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of the appenmunce of an adverse event. newtrupeni, immedi-
aely alter the start of the tral. In the ANITA trial. CDDP a
100 mg/m” was administered on Day | and VNR at 30 mgm’
was admintstered an Days 18, 15 and 22 every 4 weeks, and
each 4-week reatment schedule was designated as | eyvele.

With regard 1o the patient characteristivs, the gender dhstri-
bution in this study was approximately the same as that in
the JBR 11 nal, and the proportion of female patienls wis
higher in this study than in the ANITA trinl. The age of the
patients was mostly the same in all the wials, In the JIBR 10
trial. Stage HIA NSCLC was not included in the inclusion
criteria, The proportion of patienis with Stage 1B was lower
in this study than in the ANITA nal. The reason [or the
lower proportion of the patients with Stage 1B NSCLC in
this study seems 10 be that an alternative choice of UFT for
Stage-1B adenacarcinoma is available in Japan, and the
results of the meta-analysis by lung adjuvant CDDP evalu-
ation (LACE) (15) did not indicate the usefulness of
CDDP-based postoperative chemotherapy for Stage IB
patients. With regard to the histological type. the proportion
of adenocarcinoma patients was higher in this study than in
both the JBR 10 trial and the ANITA trial. In the ANITA
trial in particular, the proportion of patients with squamous
cell carcinoma was high. The proportions of the patients
treated by lobectomy and that of patients with a favorable PS
were higher in this study (Table 3). Taking into consider-
ation the treatment schedule and the patient characteristics,
this study was comparable to the JBR 10 trial and the
ANITA trial in terms of the incidence of adverse events
and the compliance (Table 4). There were no significant
differences among the trials in terms of the incidence of
Grade 3 and 4 adverse events. i.e. of hematological 1oxicities
such as neutropenia and anemia and non-hematological oxi-
cities such as nausea, vomiting, anorexia and febrile neutro-
penia, although the frequency of fatigue tended to be
markedly lower in this study.

High compliance was observed in this study as compared
with that in the JBR 10 trial and ANITA nial, and there
were no treatment-related deaths. Of the reasons for
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rejeetion by the patient and toxicity secounted for 29%. and
13%a, respectively (16). These observations soggest that the
low' frequency of Ireatment rejection by the patients in this
study might have been the reason for the high comphiance.
and i turn, the reason for the low Treguency ol rejectinn
ol treatment by the patients could have heen that the Tibigoe
was mild. However. there 15 the possibility thol pon-
hematological wsiciiy was evaluated milder in retmspecine
sering and that more patienms rejected treatment continuiim
in the JBR 10 arial and ANTTA irinl because the benctit ol
atjuvant chemotherapy had not been demonstrated w thin
time. With regard 1o the relutionships of the PS and surgical
stress to complumee., there was no correlabion between the
surgical stress and comphianee in the ANTTA il T the
JBR 0 el on the other hand, a correlation was mted
between surgical steess and compliomee, but not belween <ur-
gical stress i the 'S, In this stady, howeser. there wene
many patients who showed favorable PS and only shighe sore
gival stress. and the proportion ol the patients rejecting incal-
ment was also low, presumably because ol the mild tosicny
These factors were estimated (o account for the high compli-
ance. The dilTerence in the socio-cultural characteristics
between the Japanese and Western papulations may alsa
have had an influence on the high complance

There was a better trend of overall survival in Favor of
higher total CDDP dose in LACE (15). On the other hand.
there was no sigmilicant interaction between total CDDP
dose and overall survival in TALT (17). The toal of CDDP
and VNR dose in this study was comparable to those in JAR
10 trial as the mean cumulative dose of CDDP wis 275 my
m” and the mean cumulative dose of VNR was 199 mgm”
in JBR 10 wrial (15).

CDDP at 80 mg.m” administered on Day | plus VNR
25 mg/m” administered on Days | and & every 3 weeks is
effective and commonly used lor Stage HIB/AYV NSCLC i
Japanese patients (14). Major grade 3 or 4 adverse events of
this chemotherapeutic regimen for Stage HHB/IV NSCLC in
Japanese patients were neutropenia in 88%, anemin i 30%.
anorexia in 21%, febrile neutropenia in 18% and nausen in
14% of the patients (14). Adverse events in this study were
milder because PS and mam organ function would be betier
in adjuvant setting than in sdvanced and memmnstatic seitings,

All the above-described study observations indicate that
postoperative combined adjuvant chemotherapy with CDDP
administered on Day 1 msd VNR administered on Days |
iind B every 3 weeks is safe and that the rate ol completion
of treatment is also satisfactory in Japanese patients,
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Gender Differences in Chronic Thromboembolic
Pulmonary Hypertension in Japan

Ayako Shigeta, MD; Nobuhiro Tanabe, MD; Hidefumi Shimizu, MD;
Susumu Hoshino, MD: Miki Maruoka, MD; Seiichiro Sakao, MD: Yuji Tada, MD;
Yasunori Kasahara, MD; Yuichi Takiguchi, MD; Koichiro Tatsumi, MD;
Masahisa Masuda, MD*; Takayuki Kuriyama, MD

Background The predominance of chronic thromboembolic pulmonary hypertension (CTEPH) in females and

association of HLA-B*5201 with CTEPH have been reported in Japan. However. the clinical characteristics of

femule CTEPH remain uncertain, The purpose of the present study is to clarily the clinical phenotype ol lemale

CTEPH in Japan.

Methods and Results  The 150 consecutive putients (Iemale 103, mule 47 age 52.8+12.4 years SD) were ad-

mitted to Chiba University Hospital, and diagnosis was confirmed using right cardiac catheterization and pul-

monury angiography. Among these patients, 78 underwent pulmonary endarterectomy. Clinical charactenstics,

pulmonary hemodynamics. extent of central discase and surgical outcome in females were compared with those

in miales. The female patients were elderly and had less deep vein thrombuosis, less acute embolic episodes. beter |
cardiac function, lower arterial oxygen tension and more peripheral thrombi. and showed less improvement |
through surgery than males. When the patients were identified using HLA-B*5201, HLA-B*5201-positve |
female patients had less embolic episodes and better cardiac function with lower operative mortality. In contrast,
HLA-B#5201-negauve lemale patients had less embolic episodes, and more peripheral thrombi, resulting in less

improvement by surgery,

Conclusion The clinicul phenotype ol Temale CTEPH dilTered from that of mule CTEPH. Additionally, gender

differences of HLA-B*5201-positive type were dissimilar to those of HLA-B*5201-negative type.  (Cire J 2008;

T2: 2069-2074)

Key Words: Chronic thromboembolic pulmonary hypertension; Gender difference; HLA: Pulmonary embolism
hronic thromboembolic pulmonary hypertension
(CTEPH) has been considered to be caused by
single or recurrent pulmonary emboli arising from
deep vein thrombosis (DVT)! However, the incidence of
DVT in this disease is only 35 1o 45% in the USA and 1210
A8% in Japan2-f Tt was reported that the risk of recurrent
venous thromboembolism was higher in men than women?
The female-to-male ratio in CTEPH was 2.1 in Japan. which
is much higher than that ol 0.7 in the USAM However, the
incidence of DVT in females was similar 1o that in males,
even in Japan? Jumieson reported a lemale predominance
in type 3 disease (distal segmental arteries only type)!® In
addition, we previously reported that female predominunt
CTEPH without DVT exists in Japan. and that the discase
was associated with HLA-B*5201 and HLA-DPB #0202,
HLA-B*5201-positive patients were predominantly female,
and this was unrelated (o DVT!H
It remains uncertain whether the clinical phenotype in
lemale CTEPH dilfered from male CTEPH. especially in
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the Japanese series.

The purpose of the present study is to clarify the clinical
phenotype in female CTEPH in Japan. We also examined
the clinical phenotype of female CTEPH when patients
were analysed according to HLA-B*5201 status because the
HLA-B*5201-positive type could indicate a female-pre-
dominant Japanese-specific type, while the HLA-B*5201-
negative type could indicate a DVT-related type similar to
Weslern countries. Because ol the female predominance in
HLA-B*5201 patients, gender differences in the clinical
parameters might be more related o the HLA-B*5201-
posilive type than the female gender ilsell. We added
multivanate analysis o clanly whether female gender or
HLA-B*5201 had the main effects on clinical parameters.

Methods

Study Subjects

We studied 150 patients. 103 females and 47 males, with
CTEPH, diagnosed at Chibu University Hospital, Chiba.
Japan. CTEPH was dehned as mean pulmonary arteriul
pressure (Ppa) >25 mmHg with normal wedge pressure in
patients with symptoms for >6 months. Chronic thromboem-
bolie lindings were confirmed using pulmonary angiography,
All patients were examined using blood gas examination,
right-heart catheterization, pulmonary angiography and
computed tomographic angiography. Seventy-cight ol the
paticnts underwent pulmonary endartereciomy
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Table 1 Clinical Characteristics of All Patients With CTEPH (n=150)

Age veurs) 5282124
FIM () 103/47
Acute embulic epitodes (%) 453
Underlying disease
VT (%) 487
Pelvic surgery (%) 133
Cemagulnperthy | %) Ji3
{Anti-cardiedipin antibedy) (%) 4.7
Malignancy (%) 4.0
Heurt disease (%) 73
HILA-B*5201 (%) 3
Cardiorespiratory variables
Mean Pra (mmnFyg) 52244
Mean Ppa (vonllg) d42:001
Curdiere index {L-min! ) 154:0.64
PVR (dvues:scm) R27=182
FPa: (Torr) 58.629.8
WHE) functional clussificarion /MY 2137197714

Vislues are mean= 5D or n ().

CTEPH, chirunie thromboewbolic pulmmary hypertension; DVT, deep vein
thembasis; Pro, eight atrium p Ppa pul v arleriol p

PVR. puih v vasenlur resistance; PuOr artenal axvgen rension.

Measurements

Al least 3 months after an acute episode, pulmonary hemo-
dynamics, cardiac output (using thermodilution technique)
and blood gases were measured in the supine position
while breathing normally. The cardiac index was calculated
as cardiac output divided by body surface arca. Pulmonary
vascular resistance (PVR) was caleulated conventionally as
the ratio of the difference between mean Ppa and pulmonary
wedge pressure to cardiac output. Cardiorespiratory varia-
bles were also measured after surgery. To evaluate the
elfectiveness of surgery, the % decrease in PVR was calcu-
lated using [preoperative PVR -postoperative PVR] = 100
(%) preoperative PVR.

HLA Typing

HLA typing was analyzed in 126 patients. Serological
HLA typing of A and B antigens was done using a standard
microcytotoxicity test!? Genomic DNA was obtained from
peripheral blood leukocytes using a QIAamp DNA blood
minikit (Quagen). DNA typing ol HLA-B and -DPB1 genes
was performed using a RELI-yping kit (Dynal) and/or
using SSO probes us previously reported!*H

Assessment of Central Extent of Thrombi

Using the Bergin's method, central arteries were defined
15 vessels proximal (o the segmental branches and were
divided into 4 portions. These portions included the right
and lelt mun pulmonary arteries proximal to the upper lobe
branches and the right and left descending portions of the
veniral arteries between the upper lobes and the segmental
branches. The central disease score was quantified by adding
up the number of abnormal central portions in cach patient
up to a maximum score of 4!% Two investigalors retrospec-
tively calculmed the scores independently by workstation,
and if the score differed, it was changed to cither one score
up or down by consensual agreement ol the 2 investigators.

During the operation, thromboembolic disease was visu-
alized and each patient was clussitied into one ol 4 groups
as reported by Thistlethwaite (intrmoperative classification):
type 1, fresh thrombus i the muin-lobar pulmonary anenes;
type 2, intimal thickening and fibrosis proximal 1o the seg-
mental artenies: type 3, disease within distal segmental arte-

SHIGETA A et al

ries only: and type 4. distal arteriolar vasculopathy without
visible thromboembolic disease!®

Pulmonary Endarterectomy

The selection critena for pulmonary thromboendarterec-
tomy were slightly modified from those defined by Moser!?
Our criteria were: (1) mean Ppa >30mmHg, resulting in cal-
culated PVR >300 dynes-s-cor* even afier oral anticoagu-
lant therapy for >6 months: (2) WHO functional class =3:
(3) thrombi defined as accessible to curremt surgical tech-
nigues (presence al main, lobar, segmental arteries). and
(4) absence of severe associated disease?'* Although we
have used a lateral thoracotomy in 16 previous cases, since
1990 we used median sternotomy with the application of
deep hypothermia and circulatory arrest in 62 cases?'"

The Human Subject Committee of Chiba University
approved the study, written informed consent was obtained
from all patients and the study protocol for HLA 1yping
was approved by the Research Ethics Commitiee of Chiba
University School of Medicine.

Clinical characteristics were compared between males
and females in all patients. and in patients with or without
HLA-B*5201, respectively.

Statistical Analvsis

Comparison of males and females was perlormed using
unpaired Student's t-lest when data were continuous varia-
bles, and by chi-square test or Mann-Whitney test when
data were categorical, where appropnate. We performed a
2-way factorial analysis of vaniance (ANOVA) for para-
metric data and multiple regression analysis for categorized
data, using gender and HLA-B*5201 as independent vana-
bles, and other clinical parameters as dependent varinbles.
A p-value<0.05 was considered significant.

Results

Patient Characteristics

Characteristics of the patients are shown in Table |.
There were more female (n=103) than male patients (n=47).
Age at catheterization varied from |8 to 78 years, with a
mean + 5D of 52.8+12.4. Sixty-eight patients (45.3%) had
a mistory ol acute embolic episodes. Filly-eight patients
(38.7%) had a history of DVT. Forty-seven patients (31.3%)
reveuled abnormalities in the screening lor coagulopathy.
Thirty-seven patients (24.7%) were diagnosed with anti-
phospholipid syndrome. Mean Ppa, cardiac index, PVR and
Pa0Oz were 44.2+11.1 mmHg, 2.54£0.63L-min-"-m~2, 827+
B2 dynes-s-em and 58.6+9.8 Torr, respectively. The
paticnts were classified as WHO functional class I (n=2).
class [1 (n=37). class M (n=Y7) und class IV (n=14).

Comparison of Clinical Characteristics Benveen Males and
Females

As shown in Tuble 2, female patiems were significantly
older than males (54.3x1 1.3 vs 49.6x14.1 years. p=0.03).
Female patients showed significantly less acute embolic
episodes (34.0 vs 70.2%, p<0.001) and less history of DVT
(311 vs 553%, p=0.005) compared with males. Female
patients had a significantly greater history of pelvic surgery
compared with males (194 vs 0.0%. p=0.012). while
females had significantly less hean discase than males (3.9
vs 14.9%, p=0.016),

The cardiac index was significantly higher in females than
in mitles (2.65+0.62 vs 2,3620.66 L-min~!-m . p=0.01). and

Chneeharnon Jomral 0ol 72, Dovemdnr 2008
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Table 2 Gender Differences of Clinical Characteristics in CTEPH Patients

Age (yeurs)
Acute embolic epivodes (%)
Underlying disease
DVT (%)
Pelvic mirgery (%)
Caagidopathy (%)
{Anti-cardiolipin antibody) (%)
Malignuncy (%)
Heart diseqse (%)
HLA-B*S201 (%)
Huemodynamics
Pru (mmHy)
Meun Ppu (mmHg)
Cardiae index (Lmin!-pi-2)
I'VR (dynex:s:em-Y)
Pu: (Torr)
Location of thrombi
Cenival diseuse seore
Intra-aperative classification
Tipe 1/2/3/4
New-rype | (%)
WHO functional clussificarion VIRV

Mule
(n=47)

Femule
(n=103)

54.3=11.4
Mo

pvilie

49.6=14.1
70.2

.03
<.

0.005
0012
0.105
0.35

nos7
0.016
0.124

3
194
27.1
212

L9

19
416

553

0.0
404
0.4

85
149
27.0

71255
43102113
2.36+0.66

777357
61.720K

0.0002
0.36
a0l
n.28
0005

43235
448111
265062

RBiDe393
64298
1.09<1.0/ 1832127 0.0002
297104840
383
172376910

28/0/2 11
a7
111472814

0.005
nzi

Viuluees are mean£5D or n (%),
Abbreviationy see in Table |

Table 3 Gender Differences for Surgical Outcome by Pulmonary Endarterectomy

Male
(n=11)

Femule

(n=47) p valie

Operative mortality (%)
Pastoperative PVR (dynes-s-em #)
% decrease in PVR (%)

1
J06=282
5192254

23
257=119
65.2:214

0.5
0.02
0.4

Values ure mean=8D or n (%),
% decrease in PVR, [f i

mean right awial pressure (Pra) was significantly lower
in females than in males (4.3+3.5 vs 7.1=5.5mmHg, p=
0.0002). However, PaOz in females was significantly lower
than in males (56.4+9.8 vs 61.749.8 Torr, p=0.005).

With regard 1o the WHO [unctional classification, there
was no significant difference between females and males,

Central disease score in females was significantly lower
than in males, indicating a peripheral type (1.09£1.01 vs
1.831.27, p=0.0002). With regard (o intra-operative clis-
sification, female patients showed significantly more non-
type | disease compared with male patients (38,3 vs 9.7%,
p=0.005).

Surgical Outcome and Gender

Although there was no significant difference in montality
between males and females, postoperative PVR in females
was significantly higher than in males (406282 vs 257+
119 dynes:s-cm?, p=0.02), and the percentage decrease in
PVR in females was signihicantly less than in males (51.9+
254 vs 63,2421 4%, p=0.04) (Table 3).

Assaciation With Gender Differences in Clinical
Chavacteristicy and HLA-B*5201

As shown in Tabled. in HLA-B*5201-positive patients,
females showed less embolic episodes (27.0 vs 80.0%.
p=0.002). The cardiac index in females was significantly
higher than in males (2.77£0.61 vs 223038 L-min~"-m 2,

Cihrdarion foomal - 1ol 72, Davmber 2008
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PVRIx 100(%)/prevperative PVR. Other abbreviation see in Tuble 1.

p=0.001), and mean Pra in lemales was significantly lower
than in males (3.9+3.7 vs 8.2+5 9mmHg, p=0.0006). The
surgical mortality was significantly lower in females than
in males (0 vs 40%, p=0.0098).

In contrust, as shown in Table5, in HLA-B*5201-negu-
tive patients, female CTEPH patients had less embolic epi-
sodes (40.4 vs 66.7%, p=0.03). lower central disease score
(0.93+0.98 vs 2.04x1.32, p<0.0001) and more non-type |
discuse (48.0 vs 0.0%, p=0.0005), indicating the peripheral
type of emboli. As a result, female patients showed higher
postoperative PVR (405+303 vs 2344115 dynes-s-cm™5,
p=0.05) and a modest percentage decrease in PVYR com-
pared with males (55.6221.3 vs 69.9218.3%, p=0.04).

Two-way factorial ANOVA and multiple regression
analysis revealed that the HLA-B*5201-positive type wis
significantly correluted with the absence of DVT (p=0.005),
but female gender was not correlated with the absence ol
DVT (p=0.06). HLA-B*5201 did not show any correlation
with any other climeal parameters (p>0.10). In contrast,
female gender comelated with the absence of acute embolic
episodes (p=0.0007), higher cardiae index (p=0.01), lower
mean Pra (p<0.0001). lower central disease score (p=0.03)
and non-type | diseuse (p=0.01).

Differences of Clinical Phenonvpe in Female CTEPH Based
on HIA Tyvpes

To idenuly the dilterences of climeal phenotype ol Temale
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Table 4 Characteristics of Gender Difference in HLA-B*5201-Positive Type

Fewule Mule

(n=37) m=10) iy
Age (vears) 539=105 5042189 0.45
DVT (%) 135 40.0 0.06
Embolic episode (%) 27.0 0.0 0.002
Pra (mmHg) 39217 82259 0.0006
Mean Ppa (mmHg) 417=113 4462122 07re
Cardinc index (L-min-!-m?) 2.7720.6/ 2232038 0.001
PVR (dynes-5-cnrd) BI7460 857396 0.86
Pa): (Torr) 57.1£10.5 63.2:98 0.04
Central disease score 1.24:0.98 1.50« .08 048
Intraoperative clussification
Type 1/2/3/4 13714140 4704041
Non-type | 133 200 on
Operutive mortality (%) 0.0 40,0 0.0098
Postoperative PVR (dynes: 5. cm-5) 3652223 232112 04
% decrease in PVR (4 ) 5372255 05.6£23.2 0.46
Values are mean +SD or n (%),
Abbreviations see in Tubles 1.3
Table 5 Characteristics of Gender Dilference in HLA-B*5201-Negative Type
Female Mule -+
(n=52) (n=27) ]
Age (years) 54.2¢11.6 5itslld w7l
DVT (%) 42.3 556 0.26
Embolic episode (%) 40.4 66.7 0.03
Pra (mmHyg) 46233 6.325.1 0.07
Mean Ppa (mmHyg) 45.8210.9 41.9:10.6 0.12
Cardive index (L:min-!.m-3) 2.59£0.56 2.4620.73 038
PVR (dynes-x-cm3) R62+316 717319 0.06
PaO: (Torr) 57.129.8 61.7:9.8 0.06
Centrul dizease seore 0.9320.9% 2.04:1.32 <0.0001
Intraoperative clussification
Type 1121314 13784410 18/0/0/0
Non-type | 48.0 00 0.0005
Operative mortality (%) 40 56 08l
Pustoperative PVR (dvnes-s-cmr5) 4052303 2342115 0.05
% decrease in PVR [%) 55.62213 6992183 0.4
Walues ave means 8D or n (%),
Abbreviations see in Tables 1.3,
Table 6 Characteristics of Female in HLA-B*5201-Pasitive or -Negative Type
HLA-B*5201 HLA-B*5201
positive negative p value
{n=17) (n=52)
Age (yearz) 539«10.5 542:116 0.90
DVT %) 115 423 0.0036
Embolic episode (%) 270 404 are
Pra tmmHg) 1937 46233 025
Mean Ppa (mmiig) 4372113 45.8:10.9 0.08
Cardiae index (L-min-'-m?) 2.77:0.61 2.5920.56 0./5
PVR (dynex-5-im-3) 8372460 K62=116 0.4
PaO: (Torr) 5712105 571298 0.35
Central disense seore 1.24:0.98 0.9320.98 on
Intraaperative classification
Type 1/2/314 13417110 13/8/4/0
Nen-type ! 133 480 002
Operative mortality (%) (] 40 043
Postoperative PVR (dynex x-cm) 3654223 4052303 0.6%
% decrease in PVR (%) 53.7:25.5 5562213 0.8

Weluex are mean 5D or n (%) Y .
Abbreviations see in Tables 1.3,
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Gender Dhiferences i CTEPH i Japan

CTEPH based on HLA types. we compared the clinical
characteristics of HLA-B*5201-positive and -negative fe-
males. As shown in Table 6. HLA-B*5201-positive females
had less history of DVT (13.5 vs 42.3% , p=0.0036) and less
non-type | disease (13.3 vs 48%., p=0.02) compared with
HLA-B*5201-negative females.

Discussion

The incidence of pulmonary thromboembolism in Japan
in 2004 (4,106 patients) was much lower than in the USA
(630.000)2 The absence of factor V leiden and prothrom-
bin mutation, and low lipid levels in the Japanese might be
involved in the difference between Japanese and Caucasian
populations with this disease?! ™ However, female predomi-
nance and a higher incidence ratio of chronic o ucute pul-
monary thromboembolism i Japan as compared (o those in
the USA were recently reported!=* From an annual report
in Japan, the total number of CTEPH patients in Japan was
800 in 20062* It was reported that the risk of recurrent
venous thromboembolism was higher in men than women,
but the female-to-male ratio in CTEPH is 2.1 in Japan, much
higher than that of 0.7 in the USAY7# In addition, we pre-
viously reporied that HLA-B*5201-positive patients with
Japanese CTEPH were predominantly females and were un-
reluted 1w DVT!! The frequency of HLA-B*5201 among
the normal population in Japan was reported o be 20%,
much higher than 2% in western countrics*=>% Then we
considered that the HLA-B*5201-positive type indicates
Japanese-specific CTEPH. and that HLA-B*5201-negative
type could indicate CTEPH related to DVT, similar to
Westem countries.

We investigated whether the clinical phenotype in fe-
male CTEPH differs from male CTEPH, especially in the
Japanese series.

Female patients were elderly and had less DVT, less acute
embolic episodes, a higher cardiac index, lower mean Pra,
lower Pa02, more peripheral thrombi and less improvement
through surgery than males. When the patients were divided
according to HLA-B*5201 status, in HLA-B*5201-posi-
tive patients, females showed less embolic episodes, higher
cardiac index and lower mean Pra with lower operative
mortality. In contrast, in HLA-B*5201-negative patients,
females showed less embolic episodes and more peripheral
thrombi, resulting in less improvement through surgery.

This is the first report to reveal gender differences in the
chimcul charucteristics ol CTEPH, and that gender dilfer-
ences in the HLA-B*5201-positive type were dissimilar to
those in HLA-B*5201-negative type.

Several issues need to be considered in the interpretation
ol these results, First, lemale CTEPH showed peripheral
thrombi according to the central disease score and intra-
operative classification. These lindings were similar to those
ol Jamieson et al, who reported that females predominate in
type 3 discase (distal segmental arterics only type)!" When
the patients were divided according to HLA-B*5201 status,
only in HLA-B*5201-negative patients did lennales show
more peripheral type than males, but in HLA-B*5201-posi-
tive patients such diflference could not be obhserved. Tt
remains uncertain why female CTEPH showed more of the
peripheral type that in the USA as well us in HLA-B*5201-
negative type in Japan. Although distal small DVT could
induce peripheral type CTEPH. it is possible thut peripheral
pulmonary arteriopathy, similar w pulmonary wtenal hyper-
tenston, in site thrombosis might canse peripheral type

Crmenlarsons Jomenead 1wl 720 Dgemler 2008
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CTEPH!? As shown in Table6, in females, the (requencies
of non-type | in intra-operative classifications were signifi-
cantly higher in HLA-B*5201-negative than in -positive
type patients. We have already shown that the frequencies
of HLA-B*5201 were higher in CTEPH with central pre-
dominant type!® [t seems that the existence of HLA-B*5201
might be related to a more proximal location of thrombi
only in females.

Second, female patients showed less history of DVT.
However, there was no significant difference in DVT be-
tween males and females when the patients were divided
by HLA-B*5201 status. Additionally, multiple regression
analysis revealed that the HLA-B*3201-positive type sig-
nificantly correlated with the absence of DVT. but female
gender did not show significant correlation with DVT. Tt is
likely that a significant correlation with female gender might
be related to female predominance in the HLA-B*5201-
positive lype. Takayasu arteritis is cpidemiologically known
for its female predominance, and the association of HLA-
B*5201 with this disease has been well documented in
Japan!31427 Takayasu arteritis is a chronic vasculitis, main-
ly involving the aorta and its major branches. as well as the
coronary and pulmonary arteries™ The frequency of HLA-
B*5201 in CTEPH was similar to that reported in Takayasu
arteritis?? We previously reported that the HLA-B#5201-
positive type showed female predominance and was un-
related to DVT. and that this Japanese-specific type might
include underdiagnosed pulmonary arteritis secondary o
thrombr, although Takayasu arterits was clinically ex-
cluded by CT angiographies. In our serics, the frequency of
HLA-B*5201-positive type (27.0%) in male CTEPH was
not dissimilar to that in the normal Japanese population
(20.0%), while that in female CTEPH (41.6%) was much
higher. Only female CTEPH in HLA-B*5201-positive Lype
could be a specific Japanese type unrelated to DVT, caused
by underdiagnosed anteritis secondary 1o thrombi.

Third, univariate analysis showed that female patients
had less history ol acute embolic episode regardless of the
existence of HLA-B*5201. The results obtained by multiple
logistic regression also showed that acute embolic episode
was influenced by gender more strongly than the existence
of HLA-B*5201. The peripheral type of CTEPH and lower
frequency of DVT might be related to less embolic epi-
sodes.

Fourth, lemale patients showed higher cardiae index and
lower mean Pra, indicating preserved right ventricular
function. Although preserved right veninicular lunction in
females was significant only in HLA-B#5201-positive type.
2-way luctoriul ANOVA revealed thia female gender had
the main effect on higher cardiac index and lower mean Pra
independent ol the existence of HLA-B*5201. Several
studies of the leli ventricle have suggested that female gen-
der is associated with more favorable myocardial adaptations
to hemodynamic overload. including a better preserved
contractile response and a greater adaptive hypertrophic
reserve®= Our data for the right ventricle were consistent
with these data, The use ol diureties did not dilTer between
males and temales (62.5 vs 62.7%, p=0.99). Only lifteen
patients had systemic hypertension. with 3 ol them taking
an angiotensin converting enzyme inhibitor. Theretore. it is
unlikely that such medications might have strong ellects on
gender difference in terms of right ventricular function.

Female patients had less heart disease compared with
males. After excluding patents with heart disease, lemales
still showed higher cardine index and lower mean Pra. In
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addition. there was no significant differences in pulmonary
capillary wedge pressure (7.3 vs 6.1 mmHg. p=0.83) be-
tween male and female CTEPH. Further studies on gender
differences regarding right ventricular function will be
needed.

Filth, female patients showed higher postoperative PYR
and a modest percentage decrease in PVR in all patients as
well as in the HLA-B*5201-negative type. In contrast, the
mortality of female patients was lower than that of males in
only the HLA-B*5201-positive type despite similar post-
operative PVR and percentage decrease in PVYR. The peri-
pheral type of emboli in females could be related 10 less
improvement using surgery in all patients as well as in the
HLA-B*5201-negative type. In contrast, it is likely that
better nght ventnicular function m females contribules to
lower mortality in HLA-B*5201-positive type. We previ-
ously reported that the female HLA-B*5201-positive type
had a tendency 10 be the central predominant type!! In
the present study, HLA-B*5201-positive females showed
more type | disease compared with HLA-B*5201-negative
females, although there was no significant difference in
central disease score. More type | disease in HLA-B*S201-
positive females could be related (0 lower mortality.

Finally, the present study is based on the results from a
single institution, and the number of patients in each group
subcategorized according to gender and HLA type was
small. Nonetheless, it will be important to manage palients
while taking into account gender differences and HLA
type. Larger studies are needed (o confirm the relationship
of gender difference and clinical phenotype.

In conclusion, to our knowledge, this is the first study to
report that clinical phenotype in femule CTEPH differed
from that in males, and that gender differences in HLA-B*
5201-positive type were dissimilar to those in HLA-B*5201-
negative type.
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Abstract

Malignant pleural mesothelioma is relatively rare in frequency but one of the intractable
diseases linked with asbestos exposure. Clinical outcomes with the present treatment
modalities are unsatisfactory and no effective prevention method has been reported.
Growing numbers of the patients in the Western countries with a long latent period need
development of a novel therapeutic strategy. Gene therapy is a candidate for
mesothelioma treatment because of its easy accessibility of a vector-mediated gene
medicine into the intrapleural cavity. Several preclinical studies demonstrated that the
gene medicine produced anti-tumor effects, suggesting the feasibility in clinical settings.
In this article, we review the current status of gene therapy and clinical trials targeting

mesothelioma and address possible directions to improve the efficacy.

Key words: Mesothelioma; Gene therapy; Clinical trial; Adenovirus
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Introduction
Malignant pleural mesothelioma (MPM) is a rare solid tumor of the mesenchymal origin
developed in the thoracic cavity. MPM extends into the vicinity organs to disturb the
functions of vital organs such as lungs, large vessels and heart, which results in
respiratory failure, massive fluid accumulation in the pleural space, cardiac tamponade
and spinal cord compression. These symptoms damage the patient’s quality of life.
Development of MPM has been closely associated with asbestos exposure in most of
the cases and recent studies suggested the involvement of SV40 large T antigen (1). The
latent period of MPM is extremely long which could be beyond 30 years (2) and no
effective prevention remains undeveloped. The majority of the patients is often found in
the advanced stage and only a few patients can survive long even when they are
diagnosed in an early stage. Statistical analyses based on asbestos consumption and the
average latent periods imply that the incidence possibly has reached its peak in USA,
whereas in Australia, Japan and European countries, anticipated numbers of the patients
are increasing in the next a few decades and could be summed up to 30,000, 103,000
and 250,000 patients in this 40 years, respectively. The MPM incidence in other
industrialized countries will also mark a peak in the next 2 to 3 decades (3). Despite
inhibition of asbestos usage in the Western countries, other industrialized countries such
as China continue to use asbestos. Continued increase in the incidence needs accelerated
research to develop therapeutic options to the potential patients in future.

The prognosis of MPM is poor with 6 to 9 months of the median survival time after
the diagnosis. Conventional therapies for MPM consist of surgery, radiation and
chemotherapy. In an early stage of the diseases, extrapleural pneumonectomy can be

curative although the numbers of the eligible patients are quite limited. Majority of the
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patients who undergo such radical debulking surgery frequently results in local
recurrence with no further effective treatment modalities; thereby, the mortality rates
remain high even with surgical resection. MPM cells are resistant to radiation and the
clinical responses to radiotherapy proved to be disappointing. Radical radiation therapy
against widespread tumors can result in radiation-induced pneumonitis, carditis and
spinal cord toxicity. The indication for radiation therapy is therefore restricted and the
therapy is currently applicable only in combination with surgery and/or for palliative
procedures. MPM cells are also resistant to chemotherapeutic agents and many clinical
trials using cisplatin, doxorubicin, gemcitabine and docetaxel, even in a combinatory
use have failed to prolong the overall survival. Recently, pemetrexed, a novel
multi-targeted anti-folate agent, has extended the survival period from 9.3 months with
cisplatin treatment alone to 12.1 months in combination with cisplatin (4). The clinical
outcome even with the updated combination chemotherapy is not satisfactory and an
innovative therapeutic approach is required to improve the prognosis.

Gene therapy as a monotherapy or in combination with the conventional therapies
can be an option for MPM treatment, Gene therapy has an advantage for MPM over
other types of cancer because it developed in a closed cavity. MPM is thereby relatively
easy for viral vectors to access through the chest wall. Administration of the vectors
directly into tumors and/or the intrapleural cavity is technically feasible and the vectors
localized to tumor sites without being washed out or diluted by blood stream. For
example, adenoviruses (Ad) which are frequently used for current cancer gene therapy
often cause liver damages due to their nonspecific integration into the organ; however,
administration of Ad into the thoracic cavity usually does not cause severe liver injury

since a large amount of Ad administered is not transferred into liver (5). Preclinical

207



=i

studies of gene therapy for MPM demonstrated possible clinical applications. To our
knowledge, however, there have been only four clinical studies at a phase [ level
reported and the patient numbers were limited (6-11). It is therefore inappropriate to
compare the clinical efficacy of gene therapy between MPM and non-MPM malignancy
even with the same vector system. In the present article, we review clinical data of gene

therapy for MPM and updated preclinical studies, and discuss possible future directions.

Clinical trials for MPM

There have been conducted 4 clinical trials for MPM in the Western world including 3
phase 1 and | pilot study (Table 1), which included a suicide gene therapy and an
immune gene therapy using interferon (IFN)-f.

(1) Suicide gene therapy

A suicide gene therapy that has been frequently investigated is a combination of
expression of the herpes simplex virus thymidine kinase (HSVtk) gene and
administration of anti-viral prodrug ganciclovir (GCV). Gene transfer of HSVtk gene
renders the cells sensitive to the prodrug. GCV is phosphorylated by HSVtk but not by
the mammalian tk gene, and phosphorylated and diphosphorylated GCV are
incorporated into DNA to terminate DNA synthesis. Conversion of GCV into the
cytotoxic molecules is mediated solely by the HSVtk gene and thus the combination of
the gene expression and the prodrug administrateded leads to cytotoxic effects to the
mammalian cells expressing the gene. Administration of Ad or adeno-associated viruses
bearing the HSVtk gene into MPM cells or into the thoracic space of tumor-bearing host
animals, efficiently eradicated established tumors with systemic administration of GCV,

depending on the promoter activity to activate the HSVtk gene and experimental models



(12-14). These preclinical studies used constitutive active promoter rather than
tissue-specific promoter to activate the target gene such as the Rous sarcoma virus
(RSV) promoter (12, 13).

A phase [ clinical trial with Ad bearing the HSVtk gene (Ad-HSVik) powered by
the RSV promoter and subsequent GCV administration was conducted at the University
of Pennsylvania, which enrolled 34 patients without prior chemotherapy (Table 1) (11).
Patients received single intrapleural injection of Ad-HSVtk at 5x10°-5x10" virus
particle (vp) in the dose escalation study and the patients tolerated well up 1o 5x10" vp.
The protocol used 2 types of Ad-HSV-tk, the E1/E3 region-deleted and the EI/E4
region-deleted, both of which were essentially non-replicative and were not different in
the clinical results. The study demonstrated that the gene therapy with Ad-HSVik was
conducted safe with minimal adverse reactions and successful gene transfer into the
tumors was observed in 17 of 25 evaluable patients. The clinical stages of the MPM
patients varied including from stage | to I'V cases and moreover some of the patients
also received conventional therapies as well. It could be difficult to evaluate the clinical
outcomes and the efficacy was not a purpose of the phase | study; however, it is
interesting to note that the study showed 3 cases survived more than 5 years. All the
long lived cases were in stage [ or [l but 2 of them did not receive any other treatments
besides the gene therapy. Objective responses of the tumor regression in general were
not observed with an imaging technology but metabolic imagings clearly showed the
anti-tumor responses. The authors also suggest that immune responses were generated
in the patients since immunoblot analyses with patient sera detected several
antibody-reactive molecules after the treatment. Consequently, they implied that

immune responses played a crucial or certain role in the anti-tumor responses in
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particularly in long survived patients. Repeated administration of Ad-HSVtk induced

humoral and cell-mediated immunity against the Ad (15). Some of the patients had
already developed anti-Ad antibody before the Ad administration and interestingly,
antibody for HSVtk protein was also generated with the gene therapy. The humoral
immunity however did not deteriorate the efficacy of gene transfer nor induced serious
adverse effects. Raised antibody can be rather a surrogate marker for successful gene
transfer. Although the antibody titers developed in pleural effusion was as high as that in
serum, successful transduction despite the presence of such neutralizing antibody was
encouraging, Several studies demonstrated that presence of anti-Ad antibody prevented
systemic distribution of Ad but did not influence the gene transduction as long as
administered locally such as intratumoral injection.

Harrison et al, administered gene-modified ovarian cancer cells expressing HSVik
into the intrapleural cavity of MPM patients in a phase | trial (6, 7). The clinical trial
showed that the cell-based gene therapy was safe and the patients tolerated to receive up
to 10" allogenic gene modified cells. The study also showed that the modified cells that
were administered into the cavity successfully homed to and adhered to the MPM cells
lining the thoracic cavity. The precise clinical results as well as the outcomes however
were not reported. This type of gene therapy contained several points to be considered.
A small cell fraction of a tumor mass, when they become HSVtk-positive, can damage
to HSVik-negative tumor cells in the vicinity of the positive cells (bystander effects, see
below). It allows tumor cell killing more than those expressing the suicide gene,
achieving better anti-tumor effects. Moreover, it is relatively with easy to prepare large
amounts of transduced cells at a standard quality. On the contrary, allogenic tumor cells

are instantly rejected and the delivery of phosphorylated GCV to targeted MPM cells
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would be hampered. Repeated injection of the allogenic tumor cells cannot be
successful due to strong allogenic immune responses. It is consequently a better strategy
to use autologous cells such as fibroblasts and bone-marrow-derived mesenchymal cells
of the patient origin. Simultancous administration of corticosteroid to alleviate acute
inflammatory reactions caused by Ad administration did not disturb gene transfer (16)
although the effects of such agents remain unclear.

An advantage of the HSVik-mediated suicide gene therapy is to produce cytotoxic
activities not only to the transduced cells but also to surrounding non-infected tumor
cells through bystander effects, which resulted in better anti-tumor effects by damaging
non-infected tumors. The mechanisms of the bystander effects are not completely
understood but transfer of cytotoxic phosphorylated GCV to the neighbors through
cell-cell junctions is one of the suggested mechanisms. Transfer of the cytotoxic GCV
between irrelevant cells as is the case of allogenic ovarian tumors and MPM cells (6, 7)
remain controversial since the junction structure is in general formed among the same
cell type. It could be much beneficial to modify Ad to express the [1SVtk gene
selectively in tumor cells, for instance by placing a tumor-specific regulatory region in
the upstream of the HSVIk gene, which can avoid the adverse effects to normal tissues.
The HSVik with GCV system has also been examined for the clinical benefits to treat
other tumor types and none of them has been proved to be clinically effective despite
numerous encouraging preclinical data. The typical case is intratumoral injection of
packaging cells producing retroviruses bearing HSVik gene into glioblastoma (17). The

phase I1I study did not prove the therapeutic efficacy.
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(2) Immune gene therapy

MPM is a typical non-immunogenic tumor and often produces a latent form of
transforming growth factor (TGF)-B, a cytokine that induces fibrous stroma formation
and tolerance of host immunity. In fact few cytotoxic T cells (CTLs) infiltrations were
observed in thick stromal tissues in MPM patient’s specimens (18). Tumors also escape
from attacks of the host immune system under the tolerance state; nonetheless, several
types of immune gene therapy have shown the efficacy and achieved sufficient
anti-tumor effects, demonstrating its feasibility as a therapeutic modality. The goal of
immune gene therapy is to activate a host immune system and to break the tolerance.
Forced expression of cytokine genes in tumor cells is a technique to enhance host
immunity against the tumors. The cytokine actions influence multiple steps of immune
responses, depending on properties of the cytokine used. The actions are to assist the
activation steps for enhanced cell-mediated immunity, which include (i) acquisition of
putative tumor-specific antigens by professional antigen presenting cells, such as
dendritic cells (DCs), and presentation of them to CTLs, (ii) effective differentiation of
naive T cells into type I helper T cells and effective CTLs, (iii) proliferation of CTLs
and maintenance of immunological memories.

Experimental animal models demonstrated that expression of IFN-B, IFN-y and
interleukin (I1.)-12 in MPM cells enhanced the anti-tumor immunity against the tumors
(19-21). Ad-mediated gene transfer of IFN=y and IL-12 in tumors induced regression of
the tumors and subsequently generated systemic anti-tumor immunity, activating CD4",
CDS8" T cells, antigen presenting cells and NK cells. The immunity induced lasted long
and protected hosts from subsequent challenges of the tumor implantation. Enhanced

co-stimulatory signaling pathways, such as stimulation of CD40 with CD40 ligand
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(CD154), can generate anti-tumor immunity in the inoculated host (22). Friedlander et
al. reported that over-expression of CD40 ligand in MPM cells induced recruitment of
CDB8" T cells and established long-lasting immunity against the tumors (23).

There have been two clinical trials of the immunology-based gene therapy: vaccinia
viruses bearing IL.-2 (8) and Ad harboring IFN-f (Ad-IFN-B) (9). The former was a
pilot study to examine the safety of vaccinia viruses that were injected intratumorally.
The study showed no major toxicities accompanied by the viruses administration and
increased antibody formation against the viruses in the patients. The report also
mentioned that no clinical responses were observed although precise data were not
presented. It seems that no further subsequent study was reported. A number preclinical
studies demonstrated that forced expression of IL-2 in tumors generated anti-tumor
immune responses and several clinical studies suggested the potential usage in clinical
settings; however, to our knowledge there has been no preclinical study on MPM with
IL-2. The latter was a phase | study with a single intrapleural injection into 10 cancer
patients including 7 MPM patients. The study demonstrated IFN-f protein in MPM cells
but not IFN-a in any pleural fluid of the patients despite activation of cellular and
humoral immunity. IFN-B has a number of biological functions including up-regulated
class I expression of the major histocompatibility complexes and induction of anti-viral
molecules. Preclinical data showed that intraperitoneal injection of Ad-IFN-f into
MPM-bearing tumors produced anti-tumor effects in immunocompetent but not in
immunodeficient mice and both CD4" and CD8' T cells were involved in the anti-tumor
responses (24). CTLs were also induced and the anti-tumor effects were enhanced in the
combination of surgical procedures (19). The study used from 9x10' to 3x10' vp for

intrapleural injection and the investigators concluded that maximal tolerance dose was
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9x10"" vp since a patients showed elevated serum transaminase (9). Later the dose was
scaled up since the adverse reaction was turned out to be not related with Ad
administered. The clinical trial showed the evidence of the regressed MPM in some
cases based on images with positron emission and computed tomography (CT) despite
relative low gene transduction efficacy. In some patients, Ad-IFN-f administration
activated natural killer cells but CTLs induction was minimal. Although the gene
therapy was combined with conventional chemotherapy, some of the MPM patients
showed prolonged survival (more than 26 months) after the treatment. It could be due to
immune responses induced by [FN-f secretion, In fact the investigators detected
humoral responses against mesothelin (see below) in the patients; moreover,
immunoblot with patient sera evidenced antibody-reactive molecules that were not
detected with the pretreatment sera. These analyses suggest that the immune system was
activated against mesothelin, a possible target for CTLs, and putative tumor antigens
which came to be recognized followed by the tumor destruction. The study concluded
that single intrapleural injection of Ad-INF-p was feasible and well-tolerated, and could
be applicable to MPM patients. Enhanced anti-tumor responses however are required
for better therapeutic effects. Multiple injections and a high dose administration of
Ad-IFN-p are possible treatment modalities. In particular, multiple administration with
short intervals would be a choice since generation of anti-Ad antibody takes about a
week and the induced antibody will inhibit subsequent Ad-mediated gene transfer.
Combinatory use of other treatment strategies including low dose chemotherapy that

deplete regulatory T cells could contribute to increased anti-tumor effects.

Experimental studies and possible directions
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(1) Re-constitution of tumor suppressor genes

MPM has a unique molecular pathological feature about a loss of tumor suppressor
genes, which could be good target for the re-construction gene therapy. Mutations in the
two principal umor suppressor genes, p53 and Rb, were not found in the majority of
MPM cells. In contrast, a homozygous deletion of the INK4a/ARF locus on human
chromosome 9p21 is predominant with the frequency of more than 70% in MPM cell
lines and the clinical specimens. The two major products encoded by the INK4a/ARF
gene are pl6™* which inhibits cyclin-dependent kinase and p14™*" which blocks
MDM2-mediated p53 inhibition. Deletion of the INK4a/ARF gene thereby leads to
function losses of P53 and Rb; consequently, the genetic deletion results in uncontrolled
cell proliferation and resistant to apoptotic stimuli despite the wild-type p53 and Rb
genes in MPM cells. Ad-mediated p14**" gene transfer in MPM cells in fact restored
p53 and p14*%" expression levels, which subsequently induced GO arrest and apoptotic
cell death (25, 26). Functional P53-mediated pathways are essential to induce the
cytotoxicity mediated by P14**". Similarly, over-expression of P16™* in MPM cells
by Ad-p16™"** inhibited the cell proliferation and induced the apoptosis (27, 28). In

6™ into the peritoneal cavity successfully produced

addition, instillation of Ad-pl
anti-tumor effects against the xenografts in a peritoneal MPM model. These
reconstitution data indicate that the signal pathways downstream of p53- and
Rb-mediated pathways seem to be intact in MPM cells.

ONYX-015, conditional replication-competent Ad lacking E1B 55kDa molecules,
was initially reported to Kill selectively tumor cells that lack the wild-type p53 gene.

Subsequent studies showed that replication of ONYX-015 was not directly linked with

the p53 status in target tumors; however, ONYX-015 can replicate preferentially in
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