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Abstract

Pulmonary hypertension (PH) associated with interstitial lung disease (ILD) is an

attractive target for clinical trials of PH medications. There are many factors that

need to be considered to prime such studies for success. The patient phenotype

most likely to respond to the intervention requires weighing the extent of the

parenchymal lung disease against the severity of the hemodynamic impairment.

The inclusion criteria should not be too restrictive, thus enabling recruitment. The

trial should be of sufficient duration to meet the chosen endpoint which should

reflect how the patient feels, functions, or survives. This paper summarizes prior

studies in PH‐ILD and provides a framework of the type of studies to be considered.

Inclusion criteria, clinical trial endpoints, and pharmacovigilance in the context of

PH‐ILD trials are also addressed. Through lessons learnt from prior studies,

suggestions and guidance for future clinical trials in PH‐ILD are also provided.
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INTRODUCTION

Pulmonary hypertension (PH) complicates the course of
many patients suffering from interstitial lung disease (ILD).
The initial article of this series from PVRI's Group 3
Pulmonary Hypertension Workstream examined the scope
of this issue and its impact on patients as the first step to
facilitate and encourage future research in this area.1 The
advent of therapeutics for Group 1 pulmonary arterial
hypertension (PAH) has raised interest in studying and
using these drugs in Group 3 pulmonary hypertension
(PH), especially the ILDs. This paper is designed to provide
an overview of prior clinical trials, including lessons from
these studies that can help provide a roadmap for future
clinical drug studies targeting the pulmonary vasculature or
pulmonary hypertension in patients with ILD (PH‐ILD).

PRIOR CLINICAL TRIALS IN
PH ‐ILD AND ILD WITH A
VASCULAR PHENOTYPE

There have only been a few randomized, controlled
studies for PH due to ILD. The first of these was the
ACTIVE study, which evaluated the use of inhaled
iloprost in 51 patients with idiopathic pulmonary fibrosis
(IPF). Unfortunately, the drug was not found to be
effective based on the primary endpoint of 6‐minute walk
distance (6MWD) at 12 weeks and the study was only
published in abstract form.2

The STEP‐IPF study was undertaken by the NIH IPF
Network and evaluated the use of sildenafil in patients with
advanced IPF. This study did not require a right heart
catheterization (RHC) to confirm the presence of PH but
was enriched for PH though its main inclusionary criterion
of a single breath diffusing capacity for carbon monoxide
(DLco) of <35% predicted.3 This was a negative study based
on the primary endpoint of a 20% increase in 6MWD at 12
weeks. However, there were a number of secondary
endpoints that were met including quality of life measures,
change in DLco, and oxygenation that suggested benefit.
Interestingly, a subsequent subgroup analysis of those
participants with echocardiographic evidence of right
ventricular (RV) dysfunction showed a significant differ-
ence in placebo‐corrected change in the 6MWD of 99m,
suggesting perhaps that RV dysfunction could be an
enrichment strategy for future clinical trials.4

The BPHIT study (Bosentan in pulmonary hyper-
tension associated with fibrotic idiopathic interstitial
pneumonia [IIP]) evaluated the endothelin antagonist,
bosentan, in a group of 60 patients with RHC documen-
ted PH in the context of fibrotic lung disease.5 The
primary endpoint was change in the pulmonary vascular

resistance (PVR) over 16 weeks with multiple secondary
endpoints. This was a decidedly negative study based on
the primary endpoint, as well as all the secondary
endpoints.

The RISE‐IIP study evaluated riociguat in patients with
idiopathic interstitial pneumonia (IIP) and associated PH.6

RISE‐IIP was terminated prematurely, owing to the higher
number of deaths and serious adverse events in the active
treatment arm. There was no discernible reason for the
deleterious outcome, but based on the unfavorable risk/
benefit profile, the use of riociguat in patients with PH‐IIP
is now contraindicated. A post hoc analysis of those
patients with available computed tomographic (CT) scans
of the chest suggested that it was the combined pulmonary
fibrosis and emphysema (CPFE) patients who were driving
the poor outcomes.7 However, it cannot be ruled out that it
was the emphysematous component that drove the poor
outcomes, since there were some cases that had predomi-
nant emphysema.

The use of ambulatory inhaled nitric oxide has also
been studied in patients with ILD on supplemental
oxygen.8 There have been two independent cohorts studied
thus far, both suggesting benefit as evaluated through the
novel primary endpoint of actigraphy.8,9 This population
was enriched for underlying pulmonary hypertension
through the need for supplemental oxygen. Since RHC
was not required, there is no further insight as to how
many of these patients may have had PH. Cohort 3 which is
the pivotal Phase 3 study of ambulatory inhaled nitric oxide
is currently underway and enrolling (NCT 03267108).10

The three approved endothelin receptor antagonists
have all been studied in IPF for their antifibrotic
properties, with inclusion criteria agnostic to the
presence of PH. All three randomized controlled trials
(RCT) of bosentan (BUILD study), macitentan (MUSIC
study), and ambrisentan (ARTEMIS‐IPF) were nega-
tive11–13 In fact, there was the suggestion of harm in the
ARTEMIS‐IPF study, which resulted in the study being
terminated early at the suggestion of the data safety
monitoring board (DSMB). Ambrisentan is therefore now
contraindicated in PH due to IPF. In parallel with
ARTEMIS‐IPF, there was a “sister” study (ARTEMIS‐
PH), which enrolled only patients with IPF who had
RHC confirmed PH. This study was very slow to recruit,
and the program was halted at the time that the
ARTEMIS‐IPF study was terminated. The results from
the small number of patients randomized to this trial
were never reported. This study's slow recruitment was
probably predicated by the serial high hurdles of an
accurate IPF diagnosis accompanied by complicating PH.
A lesson from the difficulty enrolling this study was to
cast a wider net for ILDs, beyond just IPF, for studies
targeting associated PH.
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Sildenafil has been studied in conjunction with both
nintedanib and pirfenidone in patients with advanced IPF
as defined by a DLco of ≤35%. The INSTAGE study of
nintedanib plus sildenafil was a 24‐week study with the
primary endpoint being change in the St. George's
respiratory questionnaire (SGRQ) at 12 weeks.14 There
were 274 patients randomized in a one‐to‐one fashion
between nintedanib plus placebo versus nintedanib plus
sildenafil. The study was negative based on the primary
endpoint of change in the SGRQ at 12 weeks. In a longer‐
term study, pirfenidone plus sildenafil was compared to
pirfenidone alone.15 The primary endpoint was a composite
of disease progression defined as either a relevant decline in
the 6‐minute walk distance, respiratory‐related hospital
admission, or all‐cause mortality at 52 weeks. There were
177 patients randomized in a one‐to‐one fashion to the two
arms, but unfortunately this was also a negative study with
no difference in the proportion of patients who had disease
progression over the 52 weeks. However, there were no
differences in reported serious adverse events or death
between both treatment groups. The lack of mandated
RHC‐confirmed PH could have played a role in the
negative results of some of these clinical trials, especially
in the aforementioned studies of sildenafil, although there
have been a number of negative studies where RHC was
mandatory to confirm the diagnosis of PH.1,16

The largest randomized controlled study targeting
PH‐ILD, the INCREASE study, included 346 patients
equally randomized between inhaled treprostinil and
placebo.17 The study met its primary endpoint of change
in the 6‐minute walk distance at 16 weeks. In addition,
multiple secondary endpoints were met, including time
to clinical worsening, change in the NT‐proBNP, trough
6‐minute walk test at 15 weeks, and the 6‐minute walk
test at 12 weeks. Safety endpoints included the incidence
of acute exacerbations, which surprisingly were less in
the inhaled treprostinil arm. In addition, spirometry was
monitored throughout the study as a safety endpoint;
interestingly, there was a suggestion that the group who
received inhaled treprostinil had improvements in lung
function at 16 weeks compared to the placebo arm. This
difference was most evident in the IPF subpopulation.18

More details will be provided in the upcoming treatment
and management article.

ROADMAP FOR FUTURE
CLINICAL TRIALS

The few successes and many failures in PH‐ILD and ILD
clinical trials have afforded a number of lessons but have
raised more questions requiring thoughtful deliberation
to prime future trials for success.

ILD phenotype

What defines the best patient phenotype to study with
pulmonary vasoactive agents? The first issue to address
in this regard is which underlying ILDs to include in PH‐
ILD studies? Studies of PH complicating specific diseases,
such as IPF, are notoriously difficult to recruit as noted
with the Artemis‐PH study. It makes sense therefore to
cast a wider net for various ILDs as had been successfully
employed previously (RISE‐IIP, INCREASE, BPHIT).
This approach is supported by the observation that once
patients with different ILDs develop PH, their prognosis
appears to be equally dismal. In fact, there is greater
similarity in the course and prognosis among diverse
ILDs with PH than there are among disparate Group 1
PAH diagnoses, whose prognoses differ vastly (e.g.,
congenital heart disease‐PH vs. connective tissue
disease‐PH). Such studies can include all IIPs, with or
without chronic hypersensitivity pneumonitis (chronic
HP) occupational lung disease patients and select
patients with ILD due to connective tissue diseases
(CTD‐ILD). For example, in the INCREASE trial of
inhaled treprostinil, patients with CTD‐ILD were only
eligible for enrollment if their forced vital capacities were
<70% of predicted.17 Sarcoidosis is sufficiently unique
that it should ideally be studied separately, although if
the cause is clearly parenchymal lung disease, a case can
be made for including patients with sarcoid‐associated
PH (SAPH). Lymphangioleiomyomatosis and pulmonary
Langerhans cell histiocytosis should also probably be
studied separately, although these would need to be
small studies given their very low prevalence rates. An
important lesson from the RISE‐IIP study is that
consideration needs to be given to the lung morphology,
since the deleterious signal in the study appeared to
emanate from the CPFE patients. Specifically, the extent
of the underlying parenchymal disease was underesti-
mated by standard pulmonary function testing, due to
the counter‐balancing mechanical effects of combined
obstructive and restrictive physiology. It might not be
necessary to have all HRCTs of the chest centrally
adjudicated for an exact characterization or diagnosis;
however, it does appear prudent to collect these to
validate the presence of ILD, while excluding other
disease processes such as excessive emphysema. Another
lesson from the RISE‐IIP study was that there were
patients included with emphysema that exceeded the
extent of the fibrosis, a prespecified exclusionary criteria.
This argues for central adjudication in such cases.7 There
is no definition of what constitutes excessive emphyse-
ma, but in the context of CPFE, we would posit that this
is when the extent of the emphysema exceeds that of the
fibrosis. Future studies might also look at objective
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digital imaging scoring systems for the quantification and
distribution of the ILD and any associated emphysema.
When considering the appropriate patient phenotype, it
is important to rule out other contributory causes to the
patients PH, including obstructive sleep apnea,
uncorrected hypoxemia, and left‐sided heart failure. In
clinical trials without RHC, there needs to be reliance on
echocardiographic findings to best rule out significant
heart failure, for example, evidence of Grade 3 or 4
diastolic dysfunction, left ventricular basal diameter
dilation or hypertrophy, presence of valvular disease or
an enlarged left atrium.

Definition and severity of underlying
pulmonary hypertension

Should all patients with PH by the prevailing definition
be included in any given clinical trial?16,19,20 Should
clinical trialists look to enrich by only including the
most severe patients? The downside of a high hemo-
dynamic bar is that this will impact recruitment and
limit the generalizability beyond a highly select group
of patients. On the other hand, there are data
demonstrating that even slight increases in mPAP
together with a PVR ≥ 3 are associated with worse
outcomes, supporting broader enrollment criteria.21

Therefore, trial designs need to have balance between
potential enrichment and recruitment. An in‐depth
discussion of phenotypes, including the degree of
hemodynamic impairment in relation to the extent of
the parenchymal lung disease, will be covered in detail
in a separate manuscript from our Working Group.

Is a baseline RHC mandatory?

There is precedent through the STEP‐IPF and INSTAGE
studies using the inclusionary enrichment strategy of a
DLco ≤ 35%.3,14 It has been demonstrated that just over
half the IPF patients (56%) with a DLco < 30% of
predicted have PH by the old definition.22 If studies
using surrogates to enrich for PH are implemented, then
they cannot be categorized as pulmonary hypertension
studies, but rather as studies targeting the pulmonary
vasculature. For these types of studies, is there a
better enrichment strategy than a DLco threshold
alone? Various combinations of the DLco, NT‐proBNP,
and echocardiographic findings may be considered
as noninvasive screening tools and/or inclusion criteria.
Enrichment strategies are certainly an area for future
research.

Duration of the treatment trial

The optimal duration of a PH‐ILD therapeutic trial
depends on the balance between several factors. If the
medication being studied is a titratable agent, then
sufficient time needs to be allowed for the patient to be
escalated to the target dose, while minimizing the risks of
dropouts due to intolerable side‐effects. The chosen
primary endpoint is important from the standpoint that
patients need sufficient time on the target dose to
demonstrate a difference; this difference could be
constituted by either an improvement in the treatment
arm or deterioration in the placebo arm. If more robust
endpoints such as hospitalization or mortality are the
chosen primary endpoint, then patients with more severe
disease followed for a longer period may be required. If
functional or surrogate endpoints such as change in the
6‐minute walk distance are chosen, then shorter‐term
studies with patients who have less severe disease might
suffice. However, for such functional endpoint studies, it
should be borne in mind that deconditioning may affect
the study result, and longer follow‐up might be needed to
allow patients to “recondition” while receiving the new
medication. The proposed mechanism of action of the
investigational agent also needs to be considered;
specifically, when will the effect be seen and through
what endpoint measure? While longer‐term studies are
more ideal, consideration needs to be given to patient
recruitment into longer term studies, as well as patient
retention during longer periods of follow‐up. Limiting
patient dropouts minimizes the effects of having to
impute results for these patients and lessens the
controversy as to the best imputation methodology. For
the three most robust RCTs in PH‐ILD, the dropout rate
for reasons other than death has ranged from 12%
(BPHIT trial, 16 weeks, n= 60) to 16% (RISE‐IIP, 26
weeks, n= 147) and 21% (INCREASE study, 16 weeks,
n= 326).5,6,17 The issue of dropouts is perhaps most
germane in patients with severe disease and therefore
attention needs to be given to parameters that will
preclude significant subject dropouts. For example,
consideration should be given to provisions for open
label drug or other rescue therapies in the context of
disease progression. While there are no set definitions of
short, intermediate, or long‐term studies, we suggest the
following duration of studies in the context of PH‐ILD.
The phase of study, purported mechanism of action, and
the study endpoints are some of the factors that play a
role in determining the optimal study duration.

• Short‐term studies (4–12 weeks). This appears to be a
reasonable timeframe for Phase 2 studies.
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• Intermediate‐term studies (12–26 weeks). This appears
to be a reasonable timeframe for either Phase 2 or
Phase 3 studies with functional endpoints.

• Long‐term studies >26 weeks. This appears to be a
reasonable minimal period required to demonstrate a
difference in more robust endpoints, such as
time to clinical worsening/exacerbation, mortality, or
hospitalization.

Types of trials

(a) Event‐driven trials do not have a fixed duration but
rather rely on the number of accrued events to
demonstrate a difference in the treatment arms. The
rate of study recruitment also factors into the total
time to complete the trial; the more robust the initial
recruitment, the greater the number of patients with
accrued time to experience an event. Enrichment
strategies, both in patient and endpoint selection, are
also very important. If hospitalization and death are
components of the composite, then patients with
more severe diseases are more likely to meet one of
these. For endpoint selection, casting a wider net
through composite endpoints also enables more
patients to reach the endpoint as well as capturing
multiple domains of disease progression.

(b) Hybrid trials. This term has been used to describe a
mix of site‐based patient visits as well as remote
visits conducted via telemedicine.23 The latter provi-
sion is an increasingly attractive option with the
COVID‐19 pandemic, given the unpredictable nature
of surges or other unanticipated events (e.g., wars) in
different geographic areas that may preclude study
participants from returning for scheduled research
visits. This is especially important for end of study
visits to capture the primary endpoint parameter, for
example, the 6‐minute walk test. Having a backup
primary endpoint such as home‐based actigraphy is a
reasonable contingency strategy in the event a
predetermined threshold of subjects with evaluable
end of study primary endpoint data is not met. The
ability to participate in clinical trials through remote
visits might also increase access to research trials for
patients living in rural areas. For such an approach
to be successful, a priori regulatory approval and
buy‐in is essential. This safeguard might be compli-
cated in multinational studies, where the same
logistical support for home‐based monitoring might
not exist on a country‐by‐country basis.

(c) Seamless trials. These are a type of hybrid trial that
can be used to describe a study designed to
incorporate both a fixed short to intermediate

primary endpoint (such as change in the 6MWD)
together with a longer‐term supportive endpoint.
This can be achieved by allowing all patients to
continue beyond the primary endpoint in their
blinded arms until the last patient crosses the
primary endpoint time threshold. This would enable
a longer‐term time to clinical worsening composite
as a key secondary endpoint to support the primary
analysis.

(d) Adaptive trial designs. The term “adaptive design”
refers to a clinical trial in which data collected
during the course of the trial are used to change
aspects of the trial design while not compromising
the validity and integrity of the trial.24 There are
many elements to clinical trial design that could be
regarded as adaptive. For example, an event driven
study is “adapted” to how quickly the events occur.
Another version of an adaptive trial, which espe-
cially pertains to PH‐ILD, is to have all patients on
the study drug for a short period of time to ensure
tolerability and no deleterious effects. Patients would
then enter and complete a washout period of the
drug for a few weeks (dependent on the half‐life of
the agent), before randomization into the respective
arms of the study. This strategy serves to limit
dropouts during the randomized controlled phase.
The run‐in period could also be regarded as an
enrichment strategy, in that patient who experience
any untoward effects from the drug would be
screened out before randomization. Another form
of clinical trial adaptation is to seamlessly transition
from a Phase 2a (safety tolerability) into a Phase 2b
efficacy study, and from 2b into Phase 3 studies.
These types of strategies appear especially attractive
for rare disorders, where recruitment is difficult and
maximizing each subject's study participation can
improve the trials efficiency. In addition, such an
approach may save development time and be more
resource effective. In these situations, the study
protocol should detail how sufficient evidence might
be expected from the trial, with regulatory feedback
on the study design.24 Changes in the study drug
dosing can also be adapted based on interim analyses
of either efficacy and/or safety.

(e) Master Protocols. This concept has been proposed by
the FDA to orchestrate efficient clinical trial strate-
gies in the development of novel therapeutic agents
and biologics for cancer.25 These protocols, which
are adaptive in nature, are designed to facilitate late‐
stage oncologic drug development with one protocol
that tests multiple drugs and or multiple cancer
subpopulations. Whether a similar type of approach
can or should be undertaken in diseases such as PH‐
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ILD, with a prognosis similar to or worse than many
cancers, remains to be explored.

(f) Basket trial designs. This describes the use of an
agent in multiple disease subpopulations. This might
be an attractive option for PH‐ILD clinical trials in
that different phenotypes could be studied together
with adaptation based on interim analyses.

(g) Umbrella trial design. This is a master protocol
designed to evaluate a number of investigational
drugs alone or in combination versus placebo in a
single disease population.

(h) Platform trials are also an extension of adaptive
trials.26 This type of trial design enables the
evaluation of multiple agents and are similar to
umbrella trials but allow for adaptation using
interim evaluations and addition of new potential
therapeutics during the course of the trial. These
studies are regarded as more “disease‐focused” (what
works best?) rather than “intervention” focused
(does this therapy work?). These types of studies
might not be feasible for PH‐ILD given the different
stakeholders with drugs at various stages of develop-
ment for this indication. These might also only be
feasible if undertaken by a large funding or
governmental agency.

(i) Crossover studies. These make sense from the
standpoint that each patient receives active therapy
and placebo in a blinded, sequential fashion and
thereby serve as their own controls. This is especially
attractive for rare disorders since subjects can
contribute to both arms of the study. The optimal
time for study drug washout is uncertain and should
not only be dependent on the half‐life of the drug,
but also on how long it takes for the benefit to
dissipate. The optimal duration of each phase of the
study is also uncertain but would likely be best
suited to more short‐term intervals (4–12 weeks).
While “hard” endpoints such as mortality and
hospitalization would need to be accounted for,
cross‐over studies are more suited for “softer”
reversible endpoints as the primary outcome mea-
sure; these could include quality of life measures, or
functional measures such as actigraphy or the
6MWD. For those patients who receive active drug
during the first phase, it might be difficult to account
for any “reconditioning” that might persist beyond
the half‐life of the drug, and thereby impact the
subsequent placebo phase of the study. One area of
additional concern in such a study design is with-
drawal of the proposed PH therapeutic and the risk
of rebound pulmonary hypertension. This does raise
the notion of whether there is a threshold of PH
severity that should preclude enrollment in this type

of clinical trial design. Open label therapy for all
patients in the context of a crossover study might
provide further validation and safety information
while optimizing each patient's participation in the
clinical trial.

Study drug attribution

How long after the study drug is withheld do the
outcomes or adverse events still get attributed to the
agent being studied? Not only is this important in the
interpretation of crossover studies, but it is perhaps more
germane to randomized controlled trials where study
drug is withdrawn from both arms at the end of the
study, or the placebo arm gets rolled over to open label
drug. Two examples of this in the PH‐ILD literature are
illustrative; first, the STEP IPF study of sildenafil where
the strict intent to treat analysis resulted in a numeric
difference in the number of deaths in the placebo arm
(N= 11) versus the treatment arm (N= 4).3 However,
seven of the deaths in the placebo arm occurred after 12
weeks during the open label period when the patients
were receiving sildenafil. If mortality was attributed to
being on active drug versus placebo, then these numbers
would have “flipped” and there would have been 4
deaths on placebo (over 12 weeks) versus 11 deaths on
sildenafil (over 24 weeks on sildenafil for the active arm
and 12 weeks on sildenafil for the former placebo arm).
The opposite approach was adopted for the RISE‐IIP
study where the 8 deaths in the former placebo arm (out
of 38 patients) who were rolled over to open label drug
were attributed to riociguat rather than placebo. This
mortality during the open‐label phase, together with the
mortality in the blinded phase (8/73 in the active
treatment arm) weighed heavily in the decision of the
data safety monitoring board in recommending early
termination of the study. Whatever approach is adopted,
it is important to have input from all stakeholders
including the regulatory authorities, and the prespecified
approach should be clearly outlined in the protocol.

Pandemic and other unanticipated global
events

The impact of the COVID‐19 pandemic on patient care
has been profound, as it has been on clinical trial
implementation and maintaining the integrity of exist-
ing studies. While it is hoped that the impact of the
virus on future clinical trials will diminish, this remains
largely unpredictable, especially in the context of
multinational studies. Lessons from the COVID‐19
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pandemic extend to other unanticipated global events,
such as wars and cyberattacks. Therefore, it is strongly
recommended that appropriate contingencies be built
into all future trial designs. Considerations in this
regard include flexibility around data collection, incor-
porating innovative endpoints, harnessing digital tech-
nology, and embracing off‐site data collection as well as
remote monitoring.27

ILD ‐PH CLINICAL TRIAL
ENDPOINTS

A robust clinical endpoint should measure a relevant
improvement or deterioration of the clinical condition.
For Phase 2 and short to intermediate‐term Phase 3
studies, less robust surrogate outcomes or composites
thereof may be employed. There are many potential
endpoints from which to choose in the context of PH‐ILD
clinical trials, some of which might be more suited to
Phase 2 and others to Phase 3 studies. Figure 1 depicts
the various endpoints that may have a role in PH‐ILD
clinical trials.

(a) Hemodynamic endpoints. Change in the PVR is the
most commonly evaluated hemodynamic endpoint
for PAH clinical trials. This has mostly been
employed in the context of Phase 1 and Phase 2a
studies. However, change in PVR might not be
necessary for PH‐ILD clinical trials, since most
agents being studied in this disease entity have
previously been studied for Group 1 PAH, where
hemodynamic target engagement has already been
demonstrated. Hemodynamic endpoints are best
suited to Phase 1 and 2 clinical trials only.28

(b) Functional endpoints and exercise capacity. The
most commonly employed in this regard has been
the 6‐minute walk test, which has resulted in many
of the PAH agents being approved, as well as the
one agent approved for PH‐ILD in the USA.
Notably, the FDA would be comfortable with other
functional endpoints, but clinical trialists have
continued to employ this functional measure since
the first oral drug approval for PAH.29 Although it
remains a somewhat controversial primary end-
point for PAH clinical trials, it is still deeply
embedded as a component of time to clinical
worsening which is the preferred endpoint in the
modern era of PAH clinical trials. The pros and
cons of the 6‐minute walk are beyond the scope of
this current manuscript. However, in the context of
PH‐ ILD clinical trials, there are parameters that are
easily obtained during the 6MWD test, aside from
just the distance, that might be worth further
consideration with regard to supporting the primary
endpoint. Specifically, the amount of supplemental
oxygen used, oxygen desaturation, heart rate recov-
ery and the Borg dyspnea score all provide more
insight into the patient's condition, as well as
change in the patient's condition. If the 6‐minute
walk distance is a standalone endpoint, then it
should be analyzed as a continuous variable.
However, within the context of a composite end-
point that defines clinical worsening or improve-
ment, a categorical change is acceptable. The best
threshold to define a significant change is open to
debate. Should this be a set distance that approx-
imates the minimally important difference or a
percentage of the patient's baseline; for example, a
15% increase or decrease. The minimally important

FIGURE 1 Endpoints that may have a
role in PH‐ILD clinical trials. The closer to
the center, the greater the correlation with
mortality. Those crossing into both the Phase
2 and Phase 3 circles might be suitable for
both types of study phases. 6MWD, 6‐minute
walking distance; FC, functional class;
HrQOL, health‐related quality of life; SpO2,
oxygen saturation as measured by pulse
oximetry; QoL, quality of life.
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difference in IPF has previously been estimated to
be in the range of 22–45 m, while in PAH it has a
similar estimated range of 25–39 m.30–32 The draw-
backs to using categorical changes are that these are
statistically inefficient, and it can be difficult to
ensure that patients who satisfy these changes are
consistent responders versus day‐to‐day variability.
If categorical changes are used, then other parame-
ters within the 6‐minute walk may also be used to
validate smaller changes as being clinically mean-
ingful. Indeed, both desaturation and a low pulse
rate recovery have been noted previously to be
associated with worse outcomes.33,34 Therefore, as
an example, a smaller decrement in the walk
distance might be significant if accompanied by
worse desaturation, greater oxygen requirements, a
lower pulse rate recovery or an increase in the Borg
dyspnea score.35–38

(c) Accelerometry/actigraphy. Patients with PH‐ILD may
have severe limitations on physical activity which
impacts their quality of lives to varying extents. They
may struggle to perform basic activities of daily
living (ADLs), such as walking, climbing stairs, or
showering. The ability to monitor changes in the
level of physical activity accurately, specifically
moderate physical activity, which correlates to
household tasks and ADLs, has the potential to
inform directly on the patient's overall health, well‐
being, and quality of life. With currently available
accelerometry technology, these changes can be
assessed as direct quantitative measures in activity
counts or energy expenditure, as well as categorized
into activity intensity levels including time spent in
sedentary, light, or moderate activities. Moderate
activity includes ADLs, such as walking, climbing
stairs, or washing dishes. Generally, a change in
moderate activity of 10%–20% has been considered
clinically relevant in cardiopulmonary diseases.39–41

This nascent emerging technology appears to be an
attractive endpoint that requires further refinement
and ongoing validation. Whereas the 6‐minute walk
test informs (at set intermittent intervals) on what
patients are capable of doing, actigraphy informs on
what patients actually do, through continuous
monitoring of their daily activity. This also has the
advantage of reflecting patients' reality as it is outside
the confines of the clinic and research visit. This
emerging technology will be further addressed by the
PVRI workgroup dealing with new Modalities and
Technologies.

(d) Functional class. The New York Heart Association
functional class or World Health Organization
modification thereof has been used in many prior

PAH clinical trials. However, this is a rather blunt
instrument and is subject to much interobserver
variability. Functional class has been used as a
component of risk scores20,42 as well as some
composite endpoints,43 or as a further validation of
meaningful change in other endpoints.44

(e) Supplemental oxygen needs. This has not previously
been used as an endpoint in either PAH or ILD
clinical trials but appears to be an attractive patient‐
centric endpoint that warrants further consideration.
It is perhaps best used in the context of a composite
endpoint. This might be best suited to studies of
patients with early disease who are oxygen‐
independent, since the initiation of supplemental
oxygen is more meaningful than increasing oxygen
needs in patients who already are on supplemental
oxygen. The criteria for initiating supplemental
oxygen will need to be standardized in the clinical
trial, and, if based on the 6MWD results, there needs
to be recognition of factors that might impact the
measurement of desaturation via pulse oximetry,
including the speed of the walk and skin
pigmentation.45,46

(f) Patient reported outcomes (PRO). Accounting for the
patients’ perspective when designing a clinical study
is needed to provide direct feedback on whether the
magnitude of the outcomes seen with the selected
primary endpoint translate into benefits that the
patient experiences and perceives. The best PRO to
use in patients with PH‐ILD remains uncertain, as
both PAH‐specific instruments as well as ILD
instruments may have a role. Currently there is no
standardized approach to PROs, and instruments in
use have not been adequately validated with regard
to content validity for PH‐ILD. Therefore, which
PROs are best suited to capture meaningful change
in PH‐ILD patients requires further investigation.
Since both conditions manifest primarily with
shortness of breath, a generic dyspnea PRO might
well suffice in conjunction with a more general
health related quality of life instrument. Whether or
not a PH‐ILD specific questionnaire needs to be
developed remains to be answered. Currently several
QOL measures validated in other cardiopulmonary
diseases are being applied in PH‐ILD studies,
including the SGRQ, the SF 36, which is a 36 item
Short Form Health Survey, and the University of
California, San Diego Shortness of Breath Question-
naire (UCSD‐SOBQ). In a recent prospective multi-
centre study in IPF the King's Brief Interstitial Lung
Disease Questionnaire (K‐BILD) describing psycho-
metric properties had the strongest relationship with
1‐year mortality in comparison to the modified
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Medical Research Council (mMRC) dyspnea scale,
the SGRQ and the UCSD‐SOBQ.47 Another rapid,
specific tool that could be used for patients with IPF
during routine clinic visits is the R‐scale which has a
five‐item numerical rating scale. This has been
shown to correlate well with the K‐BILD and EQ‐
5D‐5L but should be subjected to further valida-
tion.48 There are shorter questionnaires that focus on
key elements of concern to IPF patients which
include the PROMIS® Short Form v1.0 for Fatigue
and the Short Form v2.0 for Physical Function. The
Patient Global Impression of Severity (PGIS) and
Change (PGIC) are also very short questionnaires
that are employed to capture the patient's perception
of the severity and change in their disease symptoms.
These can also serve to validate and anchor the
magnitude of the primary endpoint outcome.

(g) Biomarkers. There is increasing evidence that NT‐pro
BNP can be an important biomarker in PH‐ILD
clinical trials.17,49 While this can be used as a
supportive secondary endpoint, it would not suffice
as the primary endpoint in a Phase 3 clinical trial but
could provide proof of concept in a Phase 2 program.
This or other biomarkers may have important roles
in supporting the validity of the primary endpoint, as
was seen in the INCREASE study.17

(h) Hospitalization. Hospitalization is a meaningful
endpoint in and of itself, since it has implications
not only for patients and their prognosis, but also
for healthcare resource utilization. It does have
well‐established prognostic implications in pa-
tients with ILD.50,51 Whether it should be all‐
cause hospitalization or cardiopulmonary hospi-
talization is open to some debate. The latter
appears more attractive as it is more specific for
the direct consequences of PH‐ILD. What is
important to bear in mind is that the threshold
for hospitalization might differ among centers,
regions, and in different countries. Whether it
should be hospitalization or “need for hospitaliza-
tion” is also a subject for debate. Need for
hospitalization would require central adjudication,
but would homogenize this endpoint among
different hospitals, regions, and countries. Another
yet unanswered question, is the prognostic impli-
cations of emergency room (ER) visits, which
do not result in hospitalization, as well as
unscheduled doctor visits. These arguably are
also important endpoints, as they also have
healthcare resource utilization implications.
Whereas hospitalization has been incorporated in
many composite endpoints, details pertaining to
each hospitalization are generally not reported.

Such details might also be important and provide
meaningful insight; for example, need for ICU
care, need for mechanical ventilation and duration
of hospitalization are rarely, if ever reported.

(i) Lung transplantation. How best to deal with trans-
plant? This can be dealt with in two ways; in an
outcomes analysis, it is frequently incorporated with
mortality as time to death or transplant. However,
transplant is by no means equivalent to death and is
somewhat arbitrary and variable based on different
regions and countries. It is dependent on the
availability of transplant, as well as donor availabil-
ity. Subjects ultimately attain this endpoint through
the donor's demise and sometimes in the absence of
meaningful change in the patient's clinical status. It
is also an endpoint that might only be available to
those within the study who are medically qualified to
be transplant candidates. An alternative method for
dealing with transplant is to censor those patients as
alive on the date of the transplant. Thus far in all PH
and ILD clinical trials, the number of transplant
events has been very small and therefore has not
impacted the analyses meaningfully.

(j) Mortality. Mortality is the most meaningful endpoint,
and certainly this is the case for PH‐ILD clinical trials.
Whatever endpoint is chosen, be it a functional
endpoint or a time to clinical worsening endpoint,
mortality needs to be accounted for. The issue of
whether it should be all‐cause mortality or cardio-
pulmonary mortality is another area for debate. All‐
cause mortality is preferred since this is definitive and
does not require any adjudication. Indeed, when these
patients succumb, it is often very difficult to pinpoint
the exact cause of their demise. Mortality as an
endpoint typically necessitates longer follow‐up and
more patients, exacerbating issues of patient retention
and increased funding requirements.

(k) Composite endpoints. Composite endpoints with two
or more distinct efficacy outcomes with recognized
clinical meaningful implications have numerous
advantages including increased number of events
with a smaller sample size. Composite endpoints
have gained increasing use in the context of PAH,
ILD and PH‐ILD clinical trials. The use of compo-
sites is attractive as they incorporate multiple
domains of disease progression, thus enabling more
events to be captured in a shorter time period, as
well as reflecting the global benefits of the study drug
in question. They are typically constituted by some of
the endpoints discussed above. Which of these to
incorporate is also open to some debate. Composites
should not include components that the intervention
is not expected to impact. Composite endpoints are
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driven by the most common events, which are not
necessarily the most severe or clinically relevant. For
example, death and hospitalization are more impor-
tant events than a categorical change in the 6‐minute
walk distance, actigraphy or change in a PRO. This
raises the concept of weighted composite endpoints
to reflect the relative importance of these various
composite components. Most composites consist of
elements that herald worsening of the disease and
are “packaged” together as time to clinical worsen-
ing. However, in the context of PH‐ILD studies, it is
not unreasonable to constitute a composite of events
that herald improvement in the patient's clinical
status. Examples of composite endpoints that might
be considered in PH‐ILD trials are shown in
Figure 2. The feasibility of demonstrating a differ-
ence in clinical improvement in PH‐ILD studies was
recently demonstrated in a post hoc analysis of the
INCREASE trial; specifically, more patients receiving
inhaled treprostinil improved their 6MWD by 15% in
association with a 30% reduction in the NT‐pro‐BNP
in comparison to the placebo arm.52

PHARMACOVIGILANCE

Pharmacovigilance (PV) can be described as the process
of collecting, evaluating, and reporting on the safety of
medicines and in doing so, taking timely and appropriate

action to minimize the risks and increase the benefits of
these medicines. The decision to approve a drug is based
on it having a satisfactory balance of benefits and risks
within the conditions specified in the product labeling. It
is based on the information available at the time of
approval that is also subject to change over time through
expanded use. Global PV systems that have been
implemented today are continually being optimized with
evolving awareness of its critical need, supported by
advancing technology. PV allows the continual rebalance
of the risk/benefit ratio of drugs through the various
stages of pre‐ and postmarketing safety monitoring.

Safety evaluation and monitoring with regard to PH‐
ILD patients is in its infancy when compared to other
disease areas. First, there is only one approved treatment
(in the USA only) in this patient population and,
therefore, post market surveillance is very limited
compared to other disease states. Second, there are
limited clinical trials data from this population and
arguably, the most appropriate ILD phenotype awaits
further refinement. In this regard, PV in PH‐ILD plays an
even more critical role in supporting the continued
discovery of new therapies from initial prehuman trials,
through clinical development, regulatory approval and in
post marketing surveillance. As an example, one poten-
tial safety issue pertains to worsening of ventilation/
perfusion matching. In addition, pulmonary veno‐
occlusive like lesions have been described in fibrotic
lung disease which raises the notion that there is perhaps

FIGURE 2 Clinical trial outcome measures that may be considered for inclusion as components of composite endpoints in PH‐ILD
trials. Large Δ infers larger changes, while smaller Δ infers lesser changes. Clinical progression composites are heralded by lesser change,
while clinical worsening infers greater change or more meaningful events. The NT‐proBNP can be used either with a progression or
worsening categorical change event to provide biomarker validation. 6MWD six‐minute walk distance; HrQOL, health‐related quality of life;
NT‐proBNP, N‐terminal prohormone of brain natriuretic peptide; QoL, quality of life.
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a specific phenotype that does not do well with
vasoactive therapy.53

There have been a number of trials studying the
treatment of PH‐ILD. These have demonstrated a wide
range of results that have spanned the spectrum from the
positive INCREASE study of inhaled treprostinil to the
harmful RISE‐IIP study of oral riociguat. Specifically, the
RISE‐IIP study, a multicenter double‐blind RCT evaluat-
ing Riociguat in PH‐IIP showed increased rates of serious
adverse events and mortality in the treatment arm
leading to early termination of the study.6 On the other
hand, the INCREASE study, a 16‐week double‐blind RCT
and the largest study to date in PH‐ILD, demonstrated
the safety and efficacy of inhaled treprostinil in patients
with PH‐ILD.17 Although these two studies were of
different drugs with different routes of administration,
the negative signal from the RISE‐IIP study does under-
score the importance of ongoing PV in studies of PH‐ILD,
since early positive outcomes may not necessarily
translate to improved longer‐term outcomes.

CONCLUSION

There are many elements to a successful trial design.
These include a drug with biologic activity against an
aberrant pathway with target engagement through a
route of administration that enables this. The study drug
needs to have an acceptable safety profile and tolerable
side‐effects. The clinical trial should target a patient
phenotype enriched to demonstrate treatment respon-
siveness, but who are also readily recruitable (and
retainable) with inclusion criteria that are not onerously
restrictive. The study needs to be adequately powered
with sufficient patients followed for an appropriate
length of time to demonstrate efficacy through a carefully
constructed and meaningful endpoint. To align all these
elements requires multidisciplinary expertise, great dili-
gence, methodical planning, and strategic alignment
from all key stakeholders. It is hoped that this manu-
script helps to lay the foundation for the future success of
clinical trials in PH‐ILD, which are sorely needed for this
population in dire need of more treatment options.
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