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Table 4. Details of responders treated with weekly paclitaxel
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Patient Age Reduction Total number of Response duration
no. (years) Sex Metastatic site ratio administrations (days)
1 68 M Abdominal wall 61% 44 413
2 57 F LN, peritoneum 32% 6 41
3 65 F LN, liver 37% 4 50
4 72 M Liver, LN, peritoneum 36% 5 99
S 71 M Liver, LN, lung 35% 13 119
6 66 M LN, abdominal wall, 70% 11 328
peritoneum

LN, lymph node
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Fig. 1. Kaplan-Meier analysis of overall survival. Median
overall survival time was 151 days

hematological toxicity. Furthermore, nonhematological
toxicities were generally mild.

Seven patients died within 30 days of the last admin-
istration of paclitaxel. The causes of the deaths in our
study were disease progression in three patients, other
medical diseases in two patients, complications due to a
metallic stent in one, and treatment-related sepsis in
one. These patients had had a severe medical condition
or poor oral intake and poor performance status at the
last administration of paclitaxel. Therefore, we have to
take care regarding the patient’s condition and consider
cautiously the indications for the administration of
paclitaxel.

With weekly paclitaxel therapy, we observed a re-
sponse rate of 24% in 25 patients with measurable
metastatic lesions. Disease stabilization was observed in
40% (10/25). Ascites and pleural effusion decreased or
disappeared in 24% (5/21) and 43% (3/7), respectively.
Direct comparison of response rates from one trial to
another is inherently difficult, given that studies often
differ with respect to entry criteria and population char-

Fig. 2. Kaplan-Meier analysis of time to progression. Median
time to progression was 64 days

acteristics. Nevertheless, overall response rates of 8%—
27% have been reported in other trials of single-agent
paclitaxel administered for gastric cancer at doses of
210mg/m? by 3-h infusion every 3 weeks for gastric can-
cer [6-9]. Therefore, our response results are within the
range observed in other trials, of paclitaxel given every
3 weeks.

On the basis of previously reported data, the median
survival time for metastatic or recurrent gastric cancer
is about 7 to 9 months [13-17] with first-line chemo-
therapy. In the present retrospective study, the median
overall survival time after the administration of
paclitaxel was about 5 months. These data are the
same as the previously reported data [10] for weekly
paclitaxel. Our results suggest that weekly paclitaxel
may have similar activity to paclitaxel given on a 3-week
schedule for patients with metastatic or recurrent gas-
tric cancer after prior therapy.

In conclusion, weekly paclitaxel as second-line che-
motherapy was tolerated and demonstrated activity
against metastatic and recurrent gastric cancer. How-
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ever, its administration in practice must be decided with
caution in patients in poor condition. The Japan Clinical
Oncology Group (JCOG) is now conducting a random-
ized phase II trial of weekly paclitaxel versus best avail-
able 5-FU for second-line chemotherapy for gastric
cancer with peritoneal dissemination.
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Abstract

Background. The combination of irinotecan (CPT-11) and
cisplatin (CDDP) is an active regimen for metastatic gastric
cancer in the first-line setting. The objective of this retrospec-
tive study was to clarify its efficacy and safety in patients with
prior chemotherapy for advanced or recurrent gastric cancer.
Methods. Patients in the study fulfilled the following selection
criteria: (1) histologically proven gastric cancer with meta-
static lesions; (2) performance status of 2 or less; (3) age of 75
years or younger; (4) at least one prior chemotherapy regimen
without CPT-11 or CDDP; (5) adequate bone marrow, liver,
and kidney function; (6) normal cardiac function; (7) no other
severe medical conditions; (8) no other active malignancy; and
(9) the provision of written informed consent. The treatment
consisted of CPT-11 (70mg/m? on day 1 and day 15 and
CDDP (80mg/m?) on day 1; repeated every 4 weeks.
Results. Thirty-two patients were recruited, and 28 were as-
sessable for clinical response. There were eight partial re-
sponses, resulting in a response rate of 28%. Median time to
progression was 104 days (range, 24-863 days) and median
overall survival time was 283 days from the initiation of this
therapy. The incidences of grade 4 neutropenia, grade 3
or higher infection, and diarrhea were 69%, 9%, and
3%, respectively. Other adverse reactions were mild. No
treatment-related deaths occurred.

Conclusion. A combination of CPT-11 and CDDP may be
active and feasible for gastric cancer patients with prior che-
motherapy. Further studies with larger numbers of patients
are needed to clarify this regimen’s significance in the second-
line setting.

Key words CPT-11 -
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CDDP - Gastric cancer - Prior

Introductions

Gastric cancer remains one of the major causes of
cancer deaths all over the world. In Japan, despite the
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remarkable improvement in survival through early de-
tection and curative surgery, there were approximately
50000 deaths from gastric cancer in 1997. Unresectable
advanced or recurrent gastric cancer still shows a poor
prognosis.

Although chemotherapy for patients with advanced
gastric cancer can be palliative, we have made an effort
to advance this treatment modality for prolonging
survival and improving quality of life. Compared with
the best supportive care, combination chemotherapy in
these patents has been proven to improve the quality of
life and the overall survival in four small randomized
trials [1-4]. Recently, several new agents have been
developed for advanced gastric cancer, and some pro-
mising data have been reported with docetaxel [5,6],
paclitaxel [7], irinotecan hydrochloride (CPT-11) [8],
and S-1 (tegafur-gimeracil-oteracil potassium) [9].
While a first-line chemotherapy standard has not yet
been established, these agents encourage us to define a
second-line chemotherapy after failure of the first-line
chemotherapy. However, there are only a few reports
of the use of second-line chemotherapy for gastric
cancer, and no standard regimen has been established.
Therefore, investigation of a second-line regimen is
very important.

As S-fluorouracil (5-FU)-based regimens have been
widely accepted as a standard first-line regimen at
present, non-5-FU regimens are candidates as second-
line regimens. Among the new agents mentioned above,
CPT-11 is one of the most promising [8]. Boku et al. [10]
reported that the response rate for CPT-11 and CDDP
as the first-line regimen for advanced gastric cancer was
59% and the median survival time was 322 days. Ajani
et al. [11] reported that the response rate for CPT-11
and CDDP therapy for first-line treatment was 58% and
the median survival was 270 days. Both reports suggest
that this combination therapy may also be very active
and promising after the failure of first-line 5-FU-based
chemotherapy.
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The objective of this retrospective study was to clarify
the efficacy and safety of CPT-11 and CDDP cisplatin
therapy in patients with prior chemotherapy for ad-
vanced or recurrent gastric cancer.

Patients and methods

Recruitment criteria

The subjects were 32 patients who were treated with
CPT-11 and CDDP between September 2002 and Sep-
tember 2004 at the Shizuoka Cancer Center, Shizuoka,
Japan. Patients who were recruited into the study
fulfilled the following inclusion criteria: (1) histologi-
cally proven gastric cancer with metastatic lesions; (2)
Fastern Clinical Oncology Group performance status
of 2 or less; (3) age of 75 years or younger; (4) at least
one prior chemotherapy regimen without CPT-11 or
CDDP; (5) adequate bone marrow (WBC count = 4000/
pl and platelet count = 10000/ul), liver (serum bilirubin
level £ 1.5mg/dl and serum transaminase level < three
times the upper limit of normal range), and renal func-
tion (serum creatinine level € 1.5mg/dl, blood urea ni-
trogen level £ 25 mg/dl); (6) normal cardiac function; (7)
no other severe medical conditions; (8) no other active
malignancy; and (9) the provision of written informed
consent.

Statement of patients’ informed consent

Patients and their families submitted written informed
consent prior to entry into the study. The information
supplied covered: (1) the name of the disease and con-
dition; (2) method and contents of the treatment; (3)
expected response and side effects; (4) other possible
outcomes; (5) advantages and disadvantages; (6) agree-
ment, denial, and retraction; and, (7) human rights
protection.

Treatment schedule

CPT-11 (70mg/m?) was administered by intravenous
infusion for 90min on day 1; this was followed by a 2-h
interval, after which an intravenous infusion of CDDP
(80mg/m?*) was administered over 2h, with adequate
hydration. The same dose of CPT-11 was administered
on day 15. This treatment was repeated every 4 weeks
until disease progression, patient refusal, or unaccept-
able adverse reactions. On day 15, if the patient had a
WBC count of 2800/ul or less or 12000/ul or more, a
platelet count of 100000/l or less, diarrhea of grade 1
or higher, or an episode of infection, then CPT-11 on
day 15 was postponed until recovery from these adverse
reactions. If these adverse reactions continued beyond
day 22, then the CPT-11 which should have been admin-
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istered on day 15 was skipped. If a hematological ad-
verse reaction was grade 4, or a nonhematological ad-
verse reaction was grade 3 or higher, then CPT-11 on
day 15 was skipped, and the subsequent dose of CPT-11
was reduced to 60mg/m? Granisetron was used rou-
tinely before the administration of CPT-11. Granulo-
cyte colony-stimulating factor (G-CSF) was used when
necessary.

Evaluation

Tumor measurements for response assessment were
obtained every 1-2 months by computed tomography
(CT). The objective response to chemotherapy in mea-
surable lesions was evaluated by the Response Evalua-
tion Criteria in Solid Tumors [12]. National Cancer
Institute common toxicity criteria (NCI-CTC; version 2)
were adopted to evaluate the adverse reactions. The
survival time was calculated from the day of the initia-
tion of treatment to the date of death or the last date of
confirmation of alive (censored), by the Kaplan-Meier
method.

Patient characteristics

Patient characteristics are listed in Table 1. The median
age of all patients was 58 years (range, 37-75 years).

Table 1. Patient characteristics

Characteristic

Age (years)

Median 58
Range (37-75)
Sex
Male 26
Female 6
PS
0/1/2 16/14/2
Prior chemotherapy
One regimen 27
Two regimens S
S-1 18
MTX+5-FU 5
5-FUDR 2
TXL 3
UFT 1
5-FU 8
Histology
Intestinal 16
Diffuse 13
Unknown 3
Metastatic site
Liver 8
Lymph node 23
Peritoneal dissemination 13
Lung 4
Ascites 9

PS, performance status; S-1, tegafur-gimeracil-oteracil-potassium;
MTX, methotrexate; 5-FU, 5-fluorouracil; 5-FUDR, dozifluridine;
TXL, paclitaxel; UFT, uracil-futrafur
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Thirty patients (94%) had a performance status of 0 or
1. Histologically, 16 patients (50%) had an intestinal
type of adenocarcinoma, 13 patients (41%) had diffuse-
type gastric cancer, and 3 patients (10%), had adeno-
carcinoma with unknown differentiation. Eighteen
patients (56%) had primary diseases and 28 patients
(88%) had measurable metastatic lesions. There were 8
patients (25%) with metastases in the liver, 23 (72%)
with metastases in lymph nodes, 4 (13%) with me-
tastases in lung, 13 (41%) with peritoneal dissemina-
tion, and 9 (28%) with ascites. Prior chemotherapy
regimens are listed in Table 1, and all patients showed
progressive disease before the initiation of the regimen
used in the present study.

Results

Response and survival

Twenty-eight patients with measurable metastatic le-
sions were assessable for clinical response. There were
eight partial responses, resulting in an overall response
rate of 28% (Table 2). Median time to progression was
104 days (range, 24-863 days) and median overall sur-
vival time was 283 days, with a median follow-up time of
345 days (Figs. 1, 2).

Adverse reactions

The total number of treatment courses was 109, and the
median number in each patient was 2.5 courses (range,
1-6 courses). The adverse reactions to this regimen are
summarized in Table 3. The most frequent reaction

Table 2. Response
n CR

PR SD PD RR

Overall 28 0 8 10 10 28%

CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; RR, response rate

Table 3. Adverse reactions
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was neutropenia, with grade 4 neutropenia observed in
22 patients (69%), and grade 3 or higher infection
observed in only 3 patients (9%). Other hematologic
adverse reactions were mild. Grade 3 diarrhea was
observed in 1 patient (3%). Other grade 3 or 4

Median 283 days

Median follow-up period 345 days

Survival Rate

6 12 18 24 30 36
Survival Time

o)

Fig. 1. Overall survival curve. Median overall survival time
was 283 days. Median follow-up period was 345 days. The
initial date of reckoning was the first day of the irinotecan
(CPT-11), cisplatin (CDDP) chemotherapy

Median 104 days

Survival Rate

T (3 7 3 T 7 3 w T (3

0 3 6 9 12 15 18 21 24 M)
Survival Time

Fig. 2. Progression-free survival curve. Median time to pro-
gression was 104 days

Percentage of patients

Grade 1 2 3 4 (%) with grade 3 or higher
Leukopenia 0 6 17 7 (22%) 75%
Neutropenia 0 4 4 22 (69%) 81%
Thrombocytopenia S 4 2 0 6%
Anemia 8 3 9 5(16%) 44%
Nausea 11 13 7 — 22%
Vomiting 7 7 4 2 19%
Anorexia 11 13 4 2 19%
Diarrhea 5 7 1 0 3%
Neutropenic fever — — 3 0 9%
Creatinine 8 7 0 0 0%
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Table 4. Further chemotherapy

No. of patients

Further chemotherapy

Yes 26
No 5
No follow-up 1
Treatment type
TXL 17
CPT-11 6
CDDPip 2
5-FU+LV 1

TXL, paclitaxel; CPT-11, irinotecan; CDDPip, cispatin intraperito-
neal; 5-FU, 5-fluorouracil; LV, leucovorin

nonhematological toxicities were: nausea, in 7 patients
(22%); vomiting, in 6 patients (19%); and anorexia, in
6 patients (19%). No patient was taken off treatment
because of severe adverse reactions, and no treatment-
related deaths occurred.

Dose intensity

The planned administration of CPT-11 on day 15 was
not given 27 (25%) times in 15 patients (47%) during
the 109 courses. Dose reduction of CPT-11 was required
in 7 (22%) patients. Leukopenia was the most common
reason for skipping the administration of CPT-11 on
day 15 and for the dose reduction of CPT-11 (days 1 and
15). Thus, the dose intensity of CPT-11 was 24.5mg/m?
per week and that of CDDP was 15.4mg/m? per week,
which corresponded to 70% and 77% of the planned
doses, respectively.

* Further chemotherapy

Twenty-six patients (81%) received further chemo-
therapy after failure of the CPT-11 + CDDP regimen
(Table 4). The condition of the remaining 6 pa-
tents made them unsuitable to receive third-line
chemotherapy.

Discussion

Because the administration of CPT-11 is contraindi-
cated for patients with myelosupression, infection,
diarrhea, ileus, interstitial pneumonia, and obstructive
jaundice, for fear of its severe toxicity, in clinical prac-
tice we selected patients with good PS and mild perito-
neal dissemination for second-line chemotherapy with
CPT-11. Of all the patients, 30 (94%) had aPSof Qor 1,
13 (41%) had peritoneal dissemination, and 9 (28%)
had ascites; however, none had massive ascites. Thus,
this study contained a certain level of selection bias.

S. Ueda et al.: CPT-11 and CDDP for pretreated gastric cancer

In our study, the actual dose intensity of CPT-11 was
70% of the planned dose, which was lower than that in
a previous report (81.4% [10]). Leukopenia was the
most common reason for skipping the administration of
CPT-11 on day 15, and for the dose reduction of CPT-
11. The incidences of grade 4 neutropenia (69%) and
grade 3 or 4 infection (9%) were higher than those in
the previous report [10], showing 57% and 5%, respec-
tively. The high incidence of neutropenia in our study
may have been caused by the prior chemotherapy. On
the other hand, the incidence of grade 3 or 4 diarrhea
(3%) was lower than that in the previous report (20%
[10]), and other toxicities were mild, with frequencies
similar to those in the previous report. Although dose
reduction was required in some of our selected patients,
this regimen is considered to be feasible for patients
with prior chemotherapy.

CPT-11 has activity against gastric carcinoma.
When used as a single agent for untreated and treated
gastric cancer patients, Kambe et al. [13] reported a
response rate of 23%. A recent European study of
single-agent CPT-11 therapy reported a response rate
of 17% in 34 previously untreated patients with gastric
cancer [14]. There are a few reports of CPT-11 used
in second-line combination chemotherapy regimens.
Boku et al. [10] reported that CPT-11 and CDDP
showed a response rate of 27%. In a report by Ajani
et al. [15], this combination showed a response rate of
31%, with a median survival of 150 days. In a phase II
study of CPT-11 and mitomycin C (MMC) [16], the
response rate was 29%, and the median survival was 306
days. Kim et al. [17] reported that CPT-11, 5-FU, and
leucovorin showed a response rate of 21%, and the
median survival was 273 days. From the results of these
studies, it seems that combination chemotherapy with
CPT-11 may have a slightly higher response rate in
second-line chemotherapy for gastric cancer than CPT-
11 alone.

Both paclitaxel and docetaxel have been widely used
in second-line chemotherapy for gastric cancer. Arai et
al. [18] reported that the response rate to paclitaxel was
23%, and the median survival was 207 days. Park et al.
[19] reported that combination chemotherapy with
docetaxel and CCDP showed a response rate of 17%,
with a median survival of 174 days. These results seem
to be comparable with those of CPT-11-containing che-
motherapy as a second-line chemotherapeutic regimen
for gastric cancer.

In conclusion, the combination of CPT-11 and CDDP
may be active and feasible for patients with prior che-
motherapy for gastric cancer. To establish standard
second-line chemotherapy for gastric cancer, especially
after the failure of a 5-FU-based regimen, a CPT-11-
based regimen and a taxane-based regimen should be
compared in a randomized study.
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Imaging, Diagnosis, Prognosis

Computer-Assisted Analysis of Biopsy Specimen Microvessels
Predicts the Outcome of Esophageal Cancers Treated with
Chemoradiotherapy

Shi-chuan Zhang,"* Shuichi Hironaka,? Atsushi Ohtsu,? Shigeaki Yoshida,® Takahiro Hasebe,'
Masashi Fukayama,* and Atsushi Ochiai'

Abstract

Purpose: A computer-assisted microvessel analysis system was developed to evaluate correla-
tions between the architecture of biopsy specimen microvessels and the outcome for patients
with esophageal cancer treated with chemoradiotherapy.

Experimental Design: Biopsy specimens from 51 patients with esophageal cancer (T.3, any
N, Mo) treated with chemoradiotherapy were immunostained with an anti-CD31 antibody and
quantified using computerized image analysis.We evaluated the association of several microvessel
factors with overall survival, including the ratio of total microvessel perimeter to total tumor area
(TP/TA), the tumor hypoxic ratio, and the ratio of total microvessel number to total tumorarea (TN/
TA). Results from traditional manual microvessel density (MVD) hotspot count and computerized
hotspot count were compared and the relation between hotspot MVD count and survival rate was
evaluated.

Results: The median follow-up time was 32 months. Both univariate and muitivariate analyses
revealed that computer-counted hotspot MVD and TN/ TA and TP/ TA ratios correlated significantly
with the outcome of chemoradiotherapy. Kaplan-Meier survival curves showed that patients with
high computer-counted hotspot MVDs and highTN/TA and TP/ TA ratios had better overall survival
rate than patients with low MVDs or ratios (P = 0.025, 0.008, and 0.031, respectively). Combining
computer-counted MVD or TN/ TA ratio with TP/ TA ratio proved more predictive than any single
factor. Two researcher-counted hotspot MVDs had no significant relation with outcome.
Conclusion: Computer-assisted tumor microvessel analysis is a powerful tool in predicting the
outcome for patients with esophageal cancer treated with chemoradiotherapy because intraob-
server and interobserver variability is minimized.

Esophageal cancer is a common malignancy that causes
~ 10,000 deaths each year in Japan (1) and >300,000 deaths
annually worldwide (2). Surgery with or without preoperative
chemoradiotherapy is generally done for resectable cases and
chemoradiotherapy is used for unresectable cases or resectable
cases where patients do not wish to have surgery. In recent
years, chemoradiotherapy is increasingly being reported as a

Authors’ Affiliations: 'Pathology Division, Center for Innovative Oncology,
National Cancer Center at Kashiwa, Kashiwa, Chiba, Japan; ?Division of
Gastrointestinal Oncology, Shizuoka Cancer Center, Sunto-gun, Shizuoka, Japan;
3Division of Digestive Endoscopy and Gastrointestinal Oncology, National Cancer
Center Hospital East; and 4Patho|ogy Division, Graduate School of Medicine,
University of Tokyo, Tokyo, Japan
Received 9/9/05; revised 11/29/05; accepted 1/5/06.
Grant support: Grant-in-Aid for Cancer Research and Grant-in-Aid for the 3rd
Term Comprehensive 10-Year-Strategy for Cancer Control from the Ministry of
Health and Welfare of Japan.
The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.
Requests for reprints: Atsushi Ochiai, Pathology Division, Center of Innovative
Oncology, National Cancer Center at Kashiwa, 6-5-1, Kashiwanoha, Kashiwa,
Chiba 277-8577, Japan. Phone: 81-4-7134-6855; Fax: 81-4-7134-6865; E-mail:
aochiai @east.ncc.go.jp.
© 20086 American Association for Cancer Research.
doi:10.1168/1078-0432.CCR-05-1982

www.aacrjournals.org

1735

curative treatment modality for cinically resectable cases,
which does not compromise disease control. In the Radiation
Therapy Oncology Group 85-01 randomized trial, definitive
chemoradiotherapy using 5-fluororuracil, cis-diammine-
dichloroplatinum (cisplatin), and concurrent radiation (50 Gy)
has achieved a 26% 5-year survival (3), similar to surgery alone
(4, 5). Stahl et al. (6) reported a randomized trial comparing
chemoradiation with and without surgery in patients with
locally advanced squamous cell carcinoma. Chemoradiother-
apy resulted in equivalent survival compared with chemo-
radiotherapy followed by surgery.

Because chemoradiotherapy can achieve similar survival rates
to surgery or surgery combined with chemoradiotherapy,
patient characteristics and tumor histologic features that favor
chemoradiotherapy should be carefully assessed before choos-
ing treatment. However, the factors that can predict the
response to treatment of esophageal cancer remain uncertain.
In our studies, we reported that hotspot microvessel density
(MVD) in biopsy specimen is of strong prognostic significance
for patients with laryngeal squamous cell cancers and with
hypopharyngeal cancers treated with radiation (7, 8). The ratio
of total microvessel perimeter (TP} to total tumor area (TA) of
biopsy specimens, the ratio of total microvessel number (TN)
to TA, and the tumor hypoxic ratio calculated from microvessel
distributions in biopsy specimens have been further proved to
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be good prognostic factors for patients with early stages of
laryngeal carcinoma treated with radiation (9). In the present
study, microvessel factors, including hotspot MVD and TP/TA,
TN/TA, and hypoxic ratios, in biopsy specimens from 51
patients with esophageal cancer treated with chemoradiother-
apy were analyzed, and the relations between these factors and
overall survival were assessed. All factors including tumor
hotspot MVD counts were analyzed using a computer-assisted
image analysis system, with the aim of minimizing intra-
observer and interobserver variation in microvessel counting
and analysis.

Materials and Methods

Patients. A total of 348 patients with esophageal cancers were
diagnosed and treated at the National Cancer Center Hospital East
between 1992 and 1999. Surgery was done as the main treatment for
139 patients, and 209 received definitive chemoradiotherapy. Among
the 209 patients, 51 met the following criteria to be included in this
study: (a) the tumor was histologically diagnosed as squamous cell
carcinoma; (b) patient age was <75 years; (c¢) sufficient biopsy
spedimens (tumor area >0.6 mm? which is about thrice of x400
magnification field) were available before treatment; (d) performance
status on the Eastern Cooperative Oncology Group scale <2; and (e)
stage T, 3, any N, M, on the International Union against Cancer tumor-
node-metastasis classification. The patients’ characteristics are listed in
Table 1.

Treatment protocol. Chemotherapy consisted of continuous infu-
sion of 5-fluorouracil (400 mg/m?/d, on days 1-5 and 8-12) and a
weekly infusion of cisplatin (40 mg/m? days 1 and 8). Concurrent
radiotherapy was given at 2 Gy/d for 5 d/wk with a 2-week break after a
dose of 30 Gy, and restarted on day 36 along with the same schedule of
chemotherapy as before. The total radiation dose was 60 Gy. After
concurrent chemoradiotherapy, two additional courses of chemother-
apy {5-fluorouradil, 800 mg/m®/d, on days 1-5 and 29-33; dsplatin,
80 mg/m? on days 1 and 29) were basically administered if patients
responded to treatment without serious side effect. Further additional
courses were optional although they were limited to a total of four
courses.

Definition of tumor response. The first evaluation was done ~1
month after treatment. Patients then received computed tomography
scanning and esophagoscopy every 2 or 3 months during the first year
and every 6 months thereafter. Tumor recurrences were all proved
histologically by biopsy.

Response at the primary site was evaluated by endoscopic
examination. The criteria for evaluation were as follows: complete
remission was defined as disappearance of tumor lesion and ulceration
for 24 weeks with negative biopsy results; partial remission was
determined when primary tumor was observed on esophagography as
being reduced in area by 250%. Responses of metastatic lymph nodes
were assessed by computed tomography scanning according to the
WHO criteria for measurable disease.

Immunohistochemical staining of blood microvessels and computer-
assisted image analysis. All biopsy specimens were taken at the time of
diagnosis. Immunohistochemical staining of blood microvessels was
done with the standard avidin-biotin complex technique using
diaminobenzidine as a chromogen and hematoxylin as counterstain.
Antigen was retrieved by treating with 0.05% pepsin in 0.01 N HCI for
5 minutes at room temperature. A mouse antibody for CD31 was used
as primary antibody (4°C, overnight, 1:50 dilution; DAKO, Glostrup,
Denmark). After washing, sections were incubated with an avidin-
biotin complex reagent {DAKO). Color reactions were developed for
5 minutes in diaminobenzidine-Tris buffer (pH 7.6) containing 0.3%
hydrogen peroxide.
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Table 1. Patient characteristics
Characteristic No. patients
Total number 51
Gender

Male 43

Female 8
Age

Mean 61.7

Range 38-75
Performance state

0 38

1 13
Tumor location

Upper and middle 36

Lower 15
Histology type

W/D 1

M/D 36

P/D 14
Tstage

T, 10

Ts 41
N stage

No 20

N 31
Stage

A 20

B 6

it 25

Digitized images of immunohistochemically stained sections of
whole specimen at X 100 magnification (10X objective and 10 ocular)
were obtained using a KS 300 image analysis system (capture resolution
768 % 580, Karl Zeiss Vision KK, Jena, Germany). Vessels with lumens
located around or inside tumor nest were traced by one of the authors
(H.S.). The process of image analysis has been described elsewhere (9).
Briefly, traced microvessels and the outline of the total specimen were
converted to binary images and TN, TP, and TA were calculated. Data
were recorded as TN/TA, TP/TA, and TP/TA ratios. As the oxygen
diffusion distance from blood vessels is ~150 um (10), the hypoxic
ratio was calculated as the ratio of tumor area >150 pm from blood
vessels to the TA (Fig. 1A).

Two of the authors (Z.S. and H.S.) counted hotspot microvessel
numbers. independently without knowledge of patient outcomes. The
immunohistochemically stained specimens were first scanned at low
magnification (% 10-X100); three high-magnification (x400) fields
with plentiful vascular tumor areas were then selected and counted as
hotspots. The mean number of vessels from three fields was recorded as
the hotspot MVD.

As an alternative for manual counting, a computer-assisted method
was used to identify hotspot and count vessels in specimens. The
previously traced vessels were converted to binary images and were
scanned consecutively. The scanning cirde was 500 um in diameter
and 0.196 mm?® in area, which was the same as a X400
magnification field. Microvessels within each drcle were counted by
computer. The overlay of adjacent circles in both the X and Y axes
was set arbitrarily at 375 pum (three fourths of the diameter). The
mean number of MVDs in the three circles containing the highest
MVD count was recorded as the hotspot MVD of the corresponding
specimen (Fig. 1B).
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Fig.1. A, image analysis of microvessels. /, the
lumen of each microvessel was traced by an
observer and counted by the computer, The TP was
then calculated using the computer. /, the tumor
region was outlined by the observer and the tumor
area was calculated using the computer. ///, the area
of the tumor located 150 pum from the nearest
vessel was calculated by the computer (yelfow area)
and then hypoxia ratio was calculated.

B, microvessel hotspot counted by computer.

/, microvessels werte labeled by an observer. Bar, 100
pm. /, labeled vessels were converted to binary
images. /], the scanning circle is 500 pm in diameter
and 0.196 mm? in area, which equals the area of a
%400 power field. The overlay of two neighboring
circles is 375 pm. /V, the binary image was scanned.
V, a schematic image of microvessel distribution
derived from computer analysis.V/, areas with the
highest microvessel number were identified as
microvessel hotspots.

Statistical analysis. Correlations between different factors were
assessed using Pearson’s correlation coefficient. A Cox proportional
hazard analysis was used to evaluate clinicopathologic and micro-
vessel factors in the prediction of treatment outcome. Survival curves
were generated using the Kaplan-Meier method and statistical
differences between curves were calculated using the log-rank test.
For evaluation of continuous variables in survival analysis, patients
were divided into two groups based on an optimal cutoff derived
from receiver operating characteristic analysis. GraphPad Prism
software (GraphPad Software, San Diego, CA) was used for receiver
operating characteristic analysis and Statistica (StatSoft, Tulsa, OK)
was used for all other analysis.
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Results

Treatment outcome. All 51 patients completed the concur-
rent chemoradiotherapy with a total radiation dose of 60 Gy.
Seven patients (14%) received one additional course of
chemotherapy, and 25 patients (49%), 2 patients {4%), and
2 patients (4%) received an additional two, three, and four
courses, respectively. The median patient follow-up time was
32 months (range, 5.9-121.5 months). Thirty-nine patients
{76%) achieved clinical complete remission and 12 patients
(24%) achieved partial remission at primary site. Among the
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Table 2. Correlation between different MVDs

r P
Observer1vs observer 2 0.514 0.0001
Observer1vs computer 0.579 <0.0001
Observer 2 vs computer 0472 0.0005

39 with clinical complete remission at primary site, 12
patients developed recurrence in the primary area, 3 in a
distant area (a different site in esophagus), and 4 had distant
metastases during follow-up (3 in the liver and 1 in the
lung). Up to January 1, 2005, 23 patients had died of
esophageal cancer, 8 patients died of other disease or
accidents, and the other 20 cases were alive at the last
follow-up time point.

Image analysis of microvessels in biopsy specimens. Areas of
inflammation, sclerotic tumor, and adjacent benign tissue were
identified and excluded by observer when calculating the TA,
which ranged from 0.99 to 3.37 mm? with a median of
1.92 mm?®. The TN varied from 3 to 204, with a median of 100.
The TP ranged from 0.35 to 41.26 mm, with a median of 11.81
mm. Tumor hypoxic ratio ranged from 0.11% to 78.63%, with
a median of 8.34%.

Comparison of manual MVD counting and computer-assisted
MVD counting. The results of two manual MVD counts and
the computer-assisted counts are shown in Table 2.

Although hotspot MVD counts for a given patient varied
between different observers and the computer, analysis showed
that they were correlated linearly (Table 2).

Receiver operating characteristic analysis. To evaluate the
ability for the prediction of survival, we evaluated the accuracy
of prediction of death of esophageal cancer at 2 years for each
microvessel factor. This interval of 2 years was selected because
most of the complete cases happened in this interval (19 in 23
cases) and only three patients {all of whom died of other
diseases and were excluded from the receiver operating
characteristic analysis) censored before the end of 2 years.
The predictive power was estimated by calculating the area
under receiver operating characteristic curves (11, 12). All
factors, including TN/TA, TP/TA, and hypoxic ratios and
observer-counted and computer-derived hotspot MVDs, were
found to be predictors of 2-year survival (Table 3); the observer-
counted MVD showed the weakest power in predicting death
2 years after treatment.

Univariate analysis of survival. Univariate Cox proportional
hazard analysis was done to evaluate the relation between
clinicopathologic factors and overall survival. The result is
presented in Table 4. No dinicopathologic factor correlated
with overall survival,

From the receiver operating characteristic curves, the
optimal cutoffs for varied microvessel factors were deter-
mined to stratify patients into two groups, and univariate
Cox proportional analysis revealed that patients with low
TN/TA (P = 0.023) or low TP/TA (P = 0.037) had a higher
risk of dying of esophageal cancer after chemoradiotherapy
(Table 5). Patients with a low ratio of tumor hypoxic area
tended to survive longer after treatment but this was not
statistically significant (P = 0.329). The hotspot MVDs
counted by the two observers had no relation with overall
survival (P = 0.203 and 0.119, respectively) whereas hotspot
MVDs counted by the computer showed a significant
association with survival (P = 0.036).

Multivariate analysis for survival. In the multivariate Cox
proportional hazard analysis, computer-derived hotspot MVD
counts and the TN/TA and TP/TA ratios were analyzed
combined with T and N stage, which showed the highest
significance among dinicopathologic factors by univariate
analysis. All three microvessel factors proved to be indepen-
dent predictors for overall survival (P = 0.019 for hotspot
MVD, P = 0.018 for TN/TA, and P = 0.044 for TP/TA;
Table 6).

Kaplan-Meier survival analysis. Figure 2 shows the survival
curves generated using the Kaplan-Meier method. Patients
with high MVD and high TN/TA and TP/TA ratios had 5-year
survival rates of 73%, 79%, and 73%, respectively, whereas
the group of patients with low such factors had 5-year
survival rates of 46%, 45%, and 41%, respectively. Log-rank
test showed that these differences were statistically significant
(P = 0.025 for hotspot MVD, P = 0.008 for TN/TA, P =
0.031 for TP/TA).

Because hotspot MVD count and the TN/TA and TP/TA
ratios all proved to be predictive factors for the outcome of
patients treated with chemoradiotherapy, we investigated
whether combinations of these factors would provide more
powerful and more precise predictors. Hotspot MVD showed
a strongly positive correlation with TN/TA (Pearson test, r =
0.843, P < 0.000001) whereas TP/TA was independent of
hotspot MVD (r = 0.023) and was relatively weakly
correlated with TN/TA (r = 0.318, P = 0.022). We therefore
selected the combinations of MVD and TP/TA, TN/TA and
TP/TA ratios as new factors and investigated if they could

Table 3. Receiver operating characteristic curve analysis
Variable Area under the curve 95% confidence interval Best cutoff
Hotspot
Computer 0.593 0.441-0.732 29
Observer1 0.529 0.381-0.668 51
Observer 2 0.564 0418-0.710 15
TN/TA 0.649 0.502-0.779 7374
TP/TA 0.647 0.504-0.782 9.944
Hypoxic ratio 0.623 0.467-0.748 30.421%
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Table 4. Univariate Cox proportional hazard analysis of relations between clinical and pathologic characteristics and
overall survival
Variables No. patients Risk ratio (95% confidence interval) P
Age (y)

=62 27

>62 24 1104 (0.491-2.511) 0.809
Performance state

0 38

1 13 1.038 (0.381-2.837) 0.946
Tumor location

Upper and middle 36

Lower 15 1.011 (0.423-2.455) 0.982
Tstage

T, 10

T3 M 1.443 (0.589-3.514) 0423
N stage

No 20

N, 31 1.664 (0.682-4.077) 0.262
Histology type

W/D and M/D 37

P/D 14 1.273(0.538-3.023) 0.584
Stage

1 26

Il 25 1.233 (0.542-2.878) 0.625

predict survival of patients. The high hotspot MVD plus  TP/TA ratio died of esophageal cancer during follow-up
high TP/TA group included eight patients and the high and only one patient died of esophageal cancer in the high
TN/TA plus high TP/TA included 11 patients (including all TN/TA plus high TP/TA group. The Kaplan-Meier survival

the eight in the high MVD plus high TP/TA group). Surpris- curve of the high TN/TA plus high TP/TA group was presented
ingly, none of the patients with both high MVD and high in Fig. 3.

Table 5. Univariate Cox proportional hazard analysis of relations between microvessel characteristic and overall
survival
Variables No. patients Risk ratio (95% confidence interval) P
Hotspot MVD
Computer
29 31
>29 20 2.892 (1.066-7.80) 0.036
Observer1
<51 38
=51 13 2.033 (0.679-6.002) 0.203
Observer 2
15 15
>15 36 2.024 (0.833-4.909) 0119
TN/TA
<73.741/mm? 35
>73.741/mm? 16 4,208 (1.252-14.208) 0.023
TP/TA
€9.944 mm/mm? 28
>9.944 mm/mm? 23 2.617 (1.058-6.477) 0.037
Hypoxic ratio
<30.421% 39
>30.421% 12 1.597 (0.623-4.093) 0.329
www,aacrjournails.org 1739 Clin Cancer Res 2006;12(6) March 15, 2006
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Table 6. Multivariate Cox proportional hazard analysis
of relations between microvessel
characteristic and overall survival
Variables Risk ratio P
(95% confidence interval)
Model 1
Tstage 1.023 (0.402-2.552) 0.966
N stage 1.988 (0.813-4.903) 0133
Hotspot MVD 3.233 (1139-9113) 0.019
Model 2
Tstage 1.074 (0.428-2.648) 0.877
N stage 1784 (0.733-4.335) 0.214
TN/TA 4.263 (1.235-14.646) 0.018
Model 3
Tstage 1.214 (0.488-2.987) 0.674
N stage 1.653 (0.676-4.045) 0.271
TP/TA 3591 (1.046-12.239) 0.044
Discussion

We previously reported that hotspot MVD and the TN/TA,
TP/TA, and hypoxic ratios in biopsy specimen are prognostic
factors for laryngeal cancer patients treated by radiotherapy (9).
Here we found that, for patients with T, 3 esophageal cancers,
hotspot MVD, TN/TA, and TP/TA were favorable predictors for
overall survival. The combinations of hotspot MVD with TP/TA,
or TN/TA with TP/TA, may provide more powerful predictors
for predicting the outcome of such patients scheduled to
undergo chemoradiotherapy.

It is likely that a low density of microvessels will lead to a
decrease in oxygen transport and drug delivery into local
tumor environments. Bhattacharya et al. (13) investigated
avascular regions of human head and neck cancer xenografts
and found that cells in these areas were hypoxic and
chemotherapy resistant. Hypoxia-related factors, such as
hypoxia-induced factor 1a and carbonic anhydrase IX, and
hypoxic area imaging by pimonidazole or misonidazole
binding have been discussed as prognostic factors for
radiotherapy of cancers (14-17). Although there are sub-
stantial data implying that poorly vascularized tumors are
resistant to chemotherapy and/or radiotherapy, no definitive
conclusion has been drawn at present on the clinical
usefulness of MVD as a marker for prognosis. There are
some studies that did not show a relationship between
MVD and survival (18, 19) and a reverse relationship be-
tween MVD and survival has been reported by some groups
(20, 21).

These contradictory conclusions might be explained by the
difficulty in evaluating MVD accurately. Manual hotspot MVD
counting has been the predominant method for analysis. The
observer first scans a section at low magnification (x10-x100).
High angiogenesis areas can be recognized as hotspots and a
higher magnification (x200-x400) is then selected to count
the number of microvessels in these areas (22). All procedures,
including screening hotspot area and counting vessels, are done
subjectively and intraobserver or interobserver variability is
almost inevitable. Our study presents one resolution of this
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problem. Because pathologic section is converted into digitized
image, the observer only needs to trace the outlines of the
microvessels and the following work is all accomplished by the
computer with minimum variability and perfect reproducibil-
ity. When two observers counted the microvessels of the same
patients in our study using the manual hotspot counting
method, the results differed and both failed to predict the
survival of patients. ;
Using a computerized system to evaluate tumor microvessels
has been reported by some groups (23-26). The present
method has two novel features. The first is observer interven-
tion in microvessel tracing. Although completely automated
analysis will undoubtedly be developed, the nomnspecific
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Fig. 2. Kaplan-Meier overall survival curves for patients with T2.3 Mg esophageal
cancer treated with chemoradiotherapy.

wwvwv.aacrjournals.org

— 110 —



Analysis of Tumor Mircrovessels as Prognosis Factor

o P=0.004
£ 0.9 B e T ek = e Bk R )
2
g 0.8 High TN/TA plus high TP/TA n=11
w
5 07
s
g 06
<
a 05
g
= 04
-—g Other 40 paticats
E 03
=
© oz

0.1

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Survival (day)

Fig. 3. Kaplan-Meier overail survival curves for patients with high TN/TA and high
TP/TA.

staining and the varying threshold for positive endothelial
staining are likely to comprise this. Manual tracing ensures the
accuracy of microvessel recognition and therefore maintains a
high specificity of this analysis. The second feature is the use of
full section scanning to determine microvessel hotspots, which
provides the most objective information on microvessel
distribution within any biopsy sample.

The tumor hypoxic ratio counted by computer has been
shown as a predictor for radiosensitivity (9). In the present
study, there was a tendency for a low hypoxic ratio to show
good patient prognosis, but this was not statistically significant.
The predictive power of the hypoxic ratio for the outcome of
chemoradiotherapy thus needs further investigation.

A surprising finding in our study is that in the group of
patients with both high hotspot MVD and high TP/TA ratios,
none died of esophageal cancer, and in the group with high
TN/TA and TP/TA ratios, only one patient died of esophageal
cancer during follow-up. Six of eight patients (75%) in the
high hotspot MVD plus high TP/TA ratio group and 8 of 11
patients (73%) in the high TN/TA plus high TP/TA ratio
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Ton BeaM TREATMENT FOR HEAD AND NECK CANCER

Yoshio HISHIKAWA, and Kazufumi KAGAWA

Department of Radiology, Hyogo Ion Beam Medical Center (HIBMC)

The ion beam treatment in the Hyogo Ion Beam Medical Center (HIBMC) is carried out with a compre-
hensive system that consists of an irradiation system, a treatment planning system and a treatment verifica-
tion system. The treatment verification system consists of a positron emission tomography (PET) camera.
As charged particles produce short-lived positron-emitting isotopes in tissues, the treated site can be verified
by images taken immediately after irradiation using a PET camera.

A technician sets up an immobilizing device fitted to an individual patient using plastic materials, and
takes CT and MRI images of the treatment target site. Treatment planning is carried out using the 3-D
treatment planning system. At this time CT and MRI fusion images are used for treatment planning. Be-
fore treatment, a rehearsal is done and on the day of treatment, the positioning is performed in the same
way as the rehearsal. After positioning, ion beam therapy is started. A respiratory gating system is used
for patients with lung or liver cancer.

On April 1, 2001, HIBMC was opened as the world's first facility to provide both proton and carbon-ion
radiotherapy. We have treated more than 950 patients with a variety of malignant tumors including skull
base, head and neck, lung, liver and prostate tumors. Excellent local control for these tumors has been ob-
tained with minimum side effects. Experience of clinical trial and general practice, showed that radio-resis-
tant tumors in the head and neck region like mucosal malignant melanoma and adenoid cystic carcinoma
could be locally controlled with proton beam therapy. In the future we will analyze the difference between
two beams for the patient with head and neck cancer.

Key words : head and neck cancer, ion beam radiotherapy, proton, carbon ion
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