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ABSTRACT

Introduction: A common complication of
interstitial lung disease (ILD) is pulmonary
hypertension (PH), which is associated with
increased morbidity and mortality and wors-
ened quality of life. In ILD, evaluating for PH
is recommended prior to lung transplantation.
However, this is not standardized or routinely
performed in earlier stages of ILD, and guide-
lines lack an evidence-based approach for PH
screening in this population. Furthermore, right-
heart catheterization (RHC) access can be lim-
ited in many settings. The objective of PHINDER
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(Pulmonary Hypertension Screening in Patients
with Interstitial Lung Disease for Earlier Detec-
tion) is to prospectively develop screening strat-
egies for PH in patients with ILD.

Methods: PHINDER is a prospective, non-
interventional study that will enroll approxi-
mately 200 patients with ILD treated in a vari-
ety of settings in the United States (community
centers, academic institutions, etc.). Patients
must be diagnosed with ILD by high-resolution
computed tomography (HRCT) and must not
have a previously reported mean pulmonary
arterial pressure (mPAP)>20 mmHg. To enrich
the population for PH, patients must meet addi-
tional criteria on Pulmonary Function Tests,
HRCT, signs/symptoms, 6-min walk test, or
echocardiography. Patients will undergo a vari-
ety of routine ILD clinical assessments. Lastly,
patients receive a RHC to assess for PH, defined
as mPAP>20 mmHg with pulmonary arterial
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wedge pressure<15 mmHg and a pulmonary
vascular resistance>2 Wood Units. All treatment
decisions are at the discretion of the provider
and not influenced by study participation.
Planned Outcomes: Following study comple-
tion, statistical tools will be used to derive a prac-
tical model for a screening algorithm using the
variables identified in the study as most predic-
tive of PH in patients with ILD.

Conclusions: Using a previously developed list of
clinical assessments from PH and ILD experts, the
PHINDER study aims to be the first prospectively
enrolled study to evaluate prognostic screening
strategies that can be used to develop an algorithm
to predict the risk of PH in patients with ILD.
Trail Registration: NCT05776225.

Keywords: Algorithm; Interstitial lung
disease; Pulmonary hypertension; Pulmonary
hemodynamics; Right heart catheterization;
Risk score; Screening

Key Summary Points

There remains a need for a standardized,
evidence-based approach to diagnose PH
earlier in patients with ILD.

The objective of the Pulmonary Hypertension
Screening in Patients with Interstitial Lung
Disease for Earlier Detection (PHINDER)
study is to prospectively evaluate screening
strategies for pulmonary hypertension in
patients with ILD in an effort to promote
awareness and encourage screening for PH in
this patient population.

Results from this study will be used

to identify and weigh specific clinical
parameters based on their prognostic
significance for right heart catheterization
(RHC)-confirmed PH in patients with ILD.

Upon study completion, statistical and
epidemiological analyses will be conducted
to build a practical screening algorithm
using the most predictive variables identified
during the study.

INTRODUCTION

Interstitial lung disease complicated by
pulmonary hypertension (PH-ILD) has been
classified as group 3 pulmonary hypertension
(PH) by the World Symposium on Pulmonary
Hypertension [1, 2]. Interstitial lung disease
(ILD) encompasses a heterogeneous group of
parenchymal lung diseases that are characterized
by significant scarring or fibrosis within the
lung interstitium [3, 4]. One subtype of ILD,
idiopathic pulmonary fibrosis (IPF), has targeted
therapies approved for use, which include
pirfenidone and nintedanib. Nintedanib is also
approved for progressive fibrotic ILD [5, 6].
PH-ILD emerges as a common comorbidity of
ILD, with increased fibrotic tissue in the lungs
contributing to elevated pulmonary vascular
resistance and pulmonary arterial pressure. The
fibrotic changes hinder oxygenation and impede
free gas exchange between the pulmonary
capillaries and alveolar sacs, exacerbating the
pulmonary vascular remodeling and leading
to further deterioration of cardiopulmonary
function [3, 4]. Connective tissue disease (CTD)-
associated ILD is one of the leading causes of
morbidity and mortality of CTD, and one of
the principal pathological features of CTD are
chronic inflammation of blood vessels and
connect tissues which can lead to systematic
damage [5]. Notably, PH exacerbates the already
severe health outcomes of ILD. The incidence
of PH in ILD has been reported in up to 86% of
patients and is associated with reduced exercise
capacity, greater need for supplemental oxygen,
decreased quality of life, and earlier death
(Nathan, 2020) [6-8]. With the recent approval
of Tyvaso® (inhaled treprostinil) by the FDA in
2021, supported by the INCREASE trial results,
there is a renewed focus on early detection and
management strategies for PH-ILD [9].
Historically, physicians have employed sev-
eral clinical assessments to identify patients at
risk of PH (Table 1). However, no single clini-
cal variable in isolation is adequate to screen for
PH. Several tools and studies utilizing combina-
tions of patient characteristics and clinical tests
have contributed to the understanding of PH
screening and detection in patients with ILD.
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Zisman et al. proposed a method to predict PH
in advanced idiopathic pulmonary fibrosis and
validated this PH predictor in an external popu-
lation, laying the groundwork for subsequent
research [10, 11]. The DETECT study introduced
a risk calculator for PH for patients with systemic
sclerosis, providing valuable insights into early
detection [12]. More recently, Parikh et al. and
Nathan et al. developed early detection tools for
PH-ILD, which were both externally validated
[13-15]. Another contribution was a Delphi
study which serves as an expert consensus on
factors to consider when screening for PH in this
patient population [16]. While consensus was

reached on parameters such as diffusing capac-
ity of the lungs for carbon monoxide (DLCO)
percent predicted <40% as a trigger for suspicion
of PH, a specific 6-min walk distance (6MWD)
threshold or other exercise test did not reach
consensus. The Pulmonary Hypertension Screen-
ing in Patients with Interstitial Lung Disease
for Earlier Detection (PHINDER) study aims to
prospectively establish a more definitive set of
parameters that will allow us to predict PH in
patients with ILD. These prior studies are limited
by biases associated with Delphi surveys, incom-
plete patient assessments, and retrospective eval-
uations that are lacking in non-PH diagnoses, as

Table 1 Features suggestive of pulmonary hypertension in patients with interstitial lung disease

Clinical assessment

Symptoms

Physical exam

Findings suggestive of pulmonary hypertension (2, 13, 14, 22-25]

Symptoms (cough, dyspnea, fatigue, exercise intolerance,
dizziness, syncope, edema, and palpitations) not explained by

ILD severity

Jugular venous distension

Loud P2 or S2 heart sound

Parasternal heave

Hepatomegaly or ascites

Peripheral edema

Chest computed tomography

RV enlargement

PA enlargement or PA/aorta ratio > 1

Enlarged pulmonary arteries in the lung periphery

Echocardiography

Right atrial enlargement

Elevated RVSP
RV dilation or other RV abnormalities

Septal flattening
Decreased TAPSE

Pulmonary function testing

Low DLCO

Worsening FVC/DLCO ratio
FVC%/DLCO% > 1.6

6-min walking test

Low 6MWD

New or worsening desaturation during 6MWT

Blood biomarkers

Elevated BNP or NT-proBNP

6MWD six-minute walk distance, 6MWT six-minute walk test, BNP b-type natriuretic peptide, DLCO diffusing capacity of
the lungs for carbon monoxide, FV'C forced vital capacity, ILD interstitial lung disease, N7-proBNP N-terminal pro B-type

natriuretic peptide, P4 pulmonary artery, RV right ventricle, RVSP right ventricular systolic pressure, TAPSE tricuspid

annular plane systolic excursion

A\ Adis



Pulm Ther

in the case with the risk calculators mentioned.
Additionally, the published screening tools were
derived from patient populations using previ-
ous hemodynamic definitions of PH; in recent
years, the PH thresholds for the mean pulmo-
nary artery pressure and pulmonary vascular
resistance have been lowered [17].

Without evidence-based guidelines for
screening patients with ILD for PH, there is a
need for prospective evaluation of prognostic
screening strategies. Because no universally
accepted screening or detection tool currently
exists for this patient population, healthcare
providers have little guidance on when or
how to screen for PH in patients with ILD. In
fact, a recent survey of ILD specialists reflects
the variability in screening strategies and the
timing of screening for PH in patients with
ILD [18]. Therefore, the primary objective of
the PHINDER study is to prospectively evaluate
screening strategies for PH in patients with ILD,
aiming to identify specific clinical parameters
with diagnostic utility for prediction of right
heart catheterization-confirmed PH based
on the current hemodynamic definition
of PH. Additionally, exploratory objectives
will be performed to identify and weigh
specific parameters based on their prognostic
significance for PH in this patient population,
with the goal of developing an algorithm to help
detect PH in patients with ILD.

METHODS

Study Design

The PHINDER study is a multicenter, open-
label, non-randomized prospective study
enrolling approximately 200 patients
diagnosed with ILD across academic and
community healthcare settings in the US
(NCT05776225). Under a recent protocol
amendment, the sample has been increased
to 300-350 patients to ensure representation
of potential subgroups. Over two study
visits, eligible patients will undergo a series
of assessments identified as useful for PH
screening in ILD by the recent Delphi

consensus [16], followed by a right heart
catheterization (RHC), the “gold standard” to
assess for PH [17]. The study-collected high-
resolution computed tomography (HRCT),
echocardiography, and RHC tracings will be
centrally reviewed. In addition to the central
reviewer, acquisition guidelines for RHC,
echocardiography, HRCT, and 6MWD were
added to the protocol to ensure assessments
were as standardized as possible. Data to
be collected from HRCT include but are not
limited to enlarged pulmonary artery (PA),
PA:aorta ratio, and right ventricle (RV):left
ventricle (LV) ratio. Data to be collected from
the echocardiography include but are not
limited to right atrial area, RV fractional area
change, Tricuspid regurgitant velocity, strain,
and myocardial performance index. The ECHO
images themselves will also be collected to
allow for additional assessment in the future.
Lastly, data to be collected from RHC include
but are not limited to mean pulmonary arterial
pressure (mPAP), pulmonary arterial wedge
pressure (PAWP), pulmonary vascular resistance
(PVR), systolic pulmonary arterial pressure,
diastolic pulmonary arterial pressure, right
atrial pressure, cardiac output, cardiac index,
and stroke volume index. The study began
enrollment in August 2023 and is anticipated
to be completed in the first half of 2025. The
study protocol has been approved by the
institutional review board at each participating
site. This study was performed in accordance
with the Helsinki Declaration of 1964, and its
later amendments.

For this study, Advarra is the central IRB/main
center, but some sites utilize local IRB in addition
to or instead of Advarra (see supplementary
material for details) and the study was approved
by all institutions.

Sample Selection

The study will enroll approximately 200 patients
with clinically diagnosed ILD across various
healthcare settings (e.g., community, academic
institutions). The diagnosis of ILD was left to the
discretion of the Investigators. Physical exam
and Pulmonary function tests were collected as
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part of study enrolment. Computed tomography
was required for confirming a specific diagnosis
of ILD. No diagnostic laboratory work, tissue
diagnosis or confirmation by a multidisciplinary
discussion was mandated, emulating real-world
diagnostic patterns. To enrich the population for
PH (i.e., increase the likelihood of observing PH
as compared with the general ILD population
in order to facilitate the study), patients must
meet additional criteria based on the results of
previous investigations and a clinical assessment
(Category 1: Pulmonary Function Test (PFT) and
HRCT; Category 2: signs and symptoms; Cate-
gory 3: echocardiography) (Table 2). The patient
population included only those etiologies that
have been formerly studied for treatment inter-
vention with inhaled treprostinil, which does
include patients with idiopathic interstitial
pneumonia (including pulmonary fibrosis), con-
nective tissue disease-associated ILD with Forced
Vital Capacity (FVC)<70%, hypersensitivity
pneumonitis, scleroderma-related ILD, autoim-
mune ILD, nonspecific interstitial pneumonia,
occupational lung disease, and combined pul-
monary fibrosis and emphysema (CPFE) (Fig. 1).
Patients with CPFE have been enrolled based on
Investigator discretion, but an ongoing minor
protocol amendment will add further clarifica-
tion stating that CPFE patients are included if
they have mild emphysema on lung imaging as
determined by the Investigator. Patients with
sarcoidosis secondary to ILD are eligible for the
study; however, those with sarcoidosis as a pri-
mary diagnosis are excluded from the study.

Measurements and Data Collection

Primary and secondary endpoints align with
established guidelines for PH diagnosis. The
primary endpoint of this study is the percentage
of patients with PH as defined by the 2022
European Society of Cardiology/European
Respiratory Society (ESC/ERS) Guidelines for
PH; mPAP>20 mmHg, PAWP <15 mmHg, and
PVR>2 Wood Units (WU) (Humbert 2022).
The secondary endpoint is the percentage of
patients with severe PH, as defined by the 2022
ESC/ERS Guidelines for PH; mPAP>20 mmHg,

PAWP <15 mmHg, and PVR>5 WU [17]. The
exploratory endpoint of the study is to develop a
PH screening algorithm using clinical parameters
found to be closely associated with pulmonary
hypertension.

The study has two visits: the Screening Visit
and Study Visit 1, with assessments poten-
tially spanning up to 14 days. After providing
informed consent, patients meeting study eli-
gibility criteria will undergo a comprehensive
series of assessments outlined in Fig. 2. Blood
samples will be drawn for clinical labs, B-type
natriuretic peptide (BNP), and N-terminal pro-
B-type natriuretic peptide (NT-proBNP). Subse-
quently, all participants will undergo RHC to
assess for PH. Any PH treatment decisions are to
be made at the discretion of the patient’s health-
care provider and not influenced by study par-
ticipation. Statistical methodology will be used
to assess the agreement between clinical param-
eters and the presence of PH.

Assessments for PH screening in patients
with ILD were identified through a Delphi
consensus of pulmonologists [13]. In this
Delphi, experts in ILD and PH independently
rated a comprehensive list of assessments based
on clinical relevance and diagnostic accuracy,
resulting in a consensus on the most significant
parameters to be considered and which were
adapted for inclusion in the study protocol.
As this study is not blinded, interim analyses
may be performed to ensure a sufficient rate of
diagnosed PH for development of a model to
predict for PH.

Data Analysis

A sample size calculation was performed pez-
taining to the exploratory objective of the study
(i.e., development of a PH screening algorithm).
Assuming PH prevalence rate changes over time,
14% in earlier stages, 32-50% in advanced
stages, and more than 80% in end-stage disease,
a sample size of 200 patients allows for an esti-
mation of 90% sensitivity with a precision (i.e.,
margin of error) of£7.5%, where sensitivity
refers to the probability of the algorithm cor-
rectly identifying PH in a patient with ILD, as
verified by RHC [19]. Descriptive statistics will
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Table 2 PH enrichment criteria

Category 1: PFT and HRCT

Category 2: signs and symptoms

Category 3: echocardiography

DLCO <40%

DLCO decline > 15% on two most recent
assessments

DLCO decline > 10% and FVC decline < 5% on two
MOSt recent assessments

PA enlargement®

PA to Aortaratio> 1

RV to LV ratio> 1

Ventricular septal flattening

Enlarged peripheral PAs®

Symptoms disproportionate to ILD severity or
progression, in the opinion of the investigator

Desaturation during 6MW T disproportionate to
ILD severity, in the opinion of the investigator

Worsening desaturation

BNP > 200 pg/ml or NT-proBNP > 395 pg/ml

> 1 of the following on physical exam: syncope, JVD,
loud S2 heart sound, peripheral edema, ascites, or

hepatomegaly

TAPSE <2 cm
RSVP > 35 mmHg
Any dilation, enlargement, or other abnormality of the

RV

6MWT six-minute walk test, BNP B-type natriuretic peptide, DLCO diffusing capacity of the lungs for carbon monoxide, FV'C forced vital capacity, HRCT high-
resolution computed tomography, ILD interstitial lung disease, J/VD jugular vein distention, LV left ventricle, NT-proBNP N-terminal pro B-type natriuretic peptide,
PA pulmonary artery, PFT pulmonary function test, RV right ventricle, RVSP right ventricular systolic pressure, ZAPSE tricuspid annular plane systolic excursion

*Determination of PA enlargement is based on a composite evaluation of central pulmonary arteries integrating trunk diameter > 30-32 mm, PA/Aorta ratio > 1, and
subjective enlargement of the main and interlobular arteries

PPeripheral PA enlargement is based on non-tapering vessels, vessels extending to pleural surface, and acute peripheral arterial dilation after visually excluding any

areas with fibrosis
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0 IDIOPATHIC INTERSTITIAL PNEUMONIA

= |diopathic pulmonary fibrosis
= |diopathic nonspecific interstitial pneumonia

= Respiratory bronchiolitis-associated interstitial
lung disease

= Desquamative interstitial pneumonia
= Cryptogenic organizing pneumonia

= Acute interstitial pneumonia

= Lymphoid interstitial pneumonia

= Pleuroparenchymal fibroelastosis

= |nterstitial pneumonia with autoimmune
features

= Unclassifiable interstitial pneumonia

<

y

e CONNECTIVE TISSUE DISEASE
ASSOCIATED ILD (AUTOIMMUNE ILD)

= Scleroderma or systemic sclerosis

= Rheumatoid arthritis

= Sjogren’s syndrome

= Systemic lupus erythematosus

= Polymyositis

= Dermatomyositis

= Mixed connective tissue disease
Undifferentiated connective tissue disease

HYPERSENSITIVITY PNEUMONITIS

NONSPECIFIC INTERSTITIAL
PNEUMONIA

OCCUPATIONAL LUNG DISEASE

= Asbestosis
= Silicosis

= Coal miner
= Berylliosis
= Other

COMBINED PULMONARY FIBROSIS AND

EMPHYSEMA

Fig. 1 Interstitial lung disease subtypes. The figure illus-
trates the specific ILD subtypes eligible for participation.
ILD interstitial lung disease

be used to evaluate baseline demographics. For
the interim analyses, correlations with PH-ILD

will be assessed using point-biserial correla-
tion (r>0.7, strong correlation) and Cramer’s V
(V20.3, strong correlation) for continuous and
categorical variables, respectively. For the final
analysis upon completion of the study, correla-
tions to PH-ILD will be assessed using univari-
ate logistic regression analyses. Risk prediction
models will be developed based on regression
and decision tree models, with physician and
investigator input on candidate variables. The
sensitivity and specificity of these models will be
analyzed using receiver operating characteristic
curves to select a final risk calculator deemed
most useful to clinicians.

DISCUSSION

Despite the severe outcomes associated with
PH-ILD, formal evidence-based guidance on
screening and early detection of PH in patients
with ILD is lacking, and PH-ILD often remains
undiagnosed. The PHINDER study aims to fill
this gap by identifying and weighing specific
clinical parameters for RHC-confirmed PH based
on prospectively collected data.

While all patients with ILD should be closely
monitored for PH, overlapping symptoms of
PH with the underlying ILD and other comoz-
bidities makes it impossible to rely solely on the
patients’ symptoms. At the same time, it is not
cost-effective or unjustifiably invasive for all
patients with ILD to undergo a RHC as part of a
diagnostic process for PH. Findings from PHIN-
DER could prospectively identify the key symp-
tomatic, clinical, and imaging parameters that
have diagnostic utility for the identification of
PH. This multimodal approach could revolution-
ize screening strategies for PH-ILD, leading to
earlier diagnosis and treatment, a more efficient
use of diagnostic procedures, and consequently
improving outcomes for patients with ILD.

STRENGTHS AND LIMITATIONS

In contrast to previous research related to the
diagnosis of PH in patients with ILD, PHINDER
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@ ncLusiON CRITERIA

= >18 years of age = Diagnosis of

ILD

@ EexcLUSION CRITERIA

= History of mMPAP =20 mmHg on RHC

= Currently on an FDA-approved PAH
medication

= |solated COPD or uncontrolled sleep apnea
(per investigator discretion)

= Pulmonary embolism within the last 3 months

= |HD or LHD (LVEF <40% or PCWP >15
mmHg)

<

|

@ EenRICHMENT CRITERIA

= Patients must meet = 1 criterion from > 2
different categories based on assessments
performed within 180 days prior to Screening.

<

|

@ PATIENT ENROLLMENT

= Patients will be enrolled following confirmation
of eligibility by an assigned clinical monitor

P
<

@ stupy AssessmenTs

= Physical exam
= PFT, or historical if <3 mo. from Screening

= HRCT, or historical if <6 months from
Screening

= 6MWT with pulse oximetry

= Clinical labs including BNP and NT-proBNP
= UCSD Shortness of Breath Questionnaire

= KBILD Questionnaire

= SF-36 Survey

= PH Functional Classification Self-Report

= Echocardiography (if not done at Screening)
= |nvestigator suspicion of PH Questionnaire
= RHC

Fig.2 Study design. The figure shows the key inclusion
and exclusion criteria for the study participants, as well
as the overall schema of the PHINDER study after meet-
ing PH enrichment criteria. PH pulmonary hyperten-
sion, PHINDER Pulmonary Hypertension Screening in
Patients with Interstitial Lung Disease for Earlier Detec-
tion

is novel in its prospective design, potentially
offering robust diagnostic predictions utilizing
both RHC assessments from patients with and
without PH. To date, consensus statements made
by the Pulmonary Hypertension Association/
Pulmonary Fibrosis Foundation and Pulmonary
Vascular Research Institute rely on expert
consensus and synthesis of existing evidence to
provide recommendations for clinical practice
[20, 21]. The FORD score and Parikh et al.’s
early detection tool are based on statistical
models developed from retrospective data
[13-15]. Zisman et al.’s cross-sectional study
proposed a method to predict PH, validated
this PH predictor in an external population,
and laid the groundwork for subsequent
research; however, this study only included
patients with idiopathic pulmonary fibrosis
[10]. The PHINDER study will build upon the
previous research by providing prospective
evidence to guide screening strategies within
this patient population. Findings of this study
will be evaluated in individual subgroups,
including (CPFE), to determine the usability of
this detection tool in this patient population.
Varying degrees of fibrosis and emphysema
across severity of disease will also be evaluated.

While the prospective nature of this study
is a strength, limitations still exist. Due to
the additional eligibility criteria employed to
enrich the study population for PH, there is a
risk of detection bias. If there is disproportionate
enrollment of patients with suspected PH, this
could overestimate the prevalence of PH within
the ILD population and improperly weigh
different patient parameters for the diagnosis
of PH. This bias could affect the generalizability
of study findings and limit the applicability
to patients with ILD with more severe disease;
however, this will be addressed by validating
in a general ILD population. To mitigate this
bias, interim analyses are allowed by the study
protocol to evaluate the incidence of PH and
assess the suitability of the study’s eligibility
criteria. Additionally, imperfect screening and
early detection measures might be present as
the components were chosen from a Delphi
consensus study [16]. For purposes of the study,
HRCTs could either be collected historically
if available within 180 days of screening
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or performed at Study Visit 1, leading to a
limitation where not all scans were obtained
at baseline. Despite this, their predictive value
will be assessed by categorizing them based on
time intervals relative to baseline. Based on prior
screening tools, many parameters have been
determined to be associated with PH, but for
purposes of this study and to reduce operational
burden, we have focused on those identified in
the Delphi. Next, while it is exciting for a PH
detection tool to be developed, such a tool will
need to be validated in an external population
to confirm its sensitivity and specificity.
Lastly, questions remain regarding what
clinical parameters may predict hemodynamic
worsening over time so longitudinal follow-up
(e.g., in a patient registry) is of great interest to
the PH-ILD community.

CONCLUSIONS

In conclusion, the PHINDER study will
prospectively evaluate screening strategies for
PH-ILD, addressing a critical gap in the clinical
assessment of patients with ILD. The study’s
goal is to allow for earlier and more consistent
detection of the disease in order to improve
outcomes in patients with this serious condition.
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