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and time from PAH diagnosis were 47.6 (25-69)
years and 6.21 (0.6-13.9) years, respectively. At
baseline, seven patients had IPAH and one had
HPAH. The WHO functional class was Class I for
one patient, Class II for five patients, and Class
III for two patients. Epoprostenol AS was started
at the same dose of epoprostenol GM, with a
mean (range) dose of 40.13 (17.0-61.0) ng/kg/
min. The mean (range) duration of exposure to
epoprostenol AS during the 12-week treatment
period was 86.9 (78.4-91.6) days. There were no
dose adjustments in any patient. All of the
patients completed the study schedule during
the evaluation period. The continuous
treatment period was ongoing as of February
2013.

Safety

Adverse events reported during the 12-week
evaluation period are summarized in Table 2
according to system organ class and preferred
term using the Medical Dictionary for
Regulatory Activities/Japanese version. Seven
out of eight patients (87.5%) experienced a
total of 18 adverse events. Three patients
(37.5%) experienced a total of four adverse
events that were considered related to the
study drug. Two patients (25.0%) experienced
serious adverse events: moderate pneumonia
and mild device dislocation in one patient each,
both of which were not considered related to
the study drug. There were no deaths or adverse
events leading to treatment discontinuation
during the study. Seven out of eight patients
(87.5%) experienced mild adverse events and
three (37.5%) experienced moderate adverse
events; there were no severe adverse events.
The most frequent event was nausea, which was
reported by two patients. The other adverse
events occurred in one patient only. There were
no clinically significant changes from baseline

to week 12 in blood pressure, heart rate, body

weight, or clinical laboratory tests.
Efficacy

Table3 shows the hemodynamic factors
measured within 60 min before (i.e., baseline)
and 60 min after the first dose of epoprostenol,
as well as the changes between these two times.
As shown in Table 3, there were no marked
changes in  pulmonary hemodynamic
parameters from 60 min before to 60 min after
the first dose of epoprostenol AS. Wilcoxon
signed rank sum tests revealed no significant
differences at the 5% level for the changes from
baseline. Table 4 presents the hemodynamic
factors measured at baseline and at week 12,
together with their changes between these
times. As shown in Table 4, there were no
remarkable changes in pulmonary
hemodynamic factors from baseline to week
12. Additionally, Wilcoxon signed rank sum
tests revealed no significant differences at the
5% level for the changes from baseline. The
WHO functional class was unchanged from
baseline to week 12, as one was categorized as
Class I, five as Class II, and two as Class III
(Table 5). The (range) NT-proBNP
concentration was 139 (57-240) pg/mL at
baseline and 106 (41-243) pg/mL at week 12.
The mean (range) change from baseline to week
12 was —43.3 (—196 to 43) pg/mL, which was
not clinically significant (Wilcoxon signed rank

sum test: P =0.5781) (Fig. 1).

mean

Treatment Satisfaction

Table 6 shows the scores for all three domains of
the TSQM-9 recorded at baseline and week 12,
together with the changes from baseline to
week 12. As shown in this table, there were
improvements in all three domains during the
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Table 2 Summary of treatment-emergent adverse events by intensity and system organ class
Asymptomatic Mild Moderate Severe Total (» = 8)

All system organ classes

Total pts with at least one AE 0 (0.0%) 7 (87.5) 3 (37.5%) 0 (0.0%) 7 (87.5%)

Total number of AEs 0 11 7 0 18
Gastrointestinal disorders

Total pts with at least one AE 0 (0.0%) 3 (37.5%) 3 (37.5%) 0 (0.0%) 5 (62.5%)

Total number of AEs 0 3 3 0 6

Nausea 0 (0.0%) 0 (0.0%) 2(250%)  0(0.0%) 2 (25.0%)

Diarthea 0 (0.0%) 0 (0.0%) 1(125%)  0(00%) 1 (12.5%)

Gastritis 0 (0.0%) 1(125%) 0 (0.0%) 0(0.0%)  1(12.5%)

Vomiting 0 (0.0%) 1 (12.5%) 0 (0.0%) 0 (0.0%) 1 (12.5%)

Mikulicz’s disease 0 (0.0%) 1 (12.5%) 0 (0.0%) 0 (0.0%) 1(12.5%)
Infections and infestations

Total pts with at least one AE 0 (0.0%) 1 (12.5%) 2 (25.0%) 0 (0.0%) 3 (37.5%)

Total number of AEs 0 1 2 0 3

Pharyngitis 0 (0.0%) 0 (0.0%) 1(125%)  0(00%) 1 (12.5%)

Pneumonia 0 (0.0%) 0 (0.0%) 1 (12.5%) 0 (0.0%) 1 (12.5%)

Celluliis 0 (0.0%) 1(125%) 0 (0.0%) 0(0.0%)  1(12.5%)
General disorders and administrations site conditions

Total pts with at least one AE 0 (0.0%) 2 (25.0%) 0 (0.0%) 0 (0.0%) 2 (25.0%)

Total number of AEs 0 2 0 0 2

Device dislocation 0 (0.0%) 1 (12.5%) 0 (0.0%) 0 (0.0%) 1(12.5%)

Injury associated with device 0 (0.0%) 1(12.5%) 0 (0.0%) 0 (0.0%) 1 (12.5%)
Skin and subcutaneous tissue disorders

Total pts with at least one AE 0 (0.0%) 2(250%) 0 (0.0%) 0(0.0%) 2 (25.0%)

Total number of AEs 0 3 0 0 3

Dermatitis allergic 0 (0.0%) 1 (12.5%) 0 (0.0%) 0 (0.0%) 1 (12.5%)

Drug eruption 0 (0.0%) 1(125%) 0 (0.0%) 0(0.0%)  1(12.5%)

Rash 0 (0.0%) 1(125%) 0 (0.0%) 0(0.0%)  1(12.5%)
Ear and labyrinth disorders

Total pts with at least one AE 0 (0.0%) 1(125%) 0 (0.0%) 0(0.0%) 1 (12.5%)

Total number of AEs 0 1 0 0 1

Vertigo 0 (0.0%) 1(125%) 0 (0.0%) 0 (0.0%) 1 (12.5%)

o8
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Table 2 continued

Asymptomatic Mild Moderate Severe Total (» = 8)

Musculoskeletal and connective tissue disorders

Total pts with at least one AE 0 (0.0%) 1 (12.5%) 0 (0.0%) 0 (0.0%) 1 (12.5%)

Total number of AEs 0 1 0 0 1

Arthralgia 0 (0.0%) 1(125%) 0 (0.0%) 0(0.0%)  1(12:5%)
Nervous system disorders

Total pts with at least one AE 0 (0.0%) 0 (0.0%) 1 (12.5%) 0 (0.0%) 1 (12.5%)

Total number of AEs 0 0 1 0 1

Hypoasthesia 0 (0.0%) 0 (0.0%) 1(125%)  0(0.0%) 1 (12.5%)
Respiratory, thoracic and mediastinal disorders

Total pts with at least one AE 0 (0.0%) 0 (0.0%) 1 (12.5%) 0 (0.0%) 1 (12.5%)

Total number of AEs 0 0 1 0 1

Pleurisy 0 (0.0%) 0 (0.0%) 1 (12.5%) 0 (0.0%) 1 (12.5%)

AE adverse event, pts patients

12-week treatment period. The improvement in
convenience was statistically significant
(Wilcoxon signed rank sum test: P = 0.0313).

DISCUSSION

The results of this study demonstrate that patients
with PAH can be switched from epoprostenol GM
to a new formulation of epoprostenol sodium,
epoprostenol AS, with no apparent safety
concerns deteriorations in pulmonary
factors.  Switching
epoprostenol GM to epoprostenol AS was also
associated with an improvement in convenience
across three treatment satisfaction domains.

The new formulation of epoprostenol is
stable for 24 h at room temperature (1-30 °C)
after preparation/dilution in saline, and the
prepared solution does not require cooling with
a frozen gel pack, which is expected to improve
the quality of life of patients, particularly in
terms of their daily activities. This expectation

or

hemodynamic from

is supported by the results of the treatment
satisfaction questionnaire, which showed an
improvement in convenience. Therefore,
patients with PAH treated with conventional
formulations of epoprostenol sodium could be
switched epoprostenol AS, a stable
formulation at room temperature, and may
enhance their quality of life through
improvements in treatment convenience.

The outdoor air temperature during the
summer in many regions of Japan often
exceeds 30 °C, and the temperature around the
medication cassette of the diluted solution
could be even higher [20]. As part of the risk-
management strategy in this study, patients
were instructed to use a frozen gel pack during
the especially  when  the
environmental temperature exceeded room
temperature. In this study, two out of eight
patients used a frozen gel pack during the
treatment period, but neither of these patients
experienced any changes in their overall

to

summer,
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Table 3 Changes in hemodynamic parameters from baseline to within 60 min after switching epoprostenol formulations

Hemodynamic Baseline (» = 8) After 60 min (z = 8)
parameter Acrual value Actual value Changes from baseline P value®
Mean % SD Median [Min, Max] Mean * SD Median [Min, Max] Mean & SD Median [Min, Max]

Systolic pulmonary arcery 506+ 124 460 (34, 69] 505+ 125 480 (33, 72] —01+42 05 (-7, 6] 0.8438
pressure, mmHg

Diastolic pulmonary artery 171 £ 22 17.0 [14, 22] 165 £ 2.2 16.0 [13, 20] —-0.6 £ 1.8 ~0.5 [—4, 2] 0.5313
pressure, mmHg

Mean pulmonary artery 31.1 & 5.1 315 [22, 40] 304 + 4.6 30.0 [22, 37] —08 £22 —0.5 [—4, 2] 04375
pressure, mmHg

Pulmonary capillary wedge 84+ 18 8.0 [5, 11] 71+£17 6.5 [s, 10] —-134+13 -15 [-3, 1] 0.0625
pressure, mmHg

Cardiac output, L/min 4.829 + 1.057 4.440 [2.72, 5.99] 4.834 + 1.349 4.535 [3.45, 6.76) 0.545 =+ 0.782 0.420 [=0.31, 1.84) 0.1094

Mean right arterial pressure, 48 + 1.8 45 {3, 8] 36+15 3.5 [1, 6] —1.1+20 -15 [-3.3] 0.2031
mmHg

Mixed venous oxygen 7343 + 5.50 73.20 [63.4, 83.2) 73.86 £ 5.82 72.15 [66.0, 84.5] 0.44 + 2.73 0.30 {—39,37] 0.8438
saturation, %

Cardiac input, L/min/m? 2.98 = 0.86 2.80 [2.0, 43] 339 = 1.20 2.95 [2.2, 5.4) 041 £ 0.60 0.20 [—02, 1.5] 0.1250

Pulmonary vascular resistance, 4483 + 158.1 429.5 [201, 676] 406.0 £ 143.6 380.0 [232, 680) —~42.3 + 84.1 —14.0 [—166, 41] 0.4609
dyn-s/cm®

Pulmonary vascular resistance 646.5 += 223.1 598.0 [338, 1,000] 594.8 £ 237.3 534.5 [384, 1,091) —51.8 + 1243 —22.5 [—239, 91] 0.4609

index, dyn-s/cm®/m?

8D standard deviation

* P value based upon Wilcoxon signed rank sum test

IL¥-6SY:0€ (€107) 1YL APY
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Table 4 Changes in hemodynamic parameters from baseline to 12 wecks after switching epoprostenol formulations

Hemodynamic parameter

Baseline (n = 8)

After 60 min (z = 8)

Actual value Actual value Changes from baseline P value®
Mean + SD Median [Min, Max] Mean £ SD Median [Min, Max] Mean £ SD Median [Min, Max]

Systolic pulmonary artery 50.6 + 124 46.0 [34, 69] 49.8 £ 14.1 445 [29, 70] —09 £ 35 —1.0 [~s, 4] 0.4375
pressure, mmHg

Diastolic pulmonary artery 17.1 £22 17.0 [14, 22] 18.8 = 4.6 19.0 (11, 24] 1.6 £37 2.0 [-3.7] 0.4844
pressure, mmHg

Mean pulmonary artery 311 £5.1 315 [22, 40] 314 £72 320 [18, 41] 03+28 0.5 [—4, 4] 0.8906
pressure, mmHg

Pulmonary capillary wedge 8418 8.0 [5, 11] 73412 7.5 [6,9] —11£23 ~2.0 [~4, 3] 0.2344
pressure, mmHg

Cardiac outpur, L/min 4.829 £ 1.057 4.440 [2.72, 5.99] 4.499 = 1.005 4.095 [3.25, 5.98] 0.210 % 0.790 0.310 [—0.91, 1.35] 0.4609

Mean right arterial 48418 45 (3, 8] 48418 45 3,7] 00£17 00 [-3,3] 10000
pressure, mmHg

Mixed venous oxygen 7343 £5.50 73.20 (634, 83.2] 72.10 £ 3.28 72.75 [67.1, 76.3] —1.33 £ 4.64 —0.50 [—84,4.7] 0.5469
saturation, %

Cardiac inpu, 298 £ 086 2.0 (2.0, 43] 3114£072 3.0 (24, 43] 014£052  —025  [—06, 09] 0.6563
L/min/m*

Pulmonary vascular 448.3 £ 158.1 429.5 [201, 676) 453.6 £ 1753 424.5 [154, 686] 54+ 783 —25.0 [—61, 182] 0.5469
resistance, dyn-s/cm®

Pulmonary vascular resistance  646.5 & 223.1 598.0 [338, 1,000] 648.5 = 239.6 6405 [251, 992] 24+ 984 —15.5 [—87, 212] 0.7109

index, dyn-s/cm’®/m”

8D standard deviation

* P value based upon Wilcoxon signed rank sum test

89¢
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Table 5 Changes in WHO FC from baseline to week 12

WHO FC

Baseline Week 12

I I 111 v

N N Y (V] (V] (N]
8 1 1 1 - - -

I 5 - 5 - -

11 2 - - 2 -

v 0 - . _ 0

FC functional class, WHO World Health Organization

NT-proBNP (pg/mL)
2200 —

200.0
180.0

160.0 139.0£71.3
140.0 L N=8

120.0 _
oL 10601754

100.0 N=7
80.0 4
60.0 -
40.0
20.0

0.0 , ,
Bascline Week 12

Fig. 1 NT-proBNP concentration measured at baseline
and at week 12. P = 0.5781 at the 5% level (Wilcoxon
signed rank sum test) NT-proBNP N-terminal prohor-
mone of brain natriuretic peptide

condition. In addition, the earthquake and
tsunami that hit eastern Japan on March 11,
2011, exposed flaws in the systems used to
ensure patient safety and maintain a stable
supply of medical resources during an
emergency [21]. If essential uftilities such as
electricity and water networks are shut down
following a disaster, it is likely that frozen gel
packs would not be available, which may be a
life-threatening issue for patients with PAH. The
authors speculate that epoprostenol AS, which
is stable for a longer time at room temperature
than the GM formulation, could be valuable for

continuing  medical  treatment  during
emergencies, and may have a positive impact
on the quality of medical care, although
additional examination of epoprostenol AS use
is required in situations where the temperature
exceeds 30 °C. Further studies are needed to
evaluate the impact of higher environmental
temperatures on the safety/tolerability and
efficacy of this formulation, and to accumulate
evidence supporting its clinical use.

Some limitations of this study warrant
mention. Firstly, the sample size was small,
which may prevent detection of small
differences in hemodynamic factors or
infrequent adverse events. Secondly, as the study
was conducted in an open-label manner withouta
control group (e.g., of patients continuing
epoprostenol GM during the 12-week treatment
phase), it is possible that a study effect or patient
bias contributed to the observed improvements in
treatment satisfaction.

CONCLUSION

In conclusion, the present study showed that
switching to a new formulation of epoprostenol
was associated with an improvement in
convenience in relation to treatment
satisfaction, without wunexpected adverse
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events or deteriorations in pulmonary
hemodynamic factors. Prospective studies in a
larger group of patients are needed to confirm
the safety of this formulation in long-term
clinical use. Epoprostenol AS was approved in
February 2013 in Japan as a generic drug with
the same potency and effectiveness as the
originally approved drug, epoprostenol GM. As
intravenous epoprostenol sodium therapy may
result in high medical costs, the introduction of
cheaper generic drugs may help to reduce
medical expenditure for treating PAH.
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Inducible Intrapulmonary Arteriovenous Shunt in
a Patient with Beriberi Heart

To the Editor:

Transient intrapulmonary arteriovenous shunt (IPAVS) can be in-
duced by exercise (1-3), a physiological condition producing high
cardiac output. However, the involvement of IPAVS in patholog-
ical high-output condition, such as beriberi heart, is unclear.

The patient was a 37-year-old male with schizophrenia who
was referred with a 2-week history of acute heart failure. His
symptoms included dyspnea, hypotension, and prominent edema
in the lower extremities. He was mildly hypoxemic with pulse
oximeter-oxygen saturation (Spo,) of 93% in room air and re-
quired subnasal oxygen. His echocardiographic findings were
remarkable, showing the exaggerated left ventricular ejection
fraction of 84% calculated by the Teichholz method. He re-
ceived intravenous furosemide and inotropic agents for 2 weeks
after the admission, until the diagnosis of beriberi heart was
made with a low serum erythrocyte thiamine pyrophosphate
level (11.0 ng/ml; normal range, 24-66 ng/ml). After the intra-
venous thiamine repletion, his hypotension, oligouria, and con-
gestion quickly improved. He was weaned off of the inotropic
agents, diuretics, and oxygen over the next few days. The
catheter-based hemodynamic data in acute phase revealed ex-
cessively high cardiac output (14.0 L/min), decreased systemic
vascular resistance (1.9 Wood units), and slightly elevated mean
pulmonary artery pressure (26 mm Hg). The cardiac output
normalized to 6.6 L/min 5 weeks after thiamine repletion.

The contrast-enhanced echocardiography in the supine position
was performed to evaluate IPAVS as a possible contributor to his
hypoxemia. In the acute phase, microbubbles opacified the left

Author Contributions: S. Nakano dealt with the patients and designed and drafted
the manuscript. Y.T. interpreted the data, mostly regarding catheter-based he-
modynamics, as he specialized in pulmonary hypertension. He also revised and
approved the manuscript, and strongly recommended the clinical importance of
intrapulmonary shunt in high-flow pulmonary hypertension. M.A., an echocar-
diography specialist, performed the contrast-enhanced echocardiography and
interpreted the data. She revised and approved the manuscript. Y.S., |.T., T.M,,
T.S., and S. Nishimura are all members of the cardiclogy department. They
collaborated in designing acquisition, analysis, and interpretation of data over the
conference on multiple occasions. They all revised and approved the contents of
the manuscript. K.F., who advised the other authors to construct the scientific
way of thinking, greatly contributed to the report.
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A

In Acute Phase

Figure 1. (A) Contrast-enhanced echocardiography and (B) chest
X-rays in the acute phase and 5 weeks after the thiamine repletion. In
the acute phase, microbubbles opacified the left atrium seven cardiac
cycles after the initiation of right-atrial opacification (A, upper panel),
whereas 5 weeks after the thiamine repletion, microbubble opacifica-
tion became negative (A, lower panel). (B) The chest X-rays display
improvement of cardiomegaly and congestion during this period.

atrium seven cardiac cycles after the initiation of right-atrial opaci-
fication (Figure 1A, upper panel; Spo, 99% with subnasal oxygen).
In contrast, microbubble opacification became negative after the
thiamine repletion (Figure 1A, lower panel; Spo, 99% in room air).
The transient, inducible IPAVS was identified in beriberi heart.
The patient showed no recurring signs or symptoms of heart failure
thereafter without further cardiovascular medications. The chest
X-rays demonstrated improvement during this period (Figure 1B).

The IPAVS not only exists in pathological characteristics such
as hepatopulmonary syndrome, but also is induced by the certain
physical properties in healthy individuals. The exercise-induced
IPAVS using saline contrast microbubbles was demonstrated in
subjects breathing room air (2). It is dependent on external en-
vironment; breathing hyperoxia prevented the exercise-induced
IPAVS, whereas breathing hypoxia and normoxia resulted in
a significant exercise-induced IPAVS (4).

The exact role of exercise-induced IPAVS is unclear. It was
speculated that shunts might act as “pop-off valves” in response
to increases in flow and pulmonary vascular resistance (1, 3) and
function to reduce pulmonary vascular resistance and improve
right ventricular function during exercise (5). Our patient with
beriberi heart revealed high pulmonary flow resulting in slightly
elevated pulmonary arterial pressure. This condition resembles
exercise, where the inducible IPAVS may emerge in adaptive
response to protect the pulmonary vasculature and right ventri-
cle against pressure or volume overloading.

The pathological implications of the exercise-induced IPAVS
are directed at two critical conditions: cerebral embolism and
hypoxemia. The exercise-induced IPAVS may facilitate a path-
way for emboli to circumvent the pulmonary microcirculation
(6). It may also contribute to the reduction in pulmonary gas
exchange efficiency that occurs during exercise (7). The immo-
bile patients with beriberi heart are presumably more likely to
clot than healthy individuals, and thus, predispose themselves to
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suffer cerebral emboli via inducible IPAVS. The hypoxemia that
may develop in some patients with high-output cardiac failure
may be a result or, conceivably, an enhancer of inducible IPAVS.
Furthermore, although not proven, inducible IPAVS can be the-
oretically observed in other forms of high-output cardiac condi-
tions in clinical setting, that is, anemia, thyrotoxicosis, sepsis, or
administration of high dose of inotropic agents.

In conclusion, our patient with beriberi heart showed tran-
sient, inducible IPAVS. The potential impact of inducible
IPAVS on unexplainable cerebral embolism or hypoxemia in
pathological high-output conditions may become a novel inves-
tigational target.

Author disclosures are available with the text of this letter at www.atsjournals.org.
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Erratum: Evolving Epidemiology of Pulmonary
Arterial Hypertension

The authors would like to correct an error in the table that
appears in their editorial published in the October 15, 2012 issue
of the Journal (1). The tenth column of the table is labeled
“Treatment Status on Enrollment”; in this column, the authors
list the medicines that patients with pulmonary arterial hyper-
tension (PAH) were on at the time of enrollment in the various
registries. In the entry for the PAH registry in the United King-
dom and Ireland (2), the authors erroneously included the med-
icines that the patients were prescribed during the time of the
registry (thus, the medicines that patients were started on).
However, as is correctly mentioned in the text of the editorial,
at the time of enrollment these patients were on no medicines.
Therefore, that cell in the table should be changed to read “No
PAH-specific therapies on enrollment.”
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Erratum: Dieulafoy’s Disease of the Bronchus

The authors would like to make a correction to their article
published in the December 1, 2012 issue of the Journal (1).
The middle initial was omitted for Dr. Fishman; his name
should have appeared as Elliot K. Fishman.
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Bone morphogenetic protein receptor type 2 mutations, clinical
phenotypes and outcomes of Japanese patients with sporadic or
familial pulmonary hypertension
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'Division of Pulmonary Medicine, *Cardiology Division, Department of Medicine, Keio University School of Medicine,
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Medicine, Saitama Medical University, Saitama, and ®Division of Pulmonary Medicine, Department of Medicine, Tokai
University School of Medicine, Kanagawa, Japan

ABSTRACT

Background and objective: Mutation of bone mor-
phogenetic protein receptor type 2 (BMPR2) is a cause of
pulmonary arterial hypertension (PAH). We measured
the prevalence of this mutation and its impact on the
phenotypes and long-term clinical outcomes in Japa-
nese patients.

Methods: Between 1999 and 2007, we consecutively
enrolled and, until March 2012, followed 49 Japanese
patients with PAH, including nine familial cases from
seven families. We genotyped BMPR2, using direct
sequencing and multiplex ligation-dependent probe
amplification, to examine (i) the prevalence of BMPR2
mutations and gene rearrangement, (ii) the relation-
ship between BMPR2 genotype and clinical pheno-
types, and (iii) the long-term clinical outcomes of
mutation carriers versus non-carriers under state-of-
the-art medical therapy.

Results: BMPR2 mutations were present in four of the
seven families (57%) and in 14 of the 40 patients (35%)
with sporadic PAH. The mean age at onset of PAH was
37.4 years in BMPR2 carriers, versus 25.9 years in
non-carriers (P = 0.0025). The gender distribution and
hemodynamic status at time of diagnosis were similar
regardless of the mutation status. The 5-year survival
rate after diagnosis of PAH was 88.5% in BMPR2 muta-
tion carriers versus 80.9% in non-carriers (ns).
Conclusions: The prevalence of BMPR2 mutations in
Japanese with PAH was similar to that reported in other
populations. At onset of PAH, BMPR2 mutation non-
carriers were, on average, younger than carriers,
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SUMMARY AT A GLANCE

The 57 and 35% prevalence of BMPR2 mutations
measured in Japanese patients with familial and
sporadic pulmonary arterial hypertension, was
similar to that measured in other populations. In
this study of patients on state-of-the art medical
therapy, the mean long-term survival of patients
with versus without BMPR2 mutations was similar.

possibly due to the heterogeneity of this subpopula-
tion. With state-of-the-art therapy, the long-term sur-
vival of patients with PAH was high, regardless of the
mutation status.

Key words: bone morphogenetic protein receptor type
2, Japanese population, mutation, pulmonary arterial
hypertension.

Abbreviations: BMPR2, bone morphogenetic protein recep-
tor type 2; LTOT, long-term oxygen therapy; NYHA, New York
Heart Association; PAH, pulmonary arterial hypertension.

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a lethal
disease due to abnormal cell proliferation, progres-
sive narrowing and increase in the resistance of the
pulmonary arterial vessels and, eventually, right heart
failure. The recent development of effective pharma-
ceuticals, such as prostaglandin (PG) L, endothelin
receptor antagonists, phosphodiesterase (PDE) 5
inhibitors, and supportive treatment with long-term
oxygen therapy (LTOT), have markedly improved the
prognosis of patients suffering from PAH. However, a
therapy based on treatment of the underlying cause of
disease has not been developed, the patients’ quality

Respirology (2013) 18, 1076-1082
doi: 10.1111/resp.12117
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of life remains impaired and the life-long treatment
has considerable, negative socio-economic conse-
quences.! Therefore, besides the search for new treat-
ments, improved management being individualized
and based on the expected long-term outcome and
predicted response to drug therapy is needed.

In year 2000, bone morphogenetic protein receptor
type 2 (BMPR2) was identified as one of the genes
responsible for the development of PAH.?* This muta-
tion is mechanistically associated with the abnormal
proliferation of pulmonary vascular smooth muscle
cells and dysfunction of vascular endothelial cells.**
Missense, nonsense or frame-shift mutations due to
the deletion or insertion of 1-4 nucleotides are present
in 33-50% of patients suffering from familial PAH and
in 12-26% of patients presenting with sporadic
PAH.5" In addition, exonal deletion/duplication of
BMPR?2 gene is found in substantial frequency, sug-
gesting that direct sequencing alone had underesti-
mated the prevalence of heritable PAH,*-"* which, in
2008, was classified as an independent disease entity
in the Dana Point classification.’

Several studies have examined the different ages at
time of onset, the disease severity, or both, in patients
suffering from PAH with versus without BMPR2
mutations,”’”? although the clinical genetics of
BMPR2 mutations in Japanese are poorly known. In
one study, BMPR2 mutations were present in four of
four (100%) patients presenting with familial PAH, and
in 12 of 30 (40%) sporadic cases.® No study, however,
has determined the frequency of BMPRZ exonal
deletion/duplication or the genotype-phenotype
association in Japanese adult patients suffering from
PAH.

The aims of this study were to examine (i) the
prevalence of BMPR2 mutations in Japanese patients
presenting with PAH, using direct sequencing and
multiplex ligation-dependent probe amplification
(MLPA) methods, (ii) the relationship between
BMPR?2 genotype and clinical phenotypes, (iii) the
>5-year clinical outcomes of patients with versus
without BMPR2 mutations under state-of-the-art
medical therapy.

METHODS

Patient population

Between October 1999 and March 2007, we enrolled
49 consecutive patients suffering from sporadic or
familial PAH diagnosed in the adult or paediatric car-
diology divisions of Keio University Hospital or
referred from other institutions during the study
period. The diagnosis of PAH was based on the meas-
urements of a mean pulmonary artery pressure
>25 mm Hg at rest and a pulmonary capillary wedge
pressure <15 mm Hg by right heart catheterization.”
Secondary pulmonary hypertension was excluded by
history, blood tests, chest computed tomography
scan, nuclear ventilation-perfusion scan and
echocardiography. We classified nine patients from
seven families as familial cases of PAH. We collected
information from the medical records, including age,
disease manifestations, New York Heart Association

© 2013 The Authors
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(NYHA) functional class at diagnosis, medications
and other treatments and clinical outcomes. The
study was reviewed and approved by the Institutional
Review Board of Keio University School of Medicine
(approval number 13-3-2), and all patients, or their
parents if they were < 20 years of age, granted their
written consent to participate.

Genotyping of the BMPR2 gene

Genomic DNA was extracted from peripheral blood,
and all exons in the BMPR2 gene were amplified by
polymerase chain reaction (PCR), using the primers
described in Supporting Information Table S1. The
PCR condition was one cycle at 95° for 9 min, 40
cycles at 95° for 30 s and 60° for 1 min and one cycle at
72° for 5 min. The nucleotide sequences of the ampli-
fied fragments were identified by direct sequencing,
using an ABI 3700 sequencer (Applied Biosystems Inc,
Foster City, CA, USA).

Exonal deletions or duplications were examined by
the MLPA method, using the Salsa MLPA kit (MRC-
Holland, Amsterdam, the Netherlands) as recom-
mended by the manufacturer.

Statistical analysis

The data are presented as means = standard devia-
tion (SD) or counts. The phenotypes of patients with
versus without BMPR2 mutations were compared,
using Student’s ¢- or Fisher’s exact tests, as appropri-
ate. Survival and time to onset of LTOT were analysed
by the Kaplan-Meier method, and the differences
between groups compared by log-rank test. The sta-
tistical analyses were performed, using GraphPad
Prism, version 4 (GraphPad Software Inc., La Jolla, CA,
USA).

RESULTS

Patient characteristics

Important characteristics of the 49 patients, of whom
40 suffered from sporadic and nine from familial PAH
from seven families, are shown in Table 1. The male to
female ratio was approximately 1:2. The average age
at the time of diagnosis was 30.4 years (range 6-59),
the most prevalent disease manifestation was dysp-
noea on exertion and nearly two-thirds of patients
were in NYHA functional class III or IV.

Prevalence and types of BIMPR2 mutations

BMPR2 mutations were identified in 14 of 40 (35%)
sporadic cases and in four of seven (57%) familial
cases (Table 2). Of these 18 mutations, 10 (56%) were
nonsense or frameshift, all resulting in premature
stop codons. We identified five missense mutations in
the ligand-binding or in the kinase activity domains,
in exons 3, 8, and 9. The three nonsense mutations
were identical to previously reported mutations,*%*
and one (C2617C>T) was found in two unrelated
patients. In contrast, all the frameshift or missense
mutations identified in this study had not been pre-

Respirology (2013) 18, 1076-1082
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Table 1 Characteristics of patients with familial and sporadic pulmonary arterial hypertension

H Kabata et al.

Pulmonary arterial hypertension

All patients (n = 49)

Familial (n=9)

Sporadic (n = 40)

Men

17 (34.7) 3(33.3) 14 (35.0)
Age at time of diagnosis, year 30.4 = 13.1 36.1 = 15.5 29.2 £ 12,4
Disease manifestations at time of diagnosis
Symptoms
Dyspnoea on exertion alone 25 (51.0) 5 (55.6) 20 (50.0)
Dyspnoea at rest 3(6.1) 0 3(7.5)
Syncope 6(12.2) 0 6 (15.0)
Cough 1(2.0) 1(11.1) 0
Haemoptysis 1(2.0) 0(0.0) 1(2.5)
Abnormal ECG at annual health check 13 (26.5) 3(33.3) 10 (25.0)
NYHA functional class at diagnosis
| 1(2.0) 1(11.1) 0 (0.0)
] 16 (32.7) 2(22.2) 14 (35.0)
I 28 (57.1) 4 (44.4) 24 (60.0)
\Y) 1(2.0) 1(11.1) 0(0.0)
Undetermined 4(8.2) 1(11.1) 3(7.5)
Values are means * standard deviation, or numbers (%) of observations.
ECG, electrocardiogram; NYHA, New York Heart Association.
Table 2 Individual bone morphogenetic protein receptor type 2 mutations
Type
Patient no Disease Mutation Exon Nucleotide change References
1 sporadic Frameshift 3 ¢.339insA
2 familial Missense 3 ¢.276A>C
3 sporadic Nonsense 3 c.274C>T %
4 sporadic Frameshift 4 c.497delT
5 sporadic Missense 8 ¢.992A>G
5} sporadic Missense 3 c.1016T>A
7 sporadic Missense 9 c.1151C>T
8 sporadic Missense 9 c.1157A>C
9 familial Nonsense 9 ¢.1207C>T 9
10 sporadic Frameshift 12 ¢.2504insA
11 sporadic Nonsense 12 ¢.2617C>T 3.21,22,26
12 sporadic Nonsense 12 ¢.2617C>T 3.21.22.26
13 sporadic Frameshift 12 ¢.2500delCAAA
14 sporadic Frameshift 12 ¢.2128delC
15 familial Frameshift 12 ¢.2009delC
16 sporadic exonal deletion 10
17 familial exonal deletion 1-3
18 sporadic exonal deletion 3

viously described. Exonal deletions, identified in two
sporadic and in one familial cases, represented 17% (3
of 18) of the mutations.

Phenotypes and patients management

Table 3 shows the clinical phenotypes, drug therapy
and outcomes of the patients with versus without
BMPR2 mutations. The mean age of the former at the
time of diagnosis of PAH was 37.4 years, significantly

Respirology (2013) 18, 1076-1082

69

older (P =0.0025) than the latter (25.9 years; Support-
ing Information Figure S1). The gender distributions,
NYHA functional classes, and hemodynamic status at
the time of diagnosis were similar in both groups.
All patients were treated with intravenous PG,
endothelin receptor antagonists, PDE5 inhibitors,
alone or in combination. In addition, four patients
received tyrosine kinase inhibitors in clinical trials.
LTOT was introduced during the study period in
57.9% of patients with, and 60.0% of patients without

© 2013 The Authors
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Table 3 Characteristics, treatments and outcomes of patients stratified by bone morphogenetic protein receptor type

2 (BMPR2) mutation status

BMPR2 mutation

Present {n=19)! Absent (n=30) P

Demography

Men 6 (31.6) 11 (36.7) ns

Age at time of diagnosis, year 37.4 £ 12.7 259+ 113 0.0025
Functional and hemodynamic status

NYHA functional class =2 17 (89.5) 28 (93.3) ns

Mean pulmonary artery pressure, mm Hg 60.8 = 15.4 58.8 = 12.0 ns

Pulmonary vascular resistance, mm Hg/l/min/m? 21594 18.6 = 8.6 ns

Cardiac output, I/min 3.0+ 14 3.2+ 0.9 ns
Pharmaceutical treatment

Intravenous prostaglandin |, 12 (63.2) 21 (70.0) ns

Phosphodiesterase 5 inhibitors 13 (68.4) 14 (46.7) ns

Endothelin receptor antagonists 12 (63.2) 17 (56.7) ns

Tyrosine kinase inhibitors 2 (10.6) 2 (6.6) ns
Clinical outcomes

Long-term oxygen therapy (LTOT) 11 (67.9) 18 (60.0) ns

Age at initiation of LTOT 44.6 = 1.1 27.2+12.4 0.0008

5-year survival rate 17 (88.5) 24 (80.9) ns

Age at time of death 47.5 = 9.8 27.0x7.2 0.0020

Lung transplantation 0 3(10.0) ns

Age at time of death or transplantation 475+ 9.8 23.2+ 8.9 0.001

Values are means * standard deviation, or numbers (%) of observations.
Two members from the same family with mutation 17 were included in the analysis.

NYHA, New York Heart Association.
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Figure 1 Years between onset of symptoms and introduction of
long-term oxygen therapy (LTOT).
Solid lines, BMPR2 carriers; dotted lines, mutation-free patients.

BMPR2 mutations. When ITOT was initiated, the
patients without BMPR2 mutations were 27.2 £ 12.4
years of age, significantly younger (P =0.0008) than
the carriers of mutations (44.6 * 11.1 years), probably
reflecting the age difference at the time of diagnosis.
The time between onset of symptoms and introduc-
tion of LTOT was similar in both groups (Fig. 1).

Patient survivals
The median and mean * SD overall follow-up was 79
and 80.3 * 41.9 months, respectively. The 5-year sur-
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vival rate after diagnosis of PAH was >80% (Table 3)
and the overall patient survival similar (Fig.2 and
Supporting Information Fig. S2) regardless of the
presence or absence of BMPR2 mutations. On
average, the patients without BMPR2 mutations were
significantly younger (P = 0.002) at the time of death
(27.0 = 7.2 years) than the carriers of mutations
(47.5 + 9.8 years), also reflecting the age difference at
the time of diagnosis.

DISCUSSION

Our study showed that the prevalence of BMPR2 point
mutations and exonal deletions in Japanese patients
suffering from PAH is similar to those observed in
other ethnic populations. Furthermore, during this
>5-year prospective observation of patients on
optimal medical therapy, the evolution of disease
towards lung transplantation or death was not influ-
enced by the presence of BMPR2 mutations.

Our observations suggest that BMPR2 mutations
are not detected by genotyping with direct sequenc-
ing alone in a considerable proportion of patients. In
a French PAH registry, 115 BMPR2 mutations were
identified among 382 cases of PAH, of which 20 (17%)
were exonal deletions.” In a study from Germany,?
exonal deletions were present in six cases (12%)
among 49 mutations,* and seven cases were detected
among 50 mutations (14%) in 305 Han Chinese
patients.” The prevalence was similar in our own
observations with three cases among 18 mutations

Respirology (2013) 18, 1076-1082
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Figure 2 Years between onset of symptoms and death (a) or death/lung transplantation (b).

Solid lines, BMPR2 carriers; dotted lines, mutation-free patients.

(17%) and, combining all results, exonal deletions
account for approximately 15% of BMPR2 mutations
among all ethnic groups.

On the other hand, the rates of BMPR2 mutations
have been inconsistent among studies of patients suf-
fering from PAH. In several studies in Caucasians from
Europe and the United States, 11-40% of sporadic and
55-70% of familial cases of PAH were BMPR2
mutation-positive, including point mutations and
exonal deletion/duplications.!>!718202224 T contrast,
data in Asians are limited. Morisaki et al. studied 30
Japanese cases of sporadic PAH by direct sequencing
and identified point mutations in 40%,° a slightly
higher prevalence than the 12 cases among 40 subjects
of sporadic PAH in our cohort (30%). In contrast, two
studies performed in Han Chinese found a 14-17%
prevalence of BMPR2 mutations in patients present-
ing with sporadic PAH.?** This discrepancy between
Japanese and Han Chinese may be due to genetic
backgrounds, different diagnostic means of excluding
secondary PAH, or different genotyping techniques.

All missense mutations we identified were new
and located in the kinase or ligand-binding domain,
as previously reported. The frameshift muta-
tions were also new. On the other hand, the three
nonsense mutations (C274T, C1207T, C2617T) and
one exonal deletion (exon 10) had been previously
described 39212226

Except for the significantly older age of BMPR2
mutation carriers at the time of diagnosis, the demo-
graphic and clinical characteristics of the two study
groups were similar. In contrast to our observations,
some of the previous studies found that patients who
carried BMPR2 mutations developed the disease at a
younger age than non-carriers. The mean age of the
mutation carriers at the time of diagnosis in our study
(37.4 years) was similar with that reported by others
(35.8 to 38.5 years).!"1%2222¢ However, the average age
of our non-mutation carriers at the time of diagnosis
was younger compared to other reports, because
our BMPR2 mutation-negative group included six
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patients who were <15 years old at the time of diag-
nosis. BMPR2 mutations are less prevalent in children
compared to adults, suggesting that the genetic
factors behind the development of PAH are different
in children.?”® A putative explanation is the high pro-
portion of ACVRL-1 mutation among children pre-
senting with PAH,*% a genetic defect that affects
younger patients and is associated with a worse prog-
nosis than the BMPR2 mutation.? The heterogeneous
genetic profile of groups without BMPR2 mutations
might explain the variable age at disease onset
between different studies.

The 5-year survival of our patients suffering from
PAH was >80%, which was better than the rates pre-
viously reported.’! All study subjects were receiving
intravenous PGI2, oral endothelin receptor antago-
nists, PDE5 inhibitors, either alone or in combination,
which probably contributed to improved survival
as suggested in meta-analyses and registry data.*
Recent studies from France,'” China®® and Japan®* also
reported 5-year survival rates comparable to our data,
although the relatively young age in the subjects in
our study might also have affected the outcome. In
addition, we were able to demonstrate that the prog-
nosis of carriers and non-carriers of BMPR2 muta-
tions are similar under standard pharmacotherapy.

Although the prognosis of PAH patients has
improved, there is no effective approach to prevent
the development of the disease in subjects with
BMPR2 mutation. The transmission rate of BMPR2
mutations to offspring is 50% with a penetration rate
of approximately 20%,* suggesting that any offspring
from a BMPR2 mutation-carrier has a 10% risk to
develop clinical PAH in the lifetime. Therefore, prena-
tal or pre-implantation genetic screening for PAH
may be considered.® Benefits and risks of genetic
testing and in vitro fertilization have to be thoroughly
discussed between physicians and affected families.’

One of the limitations of our study is the modest
number of patients enrolled at a single-centre. This
could have imposed a referral bias, reflected by the

© 2013 The Authors
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younger age at the time of diagnosis compared to pre-
vious reports, although it is partly due to the inclusion
of paediatric patients in our study as discussed above.
Another limitation of our study is that our search was
limited to BMPR2 mutations. Although we could not
identify BMPR2 mutation in approximately half of the
familial cases, their clinical phenotypes and progno-
sis were similar to those in sporadic PAH with BMPR2
mutations, suggesting that ‘BMPR2-negative’ familial
PAH may be associated with unidentified BMPR2
mutations in untranslated regions.*® Future studies
should also include an analysis of mutations in other
genes, such as ACVRL-1 and endoglin, in hope of
developing a personalized management of PAH.

In conclusion, BMPR2 mutations were present in
>1/3 of Japanese patients suffering from PAH. With
the currently available treatment options, the long-
term clinical outcomes of patients with versus
without BMPR2 mutations were similar.
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Figure S1 Age at time of diagnosis of PAH in 19 BMPR2 mutation
carriers versus 30 non-carriers.

Figure $2 Overall survival (a) and survival free from death or lung
transplantation (b) after diagnosis of PAH. Solid lines, patients
with BMPR2 mutations; dotted lines, mutation-free patients.
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