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FIGURE 3. Receiver operating characteristic curves concerning DIC complication in ARDS patients.
A, KL-6/MUCL. B, SLAK. G, SLXK. D, PSGL-1. Among the analyzed molecules, SLAK showed the larg-
est AUC. Values in parentheses indicate 95% CIs for AUC. AUC = area under the curve. See Figure 1

and 2 legends for expansion of other abbreviations.

higher in ARDS patients complicated with DIC than
in patients without DIC, whereas serum levels of
PSGL-1 were significantly decreased in ARDS patients
complicated with DIC compared with patients with-
out DIC. These differences tended to persist for up
to 2 weeks after the diagnosis of ARDS (Fig 2). This
result could be explained by differences in the mech-
anism of elevation between PSGL-1 and KL-6/MUCI.
PSGL-1 could be induced by infection, because this
molecule is increased in patients with bacterial pneu-
monia when compared with healthy control subjects
(Fig 1). On the other hand, KL-6/MUC1 is not
induced by infection, as recently reported.> Because of
its large molecular size, both alveolar-capillary destruc-
tion and enhancement of alveolar-capillary permea-
bility are needed for the elevation of circulating
KL-6/MUC]1-related molecules.? In addition, there
are different sites for the production of PSGL-1 and
KL-6/MUC1. KL-6/MUCI is mainly produced by
proliferating, regenerating, and injured alveolar
type 2 pneumocytes.?>2327 On the contrary, PSGL-1,
expressed on myeloid cells and lymphocytes, plays a
central role, in collaboration with P-selectin, in blood
coagulation.?3 After it is shed from the cell surface,
a soluble form of PSGL-1 is detectable in the blood-
stream, which is also capable of binding P-selectin.
However, the significance of soluble PSGL-1 in

www.chestpubs.org

ARDS is unclear. The current findings suggest that
soluble PSGL-1 appears to be consumed in the circu-
lation prior to overt DIC development.

We found an association between increases of serum
KL-6/MUCLI carrying selectin ligands and future
complications of DIC in patients with ARDS, sug-
gesting that KL-6/MUCI carrying selectin ligands
may contribute to enhanced procoagulant activity in
ARDS. This notion could be explained in several
ways. During a steady state, the selectin-binding sites
on the KL-6/MUC1 molecules may be fully occupied
by soluble selectins, which are abundant (micrograms
per milliliter) in the circulation.3” When alveolar-
capillary destruction occurs and allows the soluble
mucins carrying selectin ligand to flow into micro-
circulation, such released mucins carrying selectin
ligands may alter the balance between molecules and
cause interactions with cellular selectins, which sub-
sequently initiate the intravascular coagulation process.
In accordance with the previous notion, a reduction
in soluble L-selectin correlates with susceptibility of
ARDS to DIC among at-risk patients and also cor-
relates with the degree of respiratory failure.®® An
alternative explanation is that KL.-6/MUC1 produced
by regenerating type 2 pneumocytes may be accom-
panied by an alteration in the sugar chain of the
molecules, specifically, the selectin binding sites.
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As shown in bacterial pneumonia patients without
ALIARDS and in healthy subjects, normal circulating
KL-6/MUC1 molecules have few ligands for selectins
and thus cannot bind to cellular selectins. When
produced by regenerating type 2 pneumocytes,
KL-6/MUCI is altered by its character and by added
selectin ligands on the molecule. It should be noted
that the previously-mentioned theories are specula-
tions and have not been proven. The present study
suggests that heterogeneity of KL-6/MUC1 molecules
and acute production in KL-6/MUC1 seem to be
accompanied by the expression of selectin ligands in
patients with ARDS.

This study has several limitations. The sample size
was not large enough to allow firm conclusions to be
drawn, which may be why we could not replicate our
previous results. We demonstrated previously that, at
the time of diagnosis of ARDS, elevated levels of
KL-6/MUCT1 had a significant predictive value for the
development of DIC.! In the present study, elevated
KL-6/MUC was associated with the development of
DIC, but this association did not reach statistical sig-
nificance by univariate analysis (P =.054). In addition,
we analyzed a diverse study population, which is often
problematic in ARDS research. There were signifi-
cant differences in the patients’ baseline characteris-
tics, for example, in age, lung injury, and APACHE II
and DIC scores. However, the levels of SLAK were
not significantly different among patients with ARDS
of different origins, suggesting that measuring the
levels of this mucin may be useful regardless of the
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causes and nature of ARDS. Thus, a prospective study
is necessary to validate the identified cutoff levels of
the markers in future.

CONCLUSIONS

In conclusion, this study suggests that mucins
carrying selectin ligands are indicators for the devel-
opment of DIC in ARDS patients. Increases in circu-
lating KL-6/MUCI1 carrying selectin ligands are
more likely to be causally related to intravascular
coagulation when compared with the entire amount
of KL-6/MUCI. To our knowledge, therapeutic trials
of conventional or low-molecular-weight heparin
have not been explored in ARDS. Because heparin
can block the interactions between selectin-selectin
ligands, this study suggests possible therapeutic ben-
efits of heparin in some ARDS patients who have
increases in particular mucins such as SLAK. Clinical
trials would be needed to determine whether pro-
phylactic administration of heparin would be benefi-
cial, especially if SLAK is increased at diagnosis of
ARDS. Nevertheless, our present findings shed light
on the novel role of KL-6/MUC1 in the pathophysiol-
ogy of ARDS.
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Impact of First-Line Sildenafil Monotreatment for
Pulmonary Arterial Hypertension
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Background: Sildenafil has been demonstrated as effective for the treatment of pulmonary arterial hypertension
(PAH). The purpose of this study was to investigate the occurrence of clinical events after sildenafil monotreatment
as a first-line therapy in patients with PAH over a long-term observation period.

Methods and Results: Sildenafil was administered as a first-line drug to 46 patients with PAH (including 24 patients
with idiopathic PAH) during 2003-2010. We investigated subsequent clinical events such as the addition of epopro-
stenol, hospitalization for right-side heart failure, and death. All the hemodynamic parameters and the 6-min walk
distance improved significantly in the enrolled patients as a whole receiving sildenafil treatment; 15 (33%) of the 46
patients required the addition of epoprostenol during follow-up. Kaplan-Meier analysis demonstrated that more than
60% of the patients receiving first-line sildenafil treatment did not require the addition of epoprostenol for a 5-year
period. Furthermore, the 5-year survival rate after first-line sildenafil treatment was 81%. Finally, more than 75% of
the enrolled patients did not reach the composite endpoint of hospitalization for right-side heart failure and death for
a 5-year period.

Conclusions: This study describes the long-term outcome of patients with PAH receiving sildenafil monotreatment
as a first-line therapy and suggests that it is a promising therapeutic strategy. (Circ J 2012; 76: 1245—-1252)

ORIGINAL ARTICLE

Puimenary Circulation

Key Words: Epoprostenol; Hospitalization; Prognosis; Pulmonary hypertension; Sildenafil

progressive disease of increasing pulmonary vascular

resistance (PVR) that leads to right-side heart failure
and a grave prognosis.'~ Sildenafil and bosentan have been
developed as new treatments for PAH during the past few
years. Bosentan, an endothelial receptor antagonist, was the
first oral drug shown to have an effect in patients with PAH.5*
Sildenafil, a phosphodiesterase-5 inhibitor, is a new effective
dilator of pulmonary arteries that is also administered orally.
Sildenafil has relatively few adverse effects, compared with
other oral drugs for PAH, and is safe for use even in patients
with mild-to-moderate renal or hepatic dysfunction; more-
over, its use reportedly improves heart failure.* Recently, the
study on Sildenafil Use in Pulmonary Arterial Hypertension
(SUPER)-1 revealed that sildenafil improves exercise capac-
ity, the World Health Organization (WHO) functional class,
and the hemodynamics of patients with PAH.** Furthermore,
SUPER-2 established the safety and tolerability of sildenafil
with maintenance of the patient’s functional class.*

P ulmonary arterial hypertension (PAH) is defined as a

Editorial p1089

At the present time, the most powerful and effective treat-
ment for PAH is an ambulatory continuous infusion of epo-
prostenol. Prior to the introduction of epoprostenol, the S5-year
survival rate of patients with idiopathic PAH was 34%.'* Epo-
prostenol has increased the 5-year survival rate to 67%,
according to a report published in the United States in 1994.#4
However, epoprostenol therapy requires an indwelling cathe-
ter attached to an ambulatory infusion pump, limiting the
patient’s activities and producing the possibility of catheter
infection. Thus, if oral drugs, such as bosentan and sildenafil,
can be used to inhibit the progression of PAH, the introduction
of epoprostenol can be delayed.

Recently, these 3 drugs, epoprostenol, bosentan, and silde-
nafil, have been used in combination for the treatment of PAH.
However, few reports have demonstrated the long-term out-
come of first-line sildenafil monotreatment or any evidence
regarding the combination of these drugs. Therefore, the ob-
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Tabie 1. Baseline Characteristics of Patients ,
Ali patients Epo(+) group Epo(-}) group Ei:(al;’gr?:tx;r_')
(n=46) (n=15) (n=31) groups

Age, years 42+14 35+10 4615 <0.01
Sex, F/M 38/8 12/3 26/5 NS
NYHA FC I+li/lil, n 16/30 3/12 13/18 NS
mRA, mmHg 8.0+5.5 10.1+6.1 7.0+4.9 NS
mPAP, mmHg 52+14 62+15 47+11 <0.01
PVR, Wood unit 14.6+8.7 18+8.7 13+8.2 <0.05
CO, U/min 3.7+1.6 3.4+1.2 3.9+2.9 NS
6MWD, m 349+97 332+94 364+102 NS
BNP, pg/mi 3341349 317+347 345+358 NS

All the data are expressed as the mean +standard deviation.

Epo(+) group, patients who required additional epoprostenol treatment during the observation period; Epo(-) group,
patients who did not require additional epoprostenol treatment during the observation period; NS, not significant;
NYHA FC, New York Heart Association functional class; mRA, mean right atrial pressure; mPAP, mean pulmonary
arterial pressure; PVR, pulmonary vascular resistance; CO, cardiac output; MWD, 6-min walk distance; BNP, B-type

natriuretic peptide.

jectives of this study were (1) to investigate the clinical effi-
cacy of first-line sildenafil therapy during a long-term obser-
vation period, and (2) to examine the relationship of first-line
sildenafil therapy and the occurrence of events such as the
addition of epoprostenol, hospitalization for right-side heart
failure, and death.

Methods

Study Subjects

In this study, we enrolled 57 patients with PAH who visited the
Keio and Kyorin University Hospitals. The New York Heart
Association functional class NYHA FC) of enrolled patients
was I, II, or IIl. The patients with NYHA FC IV were excluded
because intravenous prostanoid should be the first-line treat-
ment for those patients according to the algorithm proposed at
the World Symposium in Venice, Italy, 2003 and revised at
Dana Point, USA, in 2008.1% Four patients abandoned silde-
nafil treatment because of the high cost of off-label use or
severe, subjective adverse effects, and 7 patients with Eisen-
menger syndrome were excluded because of the differences
in their clinical characteristics compared with other patients
with PAH. The remaining 46 patients (idiopathic PAH, n=24;
secondary to connective tissue disease, n=16; associated with
portal hypertension, n=6) were analyzed (age 42+14 years;
38 women, 8 men). Sildenafil was administered as a first-line
drug from January 2003 to December 2010. All the patients
provided informed consent, and the administration of silde-
nafil was approved by the institutional review boards of the
hospitals.

All the patients enrolled underwent right-side heart cathe-
terization before the administration of sildenafil and during
the follow-up period. Furthermore, the 6-min walk distance
(6MWD) was determined, and the B-type natriuretic peptide
(BNP) level was measured before the administration of silde-
nafil and during the follow-up period.

Sildenafil Administration

In this study, sildenafil was administered as a first-line drug
after the diagnosis of PAH. The maximum dose of sildenafil
was 20mg t.i.d. as long as the adverse effects could be toler-
ated. Conventional therapies, such as appropriate diuretics
and oxygen therapy, were administered to all patients if such

therapies were judged as being necessary based on the severity
of the PAH and right-side heart failure.

Indication of Additional Epoprostenol and Bosentan

After the administration of sildenafil, the most appropriate
treatment for each patient was instituted based on the algo-
rithm.*5# If epoprostenol was added, the dosage was started at
1ng-min~!-kg! and gradually increased to a dose of approxi-
mately 30ng- min-!-kg-! at 6 months.

Bosentan was administered when the efficacy of sildenafil
was insufficient in terms of the clinical symptoms and objec-
tive findings or when the patient refused epoprostenol because
of the need to insert an indwelling catheter and having a pref-
erence for oral treatment. The maximum dose of bosentan was
125mg b.i.d. as long as all the adverse effects were tolerable.

Division of Patients Into 2 Groups According to the
Addition of Epoprostenol

All the enrolled patients were divided into 2 groups according
to the addition of epoprostenol. The patients given additional
epoprostenol were designated as the Epo(+) group, and those
without were designated as the Epo(-—) group.

Statistical Analysis

The baseline characteristics, hemodynamic variables, and ob-
servation periods were compared between the 2 groups using
Student’s unpaired t-test. The proportion of each baseline
NYHA FC was compared by the chi-square test. Comparisons
of the time course of parameters between the 2 groups were
made by 2-way analysis of variance for repeated measures,
followed by Newman-Keuls test. The curves of the event-free
rates according to the addition of epoprostenol, the event-free
rates according to the composite endpoint of hospitalization
for right-side heart failure and death, and the estimated sur-
vival rates were derived using the Kaplan-Meier method and
compared using the log-rank test. A univariate analysis based
on the proportional hazards model was used to examine the
relationship between events such as death or hospitalization
or the addition of epoprostenol and parameters such as the
baseline characteristics and hemodynamics. The results were
expressed as hazard ratios with 95% confidence intervals. A
multivariate analysis based on the Cox proportional hazards
regression model was used to examine the independent effect
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12 5 g Figme 1. Hemodynamic changes
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. 4 WWW rolled patients as a whole. Pulmonary
: : vascular resistance (PVR), mean pul-
4 - é‘ 3 - monary arterial pressure (mean PAP),
mean right atrial pressure (mean RA),
5 andlqardiao output (CQ) improved
baseline after baseline after significantly with first-line sildenafil

. therapy. Data are the mean+standard
sildenafil deviation (SD). *P<0.05 vs. baseline.

of each variable on the events. The comparison of the propor-
tion of underlying diseases between the younger group and the
older group was made using chi-square test for independence.
All the data are expressed as the meantstandard deviation. A
value of P<0.05 was considered statistically significant.

Resulls

Baseline Characteristics and Changes in Hemodynamics,
BNP, 6MWD, and NYHA FC in the Enrolled Patients as a
Whole After Sildenafil Monotreatment

The baseline characteristics of all the patients enrolled in the
study are shown in Table 1. The follow-up examinations,
including right-side heart catheterization, were performed just
before the addition of epoprostenol or bosentan to the treat-
ment regimen. The patients who did not require additional
treatment during the observation period were analyzed using
the final follow-up data until December 2010. Therefore, our
follow-up data for the hemodynamics, GSMWD, and BNP were
obtained during sildenafil monotreatment. The average obser-
vation period was 211422 months, and none of the patients
were lost to follow-up.

A comparison of the hemodynamics at baseline and after
sildenafil treatment is presented in Figure 1. The hemody-
namic parameters, such as the PVR (14.6£8.7 vs. 11.6+ 8.6
Wood units, P<0.05), mean pulmonary arterial pressure (PAP:
52.1+14.0 vs. 45.7£15.7mmHg, P<0.01), mean right atrial
pressure (RA: 8.0+5.5 vs. 6.4+4.4mmHg, P<0.05), and car-
diac output (CO: 3.7£1.6 vs. 4.24+1.9 L/min, P<0.05), improved
significantly after sildenafil treatment in the enrolled patients
as a whole.

Furthermore, the BNP and 6MWD at baseline and after silde-
nafil treatment were also compared. Some 6MWD and BNP
follow-up data were missing, and some patients refused the
6MWD examination because of the presence of a gait disorder

Table 2. Chahge in NYHA FC Between Baseline and After ‘
First-Line Sildenafil Monotreatment : )

Change in NYHA FC n (%)

Improved 2 classes 0(0)

improved 1 class 12 (26.1)

No change 30 (65.2)

Worsened 1 class 4(8.7)

NYHA FC, New York Heart Association functional class.

or dyspnea. The BNP (n=30) tended to be lower after sildena-
fil treatment, although the difference was not significant (332+
362 vs. 2471382 pg/ml, P=NS). The 6MWD results (n=16)
improved significantly (352£104 vs. 422102 m, P<0.05).

During the observation period of sildenafil monotreatment,
the NYHA FC either improved (n=12, 26.1%) or was main-
tained (n=30, 65.2%) in 42 of 46 patients, and worsened in 4
patients (8.7%) (Tabie Z).

Baseline Characteristics and Hemodynamic Changes in
Patients Treated With or Without Epoprostenol

The patients were divided into 2 groups based on their clinical
course. The Epo(-) group (n=31; 67% of all the enrolled pa-
tients) comprised patients who did not receive epoprostenol
(3 of the 31 patients additionally received bosentan), and the
average follow-up period was 25123 months. The Epo(+)
group (n=15; 33% of all the enrolled patients) comprised pa-
tients who were additionally treated with intravenous epopro-
stenol (4 of those 15 patients additionally received bosentan),
and the average follow-up period was 12418 months. The
baseline characteristics of the Epo(—) and Epo(+) groups are
shown in Table I. The age of the Epo(+) group was signifi-
cantly younger than that of the Epo(-) group.
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Figare 2. Hemodynamic changes during the observation period of sildenafil monotreatment among patients grouped according
to the addition of epoprostenol (Epo) treatment. The red circles show the hemodynamic changes in the Epo(+) group, comprising
patients treated with additional epoprostenol, and the blue circles show the hemodynamic changes in the Epo(-) group, compris-
ing patients without additional epoprostenol treatment. At baseline, the mean PAP and PVR of the Epo(+) group were signifi-
cantly higher than those of the Epo(-) group. The PVR, mean PAP, mean RA, and CO all improved significantly with sildenafil
treatment in the Epo(~) group. However, these parameters did not change significantly in the Epo(+) group. The data are the
mean=£SD. *P<0.05 vs. baseline Epo(+) group; tP<0.05 between baseline and after sildenafil; #P<0.05 between the 2 groups in
the time-course changes. CO, cardiac output; PAP, pulmonary arterial pressure; PVR, pulmonary vascular resistance;

The hemodynamics at baseline, before the administration of
sildenafil, of the 2 groups is presented in Figure 2. No sig-
nificant differences in the mean RA or CO were observed at
baseline. However, the mean PAP and the PVR were signifi-
cantly higher in the Epo(+) group than in the Epo(-) group
at baseline. All the hemodynamic parameters improved sig-
nificantly after sildenafil treatment, compared with the base-
line values, in the Epo(-) group (mean PAP, 47.4%10.8 vs.
38.0+9.4 mmHg, P<0.01; mean RA, 7.0+4.9 vs. 5.043.1 mmHg,
P<0.05; PVR, 12.848.2 vs. 7.443.6 Wood units, P<0.01; CO,
3.9+1.7 vs. 4.6£1.91/min, P<0.05). On the other hand, no
significant differences in any of the hemodynamic parame-
ters were observed after sildenafil treatment, compared with
the baseline values, in the Epo(+) group (mean PAP, 61.8+
15.3 vs. 61.7£13.9mmHg, P=NS; mean RA, 10.146.1 vs. 9.3%
5.1mmHg, P=NS; PVR, 18.248.7 vs. 20.319.4 Wood units,
P=NS; CO, 3.4+1.2 vs. 3.3%1.6L/min, P=NS). There were
significant differences between the 2 groups in the time-course
of changes of all 4 parameters. However, there was a signifi-
cant difference in the observation period between the 2 groups,
so the possibility cannot be ruled out that this difference may
have affected the statistical results.

Event-Free Rate According to the Addition of Epoprostencl
“Event” was defined as the addition of epoprostenol therapy.
The Kaplan-Meier event-free curve was then determined ac-

cording to the addition of epoprostenol, as shown in Figure 3A.
The observation period was 33127 months. The percentage of
patients treated without the addition of epoprostenol was 80%,
70%, and 63% at 1, 3, and 5 years, respectively.

During the observation period, 15 patients were treated with
additional epoprostenol. In 7 of them, epoprostenol was added
because of right-side heart failure. In remaining 8 patients, it
was added because of deterioration in NYHA FC, worsening
of clinical symptoms or objective findings, and rapid progres-
sion of PAH, although without right-side heart failure.

Furthermore, we analyzed factors associated with the addi-
tion of epoprostenol. Age, mean PAP, and PVR at baseline
were related to the addition of epoprostenol according to uni-
variate analysis, and multivariate analysis demonstrated that
only age at baseline was independently related to the addition
of epoprostenol (Takble 3). The median age of all the patients
was 40 years. The Kaplan-Meier event-free curves according
to the median age demonstrated that more of the patients aged
less than 40 years required the addition of epoprostenol at an
earlier stage, compared with the older patients (age >40 years)
(log-rank test, P<0.05) (Figure 3B). In particular, at 2 years
after the start of first-line sildenafil therapy, epoprostenol was
added to the treatment of approximately 20% of the patients
who were older than 40 years old, but 40% of the patients who
were younger than 40 years required the addition of epopros-
tenol. Meanwhile, we compared the proportion of underlying
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(A) Kaplan-Meier estimates according to the addition of epoprostenol treatment. The 1-, 3-, and 5-year rates for patients
treated without the addition of epoprostenol were approximately 80%, 70%, and 63%, respectively. (B) Kaplan-Meier estimates
according to the addition of epoprostenol treatment among patients grouped according to age. The overall median age was 40
years. The event-free rate among older patients (>40 years) (blue line) was significantly higher than that among younger patients
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Table 3. Statistical Analysis of Variables Correlated With the Addition of Epoprostenol Treatment
Univariate analysis Multivariate analysis
HR (95%Cl) P value HR (95%Cl) P value

Age 0.95 (0.91-0.99) <0.05 0.94 (0.90-0.99) <0.05
Sex 1.15 (0.32-4.12) NS - -
NYHA FC 1+l1/ill 0.38 (0.11-1.35) NS - -
mRA 1.09 (0.99-1.19) NS - -
mPAP 1.07 (1.03-1.12) P<0.05 1.05 (1.00-1.10) NS
PVR 1.06 (1.01-1.11) P<0.05 1.05 (0.96-1.13) NS
co 0.78 (0.53-1.17) NS - -
MWD 0.99 (0.99-1.00) NS - -
BNP 1.00 (0.99-1.00) NS . -

HR, hazard ratio; Cl, confidence interval. Other abbreviations see in Table 1.

diseases between the younger group (idiopathic PAH, n=15;
secondary to connective tissue disease, n=5; associated with
portal hypertension, n=3) and the older group (idiopathic
PAH, n=9; secondary to connective tissue disease, n=11; as-
sociated with portal hypertension, n=3). There was no signifi-
cant difference between the 2 groups in the proportions of the
underlying diseases of PAH.

Survival Rate

In this study, 5 patients died during the observation period; 2
of them had refused epoprostenol therapy. The estimated sur-
vival rate is shown in Figure 4A. The observation period was
44426 months. The 5-year survival rate after first-line sildena-
fil treatment was approximately 81%. We analyzed the factors
associated with survival. Univariate analysis demonstrated

that only the mean RA was related to death (Tabie -4). All the
patients who died during the observation period were female,
and their baseline NYHA FC was IIl. Therefore, sex and
NYHA functional class were not included in the analysis.

Event-Free Rate According to the Composite Endpoint
The event-free rate for the composite endpoint of hospitaliza-
tion for right-side heart failure and death is shown in Figure 45.
The observation period was 4026 months. More than 75% of
the patients had not reached the composite endpoint at 5 years.
There were no significant variables related to the event in uni-
variate analysis.

Nine of the enrolled patients needed hospitalization because
of right-side heart failure; 7 needed additional epoprostenol
because of right-side heart failure and the remaining 2 patients,

Circutation Journal Yol.78. May 2012

_448._



1250

YANAGISAWA R et al.

8 100-Wmmm o
< R
& L
= 80 -
2
S 60
[75]
3 40-
<
£ 201
i
O ] 1 i 1 1 1
0 10 20 30 40 50 60

Months

Number 46 44 37 30 21 13 11
atrisk, n

Flaure 4.

death.

(A) Kaplan-Meier survival estimates for patients with pulmonary arterial hypertension (PAH) treated with first-line silde-
nafil therapy. (8) Kaplan-Meier estimates according to the composite endpoint of hospitalization for right-side heart failure and
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Tahle 4. Statistical Analysis of Variables Correlated With

-~ Overall Survival . e S

‘ HR (95%Cl) P value

Age 0.98 (0.92—1.05) NS
mRA 1.26 (1.06-1.49) <0.05
mPAP 1.01 (0.96-1.086) NS
PVR 1.02 (0.92-1.13) NS
co 0.84 (0.32-2.18) NS
6MWD 0.98 (0.96-1.01) NS
BNP 1.00 (0.99-1.00) NS

Abbreviations see in Tables 1,3.

who did not have additional epoprostenol, died because of
rapid progression of right-side heart failure in the short term
after hospitalization.

Discussion

This study demonstrated the long-term outcome of sildenafil
administration as a first-line therapy. We found that: (1) all
hemodynamic parameters improved significantly after sildena-
fil treatment in the enrolled patients as a whole; (2) more than
60% of the enrolled patients did not require the addition of
epoprostenol for 5 years; (3) the patients who required addi-
tional epoprostenol were younger and had more severe hemo-
dynamic characteristics at baseline; and (4) more than 75% of
the patients did not reach the composite endpoint of hospital-
ization for right-side heart failure and death for 5 years.
Previous studies have demonstrated the efficacy of sildena-
fil for the treatment of PAH.13217%-24 In the evidence-based
algorithm established at Dana Point in 2008, sildenafil was
defined as a first-line drug for PAH in patients with WHO
functional class Il or II.* In the present study, all the hemody-
namic parameters and exercise capacity, as evaluated using the

6MWD, improved significantly after sildenafil treatment in the
enrolled patients as a whole, and the BNP level tended to de-
crease. These results suggest that sildenafil is effective for the
treatment of PAH, even when it is administered as a first-line
therapy, and are consistent with the evidence-based algorithm.
Furthermore, we analyzed the changes of NYHA FC during
the observation period of sildenafil monotreatment (Tabie 2).
The SUPER-2 study reported that the majority of patients who
entered the SUPER-1 trial improved or maintained their FC
and 6MWD.}? Similar to the results of SUPER-2 study, the
present study demonstrated that sildenafil monotreatment re-
sulted in maintenance or improvement of NYHA FC in the
majority of all enrolled patients (91.3%). Therefore, we con-
sider that these results demonstrate the superiority of sildenafil
as a first-line drug for PAH. Moreover, we analyzed the chang-
es in hemodynamic parameters according to the addition of
epoprostenol. In our results, all the hemodynamic parameters
improved significantly after sildenafil treatment in the Epo(-)
group, whereas no significant differences in any of the hemo-
dynamic parameters were observed in the Epo(+) group. The
baseline PVR and mean PA were significantly higher in the
Epo(+) group compared with the Epo(—) group. These results
suggest that first-line sildenafil monotreatment only was not
sufficient to improve hemodynamics in patients who were
more severe at baseline. However, this can lead to the sugges-
tion that any hemodynamic parameter in the Epo(+) group was
not significantly worsened, meaning that sildenafil treatment
contributes to maintenance of clinical stability even in the
baseline severe patients. It is consistent with maintenance of
NYHA FC shown in Tabie 2.

Furthermore, in the present study, we focused on the oc-
currence of events, such as the addition of epoprostenol and
the composite endpoint of hospitalization for right-side heart
failure and death. Epoprostenol is recognized as the most
powerful and effective treatment for PAH.#¢ However, epo-
prostenol requires continuous infusion via an indwelling cath-
eter, limiting the quality of life of the patient and a risk of
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catheter infection. Thus, analyzing the clinical course of ad-
ditional treatment with epoprostenol after first-line sildenafil
monotreatment and investigating the characteristics of high-
risk patients are important. In the present study, the age of the
patients who required additional treatment with epoprostenol
was significantly younger than the other patients. The baseline
hemodynamics suggest that the severity of PAH among the
patients who required additional treatment with epoprostenol
was more severe than that of other patients. Furthermore, in
the multivariate analysis, age at baseline was the only variable
that correlated with the addition of epoprostenol. More pa-
tients under the age of 40 years (the median age) required the
addition of epoprostenol treatment at an earlier stage, com-
pared with the older patients. Thus, the severity of the disease
may progress more rapidly among younger patients. There
was no significant difference in the proportions of underlying
causes of PAH between the younger and older patients. These
findings suggest that patients who are younger or whose se-
verity assessment at baseline is severe have a strong possibil-
ity of requiring the addition of epoprostenol treatment, and
therapeutic efficacy may need to be frequently evaluated after
the start of first-line sildenafil treatment among these high-
risk patients to ensure timely introduction of epoprostenol
treatment. Baseline NYHA FC did not influence the require-
ment of additional epoprostenol therapy in the present study,
which suggests that the introduction of epoprostenol is pre-
scribed by the degree of progression of disease rather than by
the baseline disease status.

In this study, more than 75% of the patients did not reach
the composite endpoint of hospitalization for right-side heart
failure and death for 5 years after the start of first-line silde-
nafil therapy. In our study, 20%, 30%, and 37% of the enrolled
patients received additional treatment with epoprostenol at 1,
3, and 5 years, respectively, after the start of first-line sildena-
fil therapy. These findings raise the possibility that combina-
tion therapy should be considered for patients who fail to
improve or whose condition deteriorates after the start of first-
line sildenafil therapy and that a fairly good prognosis can be
expected if the severity assessment and the timing of epopro-
stenol introduction are appropriate.

The estimated 5-year survival rate after the start of first-line
sildenafil therapy was approximately 81%. Several studies
have demonstrated the survival in patients with PAH treated
in the modern management era.?”* Compared with the recent
studies, survival in this study was relatively better and was
obtained when sildenafil was used as a first-line monotherapy.
Therefore, it cannot be compared simply with the survival data
of recent studies in the modern management era. However, the
baseline NYHA FC III/IV in our study was 65% (there were
no patients with NYHA FC IV in this study), whereas that in
the recent studies was approximately 80%.%2%3* The differ-
ence in baseline NYHA FC may explain the difference
between the survival in our study and that in other recent stud-
ies. In the present study, all of the patients who died were in
NYHA FC III at baseline, demonstrating that baseline NYHA
FC is generally a strong prognostic factor in the mortality of
PAH patients. Our statistical analysis of variables associated
with overall death demonstrated that only the mean RA at
baseline was related to outcome, consistent with the results of
several previous reports demonstrating that the mean RA
strongly correlated with the outcome of patients with PAH. 3!
Variables arising from right-side overload, such as the mean
RA, may be better prognostic indicators, even when sildenafil
is used as a first-line therapy.

Study Limitations

The study limitations are the insufficient observation period
and small population. A study with a longer observation period
and a larger number of patients is needed to confirm the pres-
ent results and to ensure their accuracy.

Gonclusions

We have shown the long-term outcome of sildenafil when
used as a first-line therapy for patients with PAH. Our results
suggest that sildenafil is emerging as a promising first-line
drug for the treatment of PAH.
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Idiopathic pulmonary fibrosis, Combined pulmonary fibrosis and emphysema, %FEV;,
Pressure gradient maximum in tricuspid valve (PG), Pulmonary hypertension

o4

M AR HERE  (idiopathic pulmonary fibrosis ; IPF)
DEHEFER B E ORERFRZE(L T H 5 ITI3IER (vital
capacity ; VC) &M= (forced vital capacity ;
FVC) WA Z & —BTH L0V, FidilED
AP D B3E I CO MidkEkaE) (diffusing capacity
of carbon monoxide ; DLeo) PPEDHH EFbN T
B9 ik, MR HME A BE D IPF O & AE 2 7200
ZOFRIIEL, ZORRE LONSILEE &6 58
ERBEVIEPRERERE ZRoTWAS.

IPFICHiEE* &35 &, VCREVCIIHREDE
FEREICHI LTI T WA T LS LYY, HEES
MB7DICIE Dl ZPETAHIENEETH L. L
L DL PP EIX VCR FVCIEEES TR L, K
#2135 LHH S, IPF Tk 1 8% (FEV/FVO) &
GLAEFANLVEETH S, IPFICHREZ AL
7oA EEEEEIMD Y BVCRRFVC £ 1 b xt
E# 1 BHE (%YFEV) OFWRERPEEET XV IEME
KRBLCWBHREEYXH 5. L LBFEVICE LT
BEF LG 2. 40, IPF OEEEOBIEZ i

[l

T814-0180 FEMITIIRE X LR 7—45—1
8 R RS B S R O 35 PR
(ZHBEX2342H3H)

MAERD, WEELZ AT 5 IPF P with emphy-
sema) EHHRMEZAH LT IPF (IP without em-
physema) I BT BB ME & YFEV, D% 3T L,
EEEFMIIICBY 2 %FEV, OF B BE L.
WRBELUVHE

HE B 2R

20074E 4 B2 5 2010 4E 3 A ¥ T H b B E MR &
(interstitial pneumonia ; IP) OHEEHWTARLZ-2
FEFOH» S, OCT TR S EFERMEAEM % (usual
interstitial pneumonia ; UIP) 2% 2 51 %, @ fine
crackles #JEHL S %, @ L LRBREBEEN 2, @
BERLERZZLOE LTHESEREAOERE 255
Az RBHEZY, @834 02X MY — L IRESE %
FLTWD, @LT:a—BREZITo TS, OB
KEEHFLTRY, OHMEMEMAOSMEELROT
FREBPRELTNDS, L) 8HHEZM /T 4L24% %
RL, clinicalIPF & L TGS E L7z,

PP %R, L EEE~IP with emphysema # & IP with-
out emphysema # & @ ik

AR ORE UK CIEl e, Lo o — R,
JAE CT MEZ T o7z, MPREREREIINAESE, A
NA VT T AT EEBTIT, AT RZESIZIE DLeo
FRE L7z, LT3 —HEI X ) ZRAEEZE (pressure
gradient maximum in tricuspid valve ; PG) & L 7.
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Table 1 Clinical features, respiratory function data and echo cardiographic data

whole cohort of TP without emphy- IP with emphysema

patients (n =42) sema (n=35) =7 p values *
Number of patients (male/female) 30/12 23/12 7/0
age 69+13 6814 74+3 0.17
Body Height (cm) 15974 15974 160£7.8 0.65
Body Weight (kg) 5511 55+11 57+11 043
FVC (absolute volume, L) 2.19+0.69 2.10+0.64 261033 0.11
FVC % predicted 73+21 71£20 33+27 0.14
FEV1 (absolute volume, L) 1.78 +0.53 1.76 054 1.9%053 0.64
FEV1 % predicted 7420 74£20 75+18 087
FEVY/FVC (%) 82+11 8410 7515 0.15
DLco (mL/min/mmHg) 8.76 +3.65 (n=235) 9.25+3.59 (n=29) 6+2.78 (n=6) 0.035
DLco % predicted 57+21 (n=35) 6120 (n=29) 42+18 (n=6) 0.06
DLco/Va (mL/min/mmHg/L) 3.35%=1.20 (n=35) 365%1.05 (n=29) 1.88%0.67 (n=6) 0.001
DLco/Va % predicted 75%26 (n=35) 8123 (n=29) 44%16 (n=+6) 0.0016
EF (%) 67+7 677 69+8 0.3
PG (mmHg) 164+16.1 148+157 24=17 0.14

Data show means and standard deviations. * Mann-Whitney's U test (IP without emphysema vs. IP with emphysema).
EF; ejection fraction, PG; pressure gradient maximum in tricuspid valve

HEEM B RIGERE & PG+ 10 mmHg T3 % 7%, §H
EPCEHEMEDIBE L Lz, FBHE (ejection
fraction ; EF) Z#lE LOBESIEE TH 5 2 & 2R
L7

fa#8 CT 1o C EMBOEEA T 4 A2\ TERBIUSR
M25% U ESHT 50 REREEERL, JE
WAL E b %\ IPF (IP without emphysema) B&
SHEMZELE S IPF (IP with emphysema) B 2
AT EROEBICOWT 2 BB OERZ M L.

Fiis MLE & PPIR g RE, EREERA T, CTAaAT LD
+HE

MiSMEORE & R NI XA — 5 — L OBEL K
9572012, PG L R EERE (B FVC, %FEV,, %DLco)
L OB O E % IP without emphysema #, IP with
emphysema & IP without emphysema % —# 12 L7 IP
EERBECEFNZENME L7, IP with emphysema B
WBREBIE (n=7) B340 72728, IP with emphysema
BHMTII PG L IFRBEROMBEERF TSI LIETE
Loz,

LA E M, HAMNRZS®S (JRS) KX 5 IPF
@ EIE B 7538 % Kazerooni 512 X 5 IPF®O CT A 2
FTREBHAWCEMNZHESTL, FRERICOVTPG &
OB ZME L7z,

WEEH AT

1P with emphysema & & IP without emphysema #{Z
BT BER, KRE, WRERERENRT X -7 -2 PGE
R EOBMET— 5 I FHELFERETERRL, BHO
B Z %1% Mann-Whitney ® URRE £ H\wiz. ¥72PG
&R AR BRAREE & DB 44T 1 Pearson BEEIC L o

72. PGELJRSOEEERA T, CT A7 L OMBIE
Spearman’s rank correlation test % By THiET L7-.
w R

IP without emphysema # & IP with emphysema & &
DL

IP without emphysema#i335% X V7Y, B 23
%, TH124Tdho7-. IP with emphysema BEIZ B
T&ZTHHYRER Do, WMEOER, FE fF,
MR RER AR, EF, PG % Table LISARLTW5,

IP without emphysema B IZB) 5 E#, HE, #E
FENZFN68x145%, HRE159+74cm, HESS+]1]
kg THo7z. —F IP with emphysema HTiZFhFh
74+3 5%, 160+78cm, 57+11kg TH Y, WMEMIE
E%roiz.

FVC, %FVC ICMEHHEOFEZEZZ VD OO, IP with
emphysema BETKEXWHEIIH o7, FEV/FVC 1
BETEBEZE R o720 1P with emphysema B IZHB
WTEWER YRS o7, LA L%FEV, 3WERTIZL
ALERZP o7, %BDLeo?YIP with emphysema 2T
BT LTWAd, FEET 2, o7 L L%DLe/VA
i% IP with emphysema H CTHBIZRETH - 7.

EF BWEMTEERD Do Iz, ZRFERE (PG>
0) ZEFD/ERIZIP without emphysema BT 23 #
(55%), IP with emphysema BETIE5%H (71%) Y,
PG+10 mmHg TR % & 1 % HE 72 Fili & BRI 21 E 2% 40
mmHg L L ORiBIME%Z RTEMIZENZN6H
(14%), 4 81(57%) Td o 72. PG iZ IP with emphysema
HCTEWEmD?H 572 (Tablel, Fig.1).
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Fig. 1 Distribution of maximum pressure gradient
(PG) in the tricuspid valve. In IP without emphyse-
ma, PG>0 mmHg was noted in 23 patients (55%),
and pulmonary hypertension (40 mmHg or more of
systolic pulmonary pressure estimated by PG plus
10 mmHg) was observed in 6 (14%). In IP with em-
physema, PG>0 mmHg was noted in 5 patients
(71%), and pulmonary hypertension was observed in
4 patients (57%).

PG & RAERE & DAHE

IP without emphysema #Tix PG & %FVC & ORI
HEREHEBEZHDH(r=-0352, p<0.05), IP with-
out emphysema # & IP with emphysema % &0 /2&
TN 5 EFBEN L DB 2R o 72 (r= 0281,
p=007) (Fig. 2a). PG £ %FEV, L O#BZ &% L, TP
without emphysema DA TIEAEEEDRWER) %
M (r=-0319, p=0.061) TH - 7245, IP with em-
physema B# G072 TIXEER UMY r=-0313,
p<0.05) 2% o7 (Fig.2b). ¥&IZ PG & %DLeo & DH
B4 MEt L7z, IP without emphysema B0 A DT
BABEEA SN oz (r=-0031, p=0874). T/
IP with emphysema B % & O 2K THITL TS, &
ELZBOMBEBEBRE P o7 (r=-0193, p=0267)
(Fig. 2¢).

PG & JRSEEEAQT, CTAIT LM

IPFOEEEL JRSICEVSETH L, EEEL: 17
%1 (IP without emphysema 14 #l, IP with emphysema
360, EAEEI:9% (96, 0Bl), EJEREII: 64
G, 1B, EEEIV:ION (74, 36) ThHol.

—7 Kazerooni 5® CT A2 72 HWTHET 5 &,
fibrosis score 0 : 7 L, fibrosis socre 1 : 7 # (IP without
emphysema 7 i, IP with emphysema 0 #Y), fibrosis
score 2 : 23 B (19 B, 4 %)), fibrosisscore 3 : 10 % (7
1, 3 %), fibrosis score 4:2%] (2%, 0%), fibrosis

49 (11), 2011.

score 5 lE %R o7:. GGOscore0: % L, GGO score 1 :
13 1 (IP without emphysema 10 %1, IP with emphysema
381), GGO score 2 : 23 #1(20 B, 3 #1), GGO score 3 :
66 5FI, 16]), GGO score 4 & 5: %L, LWwHi
RThoiz.

PEDXIICHEST L2 JRSEREEZX 27, CT score
EPGLOMMERY LAPERELMEBERED L -
7.

F#&

20104 12 A TOBBRAET IS HORBT MR S
iz WRRIZHEEMEMJORE 10 61, Wik 2/, K
oM, MIMERE 1M CTHo/. EFEHTO 2 FlIEHH
W& BE LA Tbh:. SRBHEOT Y Py —
HIRIAS2007 £ 4 A5 20104E 3 HETTH Y, FHD
FEIMAT 20104 12 A F Rl 24E4 7 A,
IP without emphysema #f 2 4£ 5 % A, IP with emphy-
sema B 1FE 104 A) THolldFELHBoOEIFK
&L, EmTFRLOBEELERWET I LETERro
7z

£ =

IPF 3 F#ATEL, MSBILEEZEHT L S5ICFH
PWELBRDIEFMOENT VB9 F 7-IiKE % &
BELAIPF b FHEAE W, ZoHEE LT, MigiE
DEFRFHEEEEL T ENHELNPIIR - TE
7290 $toTIPF OB EICBWT, MAERSILE
DEFOEFELZIBET A EIBICEETHS. KHX
BV, IPFOEEEOREL LUHallEZ 2 )b
F, v—F VTN ARRBRERED EDNT A —
F—LMHBLTWEOPRETAHZ LI L. HEZHR
AU THEORE MR E L2 IPF %, Fi%
Br&t LA IPHEMERELZEHLTVRWIPEELIC
AV, WEIE S X BEEOR IR S5 X — & —
DT TH B DD, EiAANOEFOER YD L D0h%
HOPIITHIEEZARWFEOEEE L.

HEIEDZWIEE LA F—FVRENT -V RS
V- FTH BN, BEIKEL, La—RETHK
BYENBZ ENE V. RFRICBVWTH LTI —KRE
TROLNS PG EIMLEOEENFFMICHE V.

IPF DEJERE L Z OREIFHELE A 5 PRI &
LTI VCRFVC, DLk EHF—HHTH Y, %VC
RUFVCHREDBEEOBVWFHERTF LI TY
BV F A VCRFVC IR LZMEETH Y, &
BEDLRLTTAR, MREORETOERICITZ 57
BAHB. L LIPFICRBHELE S & VC R FVC
PHBMICRI-NEEEZ RE & T D 587,
IPF RZEF I HREXILED 720 FEV/FVC 2t LA IE
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Fig. 2 Correlation between PG and %FVC, %FEV), and %DLco. In patients with IP without emphysema,
PG was inversely correlated with %FVC (Fig. 2a). However, when analyzed in the whole cohort of pa-
tients (patients with IP with or without emphysema), the inverse correlation between PG and %FVC
became weak without significance (Figs. 2a). Patients with IP without emphysema had a weak and in-
verse correlation between PG and %FEV, but without significance (Fig. 2b). When analyzed using the
whole cohort of patients, there was an inverse and significant correlation between PG and %FEV; (Fig.
2b). There was no significant correlation between PG and %DLco in the analysis using patients with IP
without emphysema as well as using the whole cohort of patients (Fig. 2c).

EALDVEETH S, REHREIND S L %BFEV,
WETTALEZOHNLE.

SHEOMETH, RERELEZEIRVIPHOAT
EU%FVCIZ PG L ABELZHBEMBEOBRICS o 72205 &
JBHELEEARENND S EHEANL VR R
72, —HBEVC L RBICHEICHEETE 32 %FEV, 3R
EUEZEIRVIPHICBWTPG LOBKEER
MBI ED o 7288, RIENEZ SAZENMDb S EH
MENERICR o2, $T7bH IP without emphysema
Bt & TP with emphysema # Clx PG & %FEV, D54/ %

F—UNERRY, MEEHFELIEICLY, 205
PRELONTWBEZEZRL TS, TRIE—KEKRD
BIZBWTREVC MR- TWTH BFEV, 2 1EEEL
RAEDERERLTVS,

FENT2 PG £ %FEV, L O OHAHE X, IP with-
out emphysema & & IP with emphysema # & O EE L
KEET 20 d Lk, SEOBRE]IZH 7T
HolHNINFEDLLI LI THBEDEILT AT
WAHb SHRELICRFNTETIREETHL. Mhic
X BFVC BRI Tw T H BFEV, 23K W IPF B &
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BEREMEILOEM L% 2 W CT AP, MsiED
BELREEZBBHIITo TWIRETHELEEZLRN
7.

SEOKREHNRIECT L, FEFEEMEMEM% (non-
specific interstitial pneumonia ; NSIP) X 9 % UIP % X
D EZRTVERICK > TWh. UIP & 2@ R
WO P OFmHITIISB AR X B IHBEMBORE DD
ZFE LW, SEIGEFABICREDY 23H 50T, JHEDH
# LY M) —OREIZL h ol o THEDRENS
NSIP R HI BB B M A2 EOEMEENTHDHH
BHEIEETE R\, Ly VEBEEBORME LI B A
Wi hs i E % A0 LB U 2 B2 003, I
SEA A LTRSS L FC UIP IKEB LTy
LEEZTELEZRVIEST.

IPF 2BV MLE & & <M 5 IPRERRRA T
DLeo £ Vb TW 59993, DLeold & DFFBET b Ml HIC
TF2BHETIERL, FABRIIHAEMET LERE
BICIRERTE V. FERBRLET-2IZBWT, IP
without emphysema BEDZRFAEEBEZ FLD R VIEH
(PG=0) %A 5B & %DLeoD/3T Y ¥k & { (Fig. 2¢),
FimMLE & %DLeo DEICEB LB OMBEZRETE %2
o7z

PG L JRSOEEERA 27 L OMICAEERHBEIFRD
LMoz, JRS OEEEICIIMS T % & DEE
ODHRFHPEEG L TCwhHibEEZ SR PGECT
score DI L HEERMHBEP R o728, SEOEFT
13 CT score IZBVF BREGBONTG Y DBk E Dozl
EH—HEEZ LN

T & H

BURBOIPF 25 BEOFECHD LT, WHEE
LOTHRET A EMBMENED & %YFEV.2MET T 5
W) HBEBERERWAELL BEBRKO IPF 0%
ZBWTIE, YFVCOETOAL LT, %FEV,OKT
CHEBRL, REEELHELECFELEEL, &
B E CT R T a—RES1TH LEXD 5.
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Abstract

Relationship between combined emphysema, pulmonary hypertension and %FEV1 in patients
with idiopathic interstitial pneumonia

Motokimi Shiraishi, Masaru Kodama, Ryosuke Hirano, Satoshi Takeda, Yuji Yoshida,
Masaki Fujita and Kentaro Watanabe
Department of Respiratory Medicine, Fukuoka University School of Medicine

The prognosis of idiopathic pulmonary fibrosis (IPF) is poor, and it deteriorates when it is complicated with
pulmonary hypertension (PH). Forced vital capacity (FVC) is a useful parameter for evaluating the disease status
of interstitial pneumonia (IP). However, in patients with IP complicated with emphysema, the disease severity can
be overlooked because of relatively well preserved FVC. We investigated the correlation between the maximum
pressure gradient (PG) in the tricuspid valve using echocardiographic measurements and pulmonary function
tests in patients with IP without emphysema and in those with IP with emphysema. There was an inverse corre-
lation between PG and %FVC in patients with IP without emphysema. However, the above inverse correlation
between PG and % FVC mentioned above disappeared when analyzed in the whole cohort of patients (n =42) con-
sisting of IP without emphysema (n= 35} and IP with emphysema (n=7). Patients with IP without emphysema did
not show a correlation between PG and %FEV,, but when analyzed using the whole cohort of patients an inverse
correlation between PG and %FEV, was observed (p<<0.05). In clinical practice, not only FVC, but also %FEV, is a
valuable parameter in investigating the complication of emphysema and PH in patients with chronic idiopathic in-
terstitial pneumonia.
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