IgG4-related disease in pulmonary arterial
hypertension on long-term epoprostenol
treatment

To the Editor:

1gG4-related discase (1gG4-RD) is a recently described systemic fibro-inflammatory condition characterised
by tumefactive lesions and dense lymphoplasmacytic infiltrates rich in IgG4-positive plasma cells {1]. IgG4-
RD has been described in a variety of organ systems, including the lacrimal gland, salivary gland, lungs,
pancreas and kidneys, and often responds favourably to corticosteroids. The pathophysiological
mechanisms for IgG4-RD remain unclear, but type 2 T-helper (Th2) cells are thought to play a critical
role {2, 3]. We recently encountered a patient who developed IgG4-RD during the course of idiopathic
pulmonary arterial hypertension (PAH). After this experience, we carefully examined PAH patients for
1gG4-RD and found four additional cases.

The index case patient was a 19-year-old female who presented with progressive exertional dyspnoea
corresponding to World Health Organization functional class (WHO-FC) II in March 2000. She was
referred to Keio University Hospital (Tokyo, Japan), where complete pulmonary hypertension (PH)
evaluations were conducted. Right heart catheterisation revealed an elevated mean pulmonary arterial
pressure (mPAP) of 67 mmHg and a normal pulmonary arterial wedge pressure of 7 mmHg. There was no
condition or underlying disease that accounted for her PH, leading to the diagnosis of idiopathic PAH. She
was initially treated with warfarin and nifedipine, and an oral prostacyclin analogue, beraprost, was added
in January 2002. 1 year later, her dyspnoea had deteriorated (to WHO-FC III), with marked elevation of the
mPAP (to 95 mmHg). Beraprost was replaced by epoprostenol, and the dosage was gradually increased to
57 ng-kg ' -min™, resulting in improved symptoms and haemodynamic parameters (mPAP 47 mmHg),

In January 2007, the patient developed chronic sinusitis. Simultaneously, she noticed a gradual enlargement
of bilateral lacrimal, parotid and submandibular glands, and of minor salivary glands of the lips, in
conjunction with intermittent upper abdominal pain (fig. la-g). A computed tomography scan revealed
diffuse enlargement of bilateral lacrimal and salivary glands and pancreas. Her serum IgG4 level was
remarkably elevated (to 824 mg-dL”" from a normal range of </135 mg-dL""). Histopathological analysis of
specimens obtained from labial glands showed a dense lymphoplasmacytic infiltrate around the ducts and
acini, The inflammatory infiltrate was mainly composed of CD20" B-cells and CD138" plasma cells. The
infiltrating plasma cells were predominantly IgG4d-bearing cells, which exceeded 50% of the total plasma
cells. The diagnosis was 1gG4-related dacryoadenitis, sialadenitis and pancreatitis. The patient was treated
with 35 mg prednisolone daily and showed prompt improvement of the tumefactive lesions. However,
4 months later, she died of uncontrolled right heart failure due to exacerbation of PAH.

After we encountered the index case in 2007, we examined PAH patients who were being followed at the
specialised PH clinic of Keio University Hospital for 1gG4-RD. Between 2008 and 2012, we found four
additional cases of idiopathic/heritable PAH with complicating IgG4-RD during the disease course. To
examine the incidence rate, clinical characteristics and predisposing factors for 1gG4-RD in patients with
PAH, we retrospectively obtained clinical information for 75 consecutive patients with idiopathic/heritable
PAH and 40 consecutive patients with PAH associated with connective tissue disease {CTD), who first
visited the specialised PH clinic of Keio University Hospital between 2000 and 2009. IgG4-RD was
diagnosed based on the characteristic organ involvement with elevated serum IgG4 level and/or typical
histopathological findings [4]. All the clinical information was collected in June 2012. The study was
approved by the Keio University Institutional Review Board.

IgG4-RD was observed in five (6.7%) out of the 75 patients with idiopathic/heritable PAH, but in none of
the 40 patients with PAH-CTD. None of the patients without IgG4-RD showed enlarged lacrimal or salivary
glands upon careful physical examination, or an increase in serum IgG4. The incidence rate of IgG4-RD in
patients with idiopathic/heritable PAH was 14.3 per 1000 patient-years. Since the estimated prevalence of
IgG4-RD in Japan was 0.28~1.08 per 100000 in a community-based study [5], patients with idiopathic/
heritable PAH are at extremely high risk for developing IgG4-RD.
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Case 1

HE

cD2o

cD138

1gG4

1 a~g) Clinical, radiological and histopathological findings of the index case {case 1) and h~o) histopathological findings of the consecutive lung sections
from case 3. a) Bilateral enlargement of the lacrimal, parotid and submandibular glands. Lips of the mouth were markedly swollen because of beaded enlargement
of the labial glands. b) Computed tomography (CT) scan showed diffusely enlarged bilateral lacrimal glands (arrows). ¢) CT scan showed a diffusely enlarged
pancreas (arrowheads). d} Haematoxylin and eosin (HE} staining of a labial gland specimen obtained from lip biopsy. A dense lvmphoplasmacytic infiltrate was
found in the interstitium around the ducts and acini. ¢} CD20 immunostaining of the labial gland specimen showed B-cell accumulation predominantly around
the duct. f) CD138 immunostaining of the labial gland specimen showed diffuse infiltrates of plasma cells in the peri-acinal area. g) IgG4 immunostaining of the
labial gland specimen showed a predominance of IgG4-bearing plasma cells. h, 1) HE staining showed a focal and dense lymphoplasmacytic infiltrate around the
muscular pulmonary arteries with medial and adventitial thickening. h) Box indicates part of image that is shown at higher magnification in i, k, m and 0. j, k)
CD20 immunostaining showed focal B-cell accumulation predominantly around the narrowed pulmonary arteries. I, m) CD138 immunostaining showed focal
infiltrates of plasma cells in the peri-acinal area. n, 0} 1gG4 immunostaining showed an excess of IgG4d-bearing cells. Scale bars: d~f) 250 um; g, 1, k, m, o) 50 pm:
h, j, I, n} 300 pm.

Table | summarises clinical characteristics of the five patients with idiopathic/heritable PAH who developed
1gG4-RD. Interestingly, 1gG4-RD occurred during the course of PAH, between 65 and 125 months after
diagnosis of PAH. The lacrimal and salivary glands were symmetrically affected in all five cases, consistent
with a previcusly recognised condition called Mikulicz disease, while none of them had sicca syndrome or
positive anti-SSA or anti-SSB antibodies, which are typical features of Sjogren’s syndrome. Pancreas
involvement was also detected in two patients. Concomitant onset of allergic diseases was common.

As treatment for the IgG4-RD, four patients received corticosteroids {prednisolone >0.5 mg-kg™ daily),
and the remaining patient {(case 3) was not treated because of an upcoming lung transplant.
Histopathological analysis of lung specimens obtained at transplantation showed focal and dense
lymphoplasmacytic infiltrates around the muscular pulmonary arteries with medial and adventitial
thickening. The infiltrate consisted mainly of CD20" B-cells and CD138" plasma cells with an excess of
IgG4-bearing cells (fig. th-o). Favourable responses, including resolution of tumorous swellings and
decrease in serwm IgG4, were observed in all patients who received corticosteroids, but none of them
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Case

1¥ 2 3 4 5
Age at 1gG4-RD diagnosis years 26 36 54 70 48
Sex Female Female Female Female Female
Classification of PAH idiopathic Idiopathic Idiopathic Heritable Idiopathic
Interval between diagnoses of 78 69 65 125 82

PAH and 1gG4-RD months
Organ involvement of 1gG4-RD

Lacrimal and

Lacrimal and

Lacrimal and

Lacrimal and

salivary glands, salivary glands salivary glands salivary glands
pancreas
Serum IgG4 level at diagnosis of 824 1190 896 2220
- 1964-RD mg-dL™"
Cencomitant allergic disease Chronic sinusitis Bronchial asthma None Chronic sinusitis
PAH drugs at igG4-RD diagnosis Epoprostenol Epoprostenol, Epoprostenol, Epoprostenol,
bosentan sildenafil bosentan,
sitdenafil
Duration of epoprostenol 61 40 65 54
treatment at 1gG4-RD
diagnosis months
Maximum dose of epoprostenol 85 33 57 53
ng-kg™'-min™
Accumulated lifetime dose of 73 71 78 64

epoprostenol mg-kg™

Lacrimal and
salivary glands,
pancreas
92

Chronic sinusitis
Epoprostenol,
bosentan,
sildenafil
79

93

96

. index case.

showed improvement in PAH. None experienced recurrence of 1gG4-RD, and one patient died of
exacerbation of the PAH.

Comparisons of the demographic and clinical characteristics of 75 patients with idiopathic/heritable PAH
stratified by the presence or absence of IgG4-RD revealed no significant difference in age, sex, WHO-FC or
haemodynamic parameters at the time of PAH or 1gG4-RD diagnosis. Regarding the drugs used to treat the
PAH, all five patients were on epoprostenol when IgG4-RD was diagnosed, while 46 out of 70 patients
without IgG4-RD were treated with epoprostenol (p=0.16, Fisher's exact test). Notably, long-term
treatment with a high concentration of epoprostenol appeared to be a risk factor for development of 1gG4-
RD. Specifically, the relative risk for developing IgG4-RD was >14.4 in patients who had received
epoprostenol treatment for >4 years (p=0.002), and was >10.2 in patients with accumulated lifetime dose
of epoprostenol =50 mg-kg (p=0.006).

This is the first report describing a potential link between PAH and IgG4-RD. Since PAH is observed in
association with various inflammatory conditions, such as CTD, one could speculate that PAH is one of the
manifestations of IgG4-RD. In this regard, lung specimens obtained from one of the cases showed
histological features compatible with IgG4-RD, but it remains unclear how lymphoplasmacytic infiltration
present outside the vasculature contributes to remodelling of pulmonary arteries. IgG4-RD occurred
>»5 years after diagnosis of PAH, when the WHO-FC and haemodynamics were stable. In addition,
corticosteroid treatment dramatically improved IgG4-RD but was ineffective for PAH, although rituximab,
a potential agent effective for refractory IgG4-RD [6], was not tried for any of our patients. Conversely,
long-term treatment with a high epoprostenol dose was suggested as a risk for IgG4-RD. Epoprostenol, a
synthetic prostacyclin analogue, exerts its function mainly through a prostaglandin I, (IP) receptor, but also
through other prostaglandin receptors such as DP1 and EP2 [7]. These receptors are reported to modulate
development and function of T-helper cells {8], such as enhancement of Th2 expansion (9, 10]. It is
intriguing to speculate that long-term exposure to a high concentration of epoprostenol contributes to
IgG4-RD development by shifting the T-helper cell balance to Th2. However, further studies accumulating
similar cases are necessary to clarify a causal relationship between these two conditions.

@ERSpublications
1gG4-related disease may be associated with patients with PAH, especially those treated with long-
term epoprostenol hitp://ow.ly/rFwlO

1518

— 664 —



Yuichiro Shirai’, Yuichi Tamura®, Hidekata Yasuoka', Toru Satoh™® and Masataka Kuwana'

'Division of Rheumatology, Dept of Internal Medicine, Keio University School of Medicine, Tokyo, “Dept of Cardiology,
Keio University School of Medicine, Tokyo, and *Division of Cardiology, Kyorin University School of Medicine, Tokyo,
Japan.

Correspondence: M. Kuwana, Division of Rheumatology, Keio University School of Medicine, 35 Shinanomachi,
Shinjuku-ku, Tokyo 160-8582, Japan. E-mail: kuwanamé@z5.keio.jp

Received: Aug 16 2013 | Accepted after revision: Dec 02 2013 | First published online: Jan 16 2014

Support statement: This work was supported by a research grant {no. 24131701 on intractable diseases from the Japanese
Ministry of Health, Labour and Welfare. The funder had no role in the analysis of data and decision to publish.

Conflict of interest: Disclosures can be found alongside the online version of this article at www.erj.ersjournals.com

Stone JH, Zen Y, Deshpande V. 1gG4-related disease. N Eng J Med 2012; 366: 539-551.
Kanari H, Kagami S, Kashiwakuma D, ef al. Role of Th2 cells in IgG4-related lacrimal gland enlargement. Inr Arch
Allergy Iumunel 2010; 152: Suppl. 1, 47-53.
3 Tanaka A, Moriyama M, Nakashima H, ef o, Th2 and regulatory immune reactions contribute to IgG4 production
and the initiation of Mikulicz disease. Arthritis Rhewm 2012; 64: 254-263.
Umehara H, Okazaki K, Masaki Y, ¢t al. Comprehensive diagnostic criteria for IgG4-related disease {IgG4-RD),
2011. Mod Rheumatol 2012; 22: 21--30.
5 Umechara H, Okazaki K, Masaki Y, et al. A novel clinical entity, 1gG4-related disease {IgG4RD): general concept and
details. Mod Rhewmatol 2012; 22: 1-14.
Khosroshahi A, Bloch DB, Deshpande V, et al. Rituximab therapy leads to rapid decline of serum [gG4 levels and
prompt clinical improvement in [gG4-related systemic disease. Arthritis Rheum 2010; 62: 17551762,
Whittle B, Silverstein AM, Mottola DM, et al. Binding and activity of the prostacyclin receptor {IP} agonists,
treprostinil and iloprost, at human prostanoid receptors: treprostinil is a potent DPY and EP2 agonist. Biochem
Pharmacol 2012; 84: 68-75.
& Hata AN, Breyer RM. Pharmacology and signaling of prostaglandin receptors: multiple roles in inflammation and
immune modulation. Pharmacol Ther 2004; 103: 147-166.
G Boswell MG, Zhou W, Newcomb DC, et al. PGI2 as a regulator of CD4+ subset differentiation and function.
Prostaglandins Other Lipid Mediat 2011; 96: 21-26.
i+ Kuo CH, Ko YC, Yang SN, et al. Effects of PGI2 analogues on Thl- and Th2-related chemokines in monocytes via
epigenetic regulation. J Mol Med 2011; §9: 29-41.

Referances
i

[

P

43: 1514

Point-of-care urine test for assessing
adherence to isoniazid treatment for
tuberculosis

To the Editor:

Good adherence to treatment for tuberculosis (TB) is essential, both to cure disease and prevent
development of drug resistance. Adherence to chemoprophylaxis (preventive therapy) for latent TB
infection (LTBI) is particularly poor [1].

Methods for measuring adherence to TB medication include detecting urine colour change due to the
presence of rifampicin. However, this effect is short lived, peaking at 2-6 h and is only seen in <50% of
patients [2]. Directly observed therapy (DOT) will ensure adherence to antituberculous treatment, but this
can be unacceptable and many patients do not tolerate a three times a week regimen. DOT is costly in terms
of personnel and is seldom employed in chemoprophylaxis patients {1]. The highly reliable Arkansas
method for detecting isoniazid metabolites in urine relies on a laboratory colorimetric assay, involving
adding drops of prepared solutions of reagents, including potassium cyanide, to a urine sample [3]. There
are obvious risks involved in handling and storing the reagents.

IsoScreen (GFC Diagnostics, Bicester, UK) uses the reagents of the Arkansas Method but in an enclosed
plastic testing device (SafeTube; GFC Diagnostics), allowing safe and rapid point-of-care testing in clinics
and patients’ homes {2]. The urine colour change is apparent within a few seconds but 5 min is allowed to
ensure stable colour development. Purple or blue samples are deemed positive, green intermediate and
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Lifestyle and other related factors for the development of mixed
connective tissue disease among Japanese females in comparison
with systemic lupus erythematosus
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Abstract

Objective. The etiology of mixed connective tissue disease (MCTD) has not been elucidated in
detail. Case control studies of MCTD and systemic lupus erythemataosus (SLE) were conducted in

Keywords

A case control study, Japan, Mixed connective
tissue disease, Risk factor, Systemic lupus

order to compare factors related to these two diseases. erythematosus
Methods. We selected 48 MCTD and 54 SLE female patients throughout Japan from 2009 to 2010.

Controls were 182 female patients who visited the clinics of general internal medicine during the ~ History

study periods. Received 27 August 2013

Results. Smoking and walking a longer time showed an increased age-adjusted risk for MCTD
as well as SLE. On the other hand, frequent intake of bread increased the risk of MCTD and high
intake of green tea decreased the risk of MCTD. Even after an additional adjustment of smoking
and drinking, frequent intake of bread increased the risk of MCTD, while walking increased the
risk of SLE.

Conclusion. The present study suggests that Westernization of dietary habits (i.e. frequent intake
of bread and low intake of green tea) may increase the risk of MCTD, while walking may increase
the risk of SLE (probably due to exposure to the sunlight) among Japanese females. Further

Accepted 3 November 2013
Published online 4 February 2014

studies are needed to confirm the result of the present study.

Introduction

Mixed connective tissue disease (MCTD), which was first intro-
duced as a distinct clinical entity by Sharp and co-workers in 1972
[1]. is an autoimmune disease with combined clinical features of
systemic lupus erythematosus (SLE), scleroderma and polymyosi-
tis/dermatomyositis, as well as with high titers of antibodies to Ul
small nuclear ribonucleoprotein [1-3]. The common primary clini-
cal features of MCTD are Raynaud’s phenomenon, swollen fingers
or hands and arthralgia with or without arthritis, while pulmonary
involvement is a serious complication of MCTD and pulmonary
arterial hypertension is one of the most common diseases related
to causes of death in MCTD [2].

The Japanese Ministry of Health, Labour and Welfare
designated MCTD and SLE as intractable diseases because there
is no established way to cure or prevent them [4]. Based on
this definition, the Ministry has financially supported scientific
research to cure or prevent them [4]. However, risk or preventive
factors for MCTD have not been clearly shown in these studies
[4] although several case control studies revealed some factors
related to the development of SLE in learned journals [5-10].

Correspondence to: Masakazu Washio, MD, Department of Community
Health and Clinical Epidemiology, St. Mary’s College, 422 Tsubuku-hon-
machi, Kurume 930-8558, Japan. Tel: +81-942-35-7271. Fax: +81-942-
34-9125. E-mail: washio@st-mary.ac.jp

In case control studies of SLE [5-10], information before the
diagnosis of SLE was collected in cases, while information before
the interview day was collected in controls so that they could find
what factor may be related to the development of SLE.

Like SLE {11}, MCTD affects females more frequently than
males [2.3]. Therefore, in the present study, a case control study
of MCTD as well as a case control study of SLE was conducted
so that we could compare factors related to these two rheumatic
diseascs in Japanese women.

Methods
Profile of Japan MCTD study

The Japan MCTD study was a case control study to evaluate risk
factors for MCTD as well as SLE among Japanese females. From
2009 to 2010, cases (i.e. MCTD patients and SLE patients) were
recruited from rheumatic outpatients in our collaborative hospitals
from all over the Japan, except Shikoku Island, while controls were
recruited from outpatients who visited the clinics of general inter-
nal medicine in our collaborative hospitals.

MCTD patients were diagnosed according to the criteria
proposed by the Ministry of Health, Labour and Welfare in
Japan [3], while all SLE patients fulfilled the American College of
Rheumatology criteria [12].

In the Japan MCTD study, we used the same questionnaire
that was used in the Kyushu Sapporo SLE Study [7.8,10]. An
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anonymous self-administered questionnaire was obtained from
MCTD patients, SLE patients and control patients, along with
informed consent for co-operation in this study. All questions
referred to the subject’s status before the diagnosis of MCTD or
SLE in cases and before the interview day for controls. The present
study was approved by the institutional review boards of St. Mary’s
College, Kyoto University, and each of other institutions involved.

In the present study. 91 female MCTD patients and 91 female
SLE patients (i.e. one SLE patient for every one MCTD patient)
were recruited for cases, while 182 female patients (i.e. two con-
trols for every pair of one MCTD patient and one SLE patient)
who visited the clinics of general internal medicine were recruited
for controls during the study periods. However, we excluded the
patients who had been treated for MCTD or for SLE for 10 years
or longer in order to obtain accurate information. Thus, we used 48
MCTD patients and 54 SLE patients as cases in the present study.

MCTD patents were older than the controls at the time of the
survey (43.0 + 14.3 years old vs. 36.5 = 15.0 years old, p <0.01),
while the age at the diagnosis of MCTD did not differ from the
controls (38.3 = 14.6 years old vs. 36.5 % 15.0 years old, p = 0.47)
(not shown in the table). On the other hand, SLE patients and the
controls did not differ in age at the time of the survey (37.5+11.8
years old vs. 36.5 £ 15.0 years old, p =0.54), while SLE patients
at the time of diagnosis tended to be younger than the controls
(32.9£36.5 years old vs. 36.5%15.0 years old, p=10.06) (not
shown in the table).

Statistical analysis

Unconditional logistic regression was used to evaluate the odds
ratio (ORs) and their 95% confidence intervals. Age was treated
as a continuous variable, and indicator variables were used for
smoking and drinking. We treated current and former smokers as
smoking positive, while those who drank | day/week or more were

Risk factors for MCTD and SLE 789

defined as having drinking habit. Ages at the time of the survey
were used for controls, while the ages at diagnosis were used
for MCTD patients and SLE patients. All statistical analyses
were conducted by use of a statistical analysis system package
(SAS Institute, Cary, NC. USA). All P values were two-sided, with
those less than 0.05 considered statistically significant.

Results

Table 1 shows life style and dietary habits and the age-adjusted
ORs of MCTD and SLE. In the case control study of MCTD,
smoking and eating bread (once/day or more vs. less than once/
day) increased the risk of MCTD, and walking (30 min/day or
more vs. less than 30 min/day) tended to increase the risk. On the
other hand, green tea (7-Ocups/day or more vs. 4-6 cups/day or
less) tended to decrease the risk. In the case control study of SLE,
smoking, drinking and walking (30 min/day or more vs. less than
30 min/day) increased the risk of SLE.

Age, smoking and drinking-adjusted ORs are shown in
Table 2. In the case control study of MCTD, either drinking
or smoking did not show any meaningful association with the
development of MCTD after additional adjustment. while frequent
bread intake (once/day or more vs. less than once/day) remained
as a significant risk factor even after additional adjustment for
smoking and drinking. In the case control study of SLE, smoking
and drinking failed to be a significant risk factor after additional
adjustment, while walking (30 min/day or more vs. less than
30 min/day) increased the risk even after additional adjustment
of smoking and drinking.

Discussion

Smoking has been demonstrated to increase the risk of SLE
in several pieces of research for intractable diseases supported by
the Japanese Ministry [5-8,10]. Cigarette smoke contains many

Table 1. Lifestyle and dietary habits and the risk of MCTD and the risk of SLE.

MCTD (n=48) Control {(n=182) Age-adjusted OR
number (%) number (%) (95% C1) p value
Lifestyle factors
Smoking (former and current smokers vs. non-smokers) 16 (33.3) 35(19.2) 2.20(1.08-4.48) <0.05
Drinking (1-3 times/week or more vs. less than once/week) 9 (18.8) 39(21.4) 0.80 (0.35-1.80) 0.59
Walking (30 min/day or more vs. less than 30 min/day) 34 (70.8) 104 (57.1) 1.83 (0.92-3.65) 0.09
Sports activity (3-4 times/week or more vs. 1-2/week or less) 12(25.0) 37 (20.3) 1.28 (0.60-2.71) 0.52
Sleeping (7-8 h/day or more vs. 5-6 h/day or less) 41(854) 157 (86.3) 0.91 (0.37-2.27) 0.84
Felt psychological stress (yes vs. no) 22 (45.8) 72(39.6) 1.37 (0.71-2.62) 0.35
Dietary habits
Green tea (7-9 cups/day or morc vs. 4-6 cups/day or less) 2(4.2) 24 (13.2) 0.26 (0.06-1.15) 0.08
Black tea (4—6 cups/day or more vs. 2-3 cups/day or less) 121 2(1.0) 2.13 (0.19-24.45) 0.55
Coffee (4-6 cups/day or more vs. 2-3 cups/day or less) 4(8.3) 15(8.2) 1.00 (0.31-3.16) 1.00
Rice (2-3 times/day or more vs. once/day or less) 19 (39.6) 92 (50.6) 0.60(0.31-1.16) 0.13
Bread (once/day or more vs. less than once/day) 21 (43.8) 53(29.1) 1.93 (1.00-3.72) << (.05
SLE (n=754) Control (n=182) Age adjusted
number (%) number (%) (95% CI OR p value
Lifestyle factors
Smoking (former and current smokers vs. non-smokers) 18 (33.3) 35(19.2) 2.13(1.084.19) <0.05
Drinking (1-3/week or more vs. less than once/week) 18 (33.3) 39214 2.03 (1.02-4.02) <0.05
Walking (30 min/day or more vs. less than 30 min/day) 40 (74.1) 104 (37.1) 2.15 (1.09-4.24) < 0.05
Sports activity (3—4 times/week or more vs. [-2/week or less) 16 (29.6) 37 (20.3) 1.68 (0.84~3.35) 0.14
Sleeping (7-8 h/day or more vs. 5-6 h/day or less) 51(94.4) 157 (86.3) 2.83 (0.82-9.83) 0.10
Felt psychological stress (yes vs. no) 25 (46.3) 72 (39.6) 1.29 (0.70-2.39) 041
Dietary habits
Green tea (7-9 cups/day or more vs. 4-6 cups/day or less) 4 (74) 24 (13.2) 0.57 (0.19-1.75) 0.30
Black tea (4-6 cups/day or more vs. 2--3 cups/day or less) 1(1.9) 2(L.Oy 1.76 (0.15-20.07) 0.65
Coffee (4-6 cups/day or more vs. 2-3 cups/day or less) 8(14.8) 15(8.2) 2.12 (0.84-5.38) 0.11
Rice (2-3 times/day or more vs. once/day or less) 27 (50.0) 92 (50.6) 1.01 (0.55-1.89) 0.98
Bread (once/day or more vs. less than once/day) 17(31L.5) 53(29.1) 1.10 (0.57-2.13) 0.78

OR, odds ratio; 95% Cl, 95% confidence intervals.
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Table 2. The risk of MCTD and the risk of SLE after adjusting age, smoking and drinking.

MCTD (n=48) Control (n= 182) Smoking, drinking and
Factors number (%) number (%) age-adjusted OR (95% CI) p value
Smoking (former and current smokers vs. non-smokers) 16 (33.3) 35(19.2) 1.90 (0.67-5.44) 0.23
Drinking (1-3/week or more vs. less than once/wecek) 9(18.8) 39214 0.68 (0.21-2.22) 0.52
Walking (30 min/day or more vs. less than 30 min/day) 40 (74.1) 104 (57.1) 1,95 (0.71-5.30) 0.19
Green tea (7-9 cups/day or more vs, 4-6 cups/day or less) 4(7.4) 24 (13.2) 0.25 (0.03-2.05) 0.20
Bread (once/day or more vs, less than once/day) 21 (43.8) 53(29.1) 347 (1.36-8.87) < 0.01

SLE (n=54) Control {n=182) Smoking, drinking and
Factors number (%) number (%) age-adjusted OR (95% CI) p value
Smoking (former and current smokers vs. never smokers) 18(33.3) 35¢19.2) 1.37 (0.76-2.50) 0.29
Drinking (1-3/week or more vs. less than once/week) 18 (33.3) 39(21.4) 1.16 (0.89~1.52) 0.28
Walking (30 min/day or more vs. less than 30 min/day) 40 (74.1) 104 (57.1) 2.74 (1.23-6.10) <005
Green tea (7-9 cups/day or more vs. 46 cups/day or less) 474 24 (13.2) 0.82 (0.26-2.58) 0.73
Bread (once/day or more vs. less than once/day) [7(31.5) 53 (29.13 1.42 (0.70-2.88) 0.33

OR, odds ratio; 95% CI, 95% confidence intervals.

chemical compounds including aromatic amines, which may play
a role in the development of SLE because hydrazine, a drug
containing aromatic amines, is an inducer of SLE [13]. Cigarette
smoking may increase the risk of SLE through the autoimmune
response promoted by the exposure to reactive oxygen species [14].
Costenbader et al. [15] demonstrated that smoking was signifi-
cantly associated with an increased risk of SLE in a meta-analysis
based on nine studies. The result of this meta-analysis supports the
results of Japanese case control studies [5-8], which suggest that
smoking contributes to an increased risk of the development of
SLE in a Japanese population.

Like SLE, rheumatoid arthritis (RA) is a chronic inflammatory
autoimmune disease that causes immune-medicated destruction
of tissue and organs. Although the etiology of these autoim-
mune diseases has not yet been elucidated in detail, some of their
environmental determinants may be considered similar. Like
the meta-analysis of studies on SLE [14], Sugiyama et al. [16]
demonstrated that smoking was a significant risk factor for the
development of RA in a meta-analysis based on 16 studies. The
results of these two studies suggest that smoking may be a com-
mon risk factor for rheumatic diseases such as SLE and RA. In the
present study, smoking showed an increased age-adjusted OR of
MCTD as well as SLE. These findings suggest that smoking may
be a common risk factor for both SLE and MCTD. However, in
the present study, smoking failed to remain as a significant risk
factor for either SLE or MCTD after controlling drinking habit.
These findings may be partly explained by the small number of
cases because smoking is a significant risk factor for SLE in the
previous studies in Japan [5-8,10]. as well as in the meta-analysis
based on studies on SLE [15].

Alcohol consumption is suggested to decrease the risk of SLE
in some studies in Japan [5.8] as well as in Western countries
[17-19]. Recently, Wang et al. [20] demonstrated that moderate
alcohol consumption decreased the risk of SLE in a meta-analysis
based on tive studies. Similarly, in Japan, Kiyohara et al. [8] found
that light/moderate alcohol consumption was inversely associated
with SLE risk among Japanese females. irrespective of the type of
alcoholic beverage.

In the present study, there was no meaningful association
between drinking alcohol and the risk of MCTD. while drinking
showed an increased age-adjusted OR for SLE. However, after
additional control of smoking, there was no meaningful association
between drinking and the risk of SLE. It may be partly explained
by the following way. First, smokers were more likely to drink than
their counterparts [21]. Second, drinkers may include heavy drink-
ers or binge drinkers. Heavy drinkers and binge drinkers may have
felt emotional stress, which is a risk factor for SLE [10,22]. Thus,
we could not find any meaningful association between drinking

alcohol and the risk of MCTD or SLE in the present study after
additional adjustment of smoking.

Physical activity (e.g. exercise) is reported to reduce the risk
of cancer [23] and coronary heart disease [24]. However, there
is little information about leisure-time physical activity and the
risk of SLE. Nagai et al. [6] reported that neither outdoor sports
nor physical active behavioral characteristics had any meaning-
ful association with the risk of SLE, while skin sensitivity to
sunlight increased the risk of SLE [6]. Washio et al. [7] also
failed to show any meaningful association between leisure-time
physical activity and the risk of SLE. However, they reported that
walking (30 min/day or more vs. less than 30 min/day) increased
the risk of SLE not in northern Japan (i.e. Hokkaido) but in
southern Japan (i.e. Kyushu) [7]. Walking in southern Japan
may be a surrogate of staying outdoors under sunlight because
outdoor work is reported to increase the risk of SLE [25]. In
the present study, there was no meaningful association between
sports activity and MCTD or SLE, while walking (30 min/day or
more vs. less than 30 min/day) showed a tendency of increased
age-adjusted OR for MCTD and a significantly increased OR for
SLE. However, after additional control for smoking and drink-
ing, the ORs showed higher than the unity but failed to show the
statistical significance.

Dietary factors are thought to affect the course of SLE as well
as the development of SLE [26]. Minami et al. [26] reported that
the frequent intakes of meat increased the risk of SLE, while
Oumi et al. [9] demonstrated that total calorie intake, protein
intake and carbohydrate intake were positively associated with
the risk of SLE.

Compared with controls, SLE patients preferred beef or pork
to chicken [26]. In addition. milk (once/day or more vs. less than
once/day), bread (once/day or more vs. less than once/day) and
canned tuna (once/week or more vs. less than once/day) increased
the risk of SLE [9]. Since the frequent intakes of meat, milk, bread
and canned tuna may be indicators of Westernized dietary habits,
these findings suggest that Westernized dictary habits may increase
the risk of SLE.

In the present study, there was no meaningful association
between dietary factors and the risk of SLE. which may be
explained by the small number of SLE patients in the present study.
On the other hand, frequent intake of bread (once/day or more vs.
less than once/day) showed a significantly increased age-adjusted
OR for MCTD, while frequent intake of green tea (7--9 cups/day or
more vs. 4-6 cups/day or less) may reduce the age-adjusted risk of
MCTD. Green tea drinking is reported to be positively correlated
with the traditional Japanese diets (rice, soy paste soup and pick-
les), and negatively correlated with eating bread for breakfast and
coffee consumption [27]. Therefore, green tea is an indicator of a
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traditional Japanese dietary habit. while bread may be an indicator
for a Westernized dietary habit. Further studies should be recom-
mended to confirm the hypothesis that a Westernized dietary habit
increase the risk of MCTD.

Although green tea is thought to be an indicator of a tradi-
tional Japanese dietary habit, green tea is demonstrated to have
anti-inflammatory [28], anti-apoptotic [28], radical scavenging
[28,29] and anti-oxidative effects [29]. Further studies are needed
to answer whether green tea per se may prevent the development
of MCTD or if a traditional Japanese dietary habit may reduce the
risk of MCTD.

In the present study, we conducted two case control studies
(i.e. a case control study of MCTD and a case control study of
SLE), and compared the risk factors for MCTD and the risk fac-
tors for SLE. Despite the limitations of the case control study,
the case control study remains the most proper study design of
epidemiological studies for rare diseases such as MCTD or SLE
because case control studies need smaller participants than cohort
studies [30,31]. Case control studies represent a high achieve-
ment of modern epidemiology. and if conducted well, they can
reach the highest standards of validity [30,31]. However, we must
confess the limitations of the present study. First, the number of
cases was small because we recruited 91 MCTD patients and 91
SLE patients but half of them were excluded for the analyses in
order to obtain accurate information. Second, since MCTD was
a rare disease, the small number of MCTD patients obliged us
to use prevalent cases in the present study. Third, controls were
recruited not from a general population but from outpatients who
visited the clinics of general internal medicine in our collab-
orative hospitals. Therefore, the present study was not free from
recall bias or selection bias.

However, our study has strengths as well. As far as we know,
this is the first case control study to evaluate the risk factors for
MCTD in the world. Second, the validity of the study for MCTD
risk was similar to the validity of the study for SLE risk because
the two studies were conducted at the same time in the same way.
In addition, the same controls were used in these two case control
studies. So, we can compare the risk factors for MCTD and the risk
factors for SLE.

In conclusion, the present study suggests that smoking may be
a common risk factor for both MCTD and SLE among Japanese
females. On the other hand. a Westernized dietary habit (i.e. fre-
quent intake of bread and low intake of green tea) was suggested
to increase the risk of MCTD, while walking a long time every day
was proposed as a risk factor for SLE. However, further studies are
required to confirm the results of the present study.
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Abstract Pulmonary arterial hypertension (PAH) trial
has mostly enrolled patients with World Health Organiza-
tion functional class (WHO FC) I or IV. However, PAH
is rapidly progressive in nature even in patients with less
severe forms at diagnosis. Following the recent studies in
Western population, here we assessed the efficacy of bos-
entan in Japanese patients with WHO FCII PAH. In this
open-label trial, bosentan 125 mg twice daily was admin-
istered for 12 weeks in 16 patients, and a hemodynamic
evaluation was performed. Treatment was continued for a
further 12 weeks, where the effect on exercise capacity was
assessed in 13 patients. In 16 patients, mean pulmonary
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arterial pressure decreased from 404 4 104 to
35.6 £ 12.6 mmHg (p = 0.018) and cardiac index
increased from 2.54 +0.73 to 2.96 % 0.82 L/min/m’
(p = 0.023). Thus, pulmonary vascular resistance
decreased from 792 + 565 to 598 & 558 dyn-sec/cm’
(p = 0.006). In 13 patients followed up for 24 weeks,
6-min walking distance increased from baseline at Week
12 (p = 0.003) and Week 24 (p = 0.011). All patients
were mildly symptomatic at baseline with dyspnea index
(Borg scale) of 2.50 & 1.58 and the specific activity scale
(SAS) of 5.0+ 14 METs. These values remained
unchanged throughout the study. These results suggest that
bosentan treatment was beneficial for Japanese patients
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with WHO FC II PAH and treatment should be started in
the early stage of the disease.

Keywords Bosentan - Endothelin receptor antagonist -
Pulmonary arterial hypertension - Hemodynamics - World
Health Organization functional class

Introduction

Enormous strides have been made in understanding the
basic mechanisms of pulmonary arterial hypertension
(PAH) and we have witnessed a number of innovative
strategies to combat this devastating disorder in the past
decades. Nevertheless, the long-term prognosis for patients
with PAH is ultimately poor as the disease often leads to
right ventricular failure and death. World Health Organi-
zation functional class (WHO FC) has been identified as an
important factor in predicting the outcome of the affected
patients. The NIH cohort study that enrolled 194 patients
with idiopathic PAH (JPAH) documented that the risk of
death was higher among patients in WHO FC III or IV than
among those in WHO FC I or II, the median survival time
being 2.5 years for patients in WHO FC III and 6 months
for patients in WHO FC IV while nearly 6 years among
WHO FC I or I patients [1]. Not only in untreated patients
with IPAH but also in those receiving therapeutic inter-
vention, mortality rate is increased associated with higher
WHO FC.

Since the discovery that endothelin I plays an impor-
tant role in the pathogenesis of PAH, inhibition of ET
receptors by a dual endothelin receptor antagonist, bos-
entan, has been proved to have significant clinical
benefits.

Under these circumstances, results of the Endothelin
Antagonist Trial in Mildly Symptomatic Pulmonary
Arterial Hypertension Patients (EARLY) study, which
pioneered early therapeutic management trial, were pre-
sented in 2008 [2]. This study was designed to assess the
effect of bosentan exclusively in mildly symptomatic
WHO FC II PAH patients. Following the studies in the
Western populations, we also assessed the efficacy of
bosentan in Japanese patients with PAH to bridge the
Japanese status to the large-scale evidence for the
expansion of bosentan indication. As the preceding studies
had mostly enrolled patients with advanced disease, the
patient population of the first Japanese study of bosentan
also involved those exclusively in WHO FC III and IV.
According to the growing body of evidence for the ben-
efits of early detection and early therapeutic intervention
in patients with PAH, this study was designed to assess
the effects of bosentan in Japanese patients with WHO FC
II PAH.

@ Springer

Materials and methods

This prospective open-label study was performed at 11
centers in Japan from November 2009 to December 2011,
The protocol was reviewed and approved by the appro-
priate Institutional Review Board before study com-
mencement. All subjects gave written informed consent
prior to any screening procedures. The study consisted of a
12-week efficacy evaluation period followed by a 24-week
safety evaluation period. Patients were treated with bos-
entan 62.5 mg twice daily for the first 4 weeks as an initial
dose, and with bosentan 125 mg twice daily from Week 5
onwards as the target dose. If the drug was not well tol-
erated, down-titration to, or maintenance at, the 62.5 mg
twice daily dose was available at any time, with possible
subsequent up-titration to the target dose. At Week 12, all
endpoints were assessed and, at Week 24, all endpoints
except hemodynamics were assessed.

Japanese patients eligible for the study were aged
18-74 years; had PAH, either idiopathic/heritable or sec-
ondary to connective tissue disease (CTD) or congenital
heart disease (CHD, atrial septal defect of less than 2 cm in
a diameter, ventricular septal defect of less than 1 cm in
diameter, patent ductus arteriosus); were in WHO FC II; and
were PAH-specific treatment naive or treated with beraprost
sodium for more than 3 months. Patients were also required
to meet the following hemodynamic criteria: mean pul-
monary arterial pressure (PAP) =25 mmHg at rest, pul-
monary arterial wedge pressure (PAWP) <15 mmHg, and
pulmonary vascular resistance (PVR) >240 dyn-sec/cm’.
Patients were excluded if they had any of the following:
PAH associated with conditions other than those mentioned
above, severe obstructive lung disease (forced expiratory
volume [FEV] /forced vital capacity [FVC] <0.5), low total
lung capacity (<70 %), acute or chronic impairment limiting
the ability to comply with study requirements, hypotension
(systolic blood pressure <85 mmHg), low hemoglobin
concentration (<75 % of the lower limit of the normal
range), moderate-to-severe hepatic impairment (aspartate
aminotransferase [AST] andfor alanine aminotransferase
[ALT] >1.5 times the upper limit of the normal range
[ULND). All other PAH-specific treatments, excluding ber-
aprost, anticoagulation and diuretics, were prohibited as
were calcineurin inhibitors, glibenclamide, fluconazole, and
other investigational drugs. Because bosentan treatment has
been associated with the development of reversible, dose-
related abnormalities in liver aminotransferases, frequent
liver function tests were repeated every 2 weeks throughout
the study period and strict guidelines for treatment and
monitoring were provided. In case of associated clinical
symptom of liver injury and/or increases in total bilirubin
>2x ULN, study treatment was to be stopped. Hemody-
namics via right heart catheterization (RHC) (cardiac output,
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mean right arterial pressure [RAP], systolic PAP, diastolic
PAP, PAWP, and mixed venous oxygen saturation [SvO,]),
height, and body weight were assessed immediately before
the start of treatment and at Week 12. Cardiac output was
measured by the thermodilution method. Based on these
measurements, PVR, total pulmonary resistance (TPR), and
cardiac index (CI) were calculated. Treatment efficacy was
also assessed by 6-min walk distance (6MWD), specific
activity scale (SAS), and WHO FC. The 6-min walk test and
Borg dyspnea index score were performed immediately
before the start of treatment and at Weeks 12 and 24. WHO
FC and SAS were assessed immediately before the start of
treatment and at Weeks 4, 8, 12, and 24. Safety was assessed
on the basis of recorded adverse events (AEs), clinical lab-
oratory parameters, vital signs, and electrocardiography.
The primary objective of this study was to demonstrate
that bosentan improves PVR in Japanese patients with
WHO FC 11 PAH. The secondary objectives were firstly to
demonstrate that bosentan is safe and well tolerated in
Japanese patients with WHO FC II PAH, and secondly that
bosentan improves cardiopulmonary hemodynamics (mean
RAP, mean PAP, TPR, CI, SvO,) and exercise capacity
(6MWD) in Japanese patients with WHO FC II PAH.

Statistical analysis

Statistical hypothesis testing was not defined and a confir-
matory analysis was not performed. However, a supple-
mentary analysis was performed. Changes in PVR, which
was the primary efficacy parameter, and other hemodynamic
parameters from baseline to Week 12 were analyzed using a
paired Wilcoxon test. Changes in 6MWD from baseline to
Weeks 12 or 24 were analyzed using the same test. A sig-
nificant change was defined as p < 0.05 (two-tailed).

To minimize bias, missing data at the Week 12 assess-
ment were derived from predefined replacement rules.
Discontinuation of study medication due to clinical wors-
ening was analyzed based on the patient’s assessment at the
time of premature withdrawal. If no assessment was
recorded, these patients were assigned the worst rank val-
ues—O0 m for 6 MWD, a score of 10 for Borg dyspnea
index, class IV for WHO FC, and the highest PVR recorded
in the same population. All data analysis was performed
with SAS version 9.2 (SAS statistical Software, version
9.2, 2009; SAS Institute Inc., Cary, NC, USA).

Results

Patient demographics and baseline characteristics

Twenty-nine Japanese patients with PAH were initially
screened at 11 centers but 10 patients did not meet

inclusion (mPAP less than 25 mmHg in 6 patients/exclu-
sion (unstable clinical condition in 2 patients, total lung
capacity less than 70 % in patient and PAH with reverse
shunt in 1 patient) criteria. Nineteen patients with WHO
FC II PAH were enrolled in the study. Four patients dis-
continued the study prematurely: 3 due to an elevation of
liver aminotransferases without assessment of hemody-
namics and one patient discontinued the study due to
worsening of right heart failure with assessment of hemo-
dynamics at the time of discontinuation. Underlying dis-
ease of this patient was systemic sclerosis which was
characterized by rapid progression and poor prognosis.
Therefore, 16 patients (5 males, 11 females, including 6
with idiopathic/heritable PAH, 7 with CTD, and 3 with
CHD) were finally assessed for efficacy and 19 patients for
safety. The mean age was 49.8 + 15.9 (range 18-73)
years. Patient demographics and baseline characteristics
are shown in Table 1.

Efficacy

Bosentan was discontinued in one patient because of
worsening of right heart failure and decrease in PVR was
not apparent in this case. However, treatment efficacy was
evaluated by treating the worst rank value as the observa-
tion from the last visit. Overall, at Week 12 mean PAP
decreased from 404 + 104 to 35.6 & 12.6 mmHg
(p = 0.018) and Cardiac Index increased from 2.54 + 0.73
to 2.96 + 0.82 L/min/m? (p = 0.023; Table 2). Therefore,
calculated PVR was reduced from 792 &£ 565 to
598 =+ 558 dyn-sec/cm’ (p = 0.006; Fig. 1).

Primarily 6 MWD was analyzed in the 16 patients at
Week 12, thereby mean 6 MWD increased from
424.0 £ 116.]1 to 442.7 £ 1547 m (p = 0.016). In the 13
patients in whom additional measurement was available,
6MWD increased from a baseline value of 436.3 + 125.0

Table 1 Patient demographics and baseline characteristics

n=19

Sex

Male 6 (31.6 %)

Female 13 (68.4 %)
Age (years) 49.8 (15.9)
Weight (kg) 53.57 (9.50)
Time from diagnosis (years) 4.81 (8.96)
Etioiogy

Idiopathic/heritable pulmonary arterial 8 (42.1 %)

hypertension

Connective tissue disease 8 (42.1 %)

Congenital heart disease 3(15.8 %)
Data are n (%) or mean (standard deviation)
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Table 2 Changes in hemodynamic parameters after a 12-week treatment program with bosentan

Hemodynamic parameter Patients Baseline Week 12 p value
PVR (dyn-s/em”) 16 792 £ 565 598 - 558 0.006
mPAP (mmHg) 16 40.4 & 104 356 £ 12.6 0.018
mRAP (mmHg) 16 5.5+ 3.0 5.1 %39 0.687
CI (L/min/m?) 16 2,54 & 0.73 2.96 £ 0.82 0.023
TPR (dyn-sfem®) 16 989.1 & 611.6 7413 4 623.8 0.006
SvO, (%)" 15 70.70 + 5.86 71.53 & 7.18 0.208

Mean = standard deviation; paired Wilcoxon test

PVR pulmonary vascular resistance, mPAP mean pulmonary arterial pressure, mRAP mean right atrial pressure, CI cardiac index, TPR total

pulmonary resistance, SvO» mixed venous oxygen saturation
* Data in 1 patient were excluded due to missing baseline values

~0.006
1200 - i

1000 4

800 -

600

400

PVR {dyn- secicm® )

200

0 4

Baseline Week 12

Fig. 1 Effect of bosentan on pulmonary vascular resistance from
baseline to Week 12. Error bars are 95 % confidence intervals.
n = 16, paired Wilcoxon test

90 - p=0.011
80
70 1 p=0.003
60
50 - b
40 -
30 4
20
10 4

Change from baseline in SMWD (m)

Baseline Week12 Week24

Fig. 2 Mean change in 6-min walk distance from baseline through
Week 24. Error bars are 95 % confidence intervals, n = 13, paired
Wilcoxon test

to 474.5 & 1114 m at Week 12 (p = 0.003) and to
485.8 £ 113.0 m at Week 24 (p = 0.011; Fig. 2).

The Borg dyspnea index was 2.50 £ 1.58 at baseline
and remained the same, being 2.47 &= 2.91 at Week 12

@ Springer

(p = 0.526). The SAS value was substantially higher at
baseline averaging 5.0 £ 1.4 METs and remained

‘unchanged throughout the study period. At baseline, all the

16 patients were in WHO FC II that remained unchanged
throughout the study period of 24 weeks in all patients who
completed the study.

Eight patients (50 %) were pretreated with beraprost.
There was no significant difference in the reduction of PYR
among patients treated with or without beraprost
(18 £ 723 vs —405 = 660 dyn-sec/cm’, p = 0.713, Wil-
coxon rank sum test).

Safety

During the 24-week study period, adverse events (AEs)
were observed in 18 of the 19 patients (94.7 %). The
most commonly reported adverse events were abnormal
liver function tests (36.8 %) and increase in aminotrans-
ferases of more than' three times ULN in 4 patients
(21.1 %). This result was due to the small number of
patients. In fact, in post-marketing surveillance of more
than 4000 patients, the incidence of aminotransferase
elevation was 15.8 % and more than three times elevation
was only 3.6 % [3]. These increases returned towards
baseline values for all patients, either with discontinuation
of bosentan or dose reduction. The incidence of naso-
pharyngitis was 21.1 %, and other AEs that occurred in
more than 2 patients included constipation, headache and
insomnia. Peripheral edema developed only in 1 patient,
which was not considered by the investigators to be
related to bosentan treatment.

Serious adverse events (SAEs) were observed in 4 of the
19 patients (21.1 %), although the investigators considered
that all of SAEs were not related to the study drug. Four of
the 19 patients (21.1 %) discontinued the study due to AEs
(3 patients; an elevation of liver aminotransferases and 1
patient; worsening of right heart failure). No patients died
during the study period.
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Discussion

Since the NIH registry conducted in the mid 1980s, the
prognosis for patients with PAH has indisputably improved
along with the introduction of targeted therapy. Effects of
modern management are unsatisfactory and PAH still
remains as a progressive and fatal disease with an esti-
mated survival at 1, 2, and 3 years of 85.7, 69.6, and
54.9 %, respectively [4]. The most commonly reported
predictors of survival are shown to be 6 MWD, WHO FC,
and pulmonary hemodynamics [5].

Since the dual endothelin receptor antagonist bosentan
was developed as the first oral therapy for PAH, it has been
shown that this agent is effective at improving the exercise
capacity, right ventricular function, functional capacity and
clinical outcome of patients suffering from this devastating
disease. However, clinical studies performed so far have
mostly enrolled patients in WHO FC III and IV.

Bosentan was approved for treatment of PAH in Japan
in 2005 based on our first clinical trial in which patients
were eligible if they had PAH in WHO FC 1II or IV [6].
This study demonstrated that 12 weeks of treatment with
bosentan at a dose of 125 mg twice daily resulted in sig-
nificant improvement in symptoms as measured by Borg
dyspnea index, exercise capacity as assessed by 6 MWD
and hemodynamic parameters together with an improve-
ment in the SAS which was used to quantitatively
expresses exercise capacity in terms of energy cost of
physical activities and known to linearly correlate with
peak oxygen consumption. Ever since, bosentan has been
approved only for WHO FC III and IV PAH patients in
Japan.

Hachulla and coworkers [7] reported that 3-year survival
of PAH patients in WHO FC I was 80 % and significantly
better than those in WHO FC III (72 %) and IV (30 %).
Benza and coworkers [3] also analyzed the surrogate
markers predictive of long-term survival using data from a
total of 811 patients with WHO FC II to IV PAH in a large
cohort study. In this study, symptom severity, as assessed
by functional class, was shown to be a strong prognostic
indicator of survival. In this study, it was demonstrated that
patients in WHO FC II had a lower risk of death, with a
3-year survival rate of 80 %, compared with patients in
WHO FC Il and IV, who had survival rates of 72 and
53 %, respectively. McLaughlin and coworkers assessed
the long-term effects of epoprostenol on survival in 162
consecutive patients with IPAH and reported the observed
3-year survival rate to be 89 % for patients who were in
WHO FC 1 or II, 62 % for those in WHO FC Il and 0 %
for those in WHO FC IV [8]. The French Network on
Pulmonary Hypertension registry prospectively enrolled
354 patients with PAH during 1 year from October 2002
and followed up for 3 years to analyze survival rate.

Thereby, PAH patients in WHO FC I or II were shown to
have significantly better long-term survival rates compared
with those in WHO FC I or IV [4]. In China, 72 patients
with IPAH and FPAH were enrolled from 1999 to 2004 and
followed up for a mean duration of 40 months [9]. In this
study, the survival rate was 39 % at 3 years but there was
significant difference between WHO FC I/II and WHO FC
oIiv.

Despite a growing body of evidence of better survival
rates of WHO FC I or 1I patients than those in WHO FC III
or 1V, patient with PAH is commonly recognized at an
advanced stage when irreversible pathologic changes
associated with the substantial delay between symptom
onset and diagnosis may have occurred. In the Registry to
Evaluate Early and Long-term Pulmonary Arterial Hyper-
tension Disease Management (REVEAL) which enrolled
nearly 3,000 patients, 20 % of patients complained of
symptoms for more than 2 years prior to the diagnosis [10].
The median time from onset of the symptoms until the
diagnosis of PAH was 1.3 years in the NIH registry [11],
and 1.1 years in the REVEAL Registry [12]. In the Japa-
nese registry study conducted from 2004 to 2009, 88 % of
the 65 consecutive IPAH patients enrolled were diagnosed
as WHO FC III and 12 % were diagnosed as WHO FC I or
IT at baseline [13]. Since PAH is a rapidly progressing
disease even in the less advanced stages, current guidelines
recommend early diagnosis and early initiation of thera-
peutic intervention to maximize the opportunities to
improve survival [14].

Nevertheless, PAH is rapidly progressive and even
patients in WHO FC II at diagnosis will deteriorate to
WHO FC II or IV if left untreated, mildly symptomatic
PAH can progressively deteriorate both clinically and in
terms of hemodynamics, despite the maintenance of exer-
cise capacity. The fact that WHO FC II deteriorated to
WHO FC III or IV within 5-year period [7] suggests need
for more aggressive management during the early stage.
Hoeper and coworkers demonstrated that IPAH is now
frequently diagnosed in elderly patients who are mostly in
WHO FC I or II and have better exercise capacity and less
likely to meet current treatment targets [15]. Nevertheless,
they respond less well to medical therapy and have a higher
age-adjusted mortality as compared to younger patients.
Therefore, early initiation of treatment is also inevitable in
these patient groups.

The primary analysis of EARLY study demonstrated
that deterioration was still seen in the hemodynamic and
clinical variables in the placebo-treated patients after
6 months. At 6 months, geometric mean PVR was 83.2 %
of the baseline value in the bosentan group and 107.5 % of
the baseline value in the placebo group, and the treatment
effect was statistically significant in favor of bosentan.
Mean 6 MWD increased from baseline in the bosentan
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group and decreased in the placebo group with a mean
treatment effect of 19.1 m though the treatment effect on
the change from baseline was not statistically significant at
month 6. Though the sample size was limited in the present
study, we could also demonstrate definitively that PVR was
reduced together with an increase in cardiac index at
3 months. Moreover, 6MWD significantly increased from
baseline by 38.2 m at 3 months and 49.5 m at 6 months.

In EARLY study, time to clinical worsening was sig-
nificantly delayed in the bosentan compared with placebo.
Considering the similarity in change in the hemodynamic
and 6MWD values in both the EARLY and present study,
the prognosis for patients in the present study may be
similar to the favorable results seen in EARLY study.

In the present study, the SAS values as a measure of
Quality of Life remained were 5.0 METSs at baseline and
remained the same throughout the study period. This is in
contrast to the previous Japanese PAH study involving
patients in WHO FC IIT and IV, in which the SAS value
was averaged 2.9 METs at baseline but increased contin-
vously and significantly, reaching 4.6 METs at the final
assessment at 3 months, This difference may be related to a
mild exercise capacity in WHO FC II patients. Actually, 5
METs are moderately intense in activity, to be strived for at
least 30-45 min on most days of the week that includes
walking at a very brisk pace (1.6 km in 15 min), doubles
tennis, dancing (quite rapidly), or using certain exercise
apparatuses [16]. These high physical activities remained
unchanged by bosentan for 24 weeks.

The safety profile seen in this study was consistent with
that seen in the first Japanese PAH study and the rate of
aminotransferase elevations was almost similar, being 38.1
and 31.6 %, respectively. Any elevation of liver enzyme
was regarded as adverse event. However, globally only
more than 3 times ULN has been considered significant.
According to data from the results of Japanese post-mar-
keting surveillance of bosentan, elevation in liver trans-
aminases occurred during the early stages of treatment and
the probability of developing lever dysfunction is greatly
reduced after 1 year [3].

These observations support the role of an early diagnosis
in PAH and early therapeutic intervention to improve long-
term outcomes. The REVEAL registry reinforced that
many patients suffer from symptoms of PAH prior to the
recognition of the disease [12]. The main reason for this
delay is the mild and non-specific nature of the symptoms
[17]. To implement the early diagnosis, effective screening
programs are crucial. In this regard, the American College
of Cardiology Foundation/American Heart Association
(ACCF/AHA) expert consensus recommended periodic
screening of patients at risk with a doppler echocardio-
graphic evaluation of a peak velocity of tricuspid regurgi-
tation [18] or acute pharmacological vasodilator testing to
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assess the presence of pulmonary vasoreactivity, with final
confirmation by RHC [19]. RHC is less likely to be per-
formed at an early stage; however, RHC is the gold stan-
dard to establish PAH diagnosis. In a French Nationwide
Prospective Multicenter Study, out of 599 patients with
SSc, PAH was suspected in 33 patients of whom 18 were
confirmed to have PAH based on RHC [20]. It has also
been recommended that a focus should be placed on
younger, symptomatic patients and those suspected as
having obstructive lung disease and sleep apnea when their
symptoms are out of proportion to their underlying disease
or they are not responding to therapy [10]. The limitations
of this study are described below. At first, the patient
population was small and study design was non-random-
ized, non-blinded and open labeled. Nevertheless, results
were the same as those of the EARLY study. Second,
etiology of PH was different in comparison with the
EARLY study. However, differences in the pathogenesis of
PH did not make any differences in the results of these two
studies. In, conclusion, the present study confirmed the
results of the EARLY study in Japanese population. Thus,
treatment with bosentan may have similar benefit to Japa-
nese patients with WHO FC II PAH and treatment should
be started in the early stage of the disease. Strict control of
liver enzymes is warranted.
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ABSTRACT

sion. In SSc patients, exposure to high PTX3 concentrations may suppress

EPC-mediated vasculogenesis and promote vascular manifestations such as DU and PAH.
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-
ystemic sclerosis (SSc) is a multi-system disease characterized by microvascular

st

es and excessive fibrosis [1]. It has been suggested that the pathogenic process of

erstood [2].
I f-é%:ntraxin 3 (PTX3) is a pattern recognition protein belonging to the pentraxin

ily [3]. C-reactive protein (CRP), a short pentraxin, is primarily produced in the

ponse to interleukin (IL)-6. In contrast, PTX3 is produced locally at the

1P and tumor necrosis factor (TNF)-a, but not IL-6. Recently, several lines of

hown that PTX3 has non-redundant roles in antimicrobial innate immunity,

¢ FGF2-dependent endothelial cell proliferation and neovascularization [5].

“‘“‘f?,«%;‘XS‘s pleiotropic effects on inflammation and fibrosis, along with its inhibition of
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derived from SSc skin constitutively expressed PTX3 in the absence of agonistic

[6, 7]. The silencing of PTX3 gene expression by small interfering RNA restored

the impaired ability of cultured SSc microvascular endothelial cells to form capillary-like

tubes and promote vascularization [9]. These findings suggest that PTX3, constitutively

iced at the affected site, is involved in the pathogenesis of SSc. To test this hypothesis,

. 5
=X £

we e){amﬁiéd PTX3's roles in SSc pathogenesis by evaluating potential correlations between

_8Sc manifestations and the circulating levels of PTX3 and FGF2, and by investigating the
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