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Clinical characteristics and survival of
Japanese patients with connective tissue
disease and pulmonary arterial hypertension:
a single-centre cohort

Yuichiro Shirai', Hidekata Yasuoka', Yutaka Okano?, Tsutomu Takeuchi',
Toru Satoh®* and Masataka Kuwana'

Abstract

Objective. To clarify the characteristics, survival and predictors of mortality in Japanese patients with
pulmonary arterial hypertension (PAH) associated with CTD.

Methods. This single-centre cohort study enrolled 70 consecutive patients with PAH-CTD who visited a
tertiary referral centre in Japan between 1970 and 1990 (n =30, historical group) and between 2000 and
2009 (n =40, recent group). Baseline clinical features, haemodynamic parameters and ANA profiles were
recorded. The Cox proportional hazards regression model was used to determine independent factors
associated with an increased risk of mortality.

Results. MCTD and SLE were the major underlying CTDs, comprising 43% and 29% of PAH patients
respectively, whereas SSc was less common (19%). Anti-U1RNP antibody was the most prevalent ANA
(61%). The cumulative survival rate was significantly better in the recent group in comparison with the
historical group (76% vs 26% at 3 years; P <0.001). When both groups were combined, World Health
Organization functional class lll or IV at diagnosis was identified as an independent prednctor of mortality,
whereas modern PAH drug use was associated with a favourable outcome.

Conclusion. The major PAH-CTD population in Japan suffers from MCTD or SLE with anti-U1RNP anti-
body, in contrast to PAH-CTD patients in the USA and Europe. Modern PAH treatment has improved
survival rates, but long-term outcomes are still unsatisfactory. Independent predictors of mortality indicate
that early diagnosis and the prompt use of PAH drugs should improve survival.

Key words: pulmonary arterial hypertension, mixed connective tissue disease, systemic lupus erythematosus,
scleroderma, anti-U1RNP antibody.

debilitating symptoms and a poor prognosis [1-3]. In
cohort studies conducted in the USA and Europe, the ma-

Introduction

Pulmonary arterial hypertension (PAH) is an intractable
condition that in patients with CTDs has progressive
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jority of patients with PAH associated with CTD
(PAH-CTD) had SSc [4-7], and the most prevalent serum
ANA was an ACA [8-12]. However, in our clinical experi-
ence, SLE and MCTD are fairly common in Japanese
patients with PAH-CTD. In fact, a multicentre survey
conducted in Japan in the late 1980s revealed a high
prevalence of MCTD and serum anti-U1RNP antibodies
in CTD patients with pulmonary hypertension (PH) [13],
although that study did not require right heart catheteriza-
tion for the diagnosis of PH, and did not exclude patients
with PH due to left-sided heart disease, interstitial lung
disease (ILD) or chronic thromboembolism. Therefore,
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Characteristics of Japanese PAH-CTD

Japanese patients with PAH-CTD have not been charac-
terized in detail.

The prognosis for patients with PAH-CTD was very
poor before 2000, when non-specific vasodilators were
the sole treatment option: the 1-year survival rate in pa-
tients with SSc and PAH was only 45% [1]. Over the
past decade, PAH-specific vasodilative agents, including
prostanoids, endothelin receptor antagonists and
phosphodiesterase 5 inhibitors, have become available
for clinical use. Consequently, several studies that pri-
marily enrolled SSc patients reported improvement in
short-term survival: the 1-year survival rate was >80%
[4, 8, 10, 12, 14-16]. In Japan, beraprost and i.v. epo-
prostenol have been available since 1999, and bosentan
and sildenafii were introduced to clinical practice in
2005. However, few data are available on the improve-
ment in survival of Japanese patients with PAH-CTD in
the modern treatment era.

In this study we evaluated the clinical characteristics
and prognosis of patients with PAH-CTD who were
diagnosed and monitored at a tertiary PH referral centre
in Japan. By comparing databases covering 1970-90
(pre-PAH drug era) and 2000-09 (modern treatment
era), we also investigated the impact of PAH drugs on
survival.

Materials and methods

Study population

All the incident cases of PAH-CTD consecutively diag-
nosed at the specialized PH clinic of Keio University
Hospital were included in this study: 30 patients were
diagnosed with PAH between 1970 and 1990 (historical
group); 40 patients were diagnosed between 2000 and
2009 (recent group). Patients in whom PAH was diag-
nosed between 1991 and 1999 were excluded because
complete clinical data were not available. PAH was diag-
nosed based on the following criteria: () a mean pulmon-
ary arterial pressure (mPAP) >25mmHg at rest by right
heart catheterization [17]; (ji) exclusion of left-sided heart
disease, determined by pulmonary capillary wedge pres-
sure <15mmHg by right heart catheterization; (iii) exclu-
sion of advanced ILD, determined by forced vital capacity
predicted <70% ([18]; and (iv) exclusion of chronic
thromboembolism, determined by contrast-enhanced CT
scan and ventilation/perfusion scan with or without pul-
monary angiography. The study was approved by the Keio
University Institutional Review Board, and clinical informa-
tion was obtained after the patients had given written in-
formed consent.

The clinical diagnoses of SLE and SSc were made ac-
cording to the ACR preliminary classification criteria
{19, 20]. MCTD was diagnosed according to the criteria
proposed by Kasukawa et al. [21], as having all of the
following: RP or swollen fingers/hands, a positive
anti-UTRNP antibody, and overlapping features of at
least two diseases among SLE, SSc and polymyositis.
SS was diagnosed according to the revised criteria pro-
posed by the American-European Consensus Group [22].

www.rheumatology.oxfordjournals.org

88 patients without any apparent CTDs were regarded as
having primary SS.

Data collection

A complete medical history, physical examination, labora-
tory evaluations and right heart catheterization were per-
formed for each patient at the time of PAH diagnosis, with
more limited evaluations during follow-up. Except in SSc
patients, the onset of CTD was defined as the first symp-
tom attributable to CTD; in SSc patients, disease onset
was defined as the first non-RP manifestation. The
follow-up clinical and laboratory information was pro-
spectively recorded in the database. Data collected at
the time of PAH diagnosis included age, sex, underlying
CTD, RP, ILD, pericardial effusion, renal disorder, World
Health Organization-functional class (WHO-FC) and hae-
modynamic parameters. ILD was defined as bibasilar re-
ticular pattern of linear or lineonodular densities most
pronounced in basilar portions of the lungs in chest radio-
graphs and/or CT scans [20]. Pericardial effusion was de-
tected by echocardiography. Renal disorder was defined
as persistent proteinuria >0.5g/day and/or the presence
of cellular casts [19]. All treatment regimens used for PAH
were recorded, and included PAH drugs (beraprost, epo-
prostenol, bosentan and sildenafil) and immunosuppres-
sive treatment, which consisted of CSs (>0.5mg/kg
prednisolone equivalent) in combination with or without
AZA, CYC or MMF.

ANA profiles

A serum sample was obtained from each patient at
the time of PAH diagnosis and stored at —20°C. Serum
ANA profiles were identified by IIF on Hela cell chromo-
somal spreads (anticentromere), radicimmunoassay
(anti-double-stranded DNA), RNA immunoprecipitation
(anti-UTRNP, anti-Sm, anti-SSA and anti-SSB) and protein
immunoprecipitation (anti-topo 1) [23].

Statistical analysis

Continuous  variables were compared with the
Mann-Whitney U-test. Categorical variables were com-
pared with the chi-square test. For a 2 x 4 contingency
table, significant differences (overall P <0.05) were fur-
ther analysed by pairwise comparisons. Survival ana-
lysis was performed using the Kaplan-Meier method,
and the survival rates of the two groups were compared
using the log-rank test. The Cox proportional hazards
regression model was used to determine factors asso-
ciated with an increased risk of mortality at 1, 3 and
5 years after PAH diagnosis. Variables selected by uni-
variate analysis were further subjected to multivariate
analysis. The results are presented as a hazard ratio
(HR) with 95% CI. Statistical analysis was performed
using SPSS 17.0 statistical software (SPSS; Chicago,
IL, USA).
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Results to 56% of the patients immediately after the diagnosis
of PAH, and 41% received a sequential combination ther-
Clinical characteristics apy consisting of two or three PAH drugs. Immuno-

Table 1 shows the baseline characteristics and treatment ~ Suppressive treatment was given to 37% of the patients
regimens of 70 patients with PAH-CTD. Almost half of 2t the time of PAH diagnosis. Seventeen patients (27%)
patients were referred because of a suspicion of PAH. In had radiological evidence of ILD, but all of them presented
the others, PAH was diagnosed during regular follow-up with minimal disease activity on imaging and normal or
at a rheumatology clinic. MCTD was the most common slightly depressed restrictive ventilatory function (FVC
underlying CTD (43%), followed by SLE (29%), SSc (19%) =70%).

and primary SS (10%). Eleven (85%) of the 13 SSc Comparison of the baseline characteristics between the
patients with PAH were classified as having IcSSc. The  historical and recent groups (Table 1) revealed a greater
most prevalent ANA was anti-UIRNP antibody (61%). frequency of referral in recent cases (P=0.001), an older
Anti-SSA antibody was detected in 38 patients (54%), age at PAH diagnosis (P < 0.001), a lower frequency of RP
including 6 in whom the anti-SSA antibody with or without (P <0.001) and a higher frequency of ILD (P=0.04).
anti-SSB antibody was the only known ANA specificity. The haemodynamic parameters tended to be worse in
In contrast, the prevalence of ACA was only 16%. At the recent cases than in historical ones. Finally, as expected,
time of PAH diagnosis, 69% of patients were classified at least one PAH drug was administered to all except one
as WHO-FC lli or IV, with moderately or severely impaired recent patient, whereas none were administered to histor-
haemodynamics. At least one PAH drug was administered ical patients (P < 0.001).

TasLe 1 Demographic and clinical characteristics at PAH diagnosis and treatment regimens for patients with PAH-CTD

All patients Historical group Recent group

Demographic and clinical features {(n=70) {n=230)
Referral patients (%) 49 27 65 0.001
Female (%) 100 100 100 1.0
Age at PAH diagnosis (years) 40 (16) 31 (10) 47 (17) <0.001
Time between CTD onset and PAH diagnosis (months) 74 (89) 35 (32) 103 (106) 0.03
RP (%) 74 97 58 <0.001
ILD (%) 27 13 38 0.04
Pericardial effusion (%) 24 20 28 0.7
Renal disorder (%) 7 3 10 0.4
Underlying CTD (%)
MCTD 43 63 28 0.08
SLE 29 20 35
SSc 19 13 23
Primary SS 10 3 15
ANA (%)
Anti-U1RNP 61 70 56 0.3
Anti-Sm 16 13 18 0.9
Anti-SSA 54 67 45 0.07
Anti-SSB 20 23 18 0.8
Anticentromere 16 7 23 0.1
Anti-topo | 1 0 3 1.0
Anti-double-stranded DNA 23 17 28 0.4
WHO-FC (%)
Ciass | 3 0 5 0.3
Class Hl 29 30 28
Class HlI 56 47 63
Class IV 13 23 5
Haemodynamic parameters
mPAP, mmHg 45 (12) 42 (14) 47 (10) 0.06
CO, Vmin 3.7 (1.1) 4.0 (1.0 3.6 (1.2 0.07
PVR, Wood units 11.6 (6.0) 9.9 (5.8 12.9 (6.0) 0.02
Treatment regimen (%)
At least one PAH drug 56 0 98 <0.001
Immunosuppressive treatment 37 43 33 0.4

Values are presented as the mean (s.n.), unless otherwise indicated. *Comparisons between historical and recent groups.

1848 www.rt oxfordjournals.org
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Characteristics of Japanese PAH-CTD

TasLe 2 Demographic and clinical characteristics at PAH diagnosis in patients with MCTD, SLE, SSc and primary SS

MCTD SLE SSc Primary
Demographic and clinical features {n=30) {n=20) {(n=13) 8S(n=7) OverallP

Age at PAH diagnosis (years) 37 (12) 32 (12) 56 (13) 50 (20) <0.001?
Time between CTD onset and PAH diagnosis {months) 51 (56) 88 (107) 116 (110) 56 (91) 0.2
RP (%) 97 45 92 29 <0.001°
ILD (%) 33 10 31 43 0.4
Pericardial effusion (%) 27 35 15 0 0.6
Renal disorder (%) 0 25 0 0 0.03°
ANA (%)

Anti-U1RNP 100 55 8 14 <0.001¢

Anti-Sm 27 15 0 0 0.3

Anti-SSA 63 60 8 86 <0.001°

Anti-SSB 27 20 0 29 0.4

Anti-centromere 0 10 60 14 <0.001°

Anti-topo | 0 0 8 0 0.5

Anti-double-stranded DNA 17 50 8 0 0.03°
WHO-FC (%)

Class | 0 10 0 o] 1.0

Class ll 30 20 39 29

Class Il 57 60 46 57

Class IV 13 10 15 14
Haemodynamic parameters

mPAP, mmHg 41 (11) 48 (11) 44 (14) 51 (11) 0.08

CO, /min 3.8(1.1) 3.9 (1.3) 3.6 (1.1) 3.1 (0.5) 0.5

PVR, Wood units 10.3(5.8) 12.2(5.2) 12.0(7.6) 15.4(5.2) 0.1

Values are presented as the mean (s.0.), unless otherwise indicated. Significant differences (overall P <0.05) were further
analysed by pairwise comparisons. *P <0.01 between MCTD and SLE, SSc or primary SS, and between SLE and SSgc;
P =0.04 between SLE and primary SS. °P < 0.01 between MCTD and SLE or primary SS, between SLE and SSc, and between
SSc and primary SS. °P < 0.01 between SLE and MCTD. %P < 0.01 between MCTD and SLE, SSc or primary SS, and between
SLE and SSc. °P <0.01 between MCTD, SLE or primary SS and SSc. P <0.01 between MCTD or SLE and SSc. % <0.05
between SLE and MCTD, SSc or primary SS.

Clinical features associated with underlying CTDs to arrhythmia. The 1-, 3- and 5-year survival rates were
Baseline demographic, clinical and haemodynamic par- /%, 22% and 22%, respectively, in the historical group,
ameters were compared according to underlying CTD ~ and 87%.” 76% ar.‘.d 53%, respectively, in the recent
(Table 2). Among the four CTD groups, patients with grogp. D|ff_erences in the cumulative survival rate among
SLE were the youngest at PAH diagnosis, and MCTD pa-  Patients with MCTD, SLE, SSc and primary SS were not
tients were the next youngest, compared with patients statistically significant (Fig. 1B) but there was a trend to-
with SSc or primary SS. RP was observed in nearly all wards a worse survival rate in SSc patients, compared
patients with MCTD or SSc but in only 45% and 29% of with patients with all the other CTDs combined, in the
patients with SLE and primary SS, respectively. Renal dis-  recent group (P =0.08).

order was exclusively found in patients with SLE at diag-

nosis of PAH. The distribution of ANAs carresponded well .

with the individual CTDs. Anti-UTRNP antibody was pre- T rognostic factors

dominantly found in MCTD and SLE, whereas anti-SSA To identify variables that predict outcomes at 1, 3 and
antibody was detected broadly in non-SSc CTDs. ACA 5 years after the PAH diagnosis in patients with

was the predominant ANA in SSc. There were no statis- PAH-CTD, we first performed a univariate analysis to
tically significant differences in the WHO-FC or haemody-  find prognostic factors from the baseline characteristics
namic parameters among the four groups. and treatment regimens. An older age at PAH diagnosis

and WHO-FC ll/IV were associated with poor survival
rates, whereas the use of any PAH drug was positively
Cumulative survival rate was significantly better in the associated with survival at 1, 3 or 5 years. Additionally,
40 recent cases than in the 30 historical ones (P=0.003; a lower cardiac output (CO) and higher puimonary vascu-
Fig. 1A), indicating that prognosis has improved in lar resistance (PVR) were associated with poor survival
Japanese patients with PAH-CTD. All the deaths were rates at 1 year and ILD with poor survival rates at 3
related to PAH, and causes of death included PAH years. None of the underlying CTDs or ANAs were found
crisis, right heart failure and sudden death probably due to be a prognostic factor.

Survival rates

www.rheumatology.oxfordjournals.org 1849
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Yuichiro Shirai et al.

Fic. 1 Cumulative survival rates in 70 patients with PAH-CTD.
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(A) The cumulative survival rates of the recent group and the historical group were compared. (B) The cumulative survival

rates of the two groups were compared according to underlying CTD: MCTD, SLE, SSc or primary SS. Comparisons
between the two groups were made using the log-rank test.

TasLe 3 Independent predictors of mortality at 1, 3 and 5 years after PAH diagnosis, obtained by multivariate analysis

Selected variables

HR (Cl)

Age at PAH diagnosis 1.01 (0.96, 1.07) 0.7
ILD 1.38 (0.34, 5.61) 0.7

1 year 3 years 5 years
HR (CI) HR (CI)
0.99 (0.96, 1.04) 0.9 1.00 (0.97, 1.04) 0.9
1.25 (0.36, 4.39) 0.7 1.67 (0.58, 4.78) 0.3
WHO-FC lli or IV 2.53 (0.24, 26.3) 0.4 8.80 (1.81, 42.8) 0.007 10.83 (2.73, 43.0) 0.001
CO 0.60 (0.15, 2.31) 0.5 0.81 (0.42, 1.60) 0.6 0.68 (0.35, 1.35) 0.3
PVR 1.07 (0.81, 1.39) 0.7 1.07 (0.88, 1.29) 0.5 1.03 (0.87, 1.23) 0.7

Use of any PAH drug 0.11{0.02,0.72)  0.02

0.12 (0.03, 0.40) 0.001

0.11 (0.04, 0.35) <0.001

Variables selected by univariate analysis were then sub-
jected to multivariate analysis to find independent factors
that predicted an increased risk of mortality. As shown in
Table 3, WHO-FC Ill/IV was identified as a prognostic
factor for mortality at 3 and 5 years (P=0.007 and
0.001, respectively). Additionally, the use of any PAH
drug was a factor for favourable outcomes at 1, 3 and 5
years (P=0.02, 0.001 and <0.001, respectively).

To confirm the impact of the WHO-FC at PAH diagnosis
on survival rates, the cumulative survival rate was com-
pared between patients with WHO-FC I/ll and those with
FC I/IV (Fig. 2). The cumulative survival rate was higher in
patients with WHO-FC I/ll (P <0.001). The 1- and 3-year
survival rates were 95% and 90%, respectively, in pa-
tients with WHO-FC I/ll, compared with 73% and 37%,
respectively, in those with WHO-FC lil/iV. We further eval-
uated the impact of the treatment regimen on the out-
come in patients with WHO-FC /Il and II/IV separately
(Fig. 3). In patients with WHO-FC lll/lV, the cumulative
survival rates were significantly different in patients who
were and were not treated with PAH drugs, but the differ-
ence in patients with WHO-FC I/ll was not statistically
significant. On the other hand, there was no difference
in the survival rates of patients who received and did not

1850

receive immunosuppressive treatment, regardless of the
WHO-FC.

Discussion

This study, conducted at a single specialized PH centre,
is the largest cohort study of Japanese patients with
PAH-CTD. We found that the characteristics of Japanese
patients with PAH-CTD included high frequencies of MCTD
and SLE as underlying CTD, and a high frequency of serum
anti-U1RNP antibody. These features are in sharp contrast
to cohort studies conducted in the USA and Europe, in
which SSc patients were found to comprise >70% of the
patients with PAH-CTD [4-7], and ACA was the most fre-
quent ANA [8-12, 24]. Itis possible that MCTD patients were
categorized as having SSc in the USA and European co-
horts, since whether MCTD is a distinct disease has been a
matter of controversy [25]. However, the anti-U1RNP anti-
body was infrequent in patients with SSc-associated PAH
in the studies conducted in the USA [8, 24].

The mean age at PAH diagnosis in Japan was 40, which
was younger than the 49-56 year range reported for the
US and European cohorts [4-7]. This difference might be
explained by the higher frequencies of MCTD and SLE

www.rheumatology.oxtordjournals.org
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Characteristics of Japanese PAH-CTD

Fia. 2 Cumulative survival rates in 70 patients with
PAH-CTD, stratified by WHO-FC.
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A comparison between groups was made using the
log-rank test.

among the Japanese patients with PAH-CTD. Only a
minor group of Japanese patients with PAH-CTD had
SSc but these patients showed IcSSc, positive ACA and
a relatively long disease duration at PAH diagnosis, which
were all consistent with features reported in the USA and
European patients with SSc-associated PAH [8, 26]. The
distribution of underlying CTDs in our study was princi-
pally concordant with a recent study from northern Japan,
which described a cohort of patients with PAH-CTD con-
taining eight with SLE, four with MCTD, four with primary
SS, three with SSc and one each with RA and DM [27].
Interestingly, reports from eastern Asian countries, includ-
ing Taiwan and China, show a higher frequency of SLE
than SSc as an underlying CTD for PAH [28, 29].
Additionally, PAH was reported as the third leading
cause of death in Korean patients with SLE [30]. The rea-
sons for these ethnic differences in the distribution of
underlying CTDs in patients with PAH-CTD remain unclear
but genetic and environmental factors may play a role.

It has been proposed that early detection and thera-
peutic intervention are important for improving the survival
rates of patients with PAH [31]. In support of this idea, we
identified WHO-FC llI/IV at PAH diagnosis as an inde-
pendent risk factor for mortality, as reported previously
[5, 15, 24], although it is a subjective indicator. We did
not observe an improvement in short-term outcomes in
WHO-FC I/ll patients treated with PAH drugs but this
may have been due to the small number of patients. To
achieve early detection within the better functional
classes, it is essential to screen specific populations that
are at high risk of PAH. Patients with SSc, especially
IcSSc with long-standing RP, represent a high-risk
group, with a 5-10% lifetime risk of developing symptom-
atic PAH [32]. Therefore, annual screening with echocar-
diography is recommended for such patients [33],
although it has not been demonstrated yet as to which
strategy would be cost effective. The same strategy

www.rheumatology.oxfordjournals.org

might not be effective in Japan because SSc patients
were not the only high-risk population. Moreover, 26%
of patients with PAH-CTD did not have RP. Therefore,
screening should be expanded to a broad panel of
CTDs, including SLE and MCTD, although it is impractical
to screen a large number of patients in clinical settings.
Given this situation, the anti-UTRNP antibody is a poten-
tial hallmark for selecting the high-risk group. Further pro-
spective studies are necessary to identify risk factors that
predict the development of PAH in eastern Asian CTD
patients, including Japanese, Chinese and Korean
patients.

Survival rates were significantly better in recent cases
compared with historical ones in our cohort, although
baseline haemodynamics tended to be worse in the
recent group. Additionally, the use of any PAH drug was
an independent predictor for better survival rates. These
results indicate that the prognosis of Japanese patients
with PAH-CTD has improved in the modern treatment era.
However, long-term survival rates were still disappoint-
edly low even in the recent group: the 5-year survival
rate was 53%. There are several possible reasons for
this poor outcome. First, ~70% of patients already had
advanced PAH with WHO-FC IIl/IV at their diagnosis.
Moreover, all patients diagnosed before 2005 received
monotherapy with either beraprost or epoprostenol as
the first-line therapy. However, similar or even worse out-
comes have been reported in recent cohorts of patients
with SSc-associated PAH: the 3-year survival rate was
64% in the USA [12], 56% in France [15], 47% in the
United Kingdom [5] and 39% in Sweden [11]. The prog-
nosis of PAH is worse in patients with SSc than in those
with non-SSc CTDs [5, 16] but the 3-year survival rate in a
Chinese cohort that included significant proportions of pa-
tients with SLE or MCTD was as low as 54% [29].
Together, these findings indicate that patients with
PAH-CTD have a poor prognosis, even in the era of
modern PAH-CTD management.

Immunosuppressive treatment is effective for improving
symptoms and haemodynamic parameters in some pa-
tients with PAH-CTD, especially in those with active-
phase SLE or MCTD [27, 34, 35]. Despite these short-term
effects, immunosuppressive treatment did not improve
long-term survival in our cohort, which contained a high
proportion of patients with MCTD and SLE. Therefore, it is
likely that the effects of immunosuppressive treatment are
limited and PAH drugs should be used in combination with
immunosuppressive treatment for patients with PAH
associated with MCTD or SLE.

Although this study provides important observations in
terms of Japanese patients with PAH-CTD, referral bias
should be considered as a potential limitation, since our
hospital is the oldest specialized PH centre in the Tokyo
metropolitan area. Nearly half of the patients in the pre-
sent study were referred mainly by cardiologists or pulmo-
nologists and had never received PAH screening.
Therefore, the cases most likely to be referred were
those with severe PAH and mild CTD-related symptoms.
Detection of patients with mild or early PAH would be
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