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pathic Interstitial Pneumonias (RISE-IIP), a randomized, controlled, phase 2b trial of riociguat for pul-
monary hypertension associated with idiopathic interstitial pneumonia, was terminated early due to
increased mortality in riociguat-treated patients. Baseline characteristics of enrolled patients demon-
strated a low diffusing capacity of the lung for carbon monoxide (DLco) with preserved lung volumes
at baseline, suggesting the presence of combined pulmonary fibrosis and emphysema (CPFE) in some
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patients. This post hoc analysis of RISE-IIP was undertaken to explore lung morphology, assessed by
high-resolution computed tomography, and associated clinical outcomes.

METHODS: Available baseline/pre-baseline high-resolution computed tomography scans were reviewed
centrally by 2 radiologists. The extent of emphysema and fibrosis was retrospectively scored and com-
bined to provide the total CPFE score.

RESULTS: Data were available for 65/147 patients (44%), including 15/27 fatal cases (56%). Of these,
41/65 patients (63%) had CPFE. Mortality was higher in patients with CPFE (12/41; 29%) than those
without (3/24; 13%). Fourteen patients with CPFE had emphysema > fibrosis (4 died). No relationship
was observed between CPFE score, survival status, and treatment assignment. A low DLcq, short 6-
min walking distance, and high forced vital capacity:DLc ratio at baseline also appeared to be risk
factors for mortality.

CONCLUSIONS: High parenchymal lung disease burden and the presence of more emphysema than
fibrosis might have predisposed patients with pulmonary hypertension associated with idiopathic inter-
stitial pneumonia to poor outcomes in RISE-IIP. Future studies of therapy for group 3 pulmonary
hypertension should include centrally adjudicated imaging for morphologic phenotyping and disease
burden evaluation during screening.
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The idiopathic interstitial pneumonias (IIPs) comprise
a heterogeneous group of fibrotic lung disorders, of
which idiopathic pulmonary fibrosis (IPF) is the most
common.' Pulmonary hypertension (PH) is a common,
serious complication of IIPs; mortality is significantly
higher when IIP is complicated by PH (PH-IIP) compared
with IIP alone.>> How best, in whom, and indeed whether
to treat PH in patients with PH-IIP remains uncertain.
Ambrisentan is contraindicated in PH-IIP, with no evi-
dence of benefit for other endothelin receptor antago-
nists. Data on sildenafil are conflicting, and there are too
little data on prostanoid therapy for any recommendation
to be made.

Riociguat is a soluble guanylate cyclase stimulator
approved for the treatment of patients with pulmonary arte-
rial hypertension and patients with inoperable or persistent/
recurrent chronic thromboembolic PH.”* Soluble guanylate
cyclase stimulators have antifibrotic and antiproliferative
effects in preclinical models,””” and riociguat showed prom-
ising preliminary results in a phase 2a proof-of-concept study
in patients with PH associated with interstitial lung dis-
ease (ILD).'" However, the use of riociguat in patients
with PH-IIP was immediately contraindicated following
the results of the Riociguat in Patients with Symptomatic
Pulmonary Hypertension associated with Idiopathic
Interstitial Pneumonias (RISE-IIP) study.15

RISE-IIP (riociguat in patients with symptomatic pulmo-
nary hypertension associated with Idiopathic Interstitial
Pneumonias; NCT02138825) was a 26-week, multicenter,
double-blind, randomized, placebo-controlled, phase 2b
trial, including an open-label extension, to evaluate the effi-
cacy and safety of riociguat in symptomatic PH-IIP. RISE-
IIP was terminated early on the recommendation of the
independent Data Monitoring Committee due to increased
serious adverse events and mortality in riociguat-treated
patients. In addition, there was no evidence that riociguat
improved the primary endpoint of 6-min walking distance
(6MWD).

To better understand potential reasons for the unfavor-
able risk:benefit ratio observed with riociguat in PH-IIP, a
data review was conducted at the request of the European
Medicines Agency. There were no identifiable differences
between the treatment groups in pulmonary function test-
ing, hemodynamics, or arterial blood gas measurement to
explain the outcome, nor in oxygen saturation measured via
pulse oximetry during the 6MWD tests.'” In some cases, a
low baseline diffusing capacity of the lung for carbon mon-
oxide (DLcp) was observed with relatively well-preserved
lung volumes. It was hypothesized that these patients might
have had combined pulmonary fibrosis and emphysema
(CPFE) which may have affected the study outcomes.
Therefore, we explored the relationship between lung mor-
phology, assessed by high-resolution computed tomography
(HRCT), and clinical outcomes in this post hoc subset anal-
ysis of RISE-IIP.

Patients and methods
RISE-IIP study design and patients

The methodology for RISE-IIP has recently been described in
detail."> Although patients with CPFE were eligible for the trial, a
key exclusion criterion was HRCT evidence of a greater extent of
emphysema than fibrotic changes, as assessed by the treating cen-
ters. Central adjudication of HRCT scans was not required, as
patients could have any of the IIP subgroups; therefore, it was
unnecessary to scrutinize these for diagnostic purposes.

Assessment of lung fibrosis and pulmonary
emphysema extent by HRCT

For this post hoc central review, participating centers provided
baseline or prebaseline (any other time since their diagnosis of
PH-IIP) HRCT scans. HRCT data were independently analyzed
by 2 radiologists from the University of Munich with experience
in reading HRCT scans. The radiologists sat side-by-side and
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evaluated all cases together; the readers discussed the HRCT
images and together decided the final scoring and provided free-
text comments. Any initial discordance between radiologists was
resolved through single case discussions. Scans were viewed using
a dedicated image visualization system at the General Clinical
Imaging Services facilities at Bayer AG, Berlin. Figure S1 online
shows examples of HRCT scans for patients with and without
CPFE. Data entry was supervised by a monitor and assistance
with the electronic case report form was provided. Where possible,
axial and coronal HRCT views were read. Images used for consen-
sus evaluation were anonymized and remained blinded, that is, the
readers had no access to patient clinical information, treatment
assignment, or mortality outcome.

The extents of pulmonary emphysema and fibrosis in each scan
were evaluated using previously defined criteria.'® The right and
left lungs were divided into 3 portions: upper (apex to aortic arch),
middle (aortic arch to inferior pulmonary vein), and lower (infe-
rior pulmonary vein to the diaphragm) portions. Reticular shadow-
ing and honeycombing, with or without ground-glass opacities,
were considered signs of pulmonary fibrosis. Distinct centrilobu-
lar, panlobular, or paraseptal emphysema were considered when at
least 80% of the emphysema that was present fell into one of these
categories; otherwise, a mixed type of emphysema was assumed.
The estimated amount of lung affected by fibrosis or emphysema
in each portion was scored as O (no fibrosis or emphysema), 1
(mild, <25%), 2 (moderate, 25%-50%), 3 (marked, >50%-75%),
or 4 (severe, >75%). The scores for each portion in both lungs (i.
e., a total of 6 portions) were combined to obtain a total fibrosis
score and a total emphysema score (maximum score of 24 for
each). Scoring was limited to the extent of fibrosis and emphy-
sema only; however, the radiologists could comment on additional
findings at their discretion and were also asked to identify signs of
pulmonary veno-occlusive disease (PVOD) or acute lung infection
or exacerbation.

Statistical analysis

The impact of CPFE (defined as the presence of any emphysema,
i.e., a total emphysema score > 0, plus the presence of any pulmo-
nary fibrosis, i.e., a total fibrosis score > 0) at baseline on survival
status was explored. Further analysis of the impact on the survival
status of a greater extent of emphysema than pulmonary fibrosis at
baseline was also performed. Finally, the potential impact of base-
line characteristics (pulmonary function variables, hemodynamic
variables, and 6MWD) on survival status was assessed in sub-
groups defined by (1) the presence of CPFE vs non-CPFE; (2) the
extent of emphysema (emphysema score > fibrosis score); and (3)
the extent of parenchymal disease burden (HRCT total score
> 20 vs < 20, based on the median HRCT total score of 20).
Further information is included in the online supplement.

Results

Out of 147 patients with PH-IIP, 65 (44%; riociguat, n = 35;
placebo n = 30) had available HRCT scans and were
included in these retrospective post hoc analyses. Baseline
characteristics in the HRCT subgroup were similar between
treatment groups and consistent with the overall RISE-IIP
population (Table 1). Also, baseline characteristics were
similar when comparing patients with and without HRCT
data at baseline, except for a higher proportion of females
in the treatment group and higher pulmonary vascular

resistance (PVR) in the placebo group of the subgroup with-
out HRCT data vs the HRCT subgroup (Table 1).

Out of 27 deaths in RISE-IIP, 15 (56%) occurred in the
65 patients with baseline HRCT data (Figure 1): based on
the start date of the adverse event that led to death, 8
patients died during the main study (riociguat n = 6, placebo
n = 2), 3 during the LTE (former riociguat n = 1, former
placebo n = 2), and 4 during safety follow-up (former rioci-
guat n = 1, former placebo n = 3).

Fibrosis scores were similar in the overall riociguat and
placebo groups (mean = standard deviation [SD], 13.2 = 4.7
and 13.9 £ 5.3, respectively), as were mean emphysema
scores (6.7 £ 7.5 and 6.3 % 6.5, respectively). Of the fatal
cases, the emphysema score was 11.0 & 11.4 (n = 8) in the
riociguat group and 4.9 + 5.9 (n = 7) in the placebo group
(p value not significant), with large interindividual variations
in scores in both groups. Emphysema scores in non-fatal
cases were similar (5.4 £ 5.5 and 6.7 & 6.8, respectively).

Of 65 patients, 41 (riociguat n = 22, placebo n = 19;
63%) had evidence of CPFE (Figure 2). Among the fatal
cases, 80% (12/15; riociguat n = 6, placebo n = 6)
had CPFE vs 58% of the non-fatal cases (29/50; riociguat
n = 16, placebo n = 13) (Figures 3 and S1). The burden of
CPFE was particularly high (HRCT total score > 30) in
6/41 patients (15%), 4 of whom died. Across all phases
of the study, 12/41 patients (29%; riociguat n = 6, placebo
n = 4, former placebo n = 2) with CPFE died, compared
with 3/24 patients (13%; riociguat n = 2, placebo n = 1)
with no evidence of emphysema (Figure 3). In the main
phase alone, 5 patients with CPFE died (riociguat n = 4,
placebo n = 1) and 3 patients with no evidence of emphy-
sema died (riociguat n = 2, placebo n = 1).

Among patients with CPFE, 14 had an emphysema score
greater than fibrosis score at baseline (Figures 4 and S1), an
exclusion criterion for RISE-IIP. The mean emphysema
score in these patients was 15.9 £ 5.4, while the mean
fibrosis score was 9.1 £ 2.1. Among these 14 patients, 4
died during the study (Figures 4 and S1). Notably, 3/4 fatal
cases with a high burden of parenchymal disease (total
score > 30) also had an emphysema score greater than the
fibrosis score.

No signs of PVOD were observed in any HRCT scan,
nor the post-mortem lung histology evaluation of 1 patient.
Acute lung infection or acute exacerbation signs were
detected in HRCT scans of 2 patients, both of whom had a
non-fatal outcome.

Although not analyzed statistically, patients with HRCT
who died (n = 15) appeared to have a numerically lower
DLco% (28% vs 32%), shorter 6MWD (292 m vs 334 m),
and higher forced vital capacity (FVC)%: DLco% ratio
(3.3 vs 2.5) at baseline than those who were alive at the end
of RISE-IIP (n = 50); the same was observed in patients
with CPFE (Table 2). Findings were consistent with the
overall RISE-IIP population (n = 147; DLco% 27% vs 32%
for those who were alive vs dead, respectively; 6MWD
288 m vs 322 m).'” In fatal vs non-fatal cases, DLco% was
19% vs 32%, 6MWD was 242 m vs 334 m, and FVC%:
DLco% ratios were 5.6 vs 2.9 in patients with emphysema
scores higher than fibrosis scores, and 23% vs 29%, 269 m



Table 1

Comparison of Baseline Characteristics at Study Start in the HRCT Subgroup and the Overall RISE-IIP Study Population

Overall RISE-IIP population (n=147)

RISE-IIP HRCT subgroup (n = 65)

RISE-IIP no HRCT subgroup (n = 82)

Riociguat up to
2.5 mg tid (n=73)

Placebo (n=74)

Riociguat up to
2.5 mg tid (n=35)

Placebo (n=30)

Riociguat up to

2.5 mg tid (n=38)

Placebo (n = 44)

Female, n (%)
Age, years
Body mass index, kg/m?
Classification of IIP, n (%)
IPF
Idiopathic NSIP
Respiratory bronchiolitis-ILD
Cryptogenic organizing pneumonia
Acute interstitial pneumonia
Idiopathic LIP
Unclassifiable IIPs
WHO FC II/III/IV, %
6MWD?, m
Hemodynamics
RAP, mm Hg
mPAP, mm Hg
Diastolic PAP, mm Hg
Systolic PAP, mm Hg
PVR, dyn.s.cm °
Cardiac index, L/min/m?
PAWP, mm Hg
Pulmonary function tests
FVC, %
FEV,, %
FEV4:FVC
TLC, %
DLco, %

23 (32)
68 (8)
29.8 (5.1)

54 (74)

9 (12)

1(1)

0(0)

0(0)

0(0)

9 (12)
22/68/10
307.0 (80.0)

6.7 (4.0)n=71
33.2(8.2)

22.0 (6.8)

55.6 (13.4)

390.7 (204.5) n=72
2.6 (0.7)n=72
10.6 (3.2)

76.2 (19.1)

75.5 (19.1)

0.8 (0.1)

66.1 (14.6) n="71
32.0 (11.8) n=69

29 (39)
69 (8)
28.5 (5.9)

49 (66)

14 (19)
0(0)

1(1)

1(1)

2(3)

7(9)
30/61/9
324.0 (66.0)

6.7 (4.5) n=73
33.5 (9.4)

22.6 (7.5)

55.2 (14.8)

417.9 (256.9) n=72
2.6 (0.7) =69
10.6 (3.0) =73

74.3 (15.7)

75.1 (16.4)

0.8 (0.1)

66.3 (12.0)

30.5 (10.9) n=71

9 (26)
68 (7)
28.7 (4.7)

26 (74)

4 (11)

1(3)

0(0)

0(0)

0(0)

4(11)
20/71/9
313.8 (83.1)

6.2 (4.4) n=34
33.5 (9.1)

22.6 (7.4)

55.4 (14.8)

409.2 (258.2) n=34
2.7(0.7) n=34
10.4 (3.0)

74.7 (17.1)

74.7 (17.8)

0.8 (0.1)

65.7 (13.5) n=34
31.7 (11.9) n=33

10 (33)
68 (10)
27.4 (4.8)

19 (63)

6 (20)

0(0)

0(0)

0(0)

1(3)

4(13)
33/57/10
336.7 (72.7)

7.2 (3.8)

31.9 (8.2)

21.6 (7.1)

52.6 (12.5)

355.3 (187.0) n=29
2.8(0.7)n=29
10.7 (2.9)

73.0 (17.0)

76.2 (16.8)

0.9 (0.1)

64.6 (12.1)

30.5 (11.4) n=29

14 (37)
68 (9)
30.7 (5.4)

28 (74)

5 (13)

0 (0)

0 (0)

0 (0)

0 (0)

5 (13)
24/66/11
313.6 (77.0)

7.1(3.6) n=37
32.9 (7.3)

21.5 (6.1)

55.7 (12.1)
374.2 (142.0)
2.5 (0.6)

10.9 (3.5)

77.6 (21.0)
76.2 (20.4)
0.8 (0.1)

66.4 (15.7) n=37
32.3 (12.0) n=36

19 (43)
69 (7)
29.2 (6.6)

30 (68)

8 (18)

0(0)

1(2)

1(2)

1(2)

3(7)
27/64/9
326.0 (60.7)

6.4 (4.9) =43
34.5 (10.1)

23.3 (7.8)

56.9 (16.2)

460.2 (289.4) n=43
2.5 (0.7) n=40
10.6 (3.1) n=43

75.2 (14.9)

74.4 (16.3)

0.8 (0.1)

67.4 (11.8)

30.5 (10.7) n=42

Abbreviations: 6MWD, 6-min walking distance; DL¢o, diffusing capacity of the lung for carbon monoxide; FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; HRCT, high-resolution computed
tomography; IIP, idiopathic interstitial pneumonia; ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; LIP, lymphoid interstitial pneumonia; mPAP, mean pulmonary artery pressure; NSIP, non-specific
interstitial pneumonia; PAP, pulmonary arterial pressure; PAWP, pulmonary artery wedge pressure; PVR, pulmonary vascular resistance; RAP, right atrial pressure; tid, 3 times daily; TLC, total lung capacity; WHO FC,
World Health Organization functional class.

Data are mean =+ standard deviation unless otherwise stated.
?Mean of the maximum values from 3 6MWD measurements taken at baseline.
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D21 D74 D101
ILD PneuDsgneu D235 D45
° ® L4 IPF [
D51 | LOC ° My
Acute.  ?D98
RF RA
° [) D262 D84
RF Hypoxia
D85 | D136 e D33 D82 © DI122
IPF PH - RVF Acute R TIH
¢ . * ¢ ¢
Safety follow-up
Main treatment phase (26 weeks)  Long-term extension (10+ weeks) (4 mo from
stopping riociguat)
Day 0
First dose @ - Placebo arm @ -~ Former @ Riociguat arm®
of riociguat placebo arm*
Figure 1 Timeline of deaths in patients in RISE-IIP with available HRCT data relative to the start day according to treatment group and

duration of riociguat treatment. D, day; ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; LOC, loss of consciousness; Pneu,
pneumonia; PH, pulmonary hypertension; RA, respiratory arrest; RF, respiratory failure; RVF, right ventricular failure; TIH, traumatic
intracranial hemorrhage; TMV, thrombosis mesenteric vessel. *Patients who initiated riociguat at the start of the long-term extension. °Pa-
tients who received riociguat in both the main treatment phase and the long-term extension.

vs 322 m, and 4.2 vs 2.8, respectively, in patients with a
high degree of parenchymal disease burden (total score > 20).
Three-dimensional plot analysis of fibrosis and emphy-
sema scores by FVC% predicted and mean pulmonary
arterial pressure (mPAP) suggested that fibrosis scores
were numerically higher in patients with low FVC,
whereas FVCs were numerically higher in patients with
high emphysema scores (Figure S2).

No relationship was observed between CPFE score, sur-
vival status, and treatment assignment. Odds ratios (95%

Total score >30

CPFE patients

Figure 2

Cls) for the differences in fatal outcome incidences between
patients with and without CPFE were 0.56 (0.03-9.87) for
placebo, 1.22 (0.19-7.82) for riociguat, and 0.98 (0.21-4.60)
overall.

Post hoc analyses suggested that total HRCT lung
scores correlated positively with PVR and FVC% and
negatively with DLco% (Table 3). Baseline emphysema
score correlated positively with FVC%, FEV % (forced
expiratory volume in 1 second, % predicted), mPAP, and
PVR, and negatively with DLco% and cardiac index,

Fatal

Emphysema > fibrosis

21 patients did not achieve any of these criteria

Venn diagram of patients in RISE-IIP with available HRCT data showing proportions of patients with CPFE, high parenchy-

mal disease burden (total score > 30), emphysema score > fibrosis score, and patients who died. Areas of overlap include patients who fit
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Plot of emphysema and fibrosis scores according to survival status in patients in RISE-IIP with available baseline HRCT data

(n=65). HRCT, high-resolution computed tomography. One patient was assessed as having a total score of 0 due to the absence of estab-
lished idiopathic interstitial pneumonia pattern and evidence of cystic lung disease.
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emphysema score > fibrosis score (n = 14).

while the baseline fibrosis score correlated negatively
with FVC% and DLco% (Table 3). 6MWD correlated
negatively with emphysema score, total HRCT lung
score, mPAP, and PVR, and positively with cardiac
index, but did not correlate with pulmonary function
parameters (Table 4).

Discussion

RISE-IIP showed an unfavorable risk:benefit profile in
patients with PH-IIP receiving riociguat, with increased
serious adverse events in riociguat-treated patients (27/73;
37%) vs placebo (17/74; 23%)."” There were 11 deaths in
the main study (riociguat, n = 8; placebo, n = 3) and 9 in the
extension (riociguat, n = 1; former placebo [after riociguat
initiation], n = 8). There was no improvement in 6 MWD or
clinical worsening with riociguat vs placebo, consistent
with previous studies of pulmonary arterial hypertension

Plot of emphysema and fibrosis scores according to survival status in patients in RISE-IIP with available HRCT data and

targeted agents.'’ > It is important to understand the rea-
sons for the increased mortality in riociguat-treated patients
and to apply any lessons to future trial designs. Thus, we
conducted a post hoc analysis of the RISE-IIP study in
patients with available HRCT data to investigate the rela-
tionship between lung morphology and the presence of
CPFE, and clinical outcomes.

Whether patients with CPFE might have affected the
RISE-IIP outcomes was a consideration as some patients
had low baseline DLco with relatively well-preserved lung
volumes. This is a characteristic physiologic CPFE mani-
festation resulting from the counter-balancing effects of
lower lung volumes due to fibrosis and increased lung vol-
umes due to emphysema.”” The extent of parenchymal
lung disease is typically weighed against the severity of
the associated PH when identifying patients with PH-IIP
who might respond to pulmonary vasodilator therapy. On
evaluation, patients in RISE-IIP appeared to have an
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Table 2 Baseline Pulmonary Function Parameters, Hemodynamics, and 6MWD According to Survival Status in Patients With CPFE vs
Non-CPFE

CPFE Non-CPFE
Fatal (n=12) Non-fatal (n=29) Fatal (n=3) Non-fatal (n=21)

Female, n (%) 3(25.0) 8 (27.6) 1(33.3) 7 (33.3)
Age, years 69.6 (4.1) 69.8 (8.7) 71.0 (2.6) 65.3 (9.4)
6MWD?, m 283.8 (84.5) 327 1(78.3) 324.0 (77.0) 344.0 (73.0)
RAP, mm Hg 7.7 (2.8) 4 (4.3) 9.7 (11.6) 6.2 (2.8)
mPAP, mm Hg 34.9 (10.5) 34 1(9.2) 35.6 (11.7) 29.3 (5.2)
PVR, dyn.s.cm > 515.1 (348.6) 410 5 (222.3) 356.2 (158.2) 279.0 (86.9)
Cardiac index, L/min/m? 2.5 (0.8) .6 (0.6) 3.1(1.0) 3.1(0.7)
PAWP, mm Hg 9.7 (3.1) 10 8 (2.9) 11.7 (3.1) 10.4 (3.0)
FVC, % 77.4 (25.3) 76.2 (14.0) 80.9 (7.2) 67.9 (15.1)
FEV4, % 75.3 (21.5) 77.1 (15.7) 86.1 (11.0) 71.6 (17.4)
TLC, % 63.1(17.5) 68.9 (11.7) 60.7 (4.9) 61.7 (11.4)
DLco, % 27.0 (10.6) 32 2 (11.8) 29.8 (10.7) 32.0 (12.1)
FVC%:DLco% 3.5 (1.9) 6 (1.0) 2.9 (0.9) 2.3(0.7)
Supplemental oxygen, % 66.7 69.0 66.7 52.4

Abbreviations: 6MWD, 6-min walking distance; CPFE, combined pulmonary fibrosis and emphysema; DL¢o, diffusing capacity of the lung for carbon
monoxide; FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; mPAP, mean pulmonary artery pressure; PAWP, pulmonary artery wedge
pressure; PVR, pulmonary vascular resistance; RAP, right atrial pressure; TLC, total lung capacity.

Data are mean = standard deviation unless otherwise stated.

#Mean of the maximum values from 3 6MWD measurements taken at baseline.

Table 3  Correlation of Lung Scores With Baseline Pulmonary Function Parameters and Hemodynamics
Pearson’s correlation
Variable 1 Variable 2 n coefficient Lower 95% CI Upper 95% CI p-value
Emphysema score Pulmonary function
FVC% 65 0.487 0.272 0.651 <0.001
FEV1% 65 0.301 0.060 0.506 0.014
DLco% 62 —0.251 —0.469 0.001 0.049
Hemodynamics
mPAP 65 0.351 0.115 0.546 0.004
RAP 64 0.035 —0.213 0.278 0.784
Cardiac index 63 —0.268 — 0.482 —0.019 0.033
PVR 63 0.472 0.250 0.642 <0.001
Fibrosis score Pulmonary function
FVC% 65 —0.248 —0.462 —0.002 0.046
FEV1% 65 —0.160 —0.387 0.089 0.205
DLco% 62 —0.293 —0.504 —0.044 0.020
Hemodynamics
mPAP 65 —0.135 —0.366 0.114 0.286
RAP 64 —0.011 —0.256 0.236 0.933
Cardiac index 63 0.179 —0.073 0.408 0.160
PVR 63 —0.146 —0.379 0.107 0.255
Total score Pulmonary function
FVC% 65 0.288 0.045 0.495 0.020
FEV1% 65 0.174 —0.074 0.400 0.166
DLco% 62 —0.418 —0.602 —0.184 <0.001
Hemodynamics
mPAP 65 0.237 —0.010 0.453 0.058
RAP 64 0.025 —0.222 0.269 0.843
Cardiac index 63 —0.132 —0.367 0.121 0.305
PVR 63 0.344 0.103 0.544 0.005

Abbreviations: (I, confidence interval; DL¢o%, diffusing capacity of the lung for carbon monoxide, % predicted; FEV,%, forced expiratory volume in 1
second, % predicted; FVC%, forced vital capacity, % predicted; mPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance; RAP, right
atrial pressure.
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Table 4 Correlation of Baseline 6MWD With Lung Scores, Pulmonary Function Parameters, and Hemodynamics
Pearson’s correlation

Variable 1 Variable 2 n coefficient Lower 95% (I Upper 95% (I p-value

6MWD? HRCT score
Emphysema score 65 —0.245 —0.460 0.000 0.049
Fibrosis score 65 —0.093 —0.329 0.155 0.463
Total score 65 —0.288 —0.496 —0.046 0.019
Pulmonary function
FVC% 65 0.068 —0.180 0.306 0.594
FEV,% 65 0.081 —0.167 0.318 0.525
DL¢o% 62 0.185 —0.070 0.414 0.151
Hemodynamics
mPAP 65 —0.365 —0.557 —0.130 0.003
RAP 64 —0.217 —0.438 0.032 0.084
Cardiac index 63 0.296 0.050 0.505 0.018
PVR 63 —0.478 —0.647 —0.258 <0.001

Abbreviations: 6MWD, 6-minute walking distance; CI, confidence interval; DL¢o%, diffusing capacity of the lung for carbon monoxide, % predicted;
FEV,%, forced expiratory volume in 1 second, % predicted; FVC%, forced vital capacity, % predicted; HRCT, high-resolution computed tomography;
mPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance; RAP, right atrial pressure.

?Mean of the maximum values from 3 6MWD measurements taken at baseline.

appropriate phenotype, based on their baseline mild
restrictive physiology and accompanying moderate-to-
severe PH.'” However, over-representation of patients
with CPFE might have led to underestimation of the global
burden of parenchymal lung disease based on physiology
alone. This post hoc exploratory analysis suggested that,
in patients with HRCT data, those who died were more
likely to have CPFE. Furthermore, patients at particularly
high risk of death were those with a greater extent of
emphysema than fibrosis, an exclusion criterion for the
study. No statistical difference in the emphysema score
was seen between the placebo and riociguat-treated arms,
but we would note that the analysis was not powered to
detect a difference. The contraindication of riociguat in
patients with PH-IIP means the qualitative differences
observed cannot be studied beyond the analysis presented
here. Other factors predisposing to death appeared to be
an overall high burden of parenchymal disease (total score
> 30), lower baseline DLco% and 6MWD values, and
high baseline FVC%:DLco% ratio.

Using our methodology, CPFE was evident in 63% of
patients with available HRCT scans and in 80% of patients
who died, suggesting this might have contributed to poor
survival. Indeed, 29% of patients with CPFE died compared
with 12.5% without evidence of emphysema. This is consis-
tent with other studies, in which patients with PH associated
with CPFE tended to have poor survival. One study (n =
110) reported median survival of 25 vs 34 months in
patients with CPFE vs IPF without emphysema, attributing
poor survival to the development of severe PH.'” Another
study reported a 5-year survival rate of 25% in patients
with CPFE with PH at diagnosis compared with 75% in
those without PH.”” A retrospective multicenter study
reported a dismal prognosis (1-year survival, 60%) in 40
patients with CPFE and right heart catheterization-con-
firmed precapillary PH.”* Furthermore, the present HRCT

analysis suggested that extent of emphysema was a risk fac-
tor for mortality in patients with IIP. One surprising finding
was that 14 patients (>10% of the RISE-IIP population)
should have been excluded due to the greater extent of
emphysema than fibrosis. This exclusion criterion was rec-
ommended by the Steering Committee to ensure that
patients with a predominance of fibrosis were recruited. In
this analysis, 4/14 patients (29%) with emphysema greater
than fibrosis died, likely contributing to the poor survival
outcome in RISE-IIP. The pathophysiologic mechanism for
CPFE and a greater extent of emphysema than fibrosis as
potential high-risk factors for mortality is unclear. As both
emphysema and fibrosis affect the vasculature and are likely
to result in pulmonary vasculature “drop-out,” there may be
an inflection point of a reduced pulmonary vascular bed
where pulmonary vasodilator therapy could be deleterious.””
Patients with CPFE in RISE-IIP appeared to be generally
sicker than those without emphysema, with worse baseline
hemodynamic and exercise parameters. Such patients can
have a poor prognosis despite preserved lung volumes. It
should, however, be noted that the observation of preserved
lung volumes with low diffusion capacity could be attribut-
able to conditions other than CPFE. Mild to moderate lung
fibrosis and significant pulmonary vascular disease has been
defined as a distinct phenotype in some patients."”

Another potential reason for the poor outcomes in RISE-
IIP is the presence of PVOD-like lesions. It is well estab-
lished that PVOD is a contraindication to PH therapy. How-
ever, the HRCT scans in this analysis showed no evidence
of PVOD, making it unlikely that PVOD contributed to
poor survival. However, HRCT scans cannot conclusively
confirm or exclude PVOD, particularly in patients with
ILD. Autopsies were unavailable for most patients who
died during RISE-IIP, and only 3 patients had a lung biopsy
before the study. PVOD, therefore, cannot be definitively
excluded.
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A strength of this HRCT analysis is the use of a formal
scoring system for both emphysema and fibrosis, enabling
quantification of global disease burden. Advantages of the
Sato scoring system are that it encompasses the main forms
of pulmonary morphology including both fibrosis and
emphysema, is relatively simple, and has been used by
other researchers.” Several other scoring systems are avail-
able, with a greater number of scoring subdivisions, for
example, 5% categorization and/or ability to detect other
abnormal lung pathologies beyond emphysema and fibrosis
alone. However, the use of a simple scoring system may
provide higher reproducibility, which may be preferable in
multicenter clinical trials.

There are several limitations to this study that must be
taken into consideration. First, this was a post hoc explor-
atory analysis of subgroups from a prematurely terminated
trial with small numbers of patients, thus firm conclusions
cannot be drawn. Second, only 44% of patients had baseline
HRCT data for review. Central collection and adjudication
of HRCT scans were not included in the protocol, as these
were required only for IIP diagnosis, which was left to the
discretion of the study site investigators. Distinguishing
among different IIPs was considered unnecessary, and the
broad inclusion criteria were regarded as an advantage. Fur-
ther scan analysis was thought unnecessary at the time as
the importance of disease burden extent and the relative
extent of fibrosis vs emphysema only became apparent sub-
sequently. This post hoc analysis was, therefore, conducted
after study termination, with subsequent requests to the
local participating centers for all obtainable HRCT scans.
Nevertheless, this subgroup of patients with HRCT
appeared to be representative of the overall study popula-
tion based on a comparison of their characteristics to
patients without HRCTs. In addition, the majority of
patients who succumbed during the study had HRCTs avail-
able for review (56%), further suggesting that this analysis
was representative of the overall study. Another caveat is
that patients with an emphysema score > 0 were considered
to have CPFE; therefore, it is likely that the CPFE subgroup
included patients with low levels of emphysema. This anal-
ysis used the criteria of Sato and colleagues'® to evaluate
the extent of pulmonary emphysema and fibrosis in each
patient and our findings demonstrate the wide variability in
both fibrosis and emphysema scores in the RISE-IIP popu-
lation. Individual patient data provide insight into how dif-
fering score cutoffs would affect whether or not patients
would be defined as having CPFE. Indeed, there is currently
no established definition for CPFE with the suggestion of
defining CPFE as the presence of 15% emphysema across
the whole lung.”®

In conclusion, despite the limitations noted above, the
presence of CPFE appears to be a risk factor for mortality
in patients with PH-IIP. This mortality risk may be further
heightened by a high burden of parenchymal lung disease,
and more so perhaps if the extent of emphysema is greater
than that of the fibrosis. Absence of a relationship between
CPFE score, survival status, and treatment assignment sug-
gests that the findings were not specific to riociguat-treated
patients. Therefore, while the use of riociguat in patients

with PH-IIP was immediately contraindicated following the
availability of the RISE-IIP results, our findings should be
considered when planning future studies of other agents in
PH-IIP. In addition, central adjudication of HRCT scans at
study enrollment can provide a morphologic evaluation of
disease burden and ensure enrollment of suitable patients.
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