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Abstract

Background: Idiopathic pulmonary fibrosis (IPF) is a progressive lung disease with few treatment options. N-acetyl-
cysteine (NAC) is a well-tolerated, inexpensive treatment with antioxidant and anti-fibrotic properties. The National
Heart, Lung, and Blood Institute (NHLBI)-sponsored PANTHER (Prednisone Azathioprine and NAC therapy in IPF) trial
confirmed the harmful effects of immunosuppression in IPF, and did not show a benefit to treatment with NAC. How-
ever, a post hoc analysis revealed a potential beneficial effect of NAC in a subgroup of individuals carrying a specific
genetic variant, TOLLIP rs3750920 TT genotype, present in about 25% of patients with IPF. Here, we present the design
and rationale for the Phase Ill, multi-center, randomized, double-blind, placebo-controlled Prospective Treatment
Efficacy in IPF Using Gengtype for NAC Selection (PRECISIONS) clinical trial.

Methods: The PRECISIONS trial will randomize 200 patients with IPF and the TOLLIP rs3750920 TT genotype 1:1

to oral N-acetylcysteine (600 mg tablets taken three times a day) or placebo for a 24-month duration. The primary
endpoint is the composite of time to 10% relative decline in forced vital capacity (FVC), first respiratory hospitalization,
lung transplantation, or death from any cause. Secondary endpoints include change in patient-reported outcome
scores and proportion of participants with treatment-emergent adverse events. Biospecimens, including blood, buc-
cal, and fecal will be collected longitudinally for future research purposes. Study participants will be offered enroll-
ment in a home spirometry substudy, which explores time to 10% relative FVC decline measured at home, and its
comparison with study visit FVC.

Discussion: The sentinel observation of a potential pharmacogenetic interaction between NAC and TOLLIP polymor-
phism highlights the urgent, unmet need for better, molecularly focused, and precise therapeutic strategies in IPF.
The PRECISIONS clinical trial is the first study to use molecularly-focused techniques to identify patients with IPF most
likely to benefit from treatment. PRECISIONS has the potential to shift the paradigm in how trials in this condition are
designed and executed, and is the first step toward personalized medicine for patients with IPF.
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Background

Idiopathic pulmonary fibrosis (IPF) is a chronic respira-
tory disease characterized by progressive scarring and
architectural distortion of the lung parenchyma [1].
Patients with IPF have high morbidity, poor quality of
life, and an average survival of 3-5 years from diagno-
sis [2]. There are only two Food and Drug Administra-
tion (FDA)-approved treatments for IPF in the United
States, pirfenidone and nintedanib. Both drugs slow
disease progression and have been linked to reduced
mortality [3—5]. However, neither pharmacologic ther-
apy reverses fibrosis or improves patient symptoms,
and both drugs carry a significant side effect profile,
making them poorly tolerated by a significant propor-
tion of patients. Therefore, there is a continued, urgent,
unmet need for more effective and better tolerated
therapies for IPF.

In this protocol paper, we describe the design and
rationale of the Phase III, multi-center randomized,
double-blind, placebo-controlled Prospective Treat-
ment Efficacy in IPF Using Genotype for NAC Selection
(PRECISIONS) clinical trial. We highlight the novel
approach of this trial to patient selection, by identifying
individuals that carry a specific genetic variant, TOL-
LIP rs3750920 TT genotype, who are most likely to
benefit from N-acetylcysteine (NAC) therapy. The PRE-
CISIONS trial is one of the first studies to use a preci-
sion medicine approach in IPF, by testing the efficacy of
a therapy in a targeted population based on a specific
genotype.

Methods

Rationale

NAC is an inexpensive and well-tolerated agent for
treatment of lung and other organ diseases [6]. There
has been long-standing interest in the potential ther-
apeutic properties of NAC in IPF. NAC increases
production of the antioxidant glutathione and has
demonstrated anti-fibrotic properties [7]. Oral admin-
istration of NAC in IPF patients leads to higher lev-
els of glutathione in bronchoalveolar lavage fluid, and
reduced markers of oxidative stress at the alveolar sur-
face [8, 9]. The IFIGENIA trial examined the efficacy
of NAC added to standard of care, which at the time
included treatment with prednisone plus azathio-
prine, compared to standard of care alone, on disease

progression in IPF. Therapy with NAC at 600 mg three
times daily added to prednisone and azathioprine
slowed the decline in FVC and single-breath carbon
monoxide diffusing capacity (DLCO) at one year [10].

The IPFnet PANTHER trial compared the effect of
NAC alone or NAC with prednisone and azathioprine
versus placebo on lung function decline in IPF [11].
There was increased mortality observed in the combi-
nation therapy arm and this arm was terminated early.
There was no difference in outcomes between the NAC-
only arm and placebo in the overall study population
[12]. However, a post hoc analysis suggested that shift-
ing patterns in participant enrollment and characteris-
tics over the course of the study, and specifically after
the early termination of the immunosuppressive ther-
apy arm, may have influenced the observed results. This
leaves open the possibility that a subgroup of patients
with IPF may benefit from NAC.

This rationale led to the candidate genotyping of pol-
ymorphisms in TOLLIP and MUCS5B in the PANTHER
trial cohort. A significant interaction between the TOL-
LIP rs3750920 genotype and NAC therapy was found
[13]. Participants that carried the TOLLIP TT genotype
(about 25% of the cohort) and received NAC had a sig-
nificant reduction in the composite endpoint of death,
transplant, hospitalization or >10% FVC decline com-
pared with those who received placebo. In contrast,
participants with the TOLLIP CC genotype (about 25%
of the cohort) showed a trend toward harm from NAC
treatment. Those with a CT genotype (about 50% of
the cohort) had similar outcomes to those treated with
placebo. These findings were validated in an additional
independent cohort [13].

The TOLLIP gene encodes an ubiquitin-binding pro-
tein that regulates innate immune response by inhibit-
ing Toll-like receptor (TLR) signaling [14]. Variants in
TOLLIP have been linked with IPF susceptibility and
mortality in patients of European ancestry [15]. TLRs
play a critical role in the innate immune response
to various pathogen-associated molecular patterns
(PAMPs). Alterations in TLR expression and signaling
have been linked to IPF disease progression and mor-
tality [16-18]. The TOLLIP rs3750920 TT genotype
results in increased expression of TOLLIP in human
monocytes, which may influence TLR signaling and
host response to immunomodulatory therapies [19].
These findings suggest a potential mechanism for the
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heterogeneity of treatment effect based on the TOLLIP
genotype observed in PANTHER, and that NAC ther-
apy may provide clinical benefit in a significant number
of patients with IPF.

Study overview

PRECISIONS is a multi-center, randomized, double-blind,
placebo-controlled trial of 200 participants with TOLLIP
rs3750920 TT genotype to receive NAC or placebo for a
24-month duration. The structure of the study is shown in
Fig. 1. Study participants will be randomized to NAC or
placebo in a 1:1 fashion, while receiving standard of care.
Standard of care is defined as allowing background ther-
apy with FDA-approved medications for IPFE, such as pir-
fenidone or nintedanib, if taking a stable dose for at least
6 weeks prior to enrollment. Randomization will be strati-
fied by stable concomitant IPF therapy use (pirfenidone
or nintedanib) versus no pirfenidone or nintedanib use. A
schematic overview of the study design is shown in Fig. 1.

Hypothesis

Patients with idiopathic pulmonary fibrosis (IPF) that
have the TOLLIP rs3750920 TT genotype will exhibit
improved clinical outcomes when treated with N-acetyl
cysteine (NAC) compared to placebo, while receiving
standard care.

Study objective
The primary objective is to compare the effect of NAC
plus standard care versus matched placebo plus standard
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care on the time to a composite endpoint of relative
decline in lung function [10% relative decline in FVC,
first respiratory hospitalization, lung transplantation, or
all-cause mortality] in patients diagnosed with IPF who
have the TOLLIP rs3750920 TT genotype. The second-
ary objectives will be to examine the effect of NAC on
the components of the primary composite endpoint, the
rates of clinical events, change in physiology, change in
health status, and change in respiratory symptoms.

Eligibility

The inclusion and exclusion criteria are listed in Table 1.
Eligible participants must have a clinical diagnosis of
IPF and the TOLLIP rs3750920 TT genotype. The exclu-
sion criteria are primarily related to contraindications
to receiving NAC. Participants will be recruited from
approximately 25 sites in the US selected primarily from
the Pulmonary Fibrosis Foundation (PFF) Care Center
Network.

Determination of TOLLIP genotype

A portion of participants we plan to enroll in PRECI-
SIONS will have confirmed TOLLIP rs3750920 TT geno-
type through their participation in the PFF Registry and
Biorepository. Samples from PFF Registry participants
who previously consented to DNA genotyping and to
being directly contacted for future enrollment in clinical
trials will be sent coded to the University of Virginia for
TOLLIP genotyping. The Clinical Coordinating Center
(CCC) will notify study sites of potential participants
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Fig. 1 Schematic overview of the organizational structure for the PRECISIONS clinical trial. SABER Statistical Analysis of Biomedical and Educational




Podolanczuk et al. BMC Pulmonary Medicine (2022) 22:475

Table 1 Inclusion and Exclusion Criteria

Page 4 of 13

Inclusion Criteria
40 years of age or greater

Diagnosed with IPF according to 2018 ATS/ERS/JRS/ALAT confirmed by the enrolling investigator

Signed informed consent

If taking pirfenidone or nintedanib, must be on stable dose for at least 6 weeks prior to the enrollment visit

Confirmed TOLLIP rs3570920 TT genotype
Exclusion Criteria
Pregnancy or planning to become pregnant

Significant medical, surgical or psychiatric illness that in the opinion of the investigator would affect subject safety, including liver and renal failure

Receipt of an investigational drug or biological agent within the previous 4 weeks of the screening visit or 5 times the half-life, if longer

Supplemental or prescribed NAC therapy, within 60 days of enrollment
Listed for lung transplantation at the time of screening

History of lung cancer

Inability to perform spirometry

Forced vital capacity <45% predicted using the global lung function index equation at Visit 1

Active respiratory infection requiring treatment with antibiotics within 4 weeks of Visit 1

with confirmed TT genotype for potential enrollment
into the PRECISIONS trial. Additionally, to reach a
recruitment target of 200 randomized participants, we
will recruit participants with IPF and unknown TOLLIP
genotype. These potential participants will undergo a
screening visit, in which a blood sample will be collected
for genotyping after informed consent is obtained. The
University of Virginia School of Medicine, with supervi-
sion from Dr. Imre Noth’s laboratory, will determine the
TOLLIP rs3750920 genotype for all blood samples col-
lected from the genotype screening visits, and will report
back to sites within 14 days.

Study intervention

Participants will be randomized to NAC (600 mg tablets
to be taken three times a day by mouth) or placebo for
24 months. Zambon Pharma (Vicenza, Italy) will sup-
ply the study drug and matching placebo (white, round
tablets in blister packaging). The study drug distribution
to enrolling institutions will be overseen by the investi-
gational drug pharmacy at Temple University. Partici-
pants will initially receive a 4-month supply upon their
randomization visit and 4-month refills at subsequent
4-month study visits.

Safety review

The most frequent adverse events related to the oral use
of NAC are gastrointestinal (nausea, vomiting, diarrhea,
abdominal pain, nausea, stomatitis) [20]. NAC may have
a detrimental effect on the stomach’s mucosa which may
be relevant to patients with active peptic ulcers. Less
frequent events that have been reported include ana-
phylactic shock, anaphylactoid reaction, bronchospasm,

angioedema, dyspnea, tachycardia, rash, pruititis, and
urticaria [21]. Headache, tinnitus, pyrexia, hypotension,
facial edema and hemorrhage have also been reported
with oral NAC. NAC has been shown to reduce platelet
aggregation, although the clinical significance of this is
unknown [22].

The PANORAMA study showed that IPF patients
receiving both oral NAC and pirfenidone experienced
higher rates of photosensitivity rash compared to those
that received pirfenidone only (9% vs. 2%). However,
these rates were markedly lower than the rates reported
in pooled phase III trial data (33%), suggesting that this
difference in the PANORAMA study may have been
driven by its smaller sample size [23]. PANORAMA and
a small study from Japan that examined the efficacy and
tolerability of combination therapy with inhaled NAC
and pirfenidone versus pirfenidone alone had findings
that suggested more rapid disease progression in the
group that received combination therapy [24]. The TOL-
LIP TT genotype of participants in both studies was
unknown and has been shown to have a very low fre-
quency among Japanese IPF patients. In addition, differ-
ences in dosage, modes of delivery for NAC and smaller
sample sizes make the collective interpretation of these
studies’ findings difficult [25].

Procedures
At the enrollment study visit, the study coordinator will
obtain and provide the following information:

+ Informed consent
+ Demographics
« Eligibility Review
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+ Medical History

+ Complete Physical Exam

+ Vital Signs

+ Study Site Spirometry

+ Home Spirometry Tutorial

« DLCO

+ Quality-of-life questionnaires (Leicester Cough
Questionnaire [26], EuroQoL EQ-5D [27], UCSD-
SOB [28], K-BILD [29, 30], SGRQ scores [31, 32],
R-Scale-PF [33])

+ COVID-19 Questionnaire (Additional file 1)

+ Blood collection (complete blood count, chemistry
pane, liver function tests)

+ Pregnancy Test

+ Concomitant medication review

« Plasma, serum, RNA, buccal, and fecal sample col-
lection

+ Adverse Event Review and Evaluation

+ Randomization

+ Administration of study drug

«+ Distribution of drug diary

Study participants will undergo follow-up study vis-
its every 4 months. Study procedures are summarized
in Table 2. Follow-up COVID-19 Questionnaire is
included as Additional File 2.

Home spirometry

Home spirometry has been shown to be feasible and
practical in tracking IPF progression for patients
[34]. PRECISIONS participants will be asked to per-
form spirometry at home three times a week (Monday,
Wednesday and Friday) in the morning using hand-
held, vertically mounted turbine spirometers (GoS-
piro®, Monitored Therapeutics Inc, Dublin, OH, USA).
Participants and study investigators will be blinded to
the results of home spirometry for the duration of the
study. Participants will receive feedback on quality of
the maneuver by the GoSpiro® avatar. Home spirometry
data will undergo quality control and quality assurances
by the University of California Los Angeles (UCLA)
Exercise Physiology Research Laboratory, under the
supervision of Dr. Christopher Cooper, in coordination
with the data coordinating center. Participation in the
home spirometry study will be optional. Participants
will be asked reasons for choosing not to participate
in home spirometry, and will be surveyed about their
experience with home spirometry during and at the end
of the study (Additional files 3 and 4).
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Primary endpoints and endpoint adjudication

The primary endpoint of the PRECISIONS trial will be
the time to a composite of 10% relative FVC decline,
first respiratory hospitalization, lung transplantation,
or all-cause mortality. Each of the events comprising
the primary composite endpoint are clinically meaning-
ful. FVC decline and hospitalizations have been linked
to disease progression and subsequent time to death
[35, 36]. Lung transplantation is a surrogate marker of
disease progression and severity. Respiratory hospitali-
zations will be determined by a blinded clinical events
adjudication committee.

Secondary endpoints
Secondary endpoints include the following:

+ Time to 10% relative decline in FVC% predicted,
first respiratory hospitalization, lung transplanta-
tion, or death from any cause

+ Time to death from any cause

+ Time to first respiratory hospitalization

+ Time to 10% relative decline in FVC

+ Time to lung transplantation

+ Time to 10% relative decline in FVC% predicted

+ Time to first all-cause hospitalization

+ Annualized rate of respiratory hospitalizations

+ Annualized rate of non-elective, all-cause hospitali-
zations

+ Proportion of participants undergoing lung trans-
plantation during follow-up

+ Change in FVC % predicted from randomization to
12 and 24 months

o Change in FVC from randomization to 12 and
24 months

+ Change in DLCO uncorrected, from randomization
to 12 and 24 months

+ Change in patient-reported outcomes scores from
randomization to 12 and 24 months (Leicester
Cough Questionnaire, EuroQoL EQ-5D, UCSD-
SOB, K-BILD, SGRQ scores)

+ Proportion of participants with and number of
treatment- emergent adverse events, serious
adverse events, adverse events leading to discon-
tinuation, unanticipated problems

Exploratory endpoints
Exploratory endpoints are related to home spirometry
and include the following:

+ Time to 10% relative decline in home spirometry
FVC
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+ Time to 10% relative decline in home spirometry
FVC % predicted

+ Change in home spirometry FVC % predicted from
randomization to 12 and 24 months

+ Change in home spirometry FVC from randomiza-
tion to 12 and 24 months

+ Comparison between a 10% relative decline captured
by home spirometry with the relative change in FVC
captured by the next on-site FVC measurement

Data and safety monitoring board

Safety and oversight will be under the direction of a Data
and Safety Monitoring Board (DSMB) that is appointed
by the NHLBI. The DSMB will be composed of members
with the appropriate expertise for this study. Members of
the DSMB will be independent from the study conduct
and without conflict of interest. The DSMB will meet at
least semiannually to assess the safety and efficacy data
for each study arm. They will review the study protocol,
monitor all aspects of the study (recruitment, adverse
events, protocol adherence, data quality, attrition, demo-
graphic and baseline characteristics), and recommend
protocol modifications, including early study termina-
tion. Any proposed changes to the study protocol will
also be reviewed by the DSMB.

Statistical analysis plan

Continuous variables will be summarized using descrip-
tive statistics including, n, means, standard deviations,
medians, 25th and 75th percentiles, and minimum and
maximum. Categorical variables will be presented as
counts and percentages. Demographic and baseline sum-
maries will be provided by treatment group and over-
all. Two-sided hypotheses will be tested for endpoints
at the 5% level. SAS software (SAS Institute, Inc., Cary,
NC, USA) and R freeware will be used to perform the
analyses.

Analysis of the primary endpoint
The primary analysis plan will be based on a modi-
fied intent-to-treat design applied to participants who
have received at least one dose of study medication. A
two-sample log-rank test will be used to assess whether
assignment to a 24-month course of NAC is superior to
placebo for the primary composite endpoint (time to
10% relative decline in FVC, first respiratory hospitali-
zation, lung transplantation, or death from any cause).
Participants will be censored at 2 years of follow-up or
at loss to follow-up, whichever occurs first.

Secondary analyses include assessing treatment dif-
ferences in the composite endpoint graphically using
Kaplan—Meier estimates. The effect of NAC versus
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placebo will be explored in subgroups of interest with
results tabulated (estimated hazard ratio by subgroup,
corresponding 95% confidence interval and p-value)
as well as displayed via forest plots. Pre-specified sub-
groups include concomitant therapy usage, sex, race/
ethnicity, smoking history, dichotomized age, dichoto-
mized baseline FVC (L and % predicted), dichotomized
baseline DLCO (ml/min/mm Hg and % predicted) and
any respiratory hospitalizations in the previous year.
Multivariable analyses of the primary endpoint will be
conducted based on whether proportionality of hazards
holds. Cox proportional hazards models will be used if
the hazards are proportional, otherwise restricted mean
regression will be used. Variables adjusted for in the
multivariable model will include concomitant therapy
(pirfenidone or nintedanib vs. none), age, sex, baseline
FVC, and baseline DLCO. These variables are potential
confounders and are commonly included in multivari-
able analyses of IPF studies. In addition, we will adjust
for home spirometry participation if the participation
of home spirometry is below 90% of randomized study
participants. The adjusted hazards ratio, 95% confi-
dence interval, and p-value will be used to assess the
impact of NAC versus placebo on the primary compos-
ite endpoint from the multivariable model.

If there is more than 10% loss to-follow-up, sensitiv-
ity analyses will be performed based on multiple impu-
tation of the primary outcome. If more than 10% of
participants having missing adjustment variables for
the secondary analyses of the primary endpoint, then
sensitivity analyses multiply imputing the missing pre-
dictors will be performed. In the event more than 10%
of participants switch concomitant therapy use after
randomization (ex. participant who was not using pir-
fenidone at start of trial starts using pirfenidone mid-
way through the trial), a sensitivity analyses will be
performed that uses inverse weighting methodology.

Analysis of secondary and exploratory endpoints

The analyses for time-to-event secondary and explora-
tory endpoints will be similar to those outlined for the
primary endpoint. Rate endpoint analyses will be based
on univariable and multivariable zero-inflated negative
binomial regression models. Analyses of trajectory end-
points will use a repeated measure approach that uses
mixed models and incorporates all available assessments
from randomization through 24 months. In order to
examine the sensitivity and specificity of home spirom-
etry values in predicting subsequent primary and sec-
ondary time-to-event outcomes, an exploratory receiver
operating characteristic analysis will be performed.
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Sample size and power calculation

It is anticipated that the event rate in the placebo arm will
be highly dependent on the proportion of patients enrolled
at different Gender, Age, and Physiology (GAP) scores
[37]. The GAP index score will likely be heavily weighted
towards 3 given the availability of pirfenidone and nin-
tedanib. Assuming an exponential distribution for the
composite endpoint comparable to that from the PAN-
THER study, we conservatively estimate a placebo yearly
event rate to be 24% for the primary composite endpoint
in participants not taking concomitant therapy [11]. We
have also taken into account concomitant IPF therapy
and conservatively estimate that 65% of the study popula-
tion will be taking one of the two anti-fibrotic medications
approved for treatment. We estimate the placebo event
rate among participants taking concomitant IPF medi-
cations will be lower at a 12% yearly even rate. The esti-
mate of the magnitude of the treatment effect is based on
the PANTHER pharmaco-genetic study of the TOLLIP
TT genotype, in which the primary endpoint was also a
composite endpoint (decline of at least 10% in FVC, lung
transplantation, hospitalization, and/or time to death)
[13]. The hazard ratio was 0.14 in the PANTHER cohort
and 0.23 in the validation cohort, both of which are large
effect estimates. Given the retrospective and observational
nature of this study, we took a very conservative approach
in estimating the treatment effect. The estimate effect size
for PRECISIONS is a 66.7% event reduction between NAC
and placebo. Based on these estimates and a 10% dropout
rate, we plan to enroll 200 randomized participants, which
will provide 90.1% power assuming a two-sided type-I
error rate of 0.05. Table 3 summarizes the power estimates
for various event rates and treatment effects.

An interim sample size adjustment is also incorporated
into the statistical analysis plan. Upon enrollment of at
least 25 placebo participants with at least 12 months of
follow-up, an interim sample size adjustment analysis
will be performed. If the observed one-year event rate in
this group of placebo participants is below 16%, the sam-
ple size will be increased by 40 participants to maintain
at least 80% power for the study assuming a 66.7% event
rate reduction in the NAC arm compared with placebo.
No type I error would be spent as part of this analysis
because the adjustment would not take into account the
event rate in the NAC arm. This approach is a precaution
that protects study power in the case of the placebo arm
event rate being below the range anticipated in the design
of the trial.

Additional objectives and ancillary studies
In addition to the clinical trial, a major objective of PRE-
CISIONS is to apply blood-based ‘omics technologies
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Table 3 Statistical power assuming various event rates and
treatment effects

Placebo event NAC event Event rate Power** (%)

rate (%) rate* (%) reduction (%)

24 6.0 75 97.5
30 75 75 99.3
36 9.0 75 99.8
24 8.0 66.7 90.1
30 10.0 66.7 96.0
36 120 66.7 98.7
24 12.0 50 62.3
30 15.0 50 73.1
36 18.0 50 80.6

*12-month event rates for the 35% of patients not taking concomitant IPF
medication. The remaining 65% are assumed to have half the shown event rate
in each arm based on taking IPF concomitant medication

**Power estimates assume censorship/dropout rate of 10% for the NAC vs
placebo comparison in 200 randomized participants. Calculations assume a
2-sided Type-I error rate of 0.05. Follow-up is planned to be 24 months for all
patients. Power calculations were based on a log-rank test with assumed event
rates following an exponential distribution

and provide novel insights in the pathogenesis of pul-
monary fibrosis and different types of interstitial lung
disease (ILD). In collaboration with the PFF and its
biorepository, PRECISIONS will perform whole genome
sequencing, proteomic analyses, transcriptional profil-
ing and other ‘omics-powered analyses on blood samples
from approximately 2000 ILD patients. Accomplishing
this objective may enable identification of subgroups of
patients who are more responsive to specific therapies
based on the underlying pathobiology, and lead to future
precision medicine trials not only for IPF but also other
types of ILD. This is an opportunity for investigators to
leverage the data generated from PRECISIONS to cata-
lyze new diagnostic and therapeutic developments for
pulmonary fibrosis. Ancillary study and publications
committees have been created to ensure a structured
process in adjudicating study proposals from research-
ers requesting data (including biospecimens) that ensures
plausibility and appropriate resource allocation.

Discussion

Personalizing medicine for patients with IPF

Precision medicine approaches have been adopted in the
treatment of malignancy and cardiovascular disease, with
an increasing number of therapies prescribed based on
an individual’s clinical risk and genetic profile [38]. This
approach has been lacking in pulmonary fibrosis. Patients
with IPF have highly heterogenous clinical trajectories,
and prognosis for each individual patient is difficult to
predict with currently available clinical and molecular
tools. Multiple genetic and environmental factors have
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been linked to susceptibility and progression of IPF [1].
These key differences among patients with IPF suggest
that subgroups of patients may respond differently to
treatments. The gap between basic/translational research
and its application to the clinical care of IPF patients
has narrowed, driven by collaborative efforts among
researchers to advance the understanding of mechanisms
that drive progressive lung fibrosis, and disprove inef-
fective treatments. PRECISIONS is rooted in a plausible
mechanism that links dysregulated innate immunity to
pulmonary fibrosis based on pre-clinical models, iden-
tification of genes critical in regulating immunity (i.e.,
TOLLIP), and pharmaco-genetic studies that suggest a
potential benefit of NAC in IPF patients with the TOLLIP
TT genotype. This study demonstrates the feasibility of
designing an IPF clinical trial that uses a precision medi-
cine approach and may ultimately identify an effective
therapy for a subgroup of patients with this disease.

Leveraging the PFF care center network for clinical trials
and research

Since the TOLLIP TT genotype is only present in about
25% of patients with IPF, reaching our enrollment target of
200 participants requires screening of about 800 patients.
We expect that 75% of patients with IPF will not meet the
genotype requirement. To mitigate this high screen failure
rate, we are leveraging existing blood samples from sub-
jects enrolled in the PFF Patient Registry and Biorepository.
The PFF Patient Registry and Biorepository prospectively
enrolls participants who have been diagnosed with IPF and
other interstitial lung diseases at more than 70 Care Center
Network sites across the United States. The purpose of the
PFF Registry and Biorepository is to increase opportunities
for clinical investigation in pulmonary fibrosis by collecting
clinical data and biological samples of consented patients
with pulmonary fibrosis [39]. Patient recruitment for PRE-
CISIONS will occur at approximately 25 sites selected from
PFF Care Center Network, based on broad geographic cov-
erage and participation in the Biorepository. It is hoped
that PRECISIONS can provide a paradigm for how future
studies can leverage the infrastructure of the PFF Care
Center Network and the PFF Patient Registry to execute
targeted trials in a broad and diverse population of patients
with pulmonary fibrosis.

Utility of home spirometry in future IPF trials

Endpoints in IPF clinical trials have traditionally used
FVC obtained at in-person study site visits. Home
spirometry has been shown to be feasible and practical in
tracking disease severity and progression in patients with
IPF [34, 40]. There has been significant interest in using
FVC measured by home spirometry as a clinical endpoint
in IPF trials. This approach may potentially allow for
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more frequent measurements, more precise assessments
of changes in FVC, and reduced sample sizes required for
clinical trials. However, the utility of home spirometry in
IPF clinical trials remains uncertain [41, 42]. The home
spirometry substudy of PRECISIONS provides an oppor-
tunity to investigate the most effective protocols and
appropriate analysis plans that may shape future clinical
trials to use home spirometry as a primary endpoint. By
making the substudy optional, we will also investigate the
characteristics of those patients who opt into the study,
and examine barriers to home spirometry in this patient
population. Data obtained from home spirometry will
provide valuable information on potentially incorporat-
ing this procedure in future clinical trials.

Future studies

The rationale and design of the PRECISIONS trial was
largely shaped by data from the IPFnet PANTHER trial
and other cohorts of IPF patients. The usage of stored
biospecimens from clinical trials is critical in expanding
our knowledge of IPF, identifying novel treatments, and
determining which subgroups of IPF patients may ben-
efit by investigative therapies. Therefore, biospecimens
will be collected and stored from participants in the PRE-
CISIONS trial for future research purposes. Blood will
be collected at each study visit and will include plasma,
serum, RNA, and cellular samples. Buccal and fecal sam-
ples will also be collected at each study visit. This exten-
sive and serial collection of biospecimens will facilitate
further research in IPF.

Support

PRECISIONS is primarily funded by the National Lung
Heart and Blood Institute (grant number UH3HL145266
and U24HL145265), National Institutes of Health. Addi-
tional funding sources include the Three Lakes Foun-
dation, which is a philanthropic organization with the
mission of advancing care for IPF patients by supporting
efforts to improve time to diagnosis and accelerate new
treatments (https://threelakesfoundation.org/). The Pul-
monary Fibrosis Foundation is an integral collaborator
for this clinical trial as PRECISIONS has the potential
to demonstrate the utility of partnering with prospective
cohorts to ensure clinical trial enrichment (https://pulmo
naryfibrosis.org/).

In summary, PRECISIONS takes a novel approach to
IPF clinical trials by targeting a subgroup of patients with
IPF and a specific genotype that may benefit from NAC
therapy based on prior pharmaco-genetic studies. In
addition, the collection of various biological specimens,
exploratory utility of home spirometry, and comprehen-
sive clinical event data will provide substantial resources
for future investigations of IPF and other types of ILD.
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