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ABSTRACT

Background: There are several medications available to treat pulmonary arterial hypertension
(PAH): PAH-targeted drugs. However, in patients with pulmonary veno-occlusive disease and
pulmonary capillary hemangiomatosis (PVOD/PCH), rare diseases that cause pulmonary hyper-
tension, the effectiveness and safety of vasodilators, including PAH-targeted drugs, are unclear.
Methods: We searched English-language publications listed in three electronic databases
(PubMed, Cochrane Library, and the Japan Medical Abstracts Society). Reports with efficacy
outcomes (survival, improvement in 6-minute walk distance, and pulmonary vascular resis-
tance) and data on development of pulmonary edema after administration of vasodilators to
patients with PVOD/PCH were selected (1966 to August 2015).
Results: We identified 20 reports that met our criteria. No randomized controlled or prospective
controlled studies were reported. The survival time ranged from 71 minutes to 4 years or more
after initiation of vasodilators. Most of the reported cases showed an improvement in the 6-
minute walk distance and pulmonary vascular resistance. Pulmonary edema was reported in 15
articles, some cases of which were lethal.
Conclusions: The present study demonstrates the potential efficacy and difficulties in the use of
vasodilators in patients with PVOD/PCH; however, drawing a firm conclusion was difficult
because of the lack of randomized controlled trials. Further research is needed to ascertain if
vasodilator use is beneficial and safe in patients with PVOD/PCH.

© 2018 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.

Abbreviations: PVOD/PCH, pulmonary veno-occlusive disease/pulmonary capillary hemangiomatosis; PAH, pulmonary arterial
hypertension; ERAs, endothelin receptor antagonists; 6MWD, 6-minute walk distance; PVR, pulmonary vascular resistance;
GRADE, Grading of Recommendations Assessment, Development and Evaluation
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1. Introduction

Pulmonary veno-occlusive disease and pulmonary capillary
hemangiomatosis (PVOD/PCH) are rare forms of pulmonary
hypertension that are characterized by increased pulmon-
ary vascular resistance leading to right heart failure and
death [1,2]. Currently, there are three main medication
classes used for the treatment of pulmonary arterial
hypertension (PAH): prostacyclins and a prostacyclin-
receptor agonist; endothelin receptor antagonists (ERAs);
and phosphodiesterase type 5 inhibitors/soluble guanylate
cyclase stimulators. These PAH-targeted drugs have been
shown to improve dyspnea, exercise capacity, and pulmon-
ary hemodynamics in patients with PAH, and the prognosis
for patients with PAH has improved over the last 2 decades
following the development of these drugs [3-6]. However, in
patients with PVOD/PCH, PAH-targeted drugs are known to
cause pulmonary edema, which can be lethal [2,7-10].
Conversely, some case reports have suggested the possible
effectiveness of these drugs when used for patients with
PVOD/PCH [11-14]. It is unclear whether PAH-targeted
drugs improve exercise capacity, hemodynamics, or survi-
val of patients with PVOD/PCH. The aim of this systematic
review is to evaluate the efficacy and safety of vasodilators
including PAH-targeted drugs for PVOD/PCH.

2. Materials and methods
2.1. Literature search

We used PubMed/MEDLINE, the Cochrane Database of Systema-
tic Reviews, and the Japan Medical Abstracts Society Database
from 1966 through August 2015 to search for the key words
“pulmonary veno-occlusive disease” or “pulmonary capillary
hemangiomatosis,” and “vasodilator.” We manually searched
the relevant studies according to our selection criteria.

2.2. Selection criteria

We selected studies regarding the efficacy and safety of vasodi-
lators in PVOD/PCH. Only peer-reviewed publications of human
studies with an abstract in English were selected, and reviews
and editorials were excluded. We included reports meeting the
following criteria: (1) patients were primarily adults with clini-
cally diagnosed or pathologically diagnosed PVOD/PCH at the
time of autopsy or lung biopsy, or when a surgically removed
lung specimen was available; (2) interventions comprised vaso-
dilators, including calcium channel blockers and all FDA-
approved PAH-targeted drugs, including prostanoids (beraprost
sodium, treprostinil, iloprost, and epoprostenol), the selective
prostacyclin-receptor agonist (selexipag), ERAs (bosentan, ambri-
sentan, and macitentan), phosphodiesterase type 5 inhibitors
(sildenafil and tadalafil), and the soluble guanylate cyclase
stimulator (riociguat); and (3) outcomes included any efficacy
outcomes (survival, improvement in 6-minute walk distance
[BMWD], and improvement in pulmonary vascular resistance
[PVR]) and development of pulmonary edema.

2.3.  Systematic review team

Two reviewers (S.S. and A.0.) independently searched the
databases using the same key words and evaluated each
study using a standard form. Any disagreements were
resolved by discussion. Selected articles then underwent
full-text screening by two independent reviewers to deter-
mine eligibility. Fig. 1 shows the study selection flow chart.
All data were extracted from the text, tables, and figures.

2.4. Data extraction

Using pre-specified inclusion and exclusion criteria, the titles and
abstracts were examined for potential relevance by two inde-
pendent reviewers. We extracted the data for demographics,
interventions, outcomes (mortality/survival, 6SMWD, or PVR), and
occurrence of pulmonary edema.

2.5.  Quality assessment

The study quality was assessed using the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE), and the number of patients (studies), study design,
limitations, inconsistency, indirectness, imprecision, and
publication bias risk in observational studies were evaluated
by GRADE [15,16].

3. Results
3.1. Search results

Database searches yielded 47 studies regarding treatment of
patients with PVOD/PCH with vasodilators (Fig. 1). An additional
six records were identified through other sources by conducting
a manual search of the Guidelines for Treatment of Pulmonary
Hypertension (Japanese Circulation Society 2012) [17] and the
2015 European Society of Cardiology/European Respiratory
Society Guidelines for the diagnosis and treatment of pulmon-
ary hypertension [18]. From reviewing these two guidelines, two
records reporting treatment with continuous intravenous pros-
tacyclin in patients with PVOD/PCH were found [8,19]. Two
other original articles were chosen from the above-mentioned
records from database searches [20,21].

There were no duplicates and a total of 53 records were
screened. Thirty records were excluded because they were
review articles, did not include a major outcome, or had
different aims of the study. As a result, 23 full-text articles
were assessed for eligibility and three full-text articles were
excluded due to only reporting acute vasodilator testing
results. Finally, 20 studies with 64 patients who received
vasodilator therapy were included in qualitative synthesis
(Fig. 1, Table 1) [7,8,10-14,19,21-32], and there were no studies
were included in quantitative synthesis (meta-analysis)
because all articles were case reports or case series.

3.2.  Quality assessment

In the quality assessment of selected articles, serious limita-
tions related to non-randomized controlled trials were
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Fig. 1 - Study flowchart.

observed including serious inconsistency, indirectness, and
imprecision (Table 2).

3.3.  Mortality/Survival

There were no prospective studies or randomized controlled
trials and the survival time period was only described in 18
reports (Table 1) [7,8,10-12,14,19,21-29,31,32|. Palevsky et al.
reported three patients with PVOD who underwent acute
testing using vasodilators including a calcium channel
blocker and o blockers [23]. Two of these patients received
chronic vasodilator therapy with prazosin. Of these patients,
one lived for at least 72 months and the other deteriorated
after several months of relative well-being, and then died due
to progressive heart failure 23 months after the vasodilator
therapy. The patient who did not receive chronic vasodilator
therapy died due to heart failure after 6 months. The rest of
the 17 reports included chronic treatment of patients with
PVOD/PCH with calcium channel blockers or PAH-targeted
drugs. The survival time ranged from 71 minutes after
initiation of epoprostenol to 4 years or more (Table 1). In
some cases, survival or mortality were reported [10,14,19,29],
but the time frames vary, from diagnosis to death [14], from
diagnosis to death/lung transplantation [10,19], or from
initiation of epoprostenol therapy until death/lung transplan-
tation [29]. In two cases, patients were reported to live for at

least 4 years with vasodilator therapy [22,31]. In two other
cases, patients successfully underwent lung transplantations
while receiving vasodilator therapy [11,30]. In a relatively
larger case series, the one-year survival was reported to be
83% and the two-year survival was 50% with intravenous
epoprostenol therapy [19].

3.4. Improvement in the 6MWD

Improvement in the 6MWD was reported in seven reports
(Table 1) [11,13,19,21,25,29,31]. Because all of studies were
single case reports or case series, the 6MWD was evaluated at
various times after the initiation of several different drugs
with varying doses. Five case reports demonstrated an
increase in the 6MWD for a single case [11,13,21,25,31]. In
two case series, the 6MWD before and after initiation of
vasodilators was statistically evaluated. One report of 12
cases of PVOD patients who were treated with epoprostenol
for 3-4 months showed an increase in the 6MWD from
281 + 162 to 322 + 160m, but this did not reach statistical
significance (p = 0.11) [19]. Another report of eight patients
with PVOD or PCH who received epoprostenol (for 387.3 +
116.3 days) alone or with other PAH-targeted drugs demon-
strated a statistically significant increase in the 6MWD
(from 97.5 + 39.2 to 329.4 + 34.6m, [p < 0.001]) [29].



Table 1 - Twenty selected studies for final analysis.

First author, No. of Diagnosis Intervention Survival Improvement of Improvement of PVR Pulmonary
year patients 6MWD edema
[Reference] treated
1 Salzman 1 PVOD (biopsy) nifedipine 4Y (alive) NR 11.7 to 7.8 WU (2Y) (-)
1989 [22]
2  Palevsky 2 PVOD (autopsy) prazosin 72M (alive), 23M NR NR (-) (272
1990 [23]
3 Davis 1995 [24] 1 PVOD (biopsy) epo 1M NR 18.3 to 8.0 WU (+)
4 Humbert 2 PCH (autopsy) epo a few days NR NR (+) (272)
1998 [8]
5 Palmer 1998 [7] 1 PVOD (autopsy) epo 71min NR NR (+)
6 Hoeper 1999 1 PVOD (biopsy) ilo 9 weeks 200 to 320m 8.9 to 7.0 WU (-)
[25]
7 Holcomb 2000 10 PVOD (biopsy or autopsy [9], CCB (8), epo (3) 1Y mortality: 72% NR NR (+) (CCB [6/8],
[14] clinical [2]) epo [0/3])
8 Gugnani 2000 1 PCH (autopsy) epo 1M NR 23.4% reduction (+)
[26]
9 Okumura 2002 1 PVOD (autopsy) epo 2Y 90 to 450 m (4 M) NR (+)
[21]
10 Barreto 2005 1 PVOD (biopsy) sil NR 112 to 408 m (1Y) NR (-)
[13]
11 Kuroda 2006 1 PVOD (biopsy) epo + sil 18M NR NR (+)
[27)
12 Creagh-Brown 1 PVOD (biopsy) epo + sil IM NR NR (+)
2008 [12]
13 Overbeek 1 PVOD (clinical) epo 28 M (alive) NR NR (+)
2008 [28]
14 Montani 16 PVOD (autopsy [14], biopsy [3], epo (11), ilo (3), bos (6), CCB  11.8+16.4 M* (diagnosis- NR NR (+) (7/16)
2008 [10] explanted lung [7] for all 24 patients) (2) death/lung transplantation)
15 Montani 2009 1 PVOD (explanted lung) bos + sil 8M (lung transplantation) 363 to 338 m PVRi: 9.6 to 17.0 (+)
Nov [11] (bos, 6 M) (WU/m?) (bos, 6 M)
16 Montani 2009 12 PVOD (explanted lung [10], clinical  epo (4), bos + epo (8) 1Y survival: 83%, 2Y 2814162 to PVRi: 28.4+8.4 to (+) (1/12)
Dec [19] [2) survival: 50% 322+160m 1745.2 (WU/m?)
(p=0.11) (p<0.01)
17 Ogawa 2012 8 PVOD [6], PCH [2] (explanted epo (5), epo + sil (1), epo +  387.3+116.3 days (epo- 97.5+39.2 to 18.14+2.4 to 13.742.5 (+) (8/8)
[29] lung or autopsy) bos (1), epo + sil + bos (1) death/lung transplantation) 329.4+34.6m WU (NS)
(p<0.001)
18 Masters 1 PVOD (explanted lung) sil, epo NR NR NR (+)

2013 [30]

981

061-¢€8I (6102) LS NOILVODILSIANI AYOLVIIdSITY
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NR
NR

(bos + sil, 1.5Y)

225 to 560 m
NR

4Y (alive)
2.6Y

bos, sil, epo, ilo
bos + sil + epo

PVOD (biopsy)
PCH (autopsy)

2014 [32]
PCH: pulmonary capillary hemangiomatosis

19 Sourla 2013 [31] 1

20 Adachi

M: months

Y: years

NA: not applicable

NR: not reported

NS: not significant

PVOD: pulmonary veno-occlusive disease
CCB: calcium-channel blocker

3.5. Improvement in PVR

PVR was only reported in seven reports (Table 1) [11,19,22,24-
26,29]. Five case reports demonstrated an improvement in
PVR in a single case [11,22,24-26]. One report of 12 cases of
patients with PVOD who were treated with epoprostenol for
3-4 months showed a statistically significant improvement in
the PVR index from 28.4 + 8.4 to 17 + 5.2WU/m~? (p < 0.01)
[19]. Another report of eight patients with PVOD or PCH who
received epoprostenol alone or with other PAH-targeted
drugs (for 387.3 + 116.3 days) showed a tendency toward an
improvement in PVR (181+24 to 13.7+25WU
[not significant]) [29].

3.6. Pulmonary edema

Pulmonary edema is the most severe adverse event associated
with vasodilator therapy in patients with PVOD/PCH and can be
fatal. Pulmonary edema after treatment with vasodilators was
reported in 15 articles (Table 1) [7,8,10-12,14,19,21,26-32]. Again,
because all the included articles are case reports, the type of
drugs and doses varied. The treatment period from the initia-
tion of treatment to the onset of pulmonary edema also varied.
In the most severe case, the patient died 71 minutes after
initiation of epoprostenol treatment, because of severe pulmon-
ary edema [7]. In contrast, in some cases, vasodilator therapy
worked as a bridge to lung transplantation [11,30] or patients
lived for years [28,32]. We have summarized the data regarding
each treatment regimen and occurrence of pulmonary edema
reported in 20 selected articles in Table 3. The number of cases
reported was small and some reports did not include details
specifying the treatment regimen at the time of pulmonary
edema. Hence, ascertaining which drug was more likely to
cause pulmonary edema, or whether combination therapy was
more likely to induce pulmonary edema compared to mono-
therapy, was not possible. It seems that epoprostenol and
combination therapy tended to induce pulmonary edema more
frequently, although publication bias was not negligible.

4, Discussion

This systematic review focused on the efficacy and safety of
vasodilators in patients with PVOD/PCH. Although it is well
known that vasodilators, including calcium channel blockers
and PAH-targeted drugs, are effective in improving exercise
capacity, pulmonary hemodynamics, and survival in patients
with PAH, the prognosis of patients with PVOD/PCH has not
improved over the last 2 decades following the emergence of
these medications. In the clinical guidelines, there are no
established medical therapies for PVOD/PCH [18]. In PVOD/
PCH, PAH-targeted drugs are known to cause pulmonary
edema, which sometimes can be lethal [2,7-10], although
there are some reports indicating the effectiveness of these

*n = 22, including patients who did not receive vasodilator therapy

PVRi: pulmonary vascular resistance index

6MWD: 6-minute walk distance
PVR: pulmonary vascular resistance

g 2 drugs in the treatment of PVOD/PCH. In this systematic
‘g - & E 5 review, we evaluated the effectiveness and safety of vasodi-
§~ 8 g § “é’ lators, including PAH-targeted drugs, for the treatment of
5938 B PVOD/PCH.

gé ”;ﬁ § This systematic review includes 20 studies. Fourteen

studies were reports of a single case and no randomized
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Table 2 - Quality assessment.

Number of studies Design Limitations Inconsistency Indirectness Imprecision Publication bias
Outcome 1: Improvement of mortality/survival

18 Non RCT Serious Serious Serious Serious Unlikely
Outcome 2: Improvement in 6MWD

7 Non RCT Serious Serious Serious Serious Unlikely
Outcome 3: Improvement in PVR

7 Non RCT Serious Serious Serious Serious Unlikely
Outcome 4: Pulmonary edema

15 Non RCT Serious Serious Serious Serious Unlikely

RCT: randomized controlled trial; 6MWD: 6-minute walk distance; PVR: pulmonary vascular resistance.

Table 3 - Treatment regimen and occurrence of pulmonary edema in 20 selected studies.

Treatment Pulmonary edema (+) Pulmonary edema (—) [Reference]
() (n)
Monotherapy
epoprostenol 13 4 [7,8,14,18,21,24,26-30]
iloprost 0 1 [25]
sildenafil 1 2 [12,13,30]
bosentan 0 2 [11,31]
Combination therapy
sildenafil + epoprostenol 2 1 [12,27,29]
sildenafil + bosentan 2 0 [11,31]
bosentan + epoprostenol 1 0 [29]
sildenafil + bosentan + epoprostenol 2 0 [29,32]
Details of treatment regimen unknown
details of treatment regimen not reported (epoprostenol, iloprost, 7 9 [10]
bosentan, calcium channel blocker)
epoprostenol or bosentan-+epoprostenol 1 11 [19]
sildenafil + bosentan + epoprostenol or epoprostenol only 1 0 [31]
sildenafil + bosentan + iloprost or iloprost only 0 1 [31]

controlled trials were found. There were four relatively large
case series including 8-16 patients treated with vasodilators
[10,14,19,29]. Most of the reported cases showed improve-
ments in the 6MWD and PVR. PVOD/PCH is a rare disease and
the overall survival rate has not been evaluated on a large
scale, even before vasodilators became available. The survival
time of patients with PVOD/PCH is reported to be approxi-
mately two years after diagnosis [14]. In this systematic
review, two cases were reported to live for at least 4 years
with vasodilator therapy [22,31]. In a relatively larger case
series, the one-year survival was reported to be 83% and the
two-year survival was 50% with intravenous epoprostenol
therapy [19]. This survival rate appears to be better compared
with the previously reported survival of patients with PVOD/
PCH. Nevertheless, a larger scale prospective trial is needed to
confirm the beneficial effects of PAH-targeted drugs in this
population.

Despite the possible efficacy of vasodilators, there is great
concern regarding the use of vasodilators in patients with
PVOD/PCH, because of the risk of pulmonary edema [7,8].
Detailed hemodynamic measurements have shown that

microvascular pressures initially increased during an infu-
sion of no more than 6ng/kg/min of epoprostenol, but at
higher doses, cardiac output increased and the calculated
pulmonary vascular resistance decreased [24]. If the dose of
epoprostenol is slowly increased in a step-wise manner and
diuretics or inotropes are used as necessary, the transcapil-
lary hydrostatic pressure is decreased and fatal pulmonary
edema can be avoided [29]. Therefore, therapy for PVOD/PCH
should be undertaken only at centers with extensive experi-
ence in the management of pulmonary hypertension [18].
The only curative therapy for PVOD/PCH is lung transplanta-
tion. Eligible patients with PVOD/PCH should be referred to a
transplant center for evaluation as soon as the diagnosis is
established. Furthermore, there are some other possible
drugs to treat PVOD/PCH, including imatinib and sorafenib
[28,33,34]. Further studies are needed to determine whether
these drugs are beneficial for patients with PVOD/PCH.

Our study had several limitations. Most of the bias has
been described in the Results section. Although we attempted
to carry out a systematic review, no randomized controlled
trials focused on this issue, and baseline confounding
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and selection bias were serious problems. Most of the
selected articles were single case reports, and the quality of
the analysis was inadequate because there was no control.
Moreover, there may have been serious publication bias.

5. Conclusion

We aimed to carry out a systematic review to evaluate the
efficacy and safety of vasodilators, including PAH-targeting
drugs, for PVOD/PCH; however, drawing a firm conclusion
was difficult because of the lack of randomized controlled
trials involving large numbers of patients. Based on selected
case reports, vasodilator use may be effective in improving
the 6MWD, PVR, and survival in some cases, but is associated
with the risk of causing pulmonary edema in many cases.
The present study demonstrates the possible efficacy and
difficulties in vasodilator use in patients with PVOD/PCH.
Further work is needed to ascertain if vasodilator use is
beneficial and safe in patients with PVOD/PCH.
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