than 15 parts per billion (ppb) may be more likely to respond to
MCT than those with lower Feno: therefore, FENO more than 15
ppb is the primary predictive biomarker. It is unknown whether
FEno might change with MCT supplementation.

Safety monitoring considerations. MCTs are safe, but
some people experience side effects, which include diarrhea,
nausea, stomach discomfort, and intestinal gas. To minimize
patient burden and discomfort, a dose-escalation protocol is used
to reduce the risk of gastrointestinal side effects. The goal is to
provide a small initial exposure to the nutritional supplement,
monitor side effects, and dose escalate to reach the prescribed
dose by the 2-week time point. A day-by-day guideline to reach
the full supplement prescription, starting with a low dose and
slowly building to the full dose, will be provided to participants.
Stage 1 dosing starts with a %2 sachet (equivalent to 5 g MCT or
placebo), once per day, ramping up incrementally to achieve the
full dose (adjusted for each participant; typically 3-4 sachets, or
30-40 g MCT or placebo fats per day) within 2 weeks. Participants
who do not reach their prescribed dose by the 2-week mark will
receive more intensive nutritional consultation and reevaluation
at that time.

Imatinib (C-kit inhibitor) (Working Group Chair: Dr
Elliot Israel, Harvard University)

Rationale for selection. Mast cells (MCs) are powerful,
long-lived, tissue-dwelling, hematopoietic effector cells that have
been implicated in the pathobiology of asthma.®* MCs can persist
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in the face of steroid therapy, and MC burden in the airway
smooth muscle correlates with airway responsiveness and asthma
disease severity.*"*® Tryptase, an MC granule—associated prote-
ase, is a marker of MC activation when detected in extracellular
fluids.®” Tryptase levels in bronchoalveolar lavage fluid of pa-
tients with difficult-to-control asthma exceed those in well-
controlled asthma.**"

Stem cell factor and its receptor, the c-KIT tyrosine kinase
receptor, are essential for normal MC development and survival in
tissues.”””! Soluble stem cell factor levels are elevated in the
serum of patients with asthma and correlate with asthma
severity.”””” c-KIT inhibitors, such as imatinib, inhibit the tyro-
sine kinase activity of wild-type c-KIT’* and as a consequence
markedly reduce bone marrow MC numbers and serum tryptase
levels in patients with chronic myeloid leukemia,”” and reduce
serum tryptase in subjects with pulmonary hypertension.” In a
murine chronic allergen exposure model characterized by peri-
bronchial thickening and fibrosis, imatinib at 5 mg/kg reduced
peribronchial eosinophils by more than 50% and reduced hy-
droxyproline levels by more than two-third, and almost
completely ablated the increase in airway resistance in response
to methacholine compared with controls.”’

Cahill et al”® previously conducted a randomized, double-
blind, placebo-controlled 24-week phase 2 trial in patients with
severe asthma to evaluate the effects of c-KIT inhibition with im-
atinib on airway hyperresponsiveness. Sixty-two patients were
randomized to imatinib or placebo, and the primary outcome
was change in airway responsiveness. Treatment with imatinib
reduced levels of serum tryptase (baseline levels = 4.81 ng/
mL), a marker of MC activation, to a greater extent than did pla-
cebo (43% vs 12% reduction; P = .015; Fig 6). Imatinib decreased
airway responsiveness to methacholine at 6 months compared
with placebo; specifically, the methacholine PC,, increased by
a mean of 1.73 = 0.60 doubling doses in the imatinib group,
compared with 1.07 £ 0.60 doubling doses in the placebo group
(P =.048). In addition, FEV| improved in the imatinib group as
compared with placebo, and this improvement correlated with the
decline in airway MC numbers.

Participants treated with imatinib also experienced numerically
(but not statistically significantly) fewer exacerbations, reduced
airway wall thickness on computed tomography (CT) scan, higher
peak flows, better asthma control (as determined by Asthma
Control Questionnaire, Asthma Quality of Life Questionnaire,
Asthma Symptom Utility Index), and improvements in both AM
and PM peak expiratory flow compared with placebo. On the
basis of findings of this study, we designed the imatinib arm of the
PrecISE trial with the goal of optimizing patient responder
selection based on biomarkers, and testing for important efficacy
outcomes, as described below.

Pharmacology of imatinib. Imatinib was originally
approved for the treatment of chronic myelogenous leukemia,
where it inhibits the oncogenic BCR-ABL tyrosine kinase
receptor by targeting the ATP-binding site.”* In chronic myelog-
enous leukemia, the BCR-ABL tyrosine kinase arises because of
translocation and fusion between the genes encoding BCR and
ABL, resulting in the Philadelphia chromosome. The likely target
of imatinib in asthma is c-KIT, but it should be noted that imatinib
also inhibits tyrosine kinase receptors including the platelet-
derived growth factor receptor.” The half-life of imatinib is
approximately 18 hours following oral administration in healthy
volunteers, which makes it appropriate for once-daily dosing.
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The increase in mean imatinib plasma concentration with
increasing dosing is linear and dose proportional in the 25- to
1000-mg dosing range. A change in the kinetics of imatinib is
not seen with repeated dosing. More than 12,000 people have
been exposed to imatinib. Dosing for PrecISE is 200 mg per
day, by mouth, for 2 weeks followed by 400 mg once daily,
consistent with previous dosing in the study by Cahill et al.”®

Potential predictive and monitoring biomarkers. In
the previous phase 2 trial,”® improvements in PC,, were nega-
tively correlated with peripheral blood eosinophil counts (+* =
0.22; P <.05). Furthermore, improvement in FEV| was correlated
with bronchoalveolar lavage neutrophil counts (¥ = 0.44; P <
.01). Participants with less than 300 eosinophils/pwL were more
likely to experience improvements in airway hyperresponsive-
ness, with 84% sensitivity and a 75% specificity.”® The finding
that c-KIT inhibition was most effective in patients with more
neutrophilic and less eosinophilic inflammation suggests that
MCs may be contributing to non—type 2 (ie, type 2—-low) inflam-
matory pathways in these patients treated with high-dose inhaled
corticosteroid (ICS), where type 2 inflammation may be sup-
pressed. Therefore, the primary predictive biomarker for imatinib
is low peripheral blood eosinophil counts (<300/pL), which is a
clinically relevant cutoff used to distinguish patients responsive
to anti—type 2 biological agents.

Additional predictive biomarkers will also be measured. Serum
tryptase has been used as a marker of MC activity and will be a
secondary predictive biomarker. In the previous phase 2 trial, a
28.5% decline in serum tryptase had an 82% sensitivity and a
71% specificity of identifying participants with improvements
in FEV; with an area under the receiver-operating characteristic
curve of 0.77.°% In addition, as noted above, improvements in
FEV, correlated with bronchoalveolar lavage neutrophil counts.
Although bronchoalveolar lavage will not be measured in this
trial, we will propose assessing whether sputum neutrophils can
serve as a potential surrogate of airway neutrophilic inflamma-
tion'” and serve to identify a subgroup of patients that may be
more responsive to imatinib. We will also test for the ability of
the following assays to predict efficacy responses to imatinib:
sputum tryptase, urinary prostaglandin D2 metabolite, sputum
MC gene expression, and flow cytometry of peripheral blood
T-cell subsets and of MC precursors. We propose to assess
whether changes in serum tryptase, sputum MC gene expression,
peripheral blood T-cell subsets, and/or urinary prostaglandin D2
metabolite correlate with improvements in clinical asthma out-
comes as monitoring biomarkers.

Safety monitoring considerations. The most common
side effect (>10% of patients) from imatinib observed in humans
is nausea. Leukopenia can occur (between 1% and 10% of
patients), and hepatoxicity occurs rarely (<1% of patients).
Patients participating in nononcologic trials have tolerated the
medication well.'”" Hypophosphatemia occurred in 19% of the
patients in the phase 2 trial in severe asthma.’® Specific to imati-
nib, we will monitor serum phosphate, peripheral blood neutro-
phil and platelet counts, and liver function tests through safety
interim labs. Because of the frequency of hypophosphatemia,
we will provide phosphate supplementation as needed and a pla-
cebo phosphate preparation on a proportional basis to those ran-
domized to placebo, so as to maintain blinding. We will
decrease the imatinib dose (active or placebo) by half if elevations
in serum aspartate transaminase, alanine aminotransferase, or to-
tal bilirubin, or decreases in either neutrophil or platelet counts,
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occur, with a sham dose adjustment procedure implemented for
placebo participants. Should any of these side effects occur and
fail to normalize after changing to a half dose, we will discontinue
imatinib administrations.

Broncho-Vaxom (Working Group Chair: Dr
Fernando Martinez, University of Arizona)

Rationale. A large body of recent evidence suggests that
microbes present in the gut and airways and their products play a
role in the inception and severity of asthma.'®* In children, a spe-
cific compositional set of the gut microbiota present during the
first year of life was shown to increase the risk for developing
asthma and atopy by the age of 6 years.'” Sterile fecal water
from children carrying this set shifted T cells in vitro away
from CD4 " CD25 "Foxp3 " Treg cells and in favor of T2-type T
cells. Moreover, 12,13-dihydroxy-9Z-octadecenoic acid, a cyto-
chrome P450—derived linoleic acid metabolite, which was more
abundant in the gut microbiota compositional set that predisposed
for asthma, reproduced this effect.'” These results suggest that in
early childhood-onset asthma, which is the most common form of
the disease,'** the composition of the gut microbiota plays a crit-
ical role, and that this role seems to be at last partially mediated
not directly by the live bacteria themselves, but by their metabolic
products.

These studies have raised the possibility that medicines
consisting of specific intestinal microbiota and their metabolites
may play a role in asthma therapeutics, and drug development
efforts are ongoing to achieve that goal. Alternatively, experi-
mental and clinical studies have explored the potential role of
existing products consisting of lyophilates of respiratory bacteria
in the treatment of asthma symptoms. These products have been
used empirically for decades in Europe as immune modulators for
the prevention of respiratory illnesses,' > but are not available in
the United States.

One of these products, Broncho-Vaxom, has as active ingre-
dient an endotoxin-low, lyophilized lysed extract of 21 bacterial
strains from 5 pathogenic genera: Haemophilus, Streptococcus,
Klebsiella, Staphylococcus, and Moraxella. Broncho-Vaxom was
used empirically for the prevention of recurrent respiratory tract
infections (RTIs). A recent, systematic meta-analysis of 8 clinical
trials found that in children treated with Broncho-Vaxom (n =
435), 32% had recurrent RTIs versus 58.2% in placebo-treated pa-
tients (n = 416; P <.001).'°° The author concluded that Broncho-
Vaxom was significantly and consistently effective in preventing
recurrent RTIs in children and that the data suggested that the ef-
fect was greater in patients at increased risk of recurrent RTIs. The
clinical efficacy of Broncho-Vaxom in the prevention of acute
virus—induced wheezing in young children aged 1 to 6 years
with recurrent wheezing lower respiratory illness was evaluated
in an investigator-initiated randomized, double-blind, placebo-
controlled, 12-month study.l()7 Children received Broncho-
Vaxom or placebo (3.5 mg/d) for 10 days each month for 3
consecutive months. The results showed that the number of
wheezing episodes was reduced by 38% and the duration of these
episodes was reduced by 2 days in children treated with Broncho-
Vaxom compared with those who received placebo (P <.001).

Of greater relevance for severe asthma, a recent randomized,
double-blind, placebo-controlled, parallel-group study was per-
formed in 6- to 16-year-old patients (n = 152) with allergic
asthma who received orally a 12-week treatment of either placebo
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FIG 6. Effect of the c-KIT inhibitor imatinib on (A) serum tryptase, (B) airway responsiveness, and (C) lung
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Vaxom.'%® At baseline, all children were treated with either
ICS + long-acting B-agonist (56%) or ICS (44%) and had
mean Asthma Control Test scores of 17.5, indicating uncontrolled
asthma. Although the primary outcome (asthma control level as
assessed by the Asthma Control Test/Child-Asthma Control
Test score) did not reach statistical significance, the mean number
of asthma exacerbations was 63% lower in children treated with
lysate tablet than with placebo at week 12 (P = .009). Exacerba-
tions were defined as moderate if they required a transient in-
crease in ICS/(B2-agonist/anticholinergic use for 2 or more
days, or an emergency room visit but without prescription of sys-
temic glucocorticoids (96%); or severe if requiring hospitaliza-
tion or emergency room visit and systemic glucocorticoids to
be prescribed or systemic glucocorticoids (oral or parenteral) to
be prescribed for 3 or more days. This definition overlaps exten-
sively with that of an “episode” ascertained by use of the Com-
pEx algorithm,'”” which is proposed as 1 of 3 primary
outcomes in PrecISE.

No asthma studies are available in adults. However, Broncho-
Vaxom has been tested in placebo-controlled trials of chronic
obstructive pulmonary disease, and a recent meta-analysis
described the results of 4 randomized controlled trials with
1200 patients.''” Broncho-Vaxom was associated with a 20%
decrease in the rate of chronic obstructive pulmonary disease ex-
acerbations as compared with placebo. These results, added to
those for childhood asthma, support the possibility that
Broncho-Vaxom may be effective in preventing accurate exacer-
bations of chronic respiratory illness.

Experimental studies provide cogent new evidence on the
mechanisms that connect bacterial lyophilates to abnormal
responses to pathogenic airway viruses and bacteria, and the
development of asthma exacerbations. Navarro et al''' showed
in sensitized mice that oral administration of Broncho-Vaxom
suppressed eosinophilic airway inflammation and bronchial
hyperresponsiveness through IL-10- and MyD88-dependent
mechanisms and induced the conversion of FoxP3(—) T cells
into FoxP3(+) Treg cells. In addition, CD4(+) T cells purified
from the trachea of Broncho-Vaxom-treated mice conferred
protection against eosinophilic airway inflammation when adop-
tively transferred into sensitized mice. Strickland et al''?
showed that oral Broncho-Vaxom markedly boosts baseline
levels of CD4"CD25%Foxp3™ Treg cells in airway mucosal tis-
sues in rats, and that animals with boosted mucosal Treg-cell
defenses show strong attenuation of both eosinophilic airway

together, these results suggest that Broncho-Vaxom induces
the expansion of Treg cells in the gut, which in turn migrate
to the lung mucosa and protect against excessive airway
inflammation.

In summary, these data support the hypothesis that Broncho-
Vaxom could decrease the frequency of exacerbations in subjects
with eosinophilic asthma.

Pharmacology. The study intervention will be Broncho-
Vaxom, 7-mg capsule, containing lyophilized bacterial lysates,
as described earlier. The dose will be one 7-mg capsule per day
on an empty stomach for 4 months. There is no known drug
interaction for Broncho-Vaxom. No clinical data on exposed
pregnancies are available. Animal studies do not indicate direct
or indirect harmful effects with respect to pregnancy, embryonal/
fetal development, parturition, or postnatal development. No
specific studies have been performed, and no data have been
reported for breast-feeding women and their children. Given the
composite nature of the product, the active components within
the lyophilisate that explain its putative therapeutic effects are
unknown.

Potential predictive and monitoring biomarkers.
Blood eosinophils will be used as predictive biomarker, specif-
ically blood eosinophils more than 300/p.L. There is no human
data suggesting that effects of Broncho-Vaxom in patients with
asthma occur preferentially in a specific subgroup of patients.
However, in animal models of airway inflammation, Broncho-
Vaxom is associated with a marked downregulation of airway
eosinophilia.''""''? Although the ideal predictive biomarker
would thus be sputum eosinophils, reliably ascertaining this
phenotype is difficult, and often requires more than 1 sputum in-
duction. Therefore, blood eosinophils were chosen as predictive
biomarker, and sputum eosinophils will be used as an exploratory
predictive biomarker. We will use 150 eos/mm?> of blood as the
cutoff point for blood eosinophilia.

The main intervention-specific response/pharmacodynamic
biomarker will be the composition of the stool microbiota. Our
hypothesis is that Broncho-Vaxom may exert its effects either by
direct Treg-cell induction, as suggested by experimental
studies,''" or by creating the conditions within the mucosal-
microbiome interface for the growth of bacteria that in turn induce
such cells. This hypothesis is supported by studies showing that
administration of Lactobacillus reuteri to mice increased the acti-
vation of nonantigen-specific CD4(+)CD25(+)Foxp3(+) Treg
cells, which in turn attenuated allergic airway responses.
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Safety monitoring considerations. Broncho-Vaxom is
an investigational preparation in the United States; however, it has
a compelling safety record over many years of study and clinical
use in the European Union and other regions. The safety profile of
Broncho-Vaxom has been established by a longstanding and large
experience, which includes several adequate placebo-controlled
clinical trials as well as extensive postmarketing data. In the 9
double-blind, placebo-controlled, randomized core efficacy and
safety trials in the approved indications, 1071 patients have been
exposed to Broncho-Vaxom, including 552 adults (7-mg dose)
and 519 children (3.5-mg dose). Safety information is also
available from 8 double-blind, placebo-controlled, randomized
clinical trials of Broncho-Vaxom in additional adult and pediatric
populations, including 704 adults (7-mg dose) and 430 children
(3.5-mg dose), of whom 43 were aged 6 to 18 months, and from 1
controlled randomized special safety study in the literature. The
global incidence of adverse effects revealed in these clinical
studies is between 3% and 4%. Importantly, currently the
worldwide postmarketing safety experience is estimated at
more than 44 million adult and 43 million pediatric patients
treated with Broncho-Vaxom.

In a recent meta-analysis of clinical trials of Broncho-Vaxom
for chronic obstructive pulmonary disease, Pan et al''” reported a
1.75-fold increase in “abdominal problems” (CI, 1.05-2.88; total
N = 471). The most frequently reported abdominal problem is
diarrhea, which appears to be easily reversible after discontinua-
tion of the product. In participants who present with diarrhea,
vomiting, or abdominal pain while on Broncho-Vaxom or
placebo, treatment will be interrupted until 2 days after resolution
of symptoms, at which time treatment will be restarted. If symp-
toms relapse, the participant will be withdrawn from the Broncho-
Vaxom trial. No other specific safety monitoring will be
established. To ensure participants safety, subjects with the
following conditions will be excluded from treatment with
Broncho-Vaxom: (1) known hypersensitivity to lyophilized
bacterial products; (2) history of inflammatory bowel disease,
rheumatoid diseases, or other autoimmune diseases that are
currently or within 3 months of screening being treated with
immunosuppressive/immunomodulatory agents (including meth-
otrexate, prednisone, mycophenolate, sulfasalazine or azathio-
prine cyclophosphamide, a cytotoxic agent, cyclosporine,
tacrolimus, oral or parenteral gold, or penicillamine); and (3) a
history of bowel-shortening or gastric bypass surgery.

Cavosonstat (GSNOR inhibitor) (Working Group
Chair: Dr Ben Gaston, Indiana University)
Rationale. S-Nitrosoglutathione (GSNO) is an endogenous
bronchodilator in the human airways. Concentrations in the
normal human airway are close to the ICs, for relaxing human
airway smooth muscle. In the case of human airway smooth
muscle, the relaxation is cyclic guanosine monophosphate
(cGMP)-independent. ' 4115 I asthmatic respiratory failure,
however, GSNO levels are paradoxically low, despite high levels
of NO radical in the exhaled air."'®'"” This is in part because of
accelerated GSNO catabolism by GSNOR, an enzyme that re-
duces GSNO (using nicotinamide adenine dinucleotide plus
hydrogen [NADH]) to ammonia' '*!"? (Fi g 7). Indeed, knocking
out murine GSNOR protects against experimental asthma.'?"
Furthermore, GSNOR is upregulated by IL-13'*" and causes
inflammation.'""'*>  GSNOR is also required to permit
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tachyphylaxis to (3 agonists through loss of the cell surface
expression of the B2 receptor.'>*'**

Consistent with these data, GSNOR single nucleotide poly-
morphisms (SNPs) are associated with asthma risk and impaired
B2 response,'>'?7'%° and 2 articles suggest that there is a gene-
gene interaction such that decreased f2 function and increased
GSNOR activity predict both asthma and asthmatic intensive
care unit admission.'?>'2° Of note, these same SNPs were identi-
fied in the SARP population to be associated with impaired 32
response (Fig 7). Direct bronchoscopic analysis confirms that
airway mRNA for gsnor (adh5) is higher in patients with wild-
type SNPs (those associated with decreased 32 response) than
in the patients with variants associated with good 32 response.
Bronchoscopic biomarker assays reveal that, in humans, airway
GSNOR activity is increased in approximately 40% of patients
with asthma in general, and severe asthma in particular.'*'-'*7-'?%
On the whole, patients in SARP with increased GSNOR activity
in their airways tended to be younger, thinner, and more atopic,'”!
but were not characterized as having high type 2 inflammation
based on eosinophil counts.

GSNOR inhibition by Cavosonstat is safe and well tolerated. It
decreases sweat chloride modestly in cystic fibrosis.'*’ However,
Cavosonstat is not therapeutically ideal for treating cystic fibrosis
because there is very little substrate made in the airways of pa-
tients with cystic fibrosis (without exogenous nitrite or NO).""”
Because GSNO is made and turns over rapidly in the airways of
some people with asthma,'?"-'**130-131 Cayosonstat may be better
suited for the subpopulation of patients with severe asthma with
increased airway GSNOR activity.

Pharmacology. The dose of Cavosonstat will be 50 mg by
mouth twice daily. The molecule is a potent GSNOR inhibitor,
and the dose is selected to achieve optimal inhibition. The half-
life is approximately 10.5 hours. Oral Cavosonstat (N91115) is
blended with commonly used excipients and formulated in size 1,
off-white capsules with a total fill weight of 300 mg per capsule.
We do not anticipate interactions with controller medications,
based on drug-drug interaction studies done to date in humans.
Furthermore, there were no drug-drug interactions with asthma
medications taken by patients with cystic fibrosis in the phase 2
trials.

Predictive and monitoring biomarkers. The best bio-
markers for predicting response to GSNOR inhibition would be
airway GSNOR activity assays. These are done by bronchos-
copy' 17120121 o breath condensate.'”® Because neither proced-
ure is anticipated in the PrecISE Network for screening all
subjects, we will instead perform genotyping for GSNOR/adh5
SNPs associated with asthma'?*'*>'*° and with [32-agonist
responsiveness.' > *° To validate this approach, we have queried
asthma phenotypes in the SARP population. The 2 principal SNPs
reported by Choudhry et al'> were independently identified to be
associated with impaired B2-agonist responsiveness in SARP,
such that the combination of 2 SNPs in the 3" untranslated region
(rs 7669660 TT and rs 11547772 AA) was associated with 3% less
response than the rs 7669660 CC or CT and rs 11547772 CA or
CC combinations and increased adhS mRNA in airway biopsies
from human subjects with asthma. Therefore, the predictive
biomarker for PrecISE is genotype rs7669660 TT and
rs11547772 AA, with predicted allele frequencies of at about
64% (Gaston B, unpublished data, 2021). However, when the
data were reanalyzed for response to only 4 puffs of albuterol,
it was only the Black population that was significantly less
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FIG 7. The endogenous anti-inflammatory molecule GSNO is broken down
by GSNOR in many patients with asthma. These patients can often be
identified by genotype. Because of its effect to increase B2-receptor expres-
sion, it is anticipated that precision therapy with the GSNOR inhibitor, Cav-
osonstat, will improve B2 responsiveness in addition to improving lung
function and reducing inflammation.

responsive in the presence of the high GNSOR expression SNPs.
Therefore, we believe that we will have the best chance of identi-
fying a biomarker-based response in the target population if we
obtain pretreatment and posttreatment maximum bronchodilation
data for those subjects selected for the Cavosonstat arm. Note that
improved 3 response is only being used as a biomarker here, not
as a primary outcome. It could be argued that improved (32
response may not always be desirable in severe asthma, particu-
larly if there is a proinflammatory component to 32 signaling,
as argued by Bond and others. Independent of the effect on the
32 adrenergic receptor, GSNO intrinsically relaxes human airway
smooth muscle, overcomes cholinergic bronchoconstriction, and
decreases airway inflammation,''*'¢-118:122

Safety and monitoring considerations. Phase 1 studies
showed no human AEs that differed in frequency from placebo. 129
This is consistent with the preclinical toxicology data. High doses
in murine models led to increases in alanine aminotransferase and
aspartate transaminase values that were accompanied by minimal
to mild single hepatic cell necrosis and/or minimal focal necrosis
in the liver. Partial to full recovery of these findings was observed
at the end of the 28-day recovery period.

Itacitinib (Janus kinase inhibitor) (Working Group
Chair: Dr Michael Wechsler, National Jewish
Health)

Rationale for selection. Itacitinib adipate (INCB039110
adipate, developed by Incyte) is a novel, potent, and selective
Janus kinase (JAK) inhibitor with selectivity for JAK1. JAK
proteins are intracellular kinases that play a critical role in signal
transduction through numerous cytokine and hormone receptors.
JAK signaling results in activation of signal transducer and
activator of transcription (STAT) proteins, which are intracellular
transcription factors. STATs in turn directly bind DNA and
regulate gene expression. The JAK-STAT pathway is now
recognized as a critical signaling cascade involved in immune
and inflammatory reactions.'*” Type 2 asthma cytokines IL-4 and
IL-13 activate STAT6 in their target cells (eg, airway epithelial
cells), and experiments using gene-targeted knockout mice
confirmed a key role for STAT6 in type 2 responses, IgE
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production, bronchial hyperresponsiveness, airway remodeling,
and mucus metaplasia after allergen sensitization.'*> STAT6
expression is elevated in patients with asthma in the lower airways
of some but not all patients.'** Other asthma-associated cytokines
also signal through JAK/STAT proteins including IL-5 and thymic
stromal lymphopoietin.13 ° Because these key type 2 asthma cyto-
kines (IL-4, IL-5, IL-13, and thymic stromal lymphopoietin) act
through JAK signaling, there is a potential role for JAK inhibition
for the treatment of type 2 asthma. Experiments in mouse models
also support the idea that inhibiting JAKI1/3 will attenuate
allergen-induced lung inflammation."*%'’

Because aberrant production of cytokines and growth factors
has been associated with asthma and JAK1 has been shown to
cooperate with other JAKSs to mediate the signaling of a number of
inflammatory cytokines, most notably type 2 cytokines including
IL-4, IL-13, and thymic stromal lymphopoietin, as well as IL-6,
we hypothesize that the orally available JAK inhibitor itacitnib
can serve as a novel precision-based targeted approach for severe
type 2 asthma. Because non—type 2 asthma also likely involves
JAK-dependent cytokine receptor signaling (eg, via IL-6 and
IFN-v), there may also be a broader role for JAK inhibition in both
type 2 and non—type 2 asthma.

Pharmacology. The dose of itacitinib administered will be
200 mg (2 X 100 mg tablets) taken once daily by mouth. This is
the current dose being studied in a phase 3 study in graft-versus-
host disease (protocol no. NCT03139604). Itacitinib dose selec-
tion for that study was based on efficacy and safety of itacitinib
from other dose-ranging studies. The higher incidence of throm-
bocytopenia in a 300-mg cohort, as well as similarities in pharma-
cokinetics and efficacy between dose groups, led to the
identification of the 200-mg dose of itacitinib as the recommen-
ded dose for subsequent clinical trials.

Potential predictive and monitoring biomarkers.
Type 2 cytokines including IL-4, IL-5, and IL-13 all work through
JAK-dependent mechanisms. Because IL-4 and IL-13 are major
inducers of nitric oxide synthase in airway epithelial cells and
signal through STAT6, we speculate that FENO measurements will
provide a good marker of target engagement. FENO predicts
response to IL-4 receptor alpha antibodies, with a cutoff point
for response of approximately 20 ppb. FENO has been shown to
decrease with anti—IL-4 receptor therapy. Furthermore, a recent
clinical study demonstrated proof of concept that an inhaled
JAK1 inhibitor reduces FEno in ICS-naive patients with mild
asthma.'*® This validates the idea of using FENO as a marker of
target engagement for JAK1 inhibition. High blood eosinophils
(>300) also identify responders to IL-4/13 therapies, likely
through effects on eosinophilic trafficking and various chemo-
kines (eotaxins) and/or IL-5. In addition, IL-5 signaling involves
JAK pathways; therefore, blood eosinophil counts should also
decrease on JAK inhibitor therapy. We propose to use both
Feno and blood eosinophil counts as predictive biomarkers to
identify patients with type 2 asthma who will respond to JAK in-
hibitors. Specifically, we will target patients with either FENO
more than 20 ppb or eosinophil count greater than or equal to
300/pL. From the SARP data set, we estimate that 51% of pa-
tients enrolled will have FENo more than 20 ppb and that 41%
of patients enrolled will have blood eosinophils greater than or
equal to 300. Collectively, 64% will have 1 or the other criteria.
We also propose to measure CRP using the high-sensitivity
CRP test as a response/pharmacodynamic biomarker.
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Safety monitoring considerations. In the ongoing and
completed clinical pharmacology studies, itacitinib was generally
safe and well tolerated in healthy subjects, with few discontin-
uations. In clinical trials of subjects with other conditions (eg,
graft-vs-host disease or psoriasis), treatment-related side effects
included transient neutropenia, decreased reticulocyte count,
minor dose-related decreases in platelet count, and dose-
independent increases in mean lipid values and serum
iron."*”'*Y Most treatment-emergent AEs were mild in severity.
There have been no clinically significant, unanticipated safety
findings or trends observed. However, based on preclinical and
clinical experience with itacitinib, as well as other JAK inhibi-
tors,"*' the major potential risks with itacitinib include (1) serious
infection and opportunistic infections, (2) viral reactivation, (3)
malignancy and lymphoproliferative disorders, (4) decreased
lymphocyte counts, (5) decreased neutrophil counts, and (6) alter-
ations in the lipid profile.

Because of the potential risk of infections with the adminis-
tration of JAK inhibitors including itacitinib, subjects with acute
and chronic infections, history of recurrent infections, and/or
latent infections will be excluded from the studies with this
compound. Subjects will be closely monitored for the develop-
ment of signs and symptoms of infection during the studies.
A patient who develops a new infection during treatment with
itacitinib will undergo a prompt and complete diagnostic testing
appropriate for an immunocompromised patient, appropriate
antimicrobial therapy will be initiated, and the patient will be
closely monitored. Itacitinib will be discontinued in subjects with
serious infections requiring hospitalization, parenteral antimicro-
bial therapy, or as otherwise judged clinically significant by the
investigator.

Anticipated outcomes. The 3 primary outcomes for each
intervention in PrecISE are prebronchodilator FEV,, ACQ-6
score, and a surrogate for asthma exacerbations (CompEx'’")
An intervention will be considered successful if it meets end
points for any 1 of the 3 primary outcomes. More information
about our plans for outcome assessment, subgroup refinement,
and statistical analysis are available in our recent publications.”'"
In the following section, we review how these outcomes and other
procedures in the network will be measured.

5. PROCEDURES IN THE PreclSE NETWORK
PROTOCOL

The PrecISE study has incorporated several novel procedures
to facilitate the execution of the Master Protocol and the scientific
goals of the network. Procedures that subjects undergo as they
progress through screening, into run-in, and through randomiza-
tion to the end of the protocol will be considered here. This
includes the procedures necessary for screening of subjects,
developing the necessary predictive biomarker profiles for
treatment assignment, and performing other key phenotyping of
enrolled subjects in the PrecISE Network. The mechanics of the
collection of data necessary to detect CompEx events, 1 of the 3
primary end points of the study, will also be discussed. CompEXx is
unique among the end points in that it requires twice-daily capture
from subjects to calculate events.

Screening
Prebronchodilator spirometry will be done at screening after
withholding baseline asthma medication for specified periods of
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time up to 36 hours, depending on the agent. Postbronchodilator
spirometry will be performed at screening as a maximum
bronchodilator maneuver with up to 8 puffs of albuterol. These
measurements may be used to meet inclusion criteria establishing
evidence of asthma and establishing the presence of baseline poor
or uncontrolled disease. At subsequent visits during the protocol,
bronchodilator challenge is performed using 4 puffs of albuterol.
Methacholine challenge spirometry may also be performed
during the screening process to demonstrate evidence of asthma
if bronchodilator responsiveness does not meet the thresholds of
12% and 200- mL increase in FEV.

The ACQ-6 is administered at screening as part of the
determination of baseline asthma control.'**'** An ACQ-6 score
of 1.5 or more is considered as poor control.'** Subjects are also
given validated questionnaires at screening that will facilitate
characterizations of common comorbidities that may influence
asthma. These include the following:

e Sleep apnea: STOP-BANG

e Gastroesophageal reflux disease (GERD Questionnaire)

e Vocal cord dysfunction (Pittsburgh Vocal Cord Dysfunction
Index)

e Chronic rhinitis sinusitis (Sinonasal Questionnaire)

e Depression-Anxiety (Hospital Anxiety and Depression
Scale)

Participants who meet the established cutoffs for these
questionnaires are evaluated by the investigator to consider the
clinical significance of the positive questionnaire based on
history, physical, and available testing. The investigator will
need to judge the presence, severity, and control of a specific
condition and determine whether it is sufficiently controlled to
keep the participant in the PrecISE protocol. If the comorbid
condition(s) is not adequately controlled, the investigator may
refer the participant for further evaluation/treatment, before
enrollment in PrecISE.

Biomarkers (Committee Chair, Dr Wanda O’Neal,
University of North Carolina)

As detailed elsewhere in this report, and in a previous
publication from the PrecISE Network,” the measurement of
predictive biomarkers is integral to the study design. Based on
biomarker profiles, a determination will be made as to which
participants should be targeted by which interventions. The
biomarker profile determined at screening will be used to inform
the randomizations at all treatment periods. Sample collection
will also allow for assessment of an array of exploratory bio-
markers that may predict and/or have utility in monitoring treat-
ment response.

To obtain information needed for randomization, the following
biomarkers will be obtained during the run-in period:

a. Blood eosinophils: The absolute eosinophil count is part of
the primary predictive biomarker profile for planned Pre-
cISE interventions imatinib, itacitinib, and bacterial extract
(Broncho-Vaxom). The predictive biomarker threshold for
imatinib is an eosinophil count of less than 300 cells/uL,
whereas for itacitinib and bacterial extract the threshold
is greater than or equal to 300 cells/pL.

b. SNP genotypes associated with increased GSNOR activity:
These polymorphisms serve as the primary predictive
biomarker for Cavosonstat.
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c. Plasma IL-6: The predictive biomarker threshold for claza-
kizumab is a plasma IL-6 level of greater than or equal to
3.1 pg/mL.

d. Feno: Feno level of more than 25 ppb is part of the primary
predictive biomarker profile for itacitinib. FENo level of
greater than or equal to 15 ppb is the predictive biomarker
for the MCT intervention.

A series of secondary and exploratory predictive biomarkers
for each intervention planned in PrecISE is obtained from blood,
urine, sputum, and CT scan of the chest.” CT scanning and sputum
collection methodology are described in further detail below. In
addition to the predictive biomarkers obtained in the run-in
period, monitoring biomarkers for each intervention are obtained
at regular intervals through the treatment periods (see “Study
Medications” section).

CT scanning (Committee Chair, Dr Mario Castro,
University of Kansas)

The PrecISE Master Protocol provides a unique opportunity to
incorporate lung imaging techniques to develop novel explor-
atory, imaging-based biomarkers that may predict response to
interventions. Imaging is a noninvasive means of monitoring
airway structure and remodeling (eg, thickened airway walls), air
trapping, mucus plugs, and other parameters of peripheral airway
pathologies. Furthermore, imaging may help identify individuals
with asthma who are likely to develop severe disease and who
may benefit from early targeted, aggressive therapy.

High-resolution CT scan of the chest will occur at the
qualification visit following 4 puffs of albuterol in subjects who
meet entry criteria. The PrecISE Radiology Center (University of
Iowa, Dr Eric Hoffman) provides standardization and harmoni-
zation of all CT imaging protocols performed in PrecISE. In
addition, the center provides initial quantitative CT analysis of all
images. The basic CT scanning protocol for PrecISE participants
consists of obtaining multidetector CT images of the entire lung at
coached full inspiration (total lung capacity [TLC]) and at a
coached full expiration (residual volume [RV]). TLC and RV
scans will be performed at visit O (run-in visit) in all participants
who have consented to CT. Adolescents (age 12-17 years) will
receive CT scans only at those sites that are able to perform low-
dose imaging (low dose is defined as a total exposure of ~3-5
mSv in an average-weight individual). Scans will be read by local
radiologists to rule on the presence of clinically actionable condi-
tions, such as pneumonia or nodules.

Unique breathing instructions are required to obtain appro-
priate images.'* PrecISE sites are required to use the newest/
most modern CT scanner available at their sites to use newer tech-
nology of dose modulation and iterative reconstruction. (If a site
does not have a new-enough scanner, for adult subjects only, they
will use a fixed protocol based on the body mass index of the sub-
ject.) By using dose modulation, we are able to to get the same-
quality image and signal-to-noise ratio for differing body types.
With the addition of iterative reconstruction, we can use a low-
dose protocol and reduce the noise in the images while keeping
the accuracy of the data.

CT scans will be analyzed using automated, quantitative
airway evaluation software designed to reconstruct
3-dimensional lungs, lobes, and airway trees from multi-
detector computerized tomography images (VIDA|vision,
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VIDA Diagnostics, Australia). Analysis will provide airway
and parenchymal-based metrics. Using existing techniques, the
lungs will be segmented to identify left and right lungs along
with their associated lobes. Total volume, as well as air and
tissue volumes, will be reported for the whole lung, right and
left lungs, and for each individual lobe. Local statistical
measures of lung parenchymal attenuation values will be
computed for each lobe and sublobar region. Parenchymal
measures from the TLC scans will include percentage of total
volume below (or equal to) —950 and —910 density
histogram-based mean, SD, skewness, and kurtosis for the
whole lung, left and right lungs, and lobes. Air trapping on the
RV scans will be defined as the percentage of voxels (on a
whole lung, left and right lungs, and lobar basis) falling below
(or equal to) —856HU. The TLC and RV scans will then be
registered and processed by VIDA’s Disease Probability
Measure to generate regional probability maps'*®'*” of what
has been termed functional small-airways disease, normal pa-
renchyma, and emphysema-like (or hyperinflation). These
measures will be provided for the whole lung, left and right
lungs, and lobes. The image matching of TLC to RV also pro-
vides regional maps of Jacobians (local volume change) and
Jacobian SDs, and regional Anisotropic Deformation Indices
along with the Anisotropic Deformation Indices SDs.'**

The airway tree will be segmented to include 5 primary paths
(passing through RB1, RB4, RB10, LB1, and LB10). The VIDA|
vision software automatically labels airway segments, which are
subsequently reviewed by VIDA-certified analysts and placed
according to standard bronchoscopic terminology. Airway seg-
mentation at TLC is expected to yield up to 7 to 9 generations of
the airway tree. Maximum and minimum diameters will be
reported for the middle third of each segment (avoiding the
branch point saddles); segment lengths will be included, which
permit the calculation of segment luminal volumes. Airway wall
thickness will be reported for the middle third of each segment.
Airway wall thickness will be normalized to the lumen plus wall
area to provide a wall area percent measure for each found
segment, and a Pil0 measure will be reported for each of the
above-named 5 paths. This measure is derived from a plot of the
inner perimeter (x-axis) versus square root of the airway wall area
(x-axis), identifying a regression line and identifying the modeled
airway wall area associated with a hypothetical inner perimeter of
10 mm using the relationship defined by the regression.

Induced sputum collection (Committee Chair, Dr
John Fahy, University of California San Francisco)
Induced sputum will be collected from PrecISE participants at
the run-in visit. Sputum induction is a relatively simple, repeat-
able, and noninvasive method to collect airway secretions. Thus,
sputum is a highly asthma-relevant biological sample type.
Sputum samples will provide an opportunity to establish the
inflammatory cell differential and counts in the patient’s airways,
while providing an opportunity for extended studies (eg, gene
expression, microbiome, and sputum biomarkers such as tryp-
tase). Cellular and biochemical analyses of induced sputum
samples collected from participants with and without asthma
have revealed differences in markers of eosinophilic inflamma-
tion and bronchovascular permeability in a population with
asthma.'*” Similarly, sputum-induced samples have revealed
the expected rise (following an antigen challenge) and fall
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(following a prednisone treatment) of markers of eosinophilic
inflammation.'”%"”"

Sputum cell counts in PrecISE are determined in a central core
laboratory. Other sputum biospecimens are stored in the PrecISE
Biorepository after processing. The process of sputum collection
involves nebulization of 3% saline to induce cough and sputum
production. Hypertonic aerosols such as 3% can induce broncho-
constriction in patients with asthma, and pretreatment with
albuterol will be provided to guard against such bronchocon-
striction. In addition, participants with low FEV, will undergo
sputum induction with an isotonic aerosol (0.9% saline). Specific
and standardized procedures for sputum induction have been es-
tablished for the PrecISE Study. The procedures for sputum in-
duction differ in adults and in adolescents, as follows, with
differences designed to have a more conservative protocol in
the adolescents:

® Adolescents: For participants with a postbronchodilator
FEV,% greater than or equal to 70%, sputum is induced us-
ing 3% saline; for participants with a postbronchodilator
FEV,% less than 70%, sputum is induced using 0.9% saline.

® Adults: For participants with a postbronchodilator FEV %
greater than or equal to 50%, sputum is induced using 3%
saline; for participants with a postbronchodilator FEV,%
less than 50%, sputum is induced using 0.9% saline.

CompkEx-related procedures (Committee Chair, Dr
Praveen Akuthota, University of California San
Diego)

The use of CompEx events as a primary end point provides an
outcome with statistical properties that approximate exacerba-
tions but with a shorter follow-up time.'’” CompEx is a composite
outcome specific to asthma that combines clinically relevant de-
teriorations captured by diary events with exacerbations, thereby
providing an increase in power compared with using exacerba-
tions alone. Critically, use of the CompEx rather than exacerba-
tions alone allows for the PrecISE Master Protocol to
incorporate 16-week treatment periods, facilitating the study of
multiple agents. The use of exacerbations as a primary end point
in asthma clinical trials has traditionally required much longer
treatment periods, often 52 weeks, which would be wholly
impractical from an implementation perspective for a master pro-
tocol designed as a platform for multiple interventions. Statistical
considerations for the use of CompEXx in PrecISE were discussed
in a previous publication.'® Exacerbations alone will be analyzed
as a secondary efficacy end point.

In addition to exacerbations, CompEx events include deterio-
ration events defined on the basis of (1) daily recordings of peak
expiratory flow morning/evening (L/min); (2) inhaled reliever
medication use (ie, short-acting [3-agonist) morning/evening
(doses); and (3) symptoms morning/evening (score 0-3) assessed
from twice-daily diary recordings. Because CompEx event detec-
tion relies on twice-daily peak flows, reliever use counts, and
symptom scores in a study with a planned enrollment period of
up to 30 months, it was critical for the PrecISE Study to incorpo-
rate methodology and tools to facilitate real-time capture of the
necessary data streams. To this end, the PrecISE Network has
partnered with Propeller Health, maker of an inhaler sensor-
driven asthma management platform, and have adapted the

GEORAS ET AL 507

Propeller platform to capture the CompEXx variables in a clinical
trial environment.

At the time of enrollment, the Propeller Health application is
installed on the subject’s smart phone (either iOS or Android).
The application prompts subjects to answer twice daily diary
questions that will allow for the collection of the requisite
symptoms scores for CompEx. Participants will be asked to
describe their morning symptoms using the following scale: 0, No
symptoms to report; 1, I was aware of my symptoms but they were
easily tolerated; 2, I had problems sleeping due to my asthma; 3, I
could not sleep because of my asthma. Participants are asked to
describe their evening symptoms using the same scale.

Peak flows are measured twice per day using a spirometer
(Spirobank Smart; Medical International Research, Rome, Italy)
that connects to the subject’s smart phone via Bluetooth wireless
through the Propeller application. Subjects are asked to complete
3 peak flow maneuvers each morning and 3 peak flow maneuvers
each evening.

Reliever inhaler usage is monitored using sensors that fit over
the metered-dose inhaler and connect to the participant’s
phone by Bluetooth via the Propeller application. The reliever
metered-dose inhaler sensor records the date and time of
inhalations in the sensor, allowing for doses of reliever in the
morning and in the evening to be used for the calculation of
CompEx events.

Symptom diaries, peak flows, and rescue usage data collected
by the Propeller system is transferred to the PrecISE DMCC at
regular intervals. In the case of technical barriers preventing
electronic data collection from individual subjects, the study has
incorporated a system of paper data collection fail safes. The
CompEx tool was developed by a pharmaceutical company
(AstraZeneca), and the PrecISE Network has partnered with
them to obtain the source code for calculation of CompEx events
and for technical assistance in implementing the algorithm.

A CompEx event can occur as defined by threshold and slope
criteria within a moving window of 5-day length. Evening and
morning recordings are treated as separate variables. The
thresholds for each variable are based on a baseline that is
calculated for each individual as the mean over the 5 to 10 days
ending just before the day of randomization for each of the diary
variables. No imputation of missing diary data after randomiza-
tion is performed. Deterioration criteria are assessed for each
(single) diary variable for thresholds and slopes as follows:

o Thresholds: The change from baseline is calculated. If 2
consecutive days fulfill the chosen threshold limit as
defined in Table III, the deterioration criterion is met.

e Slopes: A slope is calculated via linear regression over 5
days. If the slope fulfills the chosen cutoff point as defined
in Table III, the deterioration criterion is met.

A CompEx event can occur when (1) the threshold deterio-
ration criterion is met for at least 2 variables, or when (2) the
threshold deterioration criterion is met for 1 variable, and the
slope criterion is fulfilled for all included variables. In case of
(1), the event is defined to start on the first day of the 2
consecutive deterioration days. In case of (2), the event is
defined to start on the first of the 2 days fulfilling the threshold
criterion. (This means that the slopes are calculated for days —4
to 0 of an event.) To be counted as a new diary event, it must be
preceded by at least 7 days in which neither criterion for a diary
event is fulfilled.
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Adherence monitoring

The PreclISE study will also use the Propeller Health platform
to monitor adherence to background controller medications using
Bluetooth-connected sensors that are compatible with several
commonly used delivery devices for ICSs, long-acting (3-ago-
nists, and combination inhalers. To qualify for randomization,
subjects who pass initial screening must demonstrate 70% adher-
ence to background controller medications during the run-in
period as measured by electronic monitoring (or back-up paper
reporting if needed). The PrecISE Network has partnered with a
pharmaceutical company (GlaxoSmithKline) to provide back-
ground controller inhaled medication compatible with the Propel-
ler platform (fluticasone/salmeterol in Diskus formulation).
However, subjects can choose to stay on their previous controller
medications if they wish. Adherence will be continued to be
monitored after randomization using the Propeller platform.

Biobanking (Biorepository Lead, Dr Suzy Comhair,
Cleveland Clinic)

The PrecISE Study has incorporated a comprehensive bio-
banking strategy that will allow for development of ancillary
research studies leveraging the network’s unique cohort of
patients with severe asthma. Plasma, serum, sputum, and urine
are all collected during the run-in period and stored at the PrecISE
Central Biorepository. PAXgene RNA tubes (BD Biosciences,
Franklin Lakes, NJ) are collected, facilitating future research on
bulk blood RNA. Recognizing the need to be able to do more
detailed immunophenotyping, PrecISE sites will also be purifying
PBMC:s from blood, followed by cryopreservation and storage at
the biorepository.

6. PROTOCOL IMPLEMENTATION AND
ADAPTATIONS FOR COVID (PROTOCOL
IMPLEMENTATION COMMITTEE CHAIR DR LOREN
DENLINGER, UNIVERSITY OF WISCONSIN)

The PrecISE Network screened the first participant on
December 31, 2019. With the emergence of the COVID-19
pandemic, the network placed a hold on screening new partici-
pants on March 9, 2020, and halted all PrecISE Study visits on
March 16, 2020. At that time, 13 participants were in the run-in
phase and none had been randomized. Regular phone contact and
provision of study albuterol and fluticasone-salmeterol by mail
facilitated continued engagement of 11 of these participants until
study visits resumed in June 2020. Acknowledging variation in
local institutional guidelines, sites were allowed to reopen when
safety clearance had been documented supporting the ability to
perform spirometry, phlebotomy, and FENO measurements at in-
person study visits as the minimally necessary study procedures
to assess inclusion criteria, key phenotypic biomarkers, and base-
line primary outcome measures.

While the PrecISE trial was on hold, the FDA issued updated
guidelines (Docket FDA-2020-D-1106) for clinical trial conduct
during the pandemic on May 14, 2020, and additional consider-
ations for trial integrity were outlined by Fleming et al.'>” These
documents contained several recommendations for trial launch
logistics, maximizing adherence to study interventions, mainte-
nance of uniform data collection methods, and adjustments to an-
alytic plans. Because of concerns about the impact of subsequent
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waves of the pandemic on the trial, the Protocol Implementation
and Design Committees developed a plan to identify study activ-
ity adaptations and to inform the PrecISE SC and DSMB by the
July 21, 2020, meeting. The primary objectives for these adapta-
tions were to ensure safety of participants and study staff while
maintaining the scientific integrity of the study. An outline of
this plan is presented in the remainder of this section.

The adaptive design of the PrecISE trial integrates both
predictive and monitoring biomarkers, creating a potential ten-
sion between maximizing safety and preserving innovation.'’
Many of the advanced phenotyping measures in the protocol
require in-person study visits, such that complete conversion to
remote study activities and data collection for the entire duration
of the trial was not feasible.” Therefore, as a network we decided
to continue with in-person phenotyping supported by previsit
COVID-19 testing in accordance with local institutional safety
guidelines. However, several contingency plans were enacted to
weather subsequent pandemic-related site shut downs, which
were anticipated to occur regionally and to occur at different
times throughout the duration of the network.

Given the variable local/institutional restrictions for in-person
study visit conduct, compounded by likely ongoing participant
concerns about coming to PrecISE centers for study visits, we
have developed approaches to allow for performing the informed
consent process remotely. In this case, the consent form will be
provided to the participant by email or mail, and then reviewed
with the participant over the phone or during a video call. The
participant may sign the consent form and return it to the site, or
the form may be signed electronically, provided a software tool
that is compliant with the Code of Federal Regulations 21 Part 11
concerning electronic signatures is available at the site.

Protecting the primary end points is also paramount. For the
PreclISE trial, the primary end points are FEV, the ACQ-6 score,
and the CompEx measure of loss of asthma control events.'**'>
Fortunately, the ACQ-6 has been adapted for use at home, 5% and
we had already contracted with Propeller Health to collect the
eDiary, peak flow, and rescue albuterol use data needed to calcu-
late the CompEx scores. The peak flow meter for the trial is the
Spirobank Smart device, which is also capable of generating spi-
rograms and flow-volume loops. The protocol was also adapted to
allow for home spirometry measurements to provide baseline and
interim lung function measurements. Home spirometry uses the
ZEPHYRx software (Troy, NY), which captures flow-volume
loops and allows virtual, real-time coaching by the study coordi-
nator. At the time of this writing, in an effort to achieve remote
collection of FEV| measurements, we have launched a pilot pro-
gram to test the feasibility of coordinator coaching of participants
through video conference tools with workflows to enable central
overreading of these spirometry sessions. During the pilot, FEV,
will be measured remotely (at home) and at in-person visits, with
the plan to present comparative analyses to the DSMB by early
2021.

Finally, we designed procedures to optimize safety and
accessibility of study interventions. For participants already
randomized at a site affected by a regional shutdown, distribu-
tion of study drug by mail is planned for oral and inhaled
medications, whereas injections will continue to be delivered in
person (on site), barring local institutional restrictions. We have
developed a mechanism for collection of safety monitoring lab
tests by a regional commercial laboratory service, avoiding the
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Diary variable PEF (P) morning/evening

Reliever use (R) morning/evening

Symptoms (S) morning/evening

Threshold type Decrease from baseline (%)
Threshold 15 1.5
Slope type Decrease rate (% per day)
Slope 3 0.3

Increase from baseline (doses)

Increase rate (doses per day)

Increase from baseline (scores) or absolute maximum score
1

Increase rate (scores per day)

0.2

PEF, Peak expiratory flow.

need for participants to come to PrecISE academic medical
centers for phlebotomy. In addition, in context of widespread
COVID-19 vaccination, we recognize the theoretical potential
effect of immunomodulating interventions on vaccine efficacy
and are temporarily holding randomization to those interven-
tions to allow subjects to pursue vaccination before enrolling in
the study.

7. PrecISE PPC (COMMITTEE CHAIR DR STAN
SZEFLER, UNIVERSITY OF COLORADO)

It is the policy of the PrecISE SC and its PPC that all
manuscripts and presentations derived from PrecISE data are
submitted to the PPC to (1) conduct a scientific review, (2) ensure
that there is no overlap with other planned publications, (3) set
priorities and timelines for data analysis and manuscript comple-
tion, and (4) enable tracking and reporting to the SC and the
NHLBI program office.

The purpose of the PPC’s scientific review is to ensure the
quality and accuracy of the results presented and that the
interpretation of the results is valid. In addition, the scientific
review ensures that the study design and methods are accurately
and consistently reported across all manuscripts and
presentations.

The objectives of the PPC are to:

o Recommend policy and procedures for review and approval
of all scientific communications regarding PrecISE to
outside groups.

o Keep the SC informed on the status of all network presen-
tations and manuscripts.

o Promote timely dissemination of major PrecISE findings to
the scientific community.

e Encourage publications and presentations likely to have a
high impact on the field and to create visibility for the
work of the PrecISE Network.

e Ensure that PrecISE publications and presentations are ac-
curate and scientifically sound, and of high quality.

e Establish a system for determining authorship on PrecISE
publications and presentations that is well balanced across
study investigators and sites.

e Create opportunities for investigators, especially early
career investigators, from PrecISE centers and subsites to
participate and be recognized in study-wide publications
and presentations.

e Advise the SC on publication issues as they arise, such as
with respect to industry partners.

o Approve proposals, assist in the formation of writing
groups, and set priorities for all PrecISE publications and
presentations, in a timely manner.

e Suggest appropriate journals for PrecISE publications to
writing groups, as needed.

e Expeditiously approve publications and presentations,
including those that arise from ancillary studies, before
their presentation and submission for publication.

e Monitor and periodically report the status of all PrecISE
manuscripts and presentations, from proposal submission
to publication, to the SC, the NHLBI program office, and
the DSMB.

e Manage changing priorities of presentations and manu-
scripts as the study progresses, taking into account alloca-
tion of resources, to ensure timely dissemination of study
results.

The PPC is composed of 1 investigator from each of the 10
PrecISE CCs and a representative from the DMCC. Each member
serves for a term of 2 years and is eligible for reappointment. The
Chairperson of the committee is appointed by the PrecISE
Executive Committee, serves for a term of 2 years, and is also
eligible for reappointment. The NHLBI Project Officer and the
SC Chairs sit on the PPC as ex-officio members.

Publications

All manuscripts are submitted to the PPC for tracking and
reporting purposes, beginning with the manuscript proposal and
continuing through journal submission and publication. Manu-
script tracking and reporting are managed through an interactive
manuscript tracking system.

Manuscripts are categorized as primary, secondary, or ancillary
study manuscripts. Primary manuscripts focus on study design
and primary results of different interventions and receive top
priority in resource allocation and timelines. Secondary manu-
scripts focus on other scientific questions, unrelated to the
primary outcomes. Ancillary manuscripts focus on research
questions that are motivated by the various ancillary studies
expected for PrecISE. The writing group chair is responsible for
all phases of manuscript development, from conception through
publication. The PPC is responsible for tracking the progress of
manuscript development.

Authorship

For primary and secondary manuscripts, the lead author
(writing group chair) proposes the order of authorship, subject
to PPC approval. Author inclusion and author order follow
International Committee of Medical Journal Editors (ICMIJE)
guidelines. The following options are possible authorship
formats:

- Modified Conventional: Masthead (indexed) author =
“Name A, Name B, Name C, etc for the PrecISE Research
Group”; the writing group determines the order of the
named authors. This is the preferred format for most
manuscripts.
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- Conventional: Masthead (indexed) author = “Name A,
Name B, Name C”; the writing group determines the order
of the named authors.

- Modified Corporate: Masthead (indexed) author = “Pre-
cISE Research Group”; title page footnotes include a listing
of the writing group for the article; the writing group deter-
mines the order of the named authors in the footnote.

- Corporate: Masthead (indexed) author = “PrecISE
Research Group”; membership of writing group is nowhere
specified in the published article.

All primary manuscripts for PrecISE use the Modified Con-
ventional masthead. Secondary and ancillary manuscripts choose
between the Modified Conventional and Conventional mastheads.

Primary manuscripts reviewed and approved by the PPC are
sent to the SC for approval. The PPC reviews and authors’
responses to them are provided to the SC with the manuscript.
Secondary manuscripts are also sent to the SC for approval before
journal submission.

Industry review

Industry partners have the opportunity to review primary
manuscripts pertaining to the use of their intervention in PrecISE,
consistent with established contracts. The PPC considers any
comments received from industry partners, but approval of the
manuscript is not conditional on addressing those comments.

Presentations

An investigator receiving an invitation for a national or
international talk on behalf of PrecISE submits an abstract of
the talk to the PPC and must obtain PPC approval before
submitting the abstract to the meeting organizers.

8. SAFETY MONITORING OF THE PreclISE
NETWORK (COMMITTEE CHAIR, DR STEVEN
WHITE, UNIVERSITY OF CHICAGO)

In a complex trial with multiple possible interventions and
multiple sites, participant safety is of paramount importance. The
PrecISE Network has undertaken multiple steps to ensure
participant safety including the creation of a free-standing Safety
Committee. Here, the Safety Committee highlights some of the
measures taken to ensure patient safety during the trial.

Participants will be informed of known risks of the interven-
tions (see Section 4) before enrollment using a common, central
IRB and consent platform. Informed consent will be obtained
locally at each site. As any new data become available for a
particular intervention, the investigators will determine whether
these would impact the study’s justification or suggest a new or
previously unforeseen risk that must be conveyed to the
participants. The NHLBI established a DSMB to provide
appropriate oversight and monitoring and to ensure the safety
of participants. The study has a single IRB at Vanderbilt
University. Monitoring participant safety during the study is a
shared responsibility by the central single IRB, the DSMB,
medical monitor, and the FDA. Locally at each site and center, the
study investigator and coordinator will monitor participant safety,
taking measures to ensure participant confidentiality, adhering to
Health Insurance Portability and Accountability Act (HIPAA)
regulations, and closely monitoring and reporting AEs.
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AEs and severe AEs

Timely AE reporting is critical to enable the larger groups to
monitor patient safety appropriately for the entire study. An
adverse experience or AE is defined as any untoward medical
occurrence associated with the use of a drug in humans whether or
not it is drug related. In the PrecISE Study, such an event is
considered an AE when it occurs at any point from the time of
consent through 8 weeks after the last treatment (or 5 half-lives of
the treatment received) (Fig 8). AEs may include a clinically
important laboratory value worsening during the study or any
injury, sensitivity reaction, side effect, or any other illness or con-
dition that occurs while the participant is in the study. Preexisting
disease signs, symptoms, and/or laboratory abnormalities before
the use of drug are considered AEs only if they recur after the
participant has recovered from the preexisting condition or if
there is an exacerbation in intensity of frequency. Episodes of
worsening asthma are considered an AE if the participant needs
to take new medication for at least 2 days. A laboratory abnormal-
ity may be considered an AE if (1) it requires repeat testing and is
confirmed when repeated, (2) the confirmed abnormality suggests
a disease and/organ toxicity that is new or worsened from base-
line, and (3) it requires additional active management. Active
management of AEs may include reduction in study agent dose,
discontinuation of the study agent, close observation, more
frequent follow-up assessments, or further diagnostic
investigation.

An AE is considered a serious adverse event (SAE) if either the
sponsor or the investigator determine that it resulted in specific
outcomes including death, life-threatening AE, inpatient hospi-
talization for 24 hours or more, significant incapacity, congenital
anomaly, or an event that may not be immediately life-threatening
but may require treatment to prevent one of the previously listed
outcomes. An AE is determined to be an SAE if it meets the
definition of an SAE. All AEs are reported regardless of
relationship to study medication. Timing and processor reporting
AE and SAEs are outlined in Fig 8. Timely reporting of AEs and
SAE:s is critical to identify possible safety concerns.

Laboratory analysis

Participants have laboratory studies done as part of a safety
review to (1) determine inclusion or exclusion for the study at
the time of initial screening and (2) monitor for AEs during
interventions. All safety lab results will be transmitted from the
core laboratory (PPD, Inc) to the DMCC for review by medical
monitors, after which unblinded data are forwarded to investi-
gation sites (see Blinding and medical monitors, below).
Laboratory studies done for initial safety review are listed
with their guiding parameters in Table IV. For each parameter, a
key consideration in study design was to determine logical, clin-
ical thresholds. As one example, clinicians readily understand
the difference between a hemoglobin value that is below the
lower limit of normal (determined by a 95% CI, about 12.8 g/
dL for men and 11.9 g/dL for women in most laboratories), a
value that meets the definition of anemia as defined by the
World Health Organization,'> a value that raises significant
clinical concern (eg, below 10 g/dL), and a “panic” value that
requires immediate confirmation and treatment (eg, below 7-8
g/dL). Even for a straight-forward variable such as hemoglobin,
there are age-related declines in men but not women.'”® Simi-
larly, there are differences based on age, sex, and/or race for
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Any untoward medical occurrence from time of consent through 8 weeks after last
treatment (or 5 half-lives of the last treatment received):

1. Side effects Events that :

2. Injuries

3. Sensitivity reactions

4. Other ilinesses or conditions

5. Clinically significant lab

abnormalities

* Cannot be otherwise explained by
clinical judgement

* Requires repeat testing, and on
repeat is confirmed

¢ Suggests a new disease or organ

¢ Resultin death

¢ Are life-threatening

¢ Hospitalization 224 hrs or prolongation
of hospitalization

* Significant incapacity or disruption of
life functions

* Congenital anomaly

* May jeopardize the participant and
require intervention to prevent the
outcomes above

toxicity or worsening from

v

baseline

* Requires active management such
as dose adjustment or
discontinuation of study

Serious Adverse Event

If relationship to study intervention is

interventions No Yes
Related to study intervention? »  Was the event Expected?
l l (listed in the Investigator
Brochure or package
Adverse Event Report to Sponsor within 10 days | | Report to Sponsor within 24 hours insert)
If No,

probable or definite, AE is qualified

Document on Serious AE Form

Sponsor reports to FDA via

as an adverse reaction or suspected
adverse reaction

SAEs unrelated to study intervention reviewed
by DSMB monthly

Document on Non-Serious AE Form

Reviewed by DSMB monthly

Medwatch Form 3500A
within 15 days

For fatal or life-threatening
events: DSMB notified within 7
days

Otherwise, DSMB notified
within 15 days

FIG 8. PrecISE Network AE/SAE flowchart.

blood platelet and neutrophil counts,>” 1 and for estimated

glomerular filtration rate.'®® Exclusion criteria, and criteria
that trigger review for AEs during an intervention, were chosen
with these issues in mind. We elected to deploy different
threshold values for evaluation of neutropenia based on race
but not for other laboratory values.

Some exclusion criteria based on laboratory values were
selected to prevent participants with known immune-
suppressive diseases (eg, HIV infection and tuberculosis) from
receiving immune-modulating therapies. Likewise, laboratory
values were selected to exclude participants with known liver
disease (eg, hepatitis B, C) from receiving therapies that have a
risk of inducing liver injury.

Participants will be monitored for safety during the trial, and
the occurrence of certain AEs or laboratory abnormalities will
result in discontinuation of the current treatment and immediate
entry into a washout period. Some of the laboratory studies
threshold values (including hemoglobin, absolute neutrophil
count, platelet count, and alanine aminotransferase/aspartate
transaminase) that mandate discontinuation differ modestly
from thresholds that exclude initial participation (see Table E4
in this article’s Online Repository at www.jacionline.org); this re-
flects the experience of the PrecISE investigators from previous
trials. Studies are monitored monthly during the treatment period.

When a test meets the threshold value as reviewed by the medical
monitor, a repeat test is ordered (blinded when necessary, see
below) to be done by the site within 5 days. If both tests meet
the discontinuation criteria, the intervention is terminated, and
the participant enters an 8-week washout phase. Monitoring of
the laboratory parameter in question is done at weekly intervals
until the value no longer meets the threshold. Following comple-
tion of the washout and return of the stated laboratory parameter
to within an acceptable range, based on the discretion of the inves-
tigator, the participant may be randomized into a new interven-
tion. Specific interventions may have differing thresholds for
discontinuation, and both the clazakizumab and imatinib inter-
ventions have thresholds in which drug administration may pro-
ceed at a lower dose as an alternative to discontinuation as
reviewed in Section 4.

Blinding and medical monitors

Participants will be monitored for laboratory abnormalities
throughout the study. To ensure appropriate and timely moni-
toring of laboratory studies in a complex protocol, the DMCC
provides a central medical monitoring system. This system
consists of 2 physician scientists who serve as medical monitors
and are responsible for reviewing all safety labs for participants
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TABLE IV. Exclusion criteria for screening laboratory studies
in the PreclISE trial

Study

Exclusion threshold

Hemoglobin
Absolute neutrophil count

<10 g/dL
<1000/pL for Black participants
<1500/p.L for other participants

Absolute lymphocyte count <500/nL

Absolute platelet count <100,000/pL

Serum ALT/AST concentrations >2X ULN

Serum bilirubin concentration >2X ULN

eGFR <60 mL/min/1.73 m*
HIV types 1 & 2 Ab/Ag immunoassay  Positive*

Serum hepatitis B surface Ag Positive

Serum hepatitis B core total antibody Positive

Serum hepatitis C antibody Positive

EKG Significant clinical findings}
Serum QuantiFERON-TB Gold Positive§

Ab, Antibody; Ag, antigen; ALT, alanine aminotransferase; AS7, aspartate
aminotransferase; eGFR, estimated glomerular filtration rate; EKG,
electrocardiogram; ULN, upper limit of normal.

*A positive value is followed by a confirmatory test (Geenius HIV-1/HIV-2 antibody
differentiation immunoassay); if result is positive, the participant is excluded.

TA positive value is followed by a confirmatory hepatitis C RNA test; if result is
positive, the participant is excluded.

fAs interpreted by an independent reader.

SA positive test result requires further screening. A participant may be included in
PrecISE if at least 1 of the following criteria is met:

e A chest radiograph done within the last 6 mo of the test that shows no evidence of
active tuberculosis.

e A chest CT scan done within the last 6 mo of the test that shows no evidence of
active tuberculosis.

e Documentation of adequate treatment for latent tuberculosis.

while randomized to experimental treatments. A call system
ensures that a medical monitor, or back-up, is always available. In
addition to reviewing laboratory studies, medical monitors work
with site investigators to resolve significant abnormalities and,
when required, initiate emergency action to protect patients.

Laboratory reports will be transmitted from the core labora-
tory (PPD, Inc) to the DMCC daily on weekdays and will be
reviewed by the medical monitors. Test results will also be made
available in PPD’s online Preclarus system. Sites will have
access to all complete blood cell count and chemistry panel
results for nontreatment visits (visit 0, visit X.1, and visit X.6)
and will be responsible for reviewing and acting on these results.
Because of the potential for unblinding, some laboratory studies
will remain blinded to participants and study sites during
treatment visits (visits X.2-X.5). Blinded laboratory studies
include complete blood cell count results other than hemoglobin
and hematocrit (which will remain unblinded to the sites)
because neutropenia and thrombocytopenia have been reported
with use of imatinib as well as clazakizumab. Only the medical
monitors will have access to the blinded lab results and will be
responsible for reviewing and acting on these results. The
medical monitors will make decisions about the need to repeat
laboratory studies, adjust the dose of study treatment, or
discontinue study treatment. If the medical monitor determines
that a repeat test is warranted, they will inform the site that
another blood sample should be collected for analysis, but they
will not inform the site of the specific abnormality. To maintain
blinding of the study team, some participants receiving placebo
will be randomly selected to undergo repeat laboratory draws
and sham dose reductions.
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In addition to the safety assessments conducted on all
participants throughout the trial, some interventions will require
additional safety monitoring specific to that intervention. Partic-
ipants randomly assigned to an intervention or its matching
placebo will receive the treatment-specific safety assessments
required during the assigned periods. Performing the additional
safety assessments on the matching placebo participants will help
maintain the masking of treatment assignments for the study.
Laboratory measurements with the potential for unmasking of
study treatment will be blinded to the participant and study team
and will only be available to the medical monitors and select
DMCC staff. For example, imatinib use has been associated with
hypophosphatemia in a proportion of patients, so serum phos-
phate levels will be monitored regularly in participants random-
ized to imatinib/placebo and phosphate supplementation initiated
if needed. Some participants on imatinib placebo will be assigned
to receive phosphate placebo (see Section 4, “Itacitinib (Janus ki-
nase inhibitor)”).

CONCLUSIONS AND FUTURE DIRECTIONS

The PrecISE Network will break new ground in clinical trials
for severe and exacerbation-prone asthma. We have established
the infrastructure needed to rapidly evaluate new interventions for
targeted subgroups of patients with severe asthma, and identify
new therapies for further development. Our clinical trial design
and analytical plans outlined here and in recent publications” '’
can serve as a reference for future studies using adaptive trial
design and master protocols in this challenging group of patients.
By examining the magnitude of the clinical effects observed,
numbers of primary outcomes met, and size of the targeted sub-
groups, our industry partners can prioritize successful interven-
tions for further clinical development in asthma. Therapies that
do not meet any of the 3 primary outcomes, in contrast, should
be of low priority for further development. By combining clinical
outcomes with careful patient phenotyping and precision medi-
cine analyses, the network will also advance our understanding
of the pathobiology of severe and exacerbation-prone asthma.

The PrecISE Study Team:

Arizona/Wake Forest: Dean Billheimer, PhD; Eugene R. Bleecker, MD;
Emily Branch; Michelle Conway; Cori Daines, MD; Isaac Deaton; Alexandria
Evans; Paige Field; Dave Francisco; Annette T. Hastie, PhD; Bob Hmieleski,
MBA; Jeffrey O. Krings, NP; Yanqin Liu; Janell L. Merchen, FNP-BC;
Deborah A. Meyers, PhD; Nirushan Narendran, MS; Stephen P. Peters, MD;
Anna Pippins, BS; Matthew A. Rank, MD; Ronald Schunk, RRT; Raymond
Skeps; and Benjamin Wright.

Boston: Tina M. Banzon, MD; Lisa M. Bartnikas, MD; Sachin N. Baxi,
MD; Vishwanath Betapudi; Isabelle Brick; Conor Brockway; Thomas B. Ca-
sale, MD; Kathleen Castillo-Ruano; Maria Angeles Cinelli, AB; Elena Cres-
tani, MD; Amparito Cunningham, MD; Megan Day-Lewis, RN, MSN; Natalie
Diaz-Cabrera, MD; Angela DiMango, MD; Brittany Esty, MD, MPH; Eva
Fandozzi; Jesse Fernandez; Elizabeth Fitzpatrick; Victoria E. Forth, PA-C;
Katarina Gentile; David Gubernick, MD; Seyni Gueye-Ndiaye, MD; Sigfus
Gunnlaagsson, MD; Marissa Hauptmann, MD; Stephanie N. Hudey, MD; Do-
nya S. Imanirad, MD; Tiffani Kaage; Nicholas Kolinsky, DO; Brenna LaBere,
MD; Peggy Sue Lai, MD; Meghan Le; Dennis K. Ledford, MD; Richard
Lockey, MD; Margee Louisias, MD, MPH; Andrew J. Macginnitie, MD; Mi-
chelle C. Maciag, MD; Allison O’Neill; Amber N. Pepper, MD; Perdita Per-
maul, MD; Mya Pugh; Dianna Queheillalt, RN, APRN, CPNP, AE-C; Tarnjot
Saroya; William Sheehan, MD; Catherine Smith; Carmela Socolovsky, MD;
Else Treffeisen, MD; Lorenzo Trippa, PhD; Abigail Tulchinsky; and Christina
Yee, MD.



J ALLERGY CLIN IMMUNOL
VOLUME 149, NUMBER 2

Chicago Partnership: Tina Carter; Jun Fu; Vanessa Garcia; Jenny Hixon;
Carly Jackson; Yuan Ji, PhD; Ravi Kalhan, MD, MS; Opinderjit Kaur; Grace
Li; Melanie M. Makhija, MD; Spring Maleckar; Edward T. Naureckas, MD;
Anju T. Peters, MD, MS; Valerie Press, MD, MPH; Mehreen Qureshi; Paul
A. Reyfman, MD; Sharon R. Rosenberg, MD; Dominika Ryba; Jianrong
Sheng; and Ben Xu.

Denver: Rafeul Alam, MD, PhD; Darci Anderson; Sonya Belimezova; Jen-
nifer Bitzan; Geoffrey Chupp, MD; Brian J. Clark, MD; Lauren Cohn, MD;
Margaret Hope Cruse; Jean Estrom, RN, BSN; Leah Freid; Jose Gomez Vil-
lalobos, MD, MS; Nicole Grant, MS, CCRP; Vamsi P. Guntur, MD, MSc; Car-
ole Holm, RN, BSN; Christena Kolakowski, MS; Laurie A. Manka, MD;
Naomi Miyazawa, PA; Juno Pak, BS; Diana M. Pruitt, RRT, CCRC; Sunita
Sharma, MD, MPH; Allen D. Stevens, CCRC, NREMT; Kisori Thomas;
Brooke Tippin, RN, BSN, CPN; Karissa Valente; Cynthia L. Wainscoat,
RN, BSN; Michael P. White, BA, CCRC; Daniel Winnica, PhD; Shuyu Ye;
and Pamela L. Zeitlin, MD, MPhil, PhD.

Great Lakes Partnership: Julia Bach, BSN, RN; Joshua Brownell, MD;
Lauren Castro; Julie DeLisa, MA; Sean B. Fain, PhD; Paul S. Fichtinger;
Heather Floerke; James E. Gern, MD; Vinay Goswamy, MD; Jenelle Grogan;
Wendy Hasse; Rick L. Kelley; Danika Klaus, BSN, RN; Stephanie LaBedz,
MD; Paige Lowell; Andrew Maddox; Sameer K. Mathur, MD, PhD; Amanda
Mclntyre, MD; Lourdes M. Norwick, RN; Sharmilee M. Nyenhuis, MD;
Matthew J. O’Brien, MS, RRT; Tina Palas; Andrea A. Pappalardo, MD;
Mark Potter, MD; Sima K. Ramratnam, MD; Daniel L. Rosenberg, MD;
Eric M. Schauberger, DO, PhD; Mark L. Schiebler, MD; Angela Schraml; Ro-
nald L. Sorkness, PhD; Mohamed Taki, MD; Matthew C. Tattersall, MD; Jis-
sell Torres; and Lori Wollet, RN.

Indiana/Cleveland/UVa: Simon Abi-Saleh; Lisa Bendy; Larry Borish,
MD; James F. Chmiel, MD, MPH; Aska Dix; Lisa France; Rebecca Gammell;
Adam Gluvna; Brittany Hirth; Bo Hu, PhD; Elise Hyser; Kirsten M. Kloepfer,
MD, MS; Michelle Koo; Nadia L. Krupp, MD; Monica Labadia; Joy Law-
rence; Laurie Logan; Angela Marko, DO; Brittany Matuska; Deborah Mur-
phy; Rachel Owensby; Erica A. Roesch, MD; Don B. Sanders, MD; Jackie
Sharp; W. Gerald Teague, MD; Laura Veri; and Kristin Wavell Shifflett.

Pittsburgh/Johns Hopkins: Matt Camiolo, MD, PhD; Sarah Collins; Jessa
Demas, JD; Courtney Elvin, BS; Marc C. Gauthier, MD; Melissa Ilnicki, RRT;
Jenn Ingram, BA; Lisa Lane, BS; Seyed Mehdi Nouraie, MD, PhD; John B.
Trudeau, BA; and Michael Zhang, MD, PhD.

UCSD: Jeffrey Barry, MD, MPH; Howard Brickner; Janelle Celso; Matejka
Cernelc-Kohan, MD; Damaris Diaz; Ashley Du; Sonia Jain, PhD; Neiman
Liu; Yusife Nazir; Julie Ryu, MD; and Pandurangan Vijayanand, MD, PhD.

UCSF: Rogelio Almario; Ariana Baum; Kellen Brown; Marilynn H. Chan,
MBD; Barbara Gale; Angela Haczku, MD, PhD; Richart W. Harper, MD; Ray-
mond Heromin; Celeste Kivler; Brooks T. Kuhn, MD, MAS; Ngoc P. Ly, MD,
MPH; Paula McCourt; Xavier Orain; Audrey Plough, MSN; Karla Ramirez;
Ellese Roberts; Michael Schivo, MD, MAS; Amisha Singapuri; Catherine
Smith; Tina Tham; Daniel Tompkins; Patricia Michelle Twitmyer; and Jade
Vi.

University of Kansas/Vanderbilt: Jarron Atha, BS; Jennifer Bedard; Jona-
than S. Boomer, PhD; Andrew Chung; Vanessa Curtis; Chase S. Hall, MD;
Emily Hart; Fatima Jackson; Pamela Kemp; Sharli Maxwell; Maggie Mess-
play; Crystal Ramirez; and Brynne Thompson.

Data Management and Coordinating Center (UNC-Chapel Hill): Ash-
ley Britt, MS; Hope Bryan; Nathan M. Gotman, MS; Yue Jiang, PhD; Michael
R. Kosorok, PhD; David T. Mauger, PhD; Kelsey Meekins, MS; Jeanette K.
Mollenhauer; Sarah Moody; Cheyanne Ritz, MA; Stefanie Schwartz, MA;
Chalmer Thomlinson, MS; and Nicole Wilson, MS.

REFERENCES

1. Fahy JV. Type 2 inflammation in asthma—present in most, absent in many. Nat
Rev Immunol 2014;15:57-65.

2. Levy BD, Noel PJ, Freemer MM, Cloutier MM, Georas SN, Jarjour NN, et al.
Future research directions in asthma: an NHLBI Working Group report. Am J Re-
spir Crit Care Med 2015;192:1366-72.

3. Ray A, Raundhal M, Oriss TB, Ray P, Wenzel SE. Current concepts of severe
asthma. J Clin Invest 2016;126:2394-403.

4. Israel E, Reddel HK. Severe and difficult-to-treat asthma in adults. N Engl J Med
2017;377:965-76.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

GEORAS ET AL 513

. Moore WC, Meyers DA, Wenzel SE, Teague WG, Li H, Li X, et al. Identification

of asthma phenotypes using cluster analysis in the Severe Asthma Research Pro-
gram. Am J Respir Crit Care Med 2010;181:315-23.

. Denlinger LC, Phillips BR, Ramratnam S, Ross K, Bhakta NR, Cardet JC, et al.

Inflammatory and comorbid features of patients with severe asthma and frequent
exacerbations. Am J Respir Crit Care Med 2017;195:302-13.

. Woodcock J, LaVange LM. Master protocols to study multiple therapies, multiple

diseases, or both. N Engl J Med 2017;377:62-70.

. Saville BR, Berry SM. Efficiencies of platform clinical trials: a vision of the

future. Clin Trials 2016;13:358-66.

. Israel E, Denlinger LC, Bacharier LB, LaVange LM, Moore WC, Peters MC,

et al. PrecISE: Precision Medicine in Severe Asthma: an adaptive platform trial
with biomarker ascertainment. J Allergy Clin Immunol 2021;147:1594-601.

. Ivanova A, Israel E, LaVange LM, Peters MC, Denlinger LC, Moore WC, et al.

The precision interventions for severe and/or exacerbation-prone asthma (Pre-
cISE) adaptive platform trial: statistical considerations. J Biopharmaceut Stat
2020;30:1026-37.

. Sutherland ER, Busse WW. National Heart, Lung, and Blood Institute’s Asthma-

Net. Designing clinical trials to address the needs of childhood and adult asthma:
the National Heart, Lung, and Blood Institute’s AsthmaNet. J Allergy Clin Immu-
nol 2014;133:34-8.el.

. Busse WW, Morgan WJ, Taggart V, Togias A. Asthma outcomes workshop: over-

view. J Allergy Clin Immunol 2012;129:S1-8.

. Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ, et al. Interna-

tional ERS/ATS guidelines on definition, evaluation and treatment of severe
asthma. Eur Respir J 2014;43:343-73.

. Forsythe LP, Carman KL, Szydlowski V, Fayish L, Davidson L, Hickam DH,

et al. Patient engagement in research: early findings from the Patient-Centered
Outcomes Research Institute. Health Aff (Millwood) 2019:38:359-67.

. Mensah GA, Curry JS, Engelgau MM, Johnson LE. Stakeholder engagement in

late-stage translation research and implementation science: perspectives from
the National Heart, Lung, and Blood Institute. Global Heart 2019;14:191-4.

. Domecq JP, Prutsky G, Elraiyah T, Wang Z, Nabhan M, Shippee N, et al. Patient

engagement in research: a systematic review. BMC Health Serv Res 2014;14:89.

. Mullins CD, Abdulhalim AM, Lavallee DC. Continuous patient engagement in

comparative effectiveness research. JAMA 2012;307:1587-8.

. Frank L, Morton SC, Guise J-M, Jull J, Concannon TW, Tugwell P, et al.

Engaging patients and other non-researchers in health research: defining research
engagement. J Gen Intern Med 2020;35:307-14.

. Growing Protocol Design Complexity Stresses Investigators, Volunteers. Tufts

Center for the Study of Drug Development Impact Report 2008;10:1-4.

Roy AS. Stifling new cures: the true cost of lengthy clinical drug trials. Manhattan
Institute for Policy Research 2012;5:5-13.

Thakur N, Lovinsky-Desir S, Appell D, Bime C, Castro L, Celedén JC, et al.
Enhancing recruitment and retention of minority populations for clinical research
in pulmonary, critical care, and sleep medicine: an official American Thoracic So-
ciety Research statement. Am J Respir Crit Care Med 2021;204:¢26-50.

Zein JG, Dweik RA, Comhair SA, Bleecker ER, Moore WC, Peters SP, et al.
Asthma is more severe in older adults. PLoS One 2015;10:e0133490.

Cardet JC, Ash S, Kusa T, Camargo CA Jr, Israel E. Insulin resistance modifies
the association between obesity and current asthma in adults. Eur Respir J
2016;48:403-10.

Greenberg AS, Obin MS. Obesity and the role of adipose tissue in inflammation
and metabolism. Am J Clin Nutr 2006;83:461S-5S.

Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW Jr.
Obesity is associated with macrophage accumulation in adipose tissue. J Clin
Invest 2003;112:1796-808.

Peters MC, McGrath KW, Hawkins GA, Hastie AT, Levy BD, Israel E, et al.
Plasma interleukin-6 concentrations, metabolic dysfunction, and asthma severity:
a cross-sectional analysis of two cohorts. Lancet Respir Med 2016;4:574-84.
Peters MC, Mauger D, Ross KR, Phillips B, Gaston B, Cardet JC, et al. Evidence
for exacerbation-prone asthma and predictive biomarkers of exacerbation fre-
quency. Am J Respir Crit Care Med 2020;202:973-82.

Peters MC, Fahy JV. Metabolic consequences of obesity as an “outside in” mech-
anism of disease severity in asthma. Eur Respir J 2016;48:291-3.

Peters MC, Ringel L, Dyjack N, Herrin R, Woodruff PG, Rios C, et al. A tran-
scriptomic method to determine airway immune dysfunction in T2-high and
T2-low asthma. Am J Respir Crit Care Med 2019;199:465-77.

Wang Z, Aguilar EG, Luna JI, Dunai C, Khuat LT, Le CT, et al. Paradoxical ef-
fects of obesity on T cell function during tumor progression and PD-1 checkpoint
blockade. Nat Med 2019;25:141-51.

Michelet X, Dyck L, Hogan A, Loftus RM, Duquette D, Wei K, et al. Metabolic
reprogramming of natural killer cells in obesity limits antitumor responses. Nat
Immunol 2018;19:1330-40.


http://refhub.elsevier.com/S0091-6749(21)01819-4/sref1
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref1
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref2
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref2
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref2
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref3
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref3
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref4
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref4
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref5
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref5
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref5
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref6
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref6
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref6
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref7
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref7
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref8
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref8
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref9
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref9
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref9
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref10
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref10
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref10
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref10
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref11
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref11
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref11
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref11
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref12
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref12
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref13
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref13
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref13
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref14
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref14
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref14
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref15
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref15
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref15
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref16
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref16
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref17
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref17
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref18
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref18
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref18
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref19
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref19
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref20
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref20
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref21
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref21
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref21
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref21
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref21
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref22
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref22
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref23
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref23
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref23
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref24
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref24
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref25
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref25
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref25
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref26
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref26
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref26
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref27
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref27
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref27
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref28
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref28
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref28
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref28
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref29
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref29
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref29
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref30
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref30
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref30
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref31
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref31
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref31

514 GEORAS ET AL

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

Ridker PM, MacFadyen JG, Thuren T, Everett BM, Libby P, Glynn RJ, et al. Ef-
fect of interleukin-1beta inhibition with canakinumab on incident lung cancer in
patients with atherosclerosis: exploratory results from a randomised, double-
blind, placebo-controlled trial. Lancet 2017;390:1833-42.

Korn T, Mitsdoerffer M, Croxford AL, Awasthi A, Dardalhon VA, Galileos G,
et al. IL-6 controls Th17 immunity in vivo by inhibiting the conversion of conven-
tional T cells into Foxp3+ regulatory T cells. Proc Natl Acad Sci U S A 2008;
105:18460-5.

Dienz O, Rincon M. The effects of IL-6 on CD4 T cell responses. Clin Immunol
2009;130:27-33.

Massoud AH, Charbonnier LM, Lopez D, Pellegrini M, Phipatanakul W, Chatila
TA. An asthma-associated IL4R variant exacerbates airway inflammation by pro-
moting conversion of regulatory T cells to TH17-like cells. Nat Med 2016;22:
1013-22.

Harb H, Stephen-Victor E, Crestani E, Benamar M, Massoud A, Cui Y, et al. A
regulatory T cell Notch4-GDF15 axis licenses tissue inflammation in asthma. Nat
Immunol 2020;21:1359-70.

Esty B, Harb H, Bartnikas LM, Charbonnier LM, Massoud AH, Leon-Astudillo
C, et al. Treatment of severe persistent asthma with IL-6 receptor blockade.
J Allergy Clin Immunol Pract 2019;7:1639-42.¢e4.

Ridker PM. From C-reactive protein to interleukin-6 to interleukin-1: moving up-
stream to identify novel targets for atheroprotection. Circ Res 2016;118:145-56.
Mease PJ, Gottlieb AB, Berman A, Drescher E, Xing J, Wong R, et al. The effi-
cacy and safety of clazakizumab, an anti-interleukin-6 monoclonal antibody, in a
phase IIb study of adults with active psoriatic arthritis. Arthritis Rheumatol 2016;
68:2163-73.

Weinblatt ME, Mease P, Mysler E, Takeuchi T, Drescher E, Berman A, et al. The
efficacy and safety of subcutaneous clazakizumab in patients with moderate-to-
severe rheumatoid arthritis and an inadequate response to methotrexate: results
from a multinational, phase IIb, randomized, double-blind, placebo/active-
controlled, dose-ranging study. Arthritis Rheumatol 2015;67:2591-600.
Weinhold B, Bader A, Poli V, Ruther U. Interleukin-6 is necessary, but not suffi-
cient, for induction of the humanC-reactive protein gene in vivo. Biochem J 1997;
325:617-21.

Aletaha D, Bingham CO III, Tanaka Y, Agarwal P, Kurrasch R, Tak PP, et al. Ef-
ficacy and safety of sirukumab in patients with active rheumatoid arthritis refrac-
tory to anti-TNF therapy (SIRROUND-T): a randomised, double-blind, placebo-
controlled, parallel-group, multinational, phase 3 study. Lancet 2017;389:
1206-17.

De Benedetti F, Brunner HI, Ruperto N, Kenwright A, Wright S, Calvo I, et al.
Randomized trial of tocilizumab in systemic juvenile idiopathic arthritis. N
Engl J Med 2012;367:2385-95.

. Gabay C, Emery P, van Vollenhoven R, Dikranian A, Alten R, Pavelka K, et al.

Tocilizumab monotherapy versus adalimumab monotherapy for treatment of
rheumatoid arthritis (ADACTA): a randomised, double-blind, controlled phase
4 trial. Lancet 2013;381:1541-50.

Elliott HW, Nomof N, Navarro G, Ruelius HW, Knowles JA, Comer WH. Central
nervous system and cardiovascular effects of lorazepam in man. Clin Pharmacol
Therapeut 1971;12:468-81.

Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne C,
et al. Antiinflammatory therapy with canakinumab for atherosclerotic disease.
N Engl J Med 2017;377:1119-31.

Almeida L, Lochner M, Berod L, Sparwasser T. Metabolic pathways in T cell
activation and lineage differentiation. Semin Immunol 2016;28:514-24.

Geltink RIK, Kyle RL, Pearce EL. Unraveling the complex interplay between T
cell metabolism and function. Annu Rev Immunol 2018;36:461-88.

Dixon AE, Holguin F, Sood A, Salome CM, Pratley RE, Beuther DA, et al. An
official American Thoracic Society Workshop report: obesity and asthma. Proc
Am Thor Soc 2010;7:325-35.

Holguin F, Bleecker ER, Busse WW, Calhoun WJ, Castro M, Erzurum SC, et al.
Obesity and asthma: an association modified by age of asthma onset. J Allergy
Clin Immunol 2011;127:1486-93.¢2.

Taylor B, Mannino D, Brown C, Crocker D, Twum-Baah N, Holguin F. Body
mass index and asthma severity in the National Asthma Survey. Thorax 2008;
63:14-20.

Picado C, Deulofeu R, Lleonart R, Agusti M, Casals E, Quinto L, et al. Lipid and
protein metabolism in asthma. Effects of diet and corticosteroid therapy. Allergy
1999;54:569-75.

Schatz M, Hsu JW, Zeiger RS, Chen W, Dorenbaum A, Chipps BE, et al. Pheno-
types determined by cluster analysis in severe or difficult-to-treat asthma.
J Allergy Clin Immunol 2014;133:1549-56.

Barnes PJ. Nitric oxide and asthma. Res Immunol 1995;146:698-702.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

J ALLERGY CLIN IMMUNOL
FEBRUARY 2022

Combhair SA, Erzurum SC. Redox control of asthma: molecular mechanisms and
therapeutic opportunities. Antioxid Redox Signal 2010;12:93-124.

Guo FH, Comhair SA, Zheng S, Dweik RA, Eissa NT, Thomassen MJ, et al. Mo-
lecular mechanisms of increased nitric oxide (NO) in asthma: evidence for tran-
scriptional and post-translational regulation of NO synthesis. J Immunol 2000;
164:5970-80.

Dweik RA, Laskowski D, Abu-Soud HM, Kaneko F, Hutte R, Stuehr DJ, et al.
Nitric oxide synthesis in the lung. Regulation by oxygen through a kinetic mech-
anism. J Clin Invest 1998;101:660-6.

Ghosh S, Janocha AJ, Aronica MA, Swaidani S, Comhair SA, Xu W, et al. Nitro-
tyrosine proteome survey in asthma identifies oxidative mechanism of catalase
inactivation. J Immunol 2006;176:5587-97.

Xu W, Ghosh S, Comhair SA, Asosingh K, Janocha AJ, Mavrakis DA, et al.
Increased mitochondrial arginine metabolism supports bioenergetics in asthma.
J Clin Invest 2016;126:2465-81.

Xu W, Cardenes N, Corey C, Erzurum SC, Shiva S. Platelets from asthmatic in-
dividuals show less reliance on glycolysis. PLoS One 2015;10:e0132007.
Arsenijevic D, Onuma H, Pecqueur C, Raimbault S, Manning BS, Miroux
B, et al. Disruption of the uncoupling protein-2 gene in mice reveals a
role in immunity and reactive oxygen species production. Nat Genet
2000;26:435-9.

Fleury C, Neverova M, Collins S, Raimbault S, Champigny O, Levi-Meyrueis C,
et al. Uncoupling protein-2: a novel gene linked to obesity and hyperinsulinemia.
Nat Genet 1997;15:269-72.

Kamata H, Hirata H. Redox regulation of cellular signalling. Cell Signal 1999;11:
1-14.

Trian T, Benard G, Begueret H, Rossignol R, Girodet PO, Ghosh D, et al. Bron-
chial smooth muscle remodeling involves calcium-dependent enhanced mito-
chondrial biogenesis in asthma. J Exp Med 2007;204:3173-81.

Mabalirajan U, Dinda AK, Kumar S, Roshan R, Gupta P, Sharma SK, et al. Mito-
chondrial structural changes and dysfunction are associated with experimental
allergic asthma. J Immunol 2008;181:3540-8.

Xu W, Combhair SAA, Janocha AJ, Lara A, Mavrakis LA, Bennett CD, et al. Argi-
nine metabolic endotypes related to asthma severity. PLoS One 2017;12:
¢0183066.

Asosingh K, Lauruschkat CD, Alemagno M, Frimel M, Wanner N, Weiss K,
et al. Arginine metabolic control of airway inflammation. JCI Insight 2020;5:
e127801.

Winnica D, Corey C, Mullett S, Reynolds M, Hill G, Wendell S, et al. Bioener-
getic differences in the airway epithelium of lean versus obese asthmatics are
driven by nitric oxide and reflected in circulating platelets. Antioxid Redox Signal
2019;31:673-86.

Cottrell L, Neal WA, Ice C, Perez MK, Piedimonte G. Metabolic abnormalities in
children with asthma. Am J Respir Crit Care Med 2011;183:441-8.

Johnson JB, Summer W, Cutler RG, Martin B, Hyun DH, Dixit VD, et al. Alter-
nate day calorie restriction improves clinical findings and reduces markers of
oxidative stress and inflammation in overweight adults with moderate asthma.
Free Radic Biol Med 2007;42:665-74.

Varady KA, Hellerstein MK. Alternate-day fasting and chronic disease preven-
tion: a review of human and animal trials. Am J Clin Nutr 2007;86:7-13.

‘Wu D, Molofsky AB, Liang HE, Ricardo-Gonzalez RR, Jouihan HA, Bando JK,
et al. Eosinophils sustain adipose alternatively activated macrophages associated
with glucose homeostasis. Science (New York, NY) 2011;332:243-7.
Mabalirajan U, Dinda AK, Sharma SK, Ghosh B. Esculetin restores mitochon-
drial dysfunction and reduces allergic asthma features in experimental murine
model. J Immunol 2009;183:2059-67.

Swaidani S, Bulek K, Kang Z, Liu C, Lu Y, Yin W, et al. The critical role of
epithelial-derived Actl in IL-17- and IL-25-mediated pulmonary inflammation.
J Immunol 2009;182:1631-40.

Coll RC, Robertson AA, Chae JJ, Higgins SC, Munoz-Planillo R, Inserra MC,
et al. A small-molecule inhibitor of the NLRP3 inflammasome for the treatment
of inflammatory diseases. Nat Med 2015;21:248-55.

Brandhorst S, Choi 1Y, Wei M, Cheng CW, Sedrakyan S, Navarrete G, et al. A
periodic diet that mimics fasting promotes multi-system regeneration, enhanced
cognitive performance, and healthspan. Cell Metab 2015;22:86-99.

Mattson MP, Longo VD, Harvie M. Impact of intermittent fasting on health and
disease processes. Ageing Res Rev 2017;39:46-58.

Julia V, Macia L, Dombrowicz D. The impact of diet on asthma and allergic dis-
eases. Nat Rev Immunol 2015;15:308-22.

Abe S, Ezaki O, Suzuki M. Medium-chain triglycerides (8:0 and 10:0) increase
Mini-Mental State Examination (MMSE) score in frail elderly adults in a ran-
domized controlled trial. J Nutr 2020;150:2383-90.


http://refhub.elsevier.com/S0091-6749(21)01819-4/sref32
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref32
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref32
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref32
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref33
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref33
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref33
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref33
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref33
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref34
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref34
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref35
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref35
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref35
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref35
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref36
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref36
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref36
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref37
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref37
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref37
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref38
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref38
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref39
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref39
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref39
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref39
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref40
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref40
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref40
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref40
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref40
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref41
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref41
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref41
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref42
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref42
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref42
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref42
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref42
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref43
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref43
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref43
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref44
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref44
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref44
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref44
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref45
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref45
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref45
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref46
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref46
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref46
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref47
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref47
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref48
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref48
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref49
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref49
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref49
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref50
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref50
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref50
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref51
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref51
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref51
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref52
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref52
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref52
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref53
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref53
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref53
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref54
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref55
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref55
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref56
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref56
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref56
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref56
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref57
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref57
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref57
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref58
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref58
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref58
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref59
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref59
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref59
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref60
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref60
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref61
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref61
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref61
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref61
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref62
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref62
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref62
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref63
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref63
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref64
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref64
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref64
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref65
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref65
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref65
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref66
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref66
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref66
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref67
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref67
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref67
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref68
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref68
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref68
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref68
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref69
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref69
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref70
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref70
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref70
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref70
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref71
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref71
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref72
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref72
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref72
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref73
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref73
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref73
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref74
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref74
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref74
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref75
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref75
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref75
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref76
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref76
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref76
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref77
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref77
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref78
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref78
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref79
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref79
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref79

J ALLERGY CLIN IMMUNOL
VOLUME 149, NUMBER 2

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Teng M, Zhao YJ, Khoo AL, Yeo TC, Yong QW, Lim BP. Impact of coconut oil
consumption on cardiovascular health: a systematic review and meta-analysis.
Nutr Rev 2020;78:249-59.

Mifflin MD, St Jeor ST, Hill LA, Scott BJ, Daugherty SA, Koh YO. A new pre-
dictive equation for resting energy expenditure in healthy individuals. Am J Clin
Nutr 1990;51:241-7.

Kirkpatrick SI, Potischman N, Dodd KW, Douglass D, Zimmerman TP, Kahle
LL, et al. The use of digital images in 24-hour recalls may lead to less misesti-
mation of portion size compared with traditional interviewer-administered recalls.
J Nutr 2016;146:2567-73.

Ward C, Johns DP, Bish R, Pais M, Reid DW, Ingram C, et al. Reduced airway
distensibility, fixed airflow limitation, and airway wall remodeling in asthma.
Am J Respir Crit Care Med 2001;164:1718-21.

Siddiqui S, Mistry V, Doe C, Roach K, Morgan A, Wardlaw A, et al. Airway hy-
perresponsiveness is dissociated from airway wall structural remodeling.
J Allergy Clin Immunol 2008;122:335-41.e1-3.

Brightling CE, Bradding P, Symon FA, Holgate ST, Wardlaw AlJ, Pavord ID.
Mast-cell infiltration of airway smooth muscle in asthma. N Engl J Med 2002;
346:1699-705.

Brightling CE, Symon FA, Birring SS, Bradding P, Wardlaw AJ, Pavord ID. Com-
parison of airway immunopathology of eosinophilic bronchitis and asthma. Tho-
rax 2003;58:528-32.

Brown JK, Jones CA, Rooney LA, Caughey GH, Hall IP. Tryptase’s potent mito-
genic effects in human airway smooth muscle cells are via nonproteolytic actions.
Am J Physiol Lung Cell Mol Physiol 2002;282:1.197-206.

Kraft M, Martin RJ, Lazarus SC, Fahy JV, Boushey HA, Lemanske RF Jr,
et al. Airway tissue mast cells in persistent asthma: predictor of treatment
failure when patients discontinue inhaled corticosteroids. Chest 2003;124:
42-50.

Fajt ML, Wenzel SE. Mast cells, their subtypes, and relation to asthma pheno-
types. Ann Am Thor Soc 2013;10:S158-64.

Reber L, Da Silva CA, Frossard N. Stem cell factor and its receptor c-Kit as tar-
gets for inflammatory diseases. Eur J Pharmacol 2006;533:327-40.

Da Silva CA, Reber L, Frossard N. Stem cell factor expression, mast cells and
inflammation in asthma. Fundam Clin Pharmacol 2006;20:21-39.

Al-Muhsen SZ, Shablovsky G, Olivenstein R, Mazer B, Hamid Q. The expression
of stem cell factor and c-kit receptor in human asthmatic airways. Clin Exp Al-
lergy 2004;34:911-6.

Makowska JS, Cieslak M, Kowalski ML. Stem cell factor and its soluble receptor
(c-kit) in serum of asthmatic patients—correlation with disease severity. BMC
Pulm Med 2009;9:27.

Savage DG, Antman KH. Imatinib mesylate—a new oral targeted therapy. N Engl
J Med 2002;346:683-93.

Cerny-Reiterer S, Rabenhorst A, Stefanzl G, Herndlhofer S, Hoermann G, Mul-
lauer L, et al. Long-term treatment with imatinib results in profound mast cell
deficiency in Ph plus chronic myeloid leukemia. Oncotarget 2015;6:3071-84.
Farha S, Dweik R, Rahaghi F, Benza R, Hassoun P, Frantz R, et al. Imatinib in
pulmonary arterial hypertension: c-Kit inhibition. Pulm Circ 2014;4:452-5.
Berlin AA, Hogaboam CM, Lukacs NW. Inhibition of SCF attenuates peribron-
chial remodeling in chronic cockroach allergen-induced asthma. Lab Invest
2006;86:557-65.

Cahill KN, Katz HR, Cui J, Lai J, Kazani S, Crosby-Thompson A, et al. KIT in-
hibition by imatinib in patients with severe refractory asthma. N Engl J Med
2017;376:1911-20.

Ramos CHI, Ayinde KS. Are Hsp90 inhibitors good candidates against Covid-19?
Curr Protein Pept Sci 2021;22:192-200.

Hastie AT, Steele C, Dunaway CW, Moore WC, Rector BM, Ampleford E, et al.
Complex association patterns for inflammatory mediators in induced sputum from
subjects with asthma. Clin Exp Allergy 2018;48:787-97.

Gleevec(R) product monograph including patient medication information—imati-
nib mesylate tablets imatinib 100 mg and 400 mg. Dorval, QC, Canada: Novartis
Pharmaceuticals Canada Inc; 2018.

Hufnagl K, Pali-Scholl I, Roth-Walter F, Jensen-Jarolim E. Dysbiosis of the gut
and lung microbiome has a role in asthma. Semin Immunopathol 2020;42:75-93.
Fujimura KE, Sitarik AR, Havstad S, Lin DL, Levan S, Fadrosh D, et al. Neonatal
gut microbiota associates with childhood multisensitized atopy and T cell differ-
entiation. Nat Med 2016;22:1187-91.

Stern DA, Morgan WJ, Halonen M, Wright AL, Martinez FD. Wheezing and
bronchial hyper-responsiveness in early childhood as predictors of newly diag-
nosed asthma in early adulthood: a longitudinal birth-cohort study. Lancet
2008;372:1058-64.

Cardinale F, Lombardi E, Rossi O, Bagnasco D, Bellocchi A, Menzella F. Epithe-
lial dysfunction, respiratory infections and asthma: the importance of immunomo-
dulation. A focus on OM-85. Expert Rev Respir Med 2020;14:1019-26.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

GEORAS ET AL 515

Schaad UB. OM-85 BV, an immunostimulant in pediatric recurrent respiratory
tract infections: a systematic review. World J Pediatr WJP 2010;6:5-12.

Razi CH, Harmanci K, Abaci A, Ozdemir O, Hizli S, Renda R, et al. The immu-
nostimulant OM-85 BV prevents wheezing attacks in preschool children.
J Allergy Clin Immunol 2010;126:763-9.

Emeryk A, Bartkowiak-Emeryk M, Raus Z, Braido F, Ferlazzo G, Melioli G. Me-
chanical bacterial lysate administration prevents exacerbation in allergic asth-
matic children—the EOLIA study. Pediatr Allergy Immunol 2018;29:394-401.
Fuhlbrigge AL, Bengtsson T, Peterson S, Jauhiainen A, Eriksson G, Da Silva CA,
et al. A novel endpoint for exacerbations in asthma to accelerate clinical develop-
ment: a post-hoc analysis of randomised controlled trials. Lancet Respir Med
2017;5:577-90.

Pan L, Jiang XG, Guo J, Tian Y, Liu CT. Effects of OM-85 BV in patients with
chronic obstructive pulmonary disease: a systematic review and meta-analysis.
J Clin Pharmacol 2015:55:1086-92.

Navarro S, Cossalter G, Chiavaroli C, Kanda A, Fleury S, Lazzari A, et al. The
oral administration of bacterial extracts prevents asthma via the recruitment of
regulatory T cells to the airways. Mucosal Immunol 2011;4:53-65.

Strickland DH, Judd S, Thomas JA, Larcombe AN, Sly PD, Holt PG. Boosting
airway T-regulatory cells by gastrointestinal stimulation as a strategy for asthma
control. Mucosal Immunol 2011;4:43-52.

Karimi K, Inman MD, Bienenstock J, Forsythe P. Lactobacillus reuteri-induced
regulatory T cells protect against an allergic airway response in mice. Am J Re-
spir Crit Care Med 2009;179:186-93.

Gaston B, Reilly J, Drazen JM, Fackler J, Ramdev P, Arnelle D, et al. Endogenous
nitrogen oxides and bronchodilator S-nitrosothiols in human airways. Proc Natl
Acad Sci U S A 1993;90:10957-61.

Gaston B, Drazen JM, Jansen A, Sugarbaker DA, Loscalzo J, Richards W, et al.
Relaxation of human bronchial smooth muscle by S-nitrosothiols in vitro.
J Pharmacol Exp Ther 1994;268:978-84.

Gaston B, Sears S, Woods J, Hunt J, Ponaman M, McMahon T, et al. Bronchodi-
lator S-nitrosothiol deficiency in asthmatic respiratory failure. Lancet 1998;351:
1317-9.

Marozkina NV, Gaston B. Nitrogen chemistry and lung physiology. Annu Rev
Physiol 2015;77:431-52.

Fang K, Johns R, Macdonald T, Kinter M, Gaston B. S-nitrosoglutathione break-
down prevents airway smooth muscle relaxation in the guinea pig. Am J Physiol
Lung Cell Mol Physiol 2000;279:L716-21.

Liu L, Hausladen A, Zeng M, Que L, Heitman J, Stamler JS. A metabolic enzyme
for S-nitrosothiol conserved from bacteria to humans. Nature 2001:410:490-4.
Que LG, Liu L, Yan Y, Whitehead GS, Gavett SH, Schwartz DA, et al. Protection
from experimental asthma by an endogenous bronchodilator. Science (New York,
NY) 2005;308:1618-21.

Marozkina NV, Wang XQ, Stsiapura V, Fitzpatrick A, Carraro S, Hawkins GA,
et al. Phenotype of asthmatics with increased airway S-nitrosoglutathione reduc-
tase activity. Eur Respir J 2015;45:87-97.

Blonder JP, Mutka SC, Sun X, Qiu J, Green LH, Mehra NK, et al. Pharmacologic
inhibition of S-nitrosoglutathione reductase protects against experimental asthma
in BALB/c mice through attenuation of both bronchoconstriction and inflamma-
tion. BMC Pulm Med 2014;14:3.

Wu H, Romieu I, Sienra-Monge JJ, Estela Del Rio-Navarro B, Anderson DM,
Jenchura CA, et al. Genetic variation in S-nitrosoglutathione reductase (GSNOR)
and childhood asthma. J Allergy Clin Immunol 2007;120:322-8.

Whalen EJ, Foster MW, Matsumoto A, Ozawa K, Violin JD, Que LG, et al. Regu-
lation of beta-adrenergic receptor signaling by S-nitrosylation of G-protein-
coupled receptor kinase 2. Cell 2007;129:511-22.

Choudhry S, Que LG, Yang Z, Liu L, Eng C, Kim SO, et al. GSNO reductase and
beta2-adrenergic receptor gene-gene interaction: bronchodilator responsiveness to
albuterol. Pharmacogenet Genomics 2010;20:351-8.

Moore PE, Ryckman KK, Williams SM, Patel N, Summar ML, Sheller JR. Ge-
netic variants of GSNOR and ADRB2 influence response to albuterol in
African-American children with severe asthma. Pediatr Pulmonol 2009;44:
649-54.

Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, et al. An official
ATS/ERS/JIRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-based
guidelines for diagnosis and management. Am J Respir Crit Care Med 2011;
183:788-824.

Greenwald R, Fitzpatrick AM, Gaston B, Marozkina NV, Erzurum S, Teague WG.
Breath formate is a marker of airway S-nitrosothiol depletion in severe asthma.
PLoS One 2010:5:e11919.

Donaldson SH, Solomon GM, Zeitlin PL, Flume PA, Casey A, McCoy K,
et al. Pharmacokinetics and safety of cavosonstat (N91115) in healthy and
cystic fibrosis adults homozygous for FSO8DEL-CFTR. J Cyst Fibros 2017;
16:371-9.


http://refhub.elsevier.com/S0091-6749(21)01819-4/sref80
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref80
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref80
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref81
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref81
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref81
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref82
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref82
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref82
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref82
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref83
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref83
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref83
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref84
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref84
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref84
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref85
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref85
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref85
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref86
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref86
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref86
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref87
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref87
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref87
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref88
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref88
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref88
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref88
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref89
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref89
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref90
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref90
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref91
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref91
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref92
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref92
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref92
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref93
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref93
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref93
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref94
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref94
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref95
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref95
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref95
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref96
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref96
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref97
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref97
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref97
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref98
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref98
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref98
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref99
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref99
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref100
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref100
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref100
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref101
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref101
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref101
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref102
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref102
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref103
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref103
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref103
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref104
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref104
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref104
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref104
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref105
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref105
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref105
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref106
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref106
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref107
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref107
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref107
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref108
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref108
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref108
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref109
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref109
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref109
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref109
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref110
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref110
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref110
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref111
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref111
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref111
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref112
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref112
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref112
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref113
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref113
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref113
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref114
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref114
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref114
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref115
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref115
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref115
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref116
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref116
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref116
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref117
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref117
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref118
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref118
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref118
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref119
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref119
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref120
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref120
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref120
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref121
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref121
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref121
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref122
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref122
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref122
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref122
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref123
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref123
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref123
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref124
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref124
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref124
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref125
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref125
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref125
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref126
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref126
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref126
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref126
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref127
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref127
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref127
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref127
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref128
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref128
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref128
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref129
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref129
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref129
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref129

516 GEORAS ET AL

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Dweik RA, Comhair SA, Gaston B, Thunnissen FB, Farver C, Thomassen MJ,
et al. NO chemical events in the human airway during the immediate and late
antigen-induced asthmatic response. Proc Natl Acad Sci U S A 2001;98:2622-7.
Que LG, Yang Z, Stamler JS, Lugogo NL, Kraft M. S-nitrosoglutathione reduc-
tase: an important regulator in human asthma. Am J Respir Crit Care Med
2009;180:226-31.

Villarino AV, Kanno Y, O’Shea JJ. Mechanisms and consequences of Jak-STAT
signaling in the immune system. Nat Immunol 2017;18:374-84.

Kuperman DA, Schleimer RP. Interleukin-4, interleukin-13, signal transducer and
activator of transcription factor 6, and allergic asthma. Curr Mol Med 2008;8:
384-92.

Ghaffar O, Christodoulopoulos P, Lamkhioued B, Wright E, Thaku D, Nakamura
Y, et al. In vivo expression of signal transducer and activator of transcription fac-
tor 6 (STAT6) in nasal mucosa from atopic allergic rhinitis: effect of topical cor-
ticosteroids. Clin Exp Allergy 2000;30:86-93.

Barnes PJ. Kinases as novel therapeutic targets in asthma and chronic obstructive
pulmonary disease. Pharmacol Rev 2016;68:788-815.

Aguilar-Pimentel A, Graessel A, Alessandrini F, Fuchs H, Gailus-Durner V,
Hrabe de Angelis M, et al. Improved efficacy of allergen-specific immunotherapy
by JAK inhibition in a murine model of allergic asthma. PLoS One 2017;12:
¢0178563.

Ashino S, Takeda K, Li H, Taylor V, Joetham A, Pine PR, et al. Janus kinase 1/3
signaling pathways are key initiators of TH2 differentiation and lung allergic re-
sponses. J Allergy Clin Immunol 2014;133:1162-74.

Braithwaite IE, Cai F, Tom JA, Galanter JM, Owen RP, Zhu R, et al. Inhaled JAK
inhibitor GDC-0214 reduces exhaled nitric oxide in patients with mild asthma: a
randomized, controlled, proof-of-activity trial. J Allergy Clin Immunol 2021;148:
783-9.

Bissonnette R, Luchi M, Fidelus-Gort R, Jackson S, Zhang H, Flores R, et al. A
randomized, double-blind, placebo-controlled, dose-escalation study of the safety
and efficacy of INCB039110, an oral Janus kinase 1 inhibitor, in patients with sta-
ble, chronic plaque psoriasis. J Dermatol Treat 2016;27:332-8.

Schroeder MA, Khoury HJ, Jagasia M, Ali H, Schiller GJ, Staser K, et al. A phase
1 trial of itacitinib, a selective JAK1 inhibitor, in patients with acute graft-versus-
host disease. Blood Adv 2020:4:1656-69.

Cohen SB, Tanaka Y, Mariette X, Curtis JR, Lee EB, Nash P, et al. Long-term
safety of tofacitinib for the treatment of rheumatoid arthritis up to 8.5 years: in-
tegrated analysis of data from the global clinical trials. Ann Rheum Dis 2017;76:
1253-62.

Juniper EF, O’Byrne PM, Guyatt GH, Ferrie PJ, King DR. Development and vali-
dation of a questionnaire to measure asthma control. Eur Respir J 1999;14:902-7.
Juniper EF, Svensson K, Mork AC, Stahl E. Modification of the asthma quality of
life questionnaire (standardised) for patients 12 years and older. Health Qual Life
Outcomes 2005;3:58.

. Juniper EF, Bousquet J, Abetz L, Bateman ED. GOAL Committee. Identifying

‘well-controlled’ and ‘not well-controlled’ asthma using the Asthma Control
Questionnaire. Respir Med 2006;100:616-21.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

J ALLERGY CLIN IMMUNOL
FEBRUARY 2022

Aysola RS, Hoffman EA, Gierada D, Wenzel S, Cook-Granroth J, Tarsi J, et al.
Airway remodeling measured by multidetector CT is increased in severe asthma
and correlates with pathology. Chest 2008;134:1183-91.

Kirby M, Yin Y, Tschirren J, Tan WC, Leipsic J, Hague CJ, et al. A novel method
of estimating small airway disease using inspiratory-to-expiratory computed to-
mography. Respiration 2017;94:336-45.

Ostridge K, Gove K, Paas KHW, Burke H, Freeman A, Harden S, et al. Using
novel computed tomography analysis to describe the contribution and distribution
of emphysema and small airways disease in chronic obstructive pulmonary dis-
ease. Ann Am Thor Soc 2019;16:990-7.

Choi S, Hoffman EA, Wenzel SE, Tawhai MH, Yin Y, Castro M, et al. Registra-
tion-based assessment of regional lung function via volumetric CT images of
normal subjects vs. severe asthmatics. J Appl Physiol (1985) 2013;115:730-42.
Fahy JV, Liu J, Wong H, Boushey HA. Cellular and biochemical analysis of
induced sputum from asthmatic and from healthy subjects. Am Rev Respir Dis
1993;147:1126-31.

Claman DM, Boushey HA, Liu J, Wong H, Fahy JV. Analysis of induced sputum
to examine the effects of prednisone on airway inflammation in asthmatic sub-
jects. J Allergy Clin Immunol 1994;94:861-9.

Fahy JV, Liu J, Wong H, Boushey HA. Analysis of cellular and biochemical con-
stituents of induced sputum after allergen challenge: a method for studying
allergic airway inflammation. J Allergy Clin Immunol 1994;93:1031-9.
Fleming TR, Labriola D, Wittes J. Conducting clinical research during
the COVID-19 pandemic: protecting scientific integrity. JAMA 2020:324:
33-4.

Juniper EF, Svensson K, Mork AC, Stahl E. Measurement properties and interpre-
tation of three shortened versions of the asthma control questionnaire. Respir Med
2005;99:553-8.

Pinnock H, Juniper EF, Sheikh A. Concordance between supervised and postal
administration of the Mini Asthma Quality of Life Questionnaire (MiniAQLQ)
and Asthma Control Questionnaire (ACQ) was very high. J Clin Epidemiol
2005;58:809-14.

World Health Organization. Haemoglobin concentrations for the diagnosis of
anaemia and assessment of severity. Geneva, Switzerland: Vitamin and Mineral
Nutrition Information System; 2011.

Beutler E, Waalen J. The definition of anemia: what is the lower limit of normal
of the blood hemoglobin concentration? Blood 2006;107:1747-50.

Segal JB, Moliterno AR. Platelet counts differ by sex, ethnicity, and age in the
United States. Ann Epidemiol 2006;16:123-30.

Hsieh MM, Everhart JE, Byrd-Holt DD, Tisdale JF, Rodgers GP. Prevalence of
neutropenia in the U.S. population: age, sex, smoking status, and ethnic differ-
ences. Ann Intern Med 2007;146:486-92.

Lim EM, Cembrowski G, Cembrowski M, Clarke G. Race-specific WBC and
neutrophil count reference intervals. Int J Lab Hematol 2010;32:590-7.

Pottel H, Delanaye P, Weekers L, Selistre L, Goffin K, Gheysens O, et al. Age-
dependent reference intervals for estimated and measured glomerular filtration
rate. Clin Kidney J 2017;10:545-51.


http://refhub.elsevier.com/S0091-6749(21)01819-4/sref130
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref130
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref130
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref131
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref131
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref131
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref132
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref132
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref133
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref133
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref133
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref134
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref134
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref134
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref134
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref135
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref135
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref136
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref136
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref136
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref136
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref137
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref137
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref137
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref138
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref138
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref138
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref138
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref139
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref139
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref139
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref139
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref140
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref140
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref140
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref141
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref141
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref141
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref141
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref142
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref142
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref143
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref143
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref143
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref144
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref144
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref144
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref145
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref145
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref145
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref146
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref146
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref146
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref147
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref147
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref147
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref147
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref148
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref148
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref148
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref149
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref149
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref149
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref150
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref150
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref150
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref151
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref151
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref151
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref152
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref152
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref152
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref153
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref153
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref153
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref154
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref154
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref154
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref154
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref155
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref155
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref155
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref156
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref156
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref157
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref157
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref158
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref158
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref158
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref159
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref159
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref160
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref160
http://refhub.elsevier.com/S0091-6749(21)01819-4/sref160

J ALLERGY CLIN IMMUNOL
VOLUME 149, NUMBER 2

TABLE E1. PrecISE Asthma Network Committee Rosters

GEORAS ET AL 516.e1

TABLE E1. (Continued)

Adaptation and Design

Elliot Israel, MD (Chair)
Anastasia Ivanova, PhD (Chair)
Leonard B. Bacharier, MD
Loren C. Denlinger, MD, PhD
Steve N. Georas, MD

Lisa M. LaVange, PhD
Wendy C. Moore, MD
Patricia Noel, PhD

David B. Peden, MD, MS
Michael C. Peters, MD
Rosalind J. Wright, MD, MPH
Anti-IL-6 Working Group
John V. Fahy, MD, MSc (Chair)
Michael C. Peters, MD (Chair)
Juan Carlos Cardet, MD
Loren C. Denlinger, MD, PhD
Monica Kraft, MD

M. Alison Marquis, MStat
Wanda Phipatanakul, MD, MS
Michael E. Wechsler, MD
Sally E. Wenzel, MD

Asthma Definitions

Nizar N. Jarjour, MD (Chair)
Michael C. Peters, MD (Chair)
Praveen Akuthota, MD
Leonard B. Bacharier, MD
Emily A. DiMango, MD

Steve N. Georas, MD

Nathan Gotman, MS
Anastasia Ivanova, PhD
Monica Kraft, MD

Patricia Noel, PhD

Kristie Ross, MD

Lewis J. Smith, MD

Stanley J. Szefler, MD

Sally E. Wenzel, MD
Rosalind J. Wright, MD, MPH
Baseline Imaging

Mario Castro, MD, MPH (Chair)
Jarron Atha, BS

Julie Bamdad, MSE

Tara F. Carr, MD

Ronina A. Covar, MD

Loren C. Denlinger, MD, PhD
John V. Fahy, MD, MSc

Sean B. Fain, PhD

Eric A. Hoffman, PhD

John James, MA

Mark C. Liu, MD

Michael E. Wechsler, MD
Biomarker and Biospecimen
Wanda K. O’Neal, PhD (Chair)
Rafeul Alam, MD, PhD
Jonathan S. Boomer, PhD
Juan Carlos Cardet, MD

Suzy A.A. Comhair, PhD
Steve N. Georas, MD

Rajesh Kumar, MD, MS
Deborah A. Meyers, PhD
Patricia Noel, PhD

Audrey Plough, MSN

Stefanie Schwartz, MA

John B. Trudeau, BA

Pandurangan Vijayanand, MD, PhD
Prescott G. Woodruff, MD, MPH
Rosalind J. Wright, MD, MPH
Biostatistics

Anastasia Ivanova, PhD (Chair)
Michael R. Kosorok, PhD (Deputy Chair)
Julie Bamdad, MSE

Dean Billheimer, PhD

Juan Carlos Cardet, MD
Michael D. Evans, MS

Steve N. Georas, MD

Bo Hu, PhD

Sonia Jain, PhD

Yuan Ji, PhD

Wendy C. Moore, MD

Seyed Mehdi Nouraie, MD, PhD
David B. Peden, MD, MS
Wanda Phipatanakul, MD, MS
Gary L. Rosner, ScD

Ken Schechtman, PhD

Lorenzo Trippa, PhD

Rosalind J. Wright, MD, MPH
Broncho-Vaxom Working Group
Fernando Martinez, MD (Chair)
Julie Bamdad, MSE

Tara F. Carr, MD

Laura Crotty Alexander, MD
Emily A. DiMango, MD
Anastasia Ivanova, PhD

Daniel J. Jackson, MD

Monica Kraft, MD

Patricia Noel, PhD

Lewis J. Smith, MD
Cavosonstat Working Group
Benjamin Gaston, MD (Chair)
Julie Bamdad, MSE

Juan Carlos Cardet, MD
Ronina A. Covar, MD
Anastasia Ivanova, PhD
Monica Kraft, MD

Patricia Noel, PhD

Victor E. Ortega, MD
Communications

Jerry A. Krishnan, MD, PhD (Chair)
Praveen Akuthota, MD (Chair)
Julie Bamdad, MSE

Laura Crotty Alexander, MD
Damaris Diaz

Lisa France

Steve N. Georas, MD

Lynn B. Gerald, PhD, MSPH
Nancy Maher, MPH

Wendy C. Moore, MD

Edward T. Naureckas, MD
Yusife Nazir

Patricia Noel, PhD

Lourdes M. Norwick, RN
Cheyanne Ritz, MA

Kristie Ross, MD

Stanley J. Szefler, MD
Rosalind J. Wright, MD, MPH
Amir A. Zeki, MD, MAS
CompEX and Compliance
Praveen Akuthota, MD (Chair)

(Continued)

(Continued)



516.e2 GEORAS ET AL

J ALLERGY CLIN IMMUNOL

FEBRUARY 2022

TABLE E1. (Continued) TABLE E1. (Continued)
Julia Bach Adam Gluvna
Mario Castro, MD, MPH Wendy Hasse
Maria Angeles Cinelli, AB Raymond Heromin
Damaris Diaz Brittany Hirth
Nathan M. Gotman, MS Jenny Hixon
Anastasia Ivanova, PhD Bob Hmieleski
Paige Lowell Carole Holm
M. Alison Marquis, MStat Elise Hyser
David T. Mauger, PhD Melissa Ilnicki
Kelsey Meekins, MS Carly Jackson
Anna Pippins, BS Fatima Jackson
Kristie Ross, MD Tiffani Kaage
Julie Ryu, MD Anjali Kalra
Stanley J. Szefler, MD Opinderjit Kaur
Nicole Wilson, MS Pamela Kemp
Coordinators Danika Klaus
Lisa France (Chair) Celeste Kivler
Juno Pak (Chair) Michelle Koo
Anna Pippins (Chair) Monica Labadia
Maria Sanchez (Chair) Joy Lawrence
Sally Wenzel (Chair) Meghan Le
Simon Abi-Saleh Terri Levesh
Rogelio Almario Grace Li
Darci Anderson Donna Liu
Ethan Ansel-Kelly Neiman Liu
Julia Bach Yangin Liu
Jennifer Bagley Laurie Logan
Ariana Baum Paige Lowell
Jennifer Bedard Julie Madison
Sonya Belimezova Spring Maleckar
Lisa Bendy Brittany Matuska
Vishwanath Betapudi Sharli Maxwell
Jennifer Bitzan Paula McCourt
Emily Branch Maggie Messplay
Conor Brockway Marissa Millard
Kellen Brown Osmara Molina de Rodriguez
Tina Carter Courtney Moreno
Lauren Castro Deborah Murphy
Janelle Celso Nirushan Narendran
Alejandro Chavez Yusife Nazir
Maria Angeles Cinelli Lourdes Norwick
Sarah Collins Angela Nunez
Michael Cousins Allison O’Neill
Margaret Cruse Rachel Owensby
Amparito Cunningham Tina Palas
Vanessa Curtis Nancy Perez
Isaac Deaton Diana Pruitt
Julie DeLisa Mya Pugh
Damaris Diaz Mehreen Qureshi
Aska Dix Crystal Ramirez
Ashley Du Karla Ramirez
Jean Estrom Ellese Roberts
Alexandria Evans Dominika Ryba
Eva Fandozzi Tarnjot Saroya
Jesse Fernandez Ronald Schunk
Elizabeth Fitzpatrick Jackie Sharp
Leah Freid Jianrong Sheng
Jun Fu Michele Simon
Barbara Gale Amisha Singapuri
Rebecca Gammell Raymond Skeps
Gisell Garcia Catherine Smith
Vanessa Garcia Allen Stevens
Katarina Gentile Tina Tham
Mary Gill Kisori Thomas

(Continued) (Continued)



J ALLERGY CLIN IMMUNOL
VOLUME 149, NUMBER 2

TABLE E1. (Continued)

GEORAS ET AL 516.e3

TABLE E1. (Continued)

Brynne Thompson

Brooke Tippin

Daniel Tompkins

Abigail Tulchinsky

Patricia Michelle Twitmyer
Karissa Valente

Laura Veri

Catherine Vitari

Cynthia Wainscoat

Sullivan Waskosky

Kristin Wavell Shifflett
Michael White

Lori Wollet

Renee Wunderley

Ben Xu

Ethics and COI

Andrew H. Liu, MD (Chair)
Lewis J. Smith, MD (Chair)
Eugene R. Bleecker, MD
Loren C. Denlinger, MD, PhD
Emily A. DiMango, MD
Steve N. Georas, MD

Angela Haczku, MD, PhD
Sonia Jain, PhD

Sumita Khatri, MD, MS
Mark C. Liu, MD

M. Alison Marquis, MStat
Patricia Noel, PhD

Rosalind J. Wright, MD, MPH
Forms

Mario Castro, MD, MPH (Chair)
Mark A. Aronica, MD

Julia Bach, BSN, RN

Julie Bamdad, MSE

Ashley Britt, MS

Maria Angeles Cinelli, AB
Jonathan M. Gaffin, MD, MMSc
Steve N. Georas, MD

Nathan Gotman, MS
Fernando Holguin, MD, MPH
Lisa Lane, BS

Atul Malhotra, MD

Wendy C. Moore, MD
Nirushan Narendran, MS
Wanda K. O’Neal, PhD
David B. Peden, MD, MS
Michael C. Peters, MD
Sharon R. Rosenberg, MD
Stefanie Schwartz, MA
Ronald L. Sorkness, PhD
Lori Wollet, RN

Rosalind J. Wright, MD, MPH
Imatinib Working Group
Elliot Israel, MD (Chair)
Eugene R. Bleecker, MD
Juan Carlos Cardet, MD
Mario Castro, MD, MPH
Emily A. DiMango, MD
Serpil C. Erzurum, MD
Merritt L. Fajt, MD
Anastasia Ivanova, PhD
Nizar N. Jarjour, MD
Nicholas J. Kenyon, MD, MAS
M. Alison Marquis, MStat

Patricia Noel, PhD

Wanda Phipatanakul, MD, MS
Pandurangan Vijayanand, MD, PhD
Michael E. Wechsler, MD
Steven R. White, MD

JAK Inhibitors Working Group
Michael E. Wechsler, MD (Chair)
Praveen Akuthota, MD

Julie Bamdad, MSE

Jonathan M. Gaffin, MD, MMSc
Steve N. Georas, MD

Anastasia Ivanova, PhD

Lisa M. LaVange, PhD

James N. Moy, MD

Patricia Noel, PhD

Sally E. Wenzel, MD

MCT Working Group

Serpil C. Erzurum, MD (Chair)
Julie Bamdad, MSE

Suzy A.A. Comhair, PhD
Fernando Holguin, MD, MPH
Bo Hu, PhD

Anastasia Ivanova, PhD

John P. Kirwan, MSc, PhD
Ngoc P. Ly, MD, MPH

Jacob Mey, MD, RD

Patricia Noel, PhD

New Approaches

Serpil C. Erzurum, MD (Chair)
Monica Kraft, MD (Chair)
Praveen Akuthota, MD

Loren C. Denlinger, MD, PhD
Steve N. Georas, MD

Fernando Holguin, MD, MPH
Elliot Israel, MD

Nicholas J. Kenyon, MD, MAS
Rajesh Kumar, MD, MS
Patricia Noel, PhD

Maria Sanchez

Sally E. Wenzel, MD

Rosalind J. Wright, MD, MPH
Participant Advisory

Lynn B. Gerald, PhD, MSPH (Chair)
Jerry A. Krishnan, MD, PhD (Chair)
Tara F. Carr, MD

Michael Daines, MD

Sarah David, MPH

Julie DeLisa, MA

Kim Erwin, MDes

Benjamin Gaston, MD

Bob Hmieleski, MBA

Monica Kraft, MD

Osmara Molina de Rodriguez
Wendy C. Moore, MD

James N. Moy, MD

Nirushan Narendran, MS

Anna Pippins, BS, CCRP
Ronald Schunk, RRT

Jennifer Sculley, MDes

Steven R. White, MD
Partnerships

Laura Crotty Alexander, MD (Chair)
Sally E. Wenzel, MD (Chair)
Eugene R. Bleecker, MD

(Continued)

(Continued)



516.e4 GEORAS ET AL

TABLE E1. (Continued)

J ALLERGY CLIN IMMUNOL
FEBRUARY 2022

TABLE E1. (Continued)

Mario Castro, MD, MPH

John V. Fahy, MD, MSc

Steve N. Georas, MD

Ravi Kalhan, MD, MS
Patricia Noel, PhD

Wanda K. O’Neal, PhD
Wanda Phipatanakul, MD, MS
Maria Sanchez

Michael E. Wechsler, MD
Sally E. Wenzel, MD
Rosalind J. Wright, MD, MPH
Joe Zein, MD, MBA
Pediatrics

Benjamin Gaston, MD (Chair)
Daniel J. Jackson, MD (Chair)
Leonard B. Bacharier, MD
Juan Carlos Cardet, MD

Tara F. Carr, MD

Matejka Cernelc-Kohan, MD
Ronina A. Covar, MD

Steve N. Georas, MD

John James, MA

Kirsten M. Kloepfer, MD, MS
Ngoc P. Ly, MD, MPH

James N. Moy, MD

Patricia Noel, PhD

Victor E. Ortega, MD

David B. Peden, MD, MS
Wanda Phipatanakul, MD, MS
W. Gerald Teague, MD
Rosalind J. Wright, MD, MPH
Protocol Design and Analysis
Anastasia Ivanova, PhD (Chair)
Michael R. Kosorok, PhD (Vice Chair)
Julie Bamdad, MSE

Juan Carlos Cardet, MD
Mario Castro, MD, MPH
Steve N. Georas, MD

Nathan M. Gotman, MS
Daniel J. Jackson, MD

Lisa M. LaVange, PhD

David T. Mauger, PhD

Wendy C. Moore, MD
Patricia Noel, PhD

David B. Peden, MD, MS
Michael C. Peters, MD

Wanda Phipatanakul, MD, MS
Michael E. Wechsler, MD
Sally E. Wenzel, MD
Rosalind J. Wright, MD, MPH
Protocol Development
Leonard B. Bacharier, MD (Chair)
Loren C. Denlinger, MD, PhD (Chair)
Elliot Israel, MD (Chair)
Michael C. Peters, MD (Chair)
Juan Carlos Cardet, MD

John V. Fahy, MD, MSc

Steve N. Georas, MD
Anastasia Ivanova, PhD

Lisa M. LaVange, PhD

M. Alison Marquis, MStat
Deborah A. Meyers, PhD
Wendy C. Moore, MD
Patricia Noel, PhD

Lewis J. Smith, MD

Stanley J. Szefler, MD

Sally E. Wenzel, MD

Rosalind J. Wright, MD, MPH
Protocol Elements

Leonard B. Bacharier, MD (Chair)
Nizar N. Jarjour, MD (Chair)
Laura Crotty Alexander, MD
Steve N. Georas, MD

Nathan Gotman, MS

Anastasia Ivanova, PhD
Monica Kraft, MD

Patricia Noel, PhD

Michael C. Peters, MD

Kristie Ross, MD

Lewis J. Smith, MD

Stanley J. Szefler, MD

Sally E. Wenzel, MD

Rosalind J. Wright, MD, MPH
Protocol Implementation
Leonard B. Bacharier, MD (Chair)
Loren C. Denlinger, MD, PhD (Chair)
M. Alison Marquis, MStat (Chair)
Praveen Akuthota, MD

Mario Castro, MD, MPH

Suzy A.A. Comhair, PhD
Serpil C. Erzurum, MD

John V. Fahy, MD, MSc
Benjamin Gaston, MD

Steve N. Georas, MD

Elliot Israel, MD

Anastasia Ivanova, PhD

Lisa M. LaVange, PhD

David T. Mauger, PhD
Fernando Martinez, MD
Wendy C. Moore, MD

Patricia Noel, PhD

Wanda K. O’Neal, PhD

David B. Peden, MD, MS
Michael C. Peters, MD
Victoria Pratt, PhD

Ronald L. Sorkness, PhD
Lewis J. Smith, MD

Michael E. Wechsler, MD
Sally E. Wenzel, MD

Steven R. White, MD

Rosalind J. Wright, MD, MPH
Publications and Presentations
Praveen Akuthota, MD (Chair)
Stanley J. Szefler, MD (Chair)
Tara F. Carr, MD

Loren C. Denlinger, MD, PhD
Merritt L. Fajt, MD

Benjamin Gaston, MD

Steve N. Georas, MD
Anastasia Ivanova, PhD

Rajesh Kumar, MD, MS

Lisa M. LaVange, PhD

Patricia Noel, PhD

Wanda Phipatanakul, MD, MS
Amir A. Zeki, MD, MAS
Quality Control

Mario Castro, MD, MPH (Chair)
Wanda K. O’Neal, PhD (Chair)

(Continued)

(Continued)



J ALLERGY CLIN IMMUNOL
VOLUME 149, NUMBER 2

TABLE E1. (Continued)

GEORAS ET AL 516.e5

TABLE E1. (Continued)

Julie Bamdad, MSE

Juan Carlos Cardet, MD

Suzy A.A. Comhair, PhD
Ronina A. Covar, MD

Loren C. Denlinger, MD, PhD
John V. Fahy, MD, MSc

Marc C. Gauthier, MD
Fernando Holguin, MD, MPH
Sonia Jain, PhD

Lisa M. LaVange, PhD
Patricia Noel, PhD

Sharmilee M. Nyenhuis, MD
Anju T. Peters, MD, MS
Ronald L. Sorkness, PhD
Nicole Wilson, MS
Recruitment and Retention
Leonard B. Bacharier, MD (Chair)
Lynn B. Gerald, PhD, MSPH (Chair)
Praveen Akuthota, MD

Julia Bach, BSN, RN

Julie Bamdad, MSE

Tina Carter

Mario Castro, MD, MPH
Sarah Collins

Julie DeLisa, MA

Emily A. DiMango, MD
Courtney Elvin, BS

Steve N. Georas, MD

Wendy Hasse

Bob Hmieleski, MBA
Fernando Holguin, MD, MPH
Jenn Ingram, BA

Nicholas J. Kenyon, MD, MAS
Donna Liu, BA

M. Alison Marquis, MStat
Kelsey Meekins, MS

Wendy C. Moore, MD
Nirushan Narendran, MS
Patricia Noel, PhD

Anna Pippins, BS

Valerie Press, MD, MPH
Kristie Ross, MD

Angela Schraml

Tina Tham

Sally Wenzel, MD

Rosalind J. Wright, MD, MPH
Remote Spirometry (ZephyrX)
Praveen Akuthota (Chair)

Julia Bach, BSN, RN

Mario Castro, MD, MPH
Loren C. Denlinger, MD, PhD (Chair)
Damaris Diaz

Jonathan M. Gaffin, MD, MMSc
Nathan Gotman, MS

Anastasia Ivanova, PhD

Rick Kelley

Paige Lowell

M. Alison Marquis, MStat
David T. Mauger, PhD

Kelsey Meekins, MS

Wanda Phipatanakul, MD, MS
Nicole Wilson, MS

Resource Acquisition

Mario Castro, MD, MPH (Chair)

Ronald L. Sorkness, PhD (Deputy Chair)
Mark A. Aronica, MD

Julia Bach, BSN, RN

Julie Bamdad, MSE

Ashley Britt, MS

Maria Angeles Cinelli, AB
Jonathan M. Gaffin, MD, MMSc
Steve N. Georas, MD

Nathan Gotman, MS
Fernando Holguin, MD, MPH
Lisa Lane, BS

Atul Malhotra, MD

M. Alison Marquis, MStat
Wendy C. Moore, MD
Patricia Noel, PhD

Wanda K. O’Neal, PhD
David B. Peden, MD, MS
Michael C. Peters, MD
Sharon R. Rosenberg, MD
Lori Wollet, RN

Rosalind J. Wright, MD, MPH
Safety

Steven R. White, MD (Chair)
Julie Bamdad, MSE

Ashley Britt, MS

Allison J. Burbank, MD

Tara F. Carr, MD

Merritt L. Fajt, MD

Sonia Jain, PhD

Monica Kraft, MD

Lisa M. LaVange, PhD

Grace Li

M. Alison Marquis, MStat
Nirushan Narendran, MS
David B. Peden, MD, MS
Wanda Phipatanakul, MD, MS
Kristin Wavell Shifflett
Stanley J. Szefler, MD
Spirometry

Loren C. Denlinger, MD, PhD (Chair)
Julia Bach

Nathan Gotman, MS

Rick Kelley

Paige Lowell

Edward T. Naureckas, MD
Matthew O’Brien, MS

Juno Pak, BS

Anna Pippins, BS

Stefanie Schwartz, MA
Ronald L. Sorkness, PhD
Sputum

John V. Fahy, MD, MSc (Chair)
Praveen Akuthota, MD
Ariana Baum

Annabelle Charbit

Annette T. Hastie, PhD
Donna Liu, BA

Michael C. Peters, MD
Stefanie Schwartz, MA

Jade Vi

Nicole Wilson, MS

Visit Structure

Wendy C. Moore, MD (Chair)
Julia Bach, BSN, RN

(Continued)

(Continued)



516.e6 GEORAS ET AL

TABLE E1. (Continued)

Ashley Britt, MS
Natham Gotman, MS
Bob Hmieleski, MBA
Jenelle Mock

Wanda K. O’Neal, PhD
Abbey Woods

COl, Conflict of interest.

J ALLERGY CLIN IMMUNOL
FEBRUARY 2022



J ALLERGY CLIN IMMUNOL GEORAS ET AL 516.e7
VOLUME 149, NUMBER 2

TABLE E2. PreclISE Asthma Network PIC: Working Group structure

PIC Working Group Assessment/procedures
Forms Development of forms to capture administrative needs, inclusion/exclusion, medical history, medications,
physical exam, control measures, etc
Imaging Acquisition and reading of chest CT scans
Spirometry Standardization of lung function testing
Sputum Collection and processing of sputum
CompEx and Compliance CompEx measurements; compliance with interventions, controller medications, diary
Visit schedule Visit schedule of procedures and assessments
Intervention working groups Intervention-specific procedures and assessments
Broncho-Vaxom
Cavosonstat
Clazakizumab
Imatinib
Itacitinib

Medium-Chain Triglyceride

PIC, Protocol Implementation Committee.
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TABLE E3. PrecISE Asthma Network, safety lab monitoring for clazakizumab
Laboratory monitoring Dose adjustment
Neutropenia
>1000 (absolute neutrophil count) No change
500-1000 Decrease dose to 6.25 mg at next visit
<500 No additional clazakizumab doses
Thrombocytopenia
>75,000 No change
50,000-75,000 Decrease dose to 6.25 mg at next visit
<50,000 No additional clazakizumab doses
Elevated liver enzymes
<3X ULN No change
>3X ULN to 5X ULN and bilirubin <2X ULN and no clinical symptoms of liver injury Decrease dose to 6.25 mg at next visit
>3X ULN to 5X ULN and bilirubin No additional clazakizumab doses
>2X ULN or symptoms consistent with liver injury
>5X ULN No additional clazakizumab doses
Hyperlipidemia
Triglyceride levels <1000 No change

Triglyceride levels >1000 No additional clazakizumab doses
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TABLE E4. PrecISE Network, Global discontinuation criteria for safety laboratory studies during an intervention*

Study Second test trigger Discontinuation triggert

Hemoglobin <9 g/dL <8 g/dL or 30% below the initial baseline value for the intervention
Absolute neutrophil count <500/nL <500/pL

Absolute lymphocyte count <500/nL <500/nL

Absolute platelet count <50,000/p.L <50,000/pLi

Serum ALT/AST concentrations >3X ULN+t >3X ULN and bilirubin >2X ULN§

>3X ULN and symptoms consistent with hepatic injury
>5X ULN without other qualification

Serum bilirubin concentration >2X ULN —

eGFR <60 mL/min/1.73 m* <60 mL/min/1.73 m>

Abbreviations are same as in Table IV.

*Certain interventions have specific discontinuation criteria that modify the values shown.

TBoth tests must violate the stated threshold for discontinuation.

If the first platelet count is <25,000/wL, the confirmatory repeat test must be >50,000/pL to avoid termination. Treatment must be withheld pending the confirmatory test.
SMeeting any of the 3 thresholds listed for AST/ALT concentrations mandates discontinuation.
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