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Figure 3. Antitumor effect of S-1, irinotecan, and both drugs combined in human gastric cancer xénograﬂs
in mice (n = 5 for each xenograft). S-1 8.3 mg/kg was orally administered once daily for 14 days, and
irinotecan 40 mg/kg was injected weekly for 2 weeks to tumor-bearing mice starting 2 weeks after tumor
implantation. On treatment day 15, the antitumor activity of S-1, irinotecan, and their combination was
evaluated as the inhibition rate of tumor growth (IR, %). * [Author: P vaiues?] Significantly different from -1

alone and irinotecan alone by the IUT test.

The expression of TS proteins in 4-1-ST
and AZ-521 tumors treated with irinotecan
also decreased, whereas TS protein
expression in SC-2 tumors did not change
with irinotecan treatment (Figure 4).

The expression of TS mRNA and its
subsequent protein expression are known
to be regulated by active E2F1 proteins
released from the RB-R2F complex on
which cell cycle-regulating proteins (eg,
CDK4 and cyclin D1) would operate. We
thus assessed expression of activated
phospho-RB, free E2F1, CDK4, and cyclin
D1 proteins in AZ-521 tumors treated with
irinotecan. As shown in Figure 5, the
expression of those proteins seemed to
decrease in the tumors treated with
irinotecan compared with untreated
tumors. This result suggests that a decline
in free E2F1 proteins in irinotecan-treated
tumors may be connected with down-
regulation of TS expression.

DISCUSSION

High expression of TS mRNA and DPD
mRNA has been associated with reduced
gastrointestinal tumor sensitivity to 5-
FU-based chemotherapy.® Since the
fluoropyrimidine S-1 contains the potent
DPD inhibitor CDHP, its antitumor activity
theoretically shouild be independent of
level of DPD expression. it also has been
reported that TS mRNA expression is
positively correlated with topoisomerase |
mRNA expression and that response can
be achieved in tumors with high levels of
TS activity by using the topoisomerase |
inhibitor irinotecan!®™ It is thus plausible
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to combine S-1 with irinotecan in patients
with tumors with high expression of TS mRNA.

The findings in our study using
samples from advanced gastric cancer
patients receiving first-line therapy with
either S-1 or S-l/irinotecan support the
absence of effect of DPD level on tumor
response to S-1, since there appeared to
be no association between response and
high or low level of DPD expression in
primary tumors in patients receiving S-1
alone; level of DPD expression also did not
affect response when S-1 and irinotecan
were used together. However, tumor re-
sponse 1o S-1 alone was observed only in
patients with low TS mRNA expression,
whereas  response  was

Figure 4. Expression of TS proteins in 3 human
gastric cancer xenografts in mice treated with or
without irinotecan. The TS aliquot (50 ug protein)
was immunochemically analyzed using anti-TS
polyclonal antibody by the Western blot method.
The left lane shows nontreated tumors and the
right lane shows irinotecan-treated tumors.

gastric cancer may derive greater benefit
from the combination of S-1 and irinotecan
when high levels of TS expression are
present. Our experimental studies
indicated that TS activity was down-
regulated by irinotecan in a dose-
dependent manner in xenografts with high
levels of TS expression, suggesting that
irinotecan resulted in an environment in
which S-1 was more likely to exert its
antitumor effect. This finding also suggests
that order of treatment with S-1 and
irinotecan might make some difference in
achieving tumor response. Ongoing pre-
liminary animal studies indeed suggest
that treatment with irinctecan followed by

observed in some patients
with high TS expression with
the addition of irinotecan.
The augmentation of
antitumor activity with the
addition of irinotecan to S-1
was confirmed by our

Phospho-RB

EZF1

findings in gastric cancer coKs’

xenografts, with tumor growth
inhibition being markedly
greater with the combination
of S-1/irinotecan than with S-
1 alone in the high-TS-
expressing 4-1-ST and AZ-
521 tumors and no difference

Cyclin D1

B-Actin

Control Group Irinotecan Group

between S-1 alone and the
combination being found in
the low-TS-expressing SC-2
tumors.

These findings suggest
that patients with advanced
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Figure 5. Expression of phospho-RB, E2F1, CDK4 and cyciin D1
proteins in AZ-521 tumors treated with or without irinotecan.

Fifty microgram proteins of nuclear extracts from the tumors

were immunochemically analyzed using anti-pRB, anti-E2F1,
anti-CDK4, anti-cyclin D1, and anti-B-actin monoclonal antibodies,
respectively. Lanes 1 to 3 show nontreated tumors and lanes 4 to
6 irinotecan-treated tumors.
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Chemotherapy for Advanced Gastric Cancer: A New Milestone Lies
Ahead

Hiroya Takiuchi, MD

Cancer Chemotherapy Center
Osaka Medical College Hospital
Osaka, Japan

0 ur first goal is not far away. The time-
worn debate between the West and
Japan over chemotherapy for advanced
gastric cancer may be resolved by a couple
of well-designed randomized phase Il
trials worthy of the name, and chemotherapy
for advanced gastric cancer may soon
enter a new stage. Others may feel the
same after reading the review by Koizumi
in this issue of Gastrointestinal Cancer
Research.!

As Dr. Koizumi describes in his review,
the overall survival time in patients with
metastatic gastric cancer has been appar-
ently prolonged after the emergence of a
new generation of agents, including irino-
tecan, taxanes (docetaxel, paclitaxel), oxali-
platin, and novel oral fluoropyrimidines
(capecitabine, S-1) in the past decade.
The median survival time was only 6-7
months in randomized phase Il studies
performed before the appearance of these
drugs* and 8-10 months (a 2-3 month
improvement) in randomized phase I
studies recently conducted in the West*

To define a new standard, one still
needs an appropriate reference regimen.
Prior to the appearance of these novel
drugs, the most popular regimen was CF
(cisplatin plus 5-fluorouracil [5-FUY). The
median progression-free survival (PFS) or
time to progression (TTP) with CF was
about 4 months, which was similar in
. Japanese and global phase Il studies®
Based on these results, CF is considered
the most appropriate reference regimen
for global randomized phase lil studies
currently under way. In a few European
countries, and perhaps Canada, epirubicin,
cisplatin, and 5-FU (ECF) was considered
the standard regimen? However, ECF is not
widely accepted in the East or in the
United States, because the addition of
epirubicin to cisplatin/5-FU has not been
demonstrated to be superior to CF alone?

Combination therapy with novel anti-
cancer drugs has also been investigated
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worldwide. In Europe and the United
States, irinctecan/cisplatin, docetaxel/cisplatin/
5-FU (DCF), capecitabine/cisplatin, cape-
citabine/oxaliplatin, and epirubicin/cape-
citabine/oxaliplatin have been investigated,
and response rates were 50% or higher,
with TTP ranging from 5.5 to 7 months in
phase Il and il studies. In Japan, irinctecan/
cisplatin and S-1-based regimens (S-1/
cisplatin, S-l/irinotecan, S-1/docetaxel,
and S-1/paclitaxel) have been investigated,
and response rates were also 50% or
higher, and TTP was also 5.5-7 months in
phase Il settings®™ Doublets and triplets
including these novel agents consistently
prolonged time to progression by about
2-3 months, compared with CF. This
increase in time to disease progression is
consistent with improvements in median
survival times recently reported from
randomized phase [l studies conducted in
the West.

TAX325 was a large-scale international
study, in which a triplet including doce-
taxel, cisplatin, and 5-FU (DCF) was com-
pared to CF. The primary end point was
time to progression, with overall survival
being a secondary outcome measure. The
final results of this study clearly demon-
strated the superiority of DCF to CF. Time
to progression was significantly longer for
DCF than for CF (median, 5.6 months vs.
3.7 months, respectively; P = .0004).
Overalt survival time was also significantly
prolonged by DCF (9.2 months 8.6
months; P = .0201)* However, many oncol-
ogists hesitate to use DCF as the standard
regimen because the survival improvement
was only 0.6 months, and toxicity is more
severe than that of CF. There is no doubt
that docetaxel is effective for gastric cancer
based on these findings, but the use of
docetaxel in second-line and later treat-
ments may have been restricted because
the TAX325 study was a sponsored trial
aiming at the approval of docetaxel.
[AUTHOR: The meaning of this statement
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concerning docetaxel in second-line and
later treatment is unclear. TAX325 locked
at DCF in a first-line setting. What is meant
by “restricted” in a second-line setting? Are
you suggesting possible official or reguia-
tory restrictions because DCF was approved
for first-line therapy only? And what is the
significance of sponsorship in this context?
As currently worded, a reader could infer
that a perception of bias exists regarding
the results of TAX352 due to sponsorship
and marketing ohjectives. Please clarify.]

In gastric cancer chemotherapy, many
patients receive second-line treatment or
further anticancer drug therapy after they
become resistant to first-line treatment.
For example, further debate is necessary -
concerning whether docetaxel should be
used as the first-line treatment in simulta-
neous combination therapy or as second-
line treatment in sequential combination
therapy. This debate may be resolved'by
ongoing Japanese studies, and the effects
of second-line or later therapies with new
agents such as docetaxel can be esti-
mated, since the reference regimen used
in Japan is different from that used in other
countries. CF is used worldwide, and ECF
is also used in some European countries
including the United Kingdom, but mono-
therapy, such as 5-FU or S-1, is used in
Japan.

This disparity may yield valuable data
in the near future because phase Il
studies of monotherapy vs. combination
therapy —ie, sequential combination
therapy vs. simultaneous combination
therapy —are currently under way in
Japan. The study results will be reported
within 2007, which may lead to a
conclusion of the debate. We are awaiting
the results of the JCOG9912 trial (5-FU
alone vs. irinotecan/cisplatin vs. S-1 alone)
and the TAIHO trial (S-1 abne vs. S-1/
cisplatin). The primary end point of these
studies is overall survival. If irinotecan/
cisplatin is superior to 5-FU in JCOG9912,
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many oncologists will welcome the resuit
not only in Japan, but also in the United
States.

A superiority study of S-1/cisplatin
compared with CF is now under way in a
large-scale international trial (the First Line
Advanced Gastric Cancer Study [FLAGS)),
in which overall survival is the primary end
point. Should S-1/cisplatin prove superior
in both the TAIHO trial and FLAGS, the dis-
parity between chemotherapies performed
in Japan and other countries may be
resolved, and S-1/cisplatin may become a
new standard therapy for advanced gastric
cancer.

| look forward to reviewing the final
resufts of these studies, and wish to thank
all enthusiastic investigators worldwide for
choosing overal survival as their primary end
point. | do believe that a new milestone in
chemotherapy for gastric cancer is around
the corner, and it is clearly time for both
global and Japanese investigators to

Chemotherapy for Advanced Gastric Cancer

pursue further benefits by incorporating mol-
ecular targeting agents into a new standard.
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Background: Chemoradiotherapy (CRT) is currently performed for patients with esophageal
squamous cell carcinoma (SCC). Some reports have revealed that patients who responded
well to CRT had favorable outcomes, whereas poor responders conversely showed a worse
prognosis. The aim of this study was to identify molecular markers predicting sensitivity to
CRT.

Methods: We reviewed 62 patients with T,.4, N-any, and M-any esophageal SCC treated
with definitive CRT. The regimen comprised protracted 5-fluorouracil infusion and a 2-h infu-
sion of cisplatinum combined with radiation therapy (2 Gy/day) at a total radiation dose of 60
Gy. The expressions of epidermal growth factor receptor (EGFR), vascular endothelial growth
factor, cyclin D1, and proliferating cell nuclear antigen were investigated immunohistochemi-
cally in biopsy specimens obtained before treatment from alil 62 patients. The immunoreactivi-
ties were compared with responsiveness to CRT, as evaluated by endoscopy.

Results: The complete response rate of the primary tumor estimated by endoscopy was 62%
(13/21) in patients in the EGFR-positive group. The difference in the CR rate between EGFR-
positive and -negative groups was significant (p = 0.037). The immunoreactivities of the
other molecular markers did not show a significant correlation with the responsiveness of the
primary lesion to CRT. Multiple logistic regression analysis revealed that positive immuno-
staining for EGFR was significantly correlated with primary CR for CRT in esophageal SCC.
Conclusion: Among 62 patients with esophageal SCC, differences in the responsiveness of
primary lesions to CRT were correlated with EGFR immunoreactivity assessed in the biopsy
specimens. These results suggest that EGFR may help to predict the response of primary
sites to definitive CRT in esophageal SCC, although the results should be confirmed in a
larger, more homogeneous series.

Key words: esophageal cancer — chemoradiotherapy — epidermal growth factor receptor

INTRODUCTION

Esophageal cancer is a typical refractory cancer with a poor
prognosis among malignant tumors of the gastrointestinal
tract. Even in operable cases, the outcomes of surgical treat-
ment alone are poor in Western countries, and the 5-year
survival rate has been reported to be 6—24% (1). However,
as a local complete response (cCR) is obtained by radical
chemoradiotherapy (CRT) in 40—60% of patients (2), CRT

For reprints and all correspondence: Masahiro Gotoh, Departent of
Internal Medicine 11, Osaka Medical College, 2-7 Daigakumachi, Takatsuki,
Osaka 569-0802, Japan; E-mail: in2030@poh.osaka-med.ac.jp

is also beginning to be performed widely for resectable eso-
phageal cancers. While there has been no randomized com-
parative study of esophagectomy and radical CRT for
operable esophageal cancers, a retrospective study reported
that a survival rate comparable to that after esophagectomy
was obtained by radical CRT (3). The prognosis of advanced
localized esophageal cancer invading multiple organs has
been considered very poor. Otsu et al., however, reported an
overall CR (complete disappearance of the tumor) rate of
33% (18/54) and a 3-year survival rate of 23% after CRT
without surgery in 54 patients with esophageal cancer clini-
cally staged before treatment as T4/M1LYM (4), suggesting

© 2007 Foundation for Promotion of Cancer Research
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that even locally advanced esophageal cancer can be cured
by radical CRT. Recently, important comparative studies of
preoperative CRT vs radical CRT for locally advanced eso-
phageal cancer (T3—4) were also performed almost simul-
taneously in Germany and France (5—7) The French study
considered that definitive radiochemotherapy may be
regarded as a standard treatment in responders. The German
study was designed to perform surgery after CRT (40 Gy) in
one group and to perform radical CRT (at least 65 Gy) in
another group with chemotherapy before CRT in both
groups. Since the 3-year survival rate exceeded 50% in the
responders to chemotherapy in both groups (58% in the
surgery group and 55% in the radical CRT group), it was
concluded that surgery may not be necessary in these
patients. On the other hand, the 3-year survival rate was low
in the non-responders to chemotherapy in both groups
(17.9% in the surgery group and 9.4% in the radical CRT
group), but some patients in the surgery group survived for a
long period after surgery, because the tumor could be
resected completely while they did not respond to che-
motherapy. Therefore, the study concluded that whether
surgery should be performed after CRT or radical CRT for
advanced localized esophageal cancer depends on the
response to induction chemotherapy or induction
chemo-radiotherapy. Therefore, if factors that allow predic-
tion of the effect of CRT are found, a more effective thera-
peutic strategy can be expected. However, whether primary
CR can be achieved by CRT is an important point if CRT is
intended to be a radical treatment. Owing to the recent
development of molecular biology, various target molecules
related to the proliferation, infiltration and metastasis of
cancer cells have been identified, and their relations with
chemo- or radiosensitivity and the prognosis have been
evaluated (8—11).

In this study, we investigated the relationships between the
clinical effect (primary CR) of definitive CRT on the
primary lesions of advanced esophageal cancer and molecu-
lar markers considered to be involved in cell proliferation
and angiogenesis by examining biopsy specimens, and evalu-
ated whether these molecular markers are useful as predic-
tors of the effectiveness of treatment.

PATIENTS AND METHODS
SuBJECTS

The source of the study data was a database of esophageal
cancer patients who received definitive CRT between July
1994 and July 2003 at Osaka Medical College. Sixty-two
patients fulfilled the following criteria: (a) histologically
proven esophageal squamous cell carcinoma; (b) no previous
treatment; (c¢) PS on Eastern Cooperative Oncology Group
scale 0—2; (d) those with an endoscopically evaluable
primary lesion; (e) patients with adequate organ, bone
marrow, liver, and renal functions; (f) patients with no
severe complications; (g) clinically diagnosed T;_4, N-any,
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and M-any on the International Union Against Cancer
tumor-node-metastasis (TNM) classification; and (h)
informed consent was obtained before treatment. All patients
were given the same regimen of definitive CRT.

TREATMENT SCHEDULE

The treatment comprised protracted 5-fluorouracil (5-FU)
infusion (400 mg/m°/day on days 1—5 and 8—12), anda 2 h
infusion of cisplatinum (CDDP 40 mg/m* on days 1 and 8)
combined with radiation therapy (2 Gy/day) delivered for 3
weeks (5 days/week). These schedules were repeated twice
every 4—5 weeks and the total radiation dose was 60 Gy. For
patients who showed an objective response to treatment,
additional chemotherapy was administered and consisted of
a protracted infusion of 5-FU (800 mg/m’/day) on days 1—5
and a 2 h infusion of CDDP (80 mg/m?/day) on day 1. This
treatment was repeated every 4 weeks for two courses. No
further treatment was administered if no disease progression
was observed.

EvaLuAaTION OF RESPONSE CONCERNING THE PRIMARY SITE AND
SURVIVAL

We assessed the primary site by way of the endoscopic
response criteria proposed by Tahara et al. (12). Response at
the primary site was evaluated as CR (primary-CR) by endo-
scopic examination when all of the following criteria were
satisfied under observation of the entire esophagus: (a) disap-
pearance of the tumor lesion; (b) disappearance of ulcera-
tion; and (c) absence of cancer cells in biopsy specimens.
When these criteria were not satisfied, a non-CR was desig-
nated. Existence of an erosion, ulcer scar, and lugol-voiding
lesion did not preclude a CR evaluation. The first evaluation
was performed 1 month after the completion of CRT to
determine whether or not disease progression was present.
Although repeat assessments were not essential to confirm
primary-CR after the criteria for a response were first met,
endoscopic examinations were performed every 2 or 3
months. All 62 patients were reviewed according to the
above criteria. Survival time was measured from the
initiation of the first course of treatment to the date of death
or the final date of survival confirmation.

IMMUNOHISTOCHEMICAL STAINING METHODS

Pretreatment endoscopic biopsy specimens from 62 patients
were assessed for epidermal growth factor receptor (EGFR),
vascular endothelial growth factor (VEGF), cyclin D1, and
proliferating cell nuclear antigen (PCNA) expression.
Immunohistochemical staining was carried out with the
labeled streptavidin biotin (LSAB) method using a Dako
LSAB kit (Dako, Carpinteria, CA, USA). Primary antibodies
used for the immunohistochemical staining were as follows:
anti-EGFR rabbit polyclonal antibody (1005; Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA, dilution 1:100),
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anti-Cyclin D1 mouse monoclonal antibody (DOS-6;
Novocasta, dilution 1:50), anti- PCNA mouse monoclonal
antibody (PC-10; DAKO, Glostrup, Denmark, dilution
1:200), and anti-VEGF rabbit polyclonal antibody (A-20;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA,
dilution 1:100).

Formalin-fixed, paraffin-embedded biopsy materials were
cut into 4 pm sections. After deparaffinization with three
changes of xylene, and then dehydration in a graded alcohol
series, the sections were heated in a microwave at S00 W for
5 min three times in 10 mm citrate buffer solution for the
retrieval of antigenicity. Endogenous peroxide activity was
blocked with 3% hydrogen peroxide at room temperature for
10 min. After being rinsed with phosphate-buffered saline
(PBS), the sections were incubated with 10% normal bovine
serum albumin (blocking buffer) in PBS for 30 min in order
to reduce nonspecific background staining. Sections were
then drained off and incubated overnight at 4°C with
primary antibodies. After six rinses in PBS, sections were
incubated with the secondary biotinylated anti-mouse anti-
bodies for cyclin D1 and PCNA, and anti-rabbit antibodies
for EGFR and VEGF for 20 min at room temperature. The
primary antibodies were localized by the sequential appli-
cation of biotinylated anti-mouse~rabbit IgG gout immuno-
globins, streptavidin—peroxide conjugate (Dako, Carpinteria,
CA, USA). Immunostaining was visualized by developing
the slides in diaminobenzidine (DAB) and counterstaining
with Meyer-hematoxylin. Finally, the sections were sub-
jected to alcohol and xylene baths, and then mounted for
examination. For negative controls, the primary antibody
solutions were replaced by the blocking buffer.

StAINING EvALUATION

Immunohistochemical staining was evaluated by two authors
without prior knowledge of the endoscopic response. The
immunoreactivity of EGFR was graded into four groups
according to the intensity of cell membrane EGFR staining
in the whole tumor: high (markedly stronger staining than
normal esophageal epithelium), medium (moderately stron-
ger staining), low (the same staining level as normal epi-
thelium), and negative (fainter staining). Strong and
moderate staining groups were defined as positive for EGFR
expression, in agreement with previous interpretations of
EGFR in esophageal squamous cell carcinoma (10,13,14).
VEGF staining was graded as follows: (a) +, staining inten-
sity in cancer cells was stronger than that in stromal cells;
(b) *, staining intensity in cancer cells was equal to that in
stromal cells; and (c) —, staining intensity in cancer cells
was weaker than that in stromal cells. The cases graded as +
were defined as positive, as described in previous reports
(15). The percentages of cyclin D1-positive tumor cells were
calculated by counting the number of brown-stained tumor
nuclei/total number of cancer cells in the most highly stained
area on a high-power view (x400). Cut-off values were
determined by the following estimation: cyclin D1-positive

Jjudgment was a more than 30% labeling index (16). The
PCNA index was the percentage of nuclei staining positive
(17). A PCNA score greater than 40 was taken as
PCNA-positive.

STATISTICAL ANALYSIS

The x° test and Student’s t-test were used to evaluate the
association between the response of primary lesions and
clinical variables. A logistic regression analysis was used to
control for possible confounding factors. Survival curves of
the patients excluding M, disease were calculated by the
Kaplan—Meier method and analyzed by the log rank test.
Significance was defined as P < 0.05. Statistical analyses
were conducted with the Stat View software (5.0 version)

RESULTS
PATIENT CHARACTERISTICS AND RESPONSE

From July 1994 to July 2003, 62 patients fulfilled the
inclusion criteria of our study, and their characteristics are
presented in Table 1. There were 54 males and eight females
with a median age of 68 years (range, 43—85 years).
Twenty-one patients had tumors in the lower third of the
esophagus, 28 in the middle third, and 13 in the upper third.
All had histologically proven squamous cell carcinoma. In
terms of the T stage, 49 patients had T3 invasion and 13 had
T4 invasion. In terms of the N stage, 10 had N, disease, and
52 patients had N, disease. Twenty two cases of M1 disease
were as follows: M1 LYM (n = 6), liver (n = 9), lung (n =
4), liver and lung (n =2), and liver and bone (n=1).
Sixty-five percent (40/62) belonged to TNM stage II/IT and
the other 22 to stage IV. Primary-CR to CRT was seen in
44% (27/62) of patients. Primary-CR rates in patients with
T3 and T4 were 47% (23/49) and 31% (4/13), respectively.

IMMUNOREACTIVITY

All 62 specimens were immunohistochemically evaluated for
EGFR, cyclin D1, VEGF, and PCNA. Positive cyclin
D1,PCNA immunoreactivities were detected in nuclei,
whereas VEGF immunoreactivities were observed in the
cytoplasm. EGFR expression was seen both on the cell
membrane and in the cytoplasm (Figure 1). Positivity for
EGFR, cyclin D1, VEGF, and PCNA was observed in 21,
21, 24, and 27 of 62 cases (34, 34, 39, and 44%), respec-
tively. Table 2 shows the correlation between the immuno-
histochemical study and endoscopic response. Thirteen
(62%) of the 21 patients with EGFR positivity achieved
primary tumor CR. In contrast, 14 (34%) of the 41
EGFR-negative patients achieved primary tumor CR. The
CR of the primary tumors tended to be higher in the
EGFR-positive than -negative group, and the difference
between the CR of the EGFR-positive and -negative groups
was significant (P = 0.037). These results suggest that the

-789 -



Table 1. Patient characteristics
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Table 2. Association of response with markers

Characteristic Patients
No. %

Median age, years (range) 68 (43-85)
Sex

Male 54 87

Female 8 13
Performance status

0-1 47 76

2 15 24
Location

Upper 13 21

Middle 28 45

Lower 21 34
T stage

T3 49 79

T4 13 21
Node classification

NoO 10 16

N1 52 84
Distant metastasis

MO 40 64

Mia 6 10

Mib 16 26
Stage

I 7 11

m 33 53

IVA 6 10

IVB* 16 26-

Distant metastasis: liver alone 9, lung alone 4, liver + lung 2, liver + bone 1.

immunoreactivity of EGFR in biopsy specimens has a sig-
nificant correlation with the sensitivity to CRT. Other immu-
nohistochemical markers do not show significant correlations
with the sensitivity to CRT. Table 3 shows the correlation

Figure 1. Representative immunohistochemical epidermal growth factor
receptor (EGFR) stainings in biopsy specimens before chemoradiotherapy
(CRT) A, EGFR-positive; EGFR immunostaining is seen in the cell mem-
branes of tumor cells. B, EGFR-negative; Immunostaining is not seen in any
cell membranes.
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No. of Primary response P-value
patients (%)
CR Non-CR
(n=27) (n=135)
EGFR
High 21 (34%) 13 8
expression
Low 41 (66%) 14 27 0.0370
expression
Cyclin D1
High 21 (34%) 10 11
expression .
Low 41 (66%) 17 24 0.6436
expression
VEGF
High 24 (39%) 11 13
expression
Low 38 (61%) 16 22 0.7731
expression
PCNA
High 27 (44%) 11 16
expression
Low 35 (56%) 16 19 0.4107
expression

All patients (12 == 62). CR, complete response; EGFR, epidermal growth
factor receptor; VEGF, vascular endothelial growth factor; PCNA,
proliferating cell nuclear antigen.

between each T stage and immunochistochemical markers. In
T3 stages, similar results were obtained concerning EGFR
(P = 0.07). However, there were no significant correlations
between immunohistochemical markers and each T stage.
On multiple logistic regression analysis, only EGFR was
shown to be a significant predictor of primary CR in T;_4
esophageal SCC (Table 4).

SURVIVAL

Patients with local disease (My) comprised 40 cases. With a_
median follow-up of 11 months, the median survival time
(MST) of all patients with T;_4M, esophageal cancer given
CRT was 16 months. Figure 2 shows the survival curves
according to EGFR expression using Kaplan—Meier analysis.
The MST of the EGFR-positive group was 18 months, and
the MST of the EGFR-negative group was 19 months. There
was no difference between the groups concerning EGFR
expression (P = 0.645). Seven patients are still alive. The
causes of death in the 33 patients who died consisted of
21 cases of locoregional disease (EGFR+, 6; EGFR —, 15),
11 cases of distant disease (EGFR+, 6, EGFR—, 5), and
one case of treatment-related death due to radiation pneumno-
nitis. There were no significant differences in the EGFR
status and relapse site (P = 0.518).
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Table 3. Association between markers and T stage, with CR rate in each stage

Depth Response EGFR Cyclin D1 VEGF PCNA
(response rate)
+ - P + - P + - P + - P
T3 CR (47%:23/49) 10 13 8 15 9 14 15
0.07 0.99 0.96 0.28
Non-CR (53%:26/49) 5 21 9 17 10 16 13 13
T4 CR (30%:4/13) 3 1 2 2 2 2 3 1
0.16 032 0.57 0.16
Non-CR (70%:9/13) 3 6 2 7 3 6 3 6

+: positive; —: negative.

DISCUSSION

In this study, we evaluated the usefulness of molecular bio-
logical markers for the prediction of the effectiveness of
definitive CRT in patients with advanced esophageal cancer
(T3-4). In patients with esophageal cancer, definitive CRT
is often performed as a radical treatment, and whether
primary CR can be achieved is very important. This study
focused on the relationships between molecular biological
markers and primary CR. Therefore, even M1 patients who
underwent CRT for the primary lesion and in whom the
responses were evaluable were included in the subjects. In
this study, EGFR positive patients correlated with primary
CR on multivariate analysis. However, the expression of
cyclin D1, VEGF, or PCNA was not correlated with the
response to CRT. By nature, EGFR is not only involved in
the proliferation of tumor cells when stimulated by EGF, but
also involved in their infiltration, metastasis, and angiogen-
esis. If tumor vessels are generated more vigorously in deep
areas of the tumor in EGFR-positive patients among those
with T3-4 highly invasive esophageal cancer, tumor cell
proliferation is considered to contribute to high radiosensitiv-
ity, because cells are reported to be three times more radio-
sensitive in the presence of oxygen than in a severely
hypoxic condition (22). Since the distribution of the drug to

Table 4. Multiple logistic regression analysis for primary CR of 62 T,_,
patients treated with CRT

Factory Category Odfis 95% CI P
ratio

EGFR - VS + 0274 0.083-0.906 0.0338
Cyelin D1 - VS + 0.753 0.233-2.431 0.6352
VEGF - VS + 1.104 0.336-3.626 0.8704
PCNA - VS + 1.179 0.365—3.810 0.7830
T stage T; VST, 2.671 0.608—11.746 0.1934
N stage 0VS1 0.503 0.099-2.546 0.4059
M stage 0VSl1 1.230 0.364-4.153 0.7386

95% Cl, 95% confidence interval.

the lesion increases if more vessels are supplying the tumor,
the increase in oxygen and drug transport to the lesion in the
EGFR-positive patients may contribute to high radio-
chemosensitivity. However, when the relationship between
the EGFR expression and outcome was examined in 40
patients, excluding those with distant metastasis (M1), the
median survival period was 18 months in the EGFR-positive
group and 19 months in the EGFR-negative group, with no
significant difference (P = 0.65). Also, no difference was
observed in the first relapse site between the two groups.
There have been reports on the relationship between the
outcome of surgically treated esophageal cancer and EGFR
overexpression in surgical specimens (8,9,11), and the out-
comes of tumors over-expressing EGFR were poor in all
these reports. In particular, Kitagawa et al. reported that the
median survival period was 9 months in patients with EGFR
gene amplification but 42 months in those without EGFR
gene amplification in 107 patients (P < 0.01) after radical
surgery for esophageal cancer, and concluded that EGFR
gene amplification is an independent prognostic factor. In
our study, the survival rate of EGFR-positive patients
appeared better by radical CRT, while positive EGFR has
been regarded as a poorer prognostic factor after surgery.

Loglank test P=0.86

o - s EGFR positive
g
B - EGFR negative
z
a gative MST;

Ol e Y SO

¢ EGFR positive MST:18months

T T T

0 500 1000 1500 2000 2500 3000
Time (day} :

Figure 2. The Survival curves for 40 patients with Ts.4 M, (M1 cases were
excluded from the analysis of survival analysis) esophageal squamous cell
carcinoma received CRT, according to EGFR. Overall survival is almost
same both positive EGFR and negative EGFR. MST, median survival time.
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Local recurrence and distant metastasis were observed
regardless of the EGFR expression, so that EGFR expression
may not be a prognostic factor in radical CRT for locally
advanced esophageal cancer.

Recently, various therapeutic strategies incorporating CRT
such as neoadjuvant chemotherapy and radical CRT have
been evaluated to improve the therapeutic results in esopha-
geal cancer. There have been various opinions put forward
regarding preoperative adjuvant CRT. The survival rate
improved significantly with preoperative CRT compared with
surgery alone in some reports (18), but no significant differ-
ence was noted in other reports (19,20), and its significance
remains controversial. There is also a report that the outcomes
were better in those who obtained a pathologic complete
response (pCR) by preoperative CRT than in those who did
not (21). Concerning the curability of treatment for advanced
localized esophageal cancer, there was no clear difference
between surgery and radical CRT, and even local advanced
esophageal cancer impossible to curatively resection has been
reported to be cured by CRT alone in some patients (3,4).
Therefore, if predictive factors of the effectiveness of CRT
can be found, more appropriate design of treatment for each
patient may become possible, leading to an improvement in
the outcome. In our present study, a close correlation was
observed between the EGFR expression of biopsy specimens
from primary lesions of esophageal cancer before treatment
and primary-CR with CRT, but the high probability of recur-
rence even after CR cannot be ignored. Even in patients who
are expected to respond markedly to CRT, salvage surgery
must always be considered. On the other hand, surgery
without CRT may be a better option in some patients who are
not expected to respond sufficiently to CRT to avoid
treatment-related death such as radiation pneumonitis. We
hope that EGFR helps with the selection of treatment in the
future and contributes to improvement in the outcome through
optimization of individualized treatment. However, further
studies including prospective ones are considered to be
necessary to establish the usefulness of this biologic marker.
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Background: Recently, attention has been directed to concurrent chemoradiotherapy (CRT)
for the treatment of squamous cell carcinoma of the esophagus with regard to efficacy,
quality of life and functional preservation, and survival periods comparable to those after stan-
dard surgical therapy have been reported in responders to CRT. However, there are some
non-responders to CRT, and the prediction of the outcome after CRT is an important subject
for future studies. In this study, using biopsy specimens obtained before CRT, we evaluated
the relationships between biological markers and the outcome after CRT in order to deter-
mine the prognostic factors of CRT.

Methods: The subjects were 51 patients (42 males and nine females: median age 68 years).
who were histologically confirmed to have squamous cell carcinoma of the esophagus at
stage Il or Hl (UICC). Concurrent CRT consisting of chemotherapy using 5FU and CDDP and
radiation therapy (60 Gy) was performed as the initial treatment, and the relationships of over-
expression of EGFR, p53, VEGF, PCNA and CyclinD1 were examined immunohistochemi-
cally in biopsy specimens collected before treatment. Overall survival was estimated by
muitivariate analysis. '

Results: The percentages of patients overexpressing p53, VEGF, PCNA, CyclinD1, and
EGFR were 33, 31, 37, 31 and 29%, respectively. On multivariate analysis, T stage (P =
0.0393) and PCNA (P = 0.0302) were found to be significant prognostic factors.
Conclusions: PCNA overexpression appears to be a prognostic factor for squamous cell car-
cinoma of the esophagus after CRT.

Key words: esophageal squamous cell carcinoma — chemoradiotherapy — PCNA — overall survival

INTRODUCTION

The mortality rate due to esophageal cancer in Japan has
remained unchanged in males and has gradually increased in
females during the past 20 years, and deaths due to the
disease account for 3.6% of all deaths from malignant neo-
plasms (1). In Japan, more than 90% of esophageal cancers
are squamous cell carcinomas, which are relatively sensitive
to chemotherapy and/or radiation therapy. However, esopha-
geal cancer is likely to develop lymph node metastases and
distant metastases at an early stage, and many patients are
treated after the disease has advanced with a poor prognosis.
Therefore, an improvement in the therapeutic results is a
major clinical target. Presently, the standard treatment for

For reprints and all correspondence: Takayuki Kii, Department of Internal
Medicine II, Osaka Medical College, 2-7 Daigakumachi, Takatsuki, Osaka
569-0801, Japan. E-mail: in2058@poh.osaka-med.ac.jp

esophageal cancer is surgical resection in Japan. Although
the results of surgical treatments such as three-field lympha-
denectomy are improving, the 5-year survival rate in all sur-
gically treated patients between 1988 and 1997 (11 642
patients) was only 36.1%, and esophageal cancer remains a
disease with poor prognosis (2—4). In the 1980s, chemora-
diotherapy (CRT) was introduced for stage I-1V esophageal
cancer primarily in Western countries (5), and a subsequent
phase III trial (RTOG85-01 study) comparing the outcomes
of T1-3/N0-1/MO esophageal cancers between a chemora-
diotherapy group and radiotherapy alone group concluded
chemoradiotherapy to be the standard non-surgical treatment
on the basis of a significantly longer survival period (6,7).
Then, in the 1990s, the therapeutic results of CRT as a non-
surgical treatment for esophageal cancer began to be
reported from various institutions to attract attention. Ohtsu
et al. (8) reported the clinical results in T4 and/or M1
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lymph node locally advanced esophageal cancers
(JCOG9516) as follows: complete response (CR) rate 15%,
response rate 68.3%, median survival period 8.4 months
and 2-year survival period 31.5%. These were comparable
to those of conventional surgical treatments in similar cases
(9—12). Hironaka et al. retrospectively compared the results
of CRT and surgery alone in UICC-stage II or III (T4
excluded) patients and reported no difference in the 5-year
survival rate between the two groups (46 versus 51%) (13).
In the present decade, the results of comparative studies
 between definitive CRT and surgery have been reported
from Europe. In France, a randomized phase III trial was
performed by treating the responders with introductory CRT
by continued definitive CRT or surgery. In Germany, a
randomized comparative trial of introductory chemotherapy
followed by CRT +surgery or definitive CRT was
performed. In both trials, the survival rate did not differ
significantly in the responders to the introductory chemo-
therapy or CRT regardless of whether they were sub-
sequently treated by CRT or surgery (14,15).

Thus, as the reported results of CRT in patients with eso-
phageal cancer were comparable to those of conventional
surgical therapy, evaluation of prognostic factors in patients
undergoing CRT as well as those undergoing surgery
has become important in order to set out the therapeutic
strategy. Various factors have been evaluated as possible
prognostic factors of esophageal cancer, primarily in surgi-
cally treated patients: p53, bax and bcl-2 related to apopto-
sis, cyclinD1, P16, P21 and PCNA related to the cell cycle,
and EGFR, TGF-«, HER-2neu and KI1-67 related to growth
regulation, VEGF related to angiogenesis, and ERCCI
related to DNA repair (16). Among them, the expressions
of p53 (17), EGFR (18), PCNA (19,20) VEGF have been
reported to be associated with poor outcomes after surgery
alone (21) and the expression of CyclinD1 has been
reported to be associated with poor outcomes after pre-
operative CRT (22,23).

In this study, we immnohistochemically examined biopsy
specimens of stage II or III squamous cell carcinomas of the
esophagus obtained before definitive CRT in order to find
out if any prognostic factors that have been evaluated in sur-
gical cases are overexpressed. We also retrospectively evalu-
ated the relationships of their overexpression with the total
survival time.

PATIENTS AND METHODS
SuUBJECTS

The subjects were 51 patients who underwent chemora-
diotherapy at Osaka Medical College Hospital between
July 1994 and July 2003 who fulfilled the following criteria:
(1) those histologically confirmed to have squamous cell car-
cinoma of the esophagus; (2) those previously untreated for
the disease; (3) those aged 80 years or less; (4) those in
whom the disease was stage II or III according to the

-794 -

International Union against Cancer Tumor-node-metastasis
(TNM) Classification, 6th edn, 2002; (5) those in a 0—2
Eastern Cooperative Oncology Group Performance status;
(6) those who retained functions of major organs (bone
marrow, heart, liver, and kidney); and (7) those who sub-
mitted informed consent.

TREATMENT SCHEDULE

Chemotherapy consisted of the protracted infusion of 5-FU
400 mg/m*/day on days 1-5 and 8—12 combined with
CDDP 40 mg/m® with adequate hydration and antiemetic
coverage on days 1 and 8. This schedule was repeated twice
every 5 weeks. Radiation therapy using megavoltage X-rays
was started on day 1 concomitantly with chemotherapy. The
planned target volume for carcinoma of the upper or middle
third esophagus included the primary tumor with a 3 cm
margin craniocaudally, metastatic nodes with a 1-1.5 cm
margin, supraclavicular fossa and mediastinum. For carci-
noma of the lower third esophagus, the field was extended to
include the perigastric nodes, and the supraclavicular fossa
was excluded if the cervical nodes tested negative. When the
planned volume included both the supraclavicular fossa and
upper abdominal nodes, a daily dose of 2.0 Gy was allowed.
A 2-week interval took place after a dose of 30 Gy.
Radiation therapy was restarted on day 36 along with the
same schedule of chemotherapy as before. The irradiation
techniques used were anterior- and posterior-opposed
equally weighted beams up to a dose of 40 Gy. Then, the
radiation portals were changed to shield the spinal cord and
to craniocaudally encompass the primary tumor with a
2—3 cm margin. Metastatic nodes were encompassed with a
1—1.5 cm margin. The radiation dose to the spinal cord was
kept at a maximum of 50 Gy. The homogeneity of the dose
within the planned target volume was within +10% of the
prescribed dose. For patients treated with prophylactic fil-
grastim, a daily dose of 75 pg/total body was administered
subcutaneously during the period between days 18 and 31.
The treatment was discontinued when disease progression,
patient refusal or delay of recovery from the toxicity in
excess of 6 weeks from the initiation of the treatment
occurred (8).

CLmNicAL RESPONSE

Clinical responses were assessed by endoscopy, barium eso-
phagogram and CT in accordance with the response criteria
given by the Japan Society of Clinical Oncology: complete
response (CR), the complete disappearance of clinical evi-
dence of existing lesions for over 4 weeks; partial response
(PR), a >50% reduction in the sum of the products of two
perpendicular measurements taken of all measurable lesions
lasting for over 4 weeks; no change (NC), change in tumor
<50% over 4 weeks; progressive disease (PD), a >25%
increase in the sum of the products of two perpendicular



measurements taken of an evaluable lesion or the appearance
of new lesions (24).

IMMUNOHISTOCHEMICAL STAINING METHODS

Pretreatment endoscopic biopsy specimens from 51 patients
were assessed for p53, EGFR, cyclin D1, PCNA and VEGF
expression. Immunohistochemical staining was carried out
with the labeled streptavidin biotin (LSAB) method using a
Dako LSAB kit (Dako, Carpinteria, CA, USA). Primary anti-
bodies used for the immunohistochemical staining were as
follows: anti-human p53 protein mouse monoclonal antibody
(DO-7, DAKO, Glostrup, Denmark, dilution 1 :50);
anti-EGFR rabbit polyclonal antibody (1005; Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA, dilution 1 : 100),
anti-cyclin D1 mouse monoclonal antibody (DOS-6;
Novocasta, dilution 1 : 50), anti- PCNA mouse monoclonal
antibody (PC-10; DAKO, Glostrup, Denmark, dilution
1 :200) and anti-VEGF rabbit polyclonal antibody (A-20;
Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA,
dilution 1 : 100).

Formalin-fixed, paraffin-embedded biopsy materials were
cut into 4 pwm sections. After deparaffinization, the sections
were incubated in a microwave oven for 10 min three times,
and incubated on 0.3% H,0,. Then these sections were incu-
bated with the primary antibodies. After six rinses in
phosphate-buffered saline (PBS), sections were incubated
with the secondary biotinylated anti-human p53 protein
mouse monoclonal antibody, anti-mouse antibodies for
cyclin D1 and PCNA, and anti-rabbit antibodies for EGFR
and VEGF for 20 min at room temperature. The primary
antibodies were localized by the sequential application of
biotylinated anti-mouse—rabbit IgG gout immunoglobins and
streptavidin—peroxide conjugate (Dako, Carpinteria, CA,
USA). Immunostaining was visualized by developing the
slides in diaminobenzidine (DAB) and counterstaining with
Meyer-hematoxylin. Finally, the sections were subjected to
alcohol and xylene baths, and then mounted for examination.
For negative controls, the primary antibody solutions were
replaced by the blocking buffer.

METHOD FOR EVALUATION OF IMMUNOHISTOCHEMICAL RESULTS

The immunoreactivity of EGFR was graded into four groups
according to the intensity of cell membrane EGFR staining
in the whole tumor: high (markedly stronger staining than
normal esophageal epithelium), medium (moderately stron-
ger staining), low (the same staining level as normal epi-
thelium) and negative (fainter staining). Strong and moderate
staining groups were defined as positive for EGFR
expression, in agreement with previous interpretations of
EGFR in esophageal squamous cell carcinoma (18,25,26).
VEGF staining was graded as follows: (a) +, staining inten-
sity in cancer cells was stronger than that in stromal cells;
(b) +, staining intensity in cancer cells was equal to that in
stromal cells; and (c) —, staining intensity in cancer cells
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was weaker than that in stromal cells. The cases graded
as + were defined as positive, as described in previous
reports (27). The percentages of cyclin D1-positive tumor
cells were calculated by counting the number of brown-
stained tumor nuclei/total number of cancer cells in the
most highly stained area on a high-power view (x400).
Cut-off values were determined by the following estimation:
cyclin D1-positive judgment was a more than 30% labeling
index (28). PCNA was calculated as the percentage of
PCNA-positive cancer cells by counting more than 1000
cancer cells in more than three fields of a specimen with
x400 magnification microscopy without knowing any
clinical information. For the endoscopic biopsy specimens,
PCNA were counted at the site of the maximum number of
positive nuclei in the whole tumor. Only strong nuclear
staining was regarded as positive, and weak nuclear or
cytoplasmic staining was regarded as negative (19,20,29).
The PCNA index was the percentage of nuclei staining
positive (30). A PCNA score greater than 40 was taken as
PCNA-positive. Also, tumors in which positive nuclei were
observed in 20% or more cells were considered to be over-
expressing p53. The results of immunohistochemical
staining were evaluated by two pathologists without being
informed of endoscopic findings.

STATISTICAL ANALYSIS

The survival time was calculated from the date of treatment
initiation to that of death from any cause or to the last date
of confirmation of survival. We estimated survival curves
using the Kaplan—Meier method and compared them with
the log—rank test. Relative risks and their 95% confidence
intervals (Cls) of chemoradiotherapy were estimated using
the univariate Cox regression model adjusting for gender,
age, performance status, tumor location, T stage, N stage,
p53, EGFR, cyclin D1, PCNA and VEGF, and the multi-
variate Cox regression model adjusting for T stage, PCNA
and VEGF. Statistical analyses were performed using Stat
View software 5.0.

Statistical analysis concerning risk factors was performed
by Student’s #-test and the x2-test.

RESULTS

CHARACTERISTICS OF PATIENTS AND RESULTS OF
IMMUNOHISTOCHEMICAL STAINING

The median age of the patients, comprising 42 males (82%)
and nine females (18%), was 68 years (range 4380 years).
The performance status (PS) was 0/1 in 44 patients (84%),
and the general condition was good in many patients. The
location was the middle in 26 (50%). The T stage was T3/T4
in 40 (78%) and T1/T2 in 11 (22%). Lymph node metastasis
was detected by CT or EUS in 39 (76%). The UICC stage
was II in 18 and III in 33. The percentages of patients over-
expressing various biological markers were 37% (19/51) for
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PCNA, 33% (17/51) for p53, 31% (16/51) for cyclinD1,
29% (15/51) for EGFR and 31% (16/51) for VEGF. Clinical
response was CR in 55% (28/51), PR in 31% (16/51), SD in
8% (4/51) and PD in 6% (3/51; Table 1). It was PR, SD or
PD in 23 patients, of whom five underwent surgery, three
gastrostomy, eight chemotherapy and seven best supportive

Table 1. Patient characteristics

Factor Number of patients %
Age Range 4380

(median)(68)
Sex

Male 42 82

Female 9 18
PS

0,1 44 84

2 7 16
Location

Upper 12 24

Middle 26 51

Lower 13 25
Primary tumor

T1/T2 11 22

T3/T4 40 78
Regional lymph nodes

NO 12 24

N1 39 76
Stage 11 18 35

m 33 65
PCNA High expression 19 37

Low expression 32 63
pS3 High expression 17 33

Low expression 34 67
CyclinD1 High expression 16 32

Low expression 35 68
EGFR High expression 15 29

Low expression 36 71
VEGF High expression 16 31

Low expression 35 69
Clinical response

CR 28 55

PR 16 31

SD 4 8

PD 3

All patients (n = 51). PS, performance status; PCNA, proliferating cell
nuclear antigen; EGFR, epidermal growth factor receptor; VEGF, vascular
endothelial growth factor; CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease.
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care. Of these patients, PCNA was positive in 48% (11/23)
and the T stage was T3/4 in 91% (21/23).

OVERALL SURVIVAL

The median survival time (MST) in all 51 patients with
clinical stage II or III squamous cell carcinoma of the eso-
phagus who underwent CRT was 553 days. The MST in
clinical stage II patients was 807 days, and that in clinical
stage III patients was 495 days (P = 0.1313), with no signifi-
cant difference, but it was ‘not reached’ in T1/T2 patients
and 485 days (P = 0.0125) in T3/T4 patients, with a signifi-
cant difference. Concerning biological markers, the MSTs of
patients with low and high VEGF expression were 669 and
352 days (P = 0.0474), and those of patients with low and
high PCNA expression were 766 and 491 days (P = 0.0045),
respectively, with significant differences (Figs 1 and 2). The
MSTs of patients with low and high EGFR expression
were 776 and 553 days (P = 0.9326), those of patients with
low and high cyclinD1 expression were 553 and 669 days
(P = 0.7275), and those of patients with low and high p53
expression were 491 and 669 days (P = 0.9368), respect-
ively; no significant difference was observed.

Survival curves for 51 patients with stage 1. lll esophageal squamous celt

given defintive accroding to T stage.
1.04 . :
B o TiT2
0.8 - %a MST, not reached
e P
LaN heoee
=
g 0.4 log rank P = 0.0125
w
0.2 1
T3M4
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Time (days) .

Figure 1. Overall survival according to tumor.

Survival curves for 51 patients wilh stage 1, 1 esophageal squamous
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Figure 2. Overall survival according to proliferating cell nuclear antigen.



UNIVARIATE ANALYSIS: THE COX PROPORTIONAL
HazarDs MoDEL

On univariate analyses, no difference was observed in the
outcome according to sex, PS, location, N stage or clinical
stage, but, according to the T stage, the outcome was better
in T1/T2 patients than in T3/T4 patients (P = 0.0190, rela-
tive risk =0.286, 95% CI=0.101-0.814; Table 2).
Concerning the biological markers, the outcome was better
in the low VEGF expression group than the high expression
group (P = 0.0515) and in the low PCNA expression group
than in the high expression group (P = 0.0060; Table 3).

MULTIVARIATE ANALYSIS: YHE Cox PROPORTIONAL
HazArps MobDEL

Multivariate analysis was performed using the T stage and
PCNA, which showed significant differences on univariate
analysis, and VEGF, which showed a slight change on
univariate analysis. Among the T stage, PCNA and VEGF,
T stage and PCNA (P = 0.0302, relative risk = 0.438, 95%
CI = 0.208—0.924) were independent prognostic factors
(Table 4).

RELATIONSHIPS OF BI0LOGICAL MARKERS AND CLINICAL
RESPONSE wiTH VARIOUS FACTORS

Concerning the relationships of PCNA with various clinical
factors, eight patients (8/19, 42%) showed high PCNA
expression and were positive for lymph node metastasis and
28 (28/32, 87%) showed low PCNA expression and were
positive for lymph node metastasis; a significant correlation
(P =0.0160) was observed between PCNA and lymph node
metastasis. Immunohistochemically, the expression of both
PCNA and p53 was high in 10 (10/19, 53%) and low in 25

Table 2. Relative risk and 95% CIs from univariate analysis

Univariate
Relative risk  95% Cl P

Sex male : female 0.657 0.286—1.508 0.3213
PS 0/1:2 0.670 0.234-1917 0.4555
Location

Upper (reference) 1.00

Middle 0.661 0.296—-1.474 0.7418

Lower 1.152 0.486—2.729  0.4653
Tumor

T1/T2:T3/T4 0.286 0.101-0.814  0.0190
Lymph nodes NO:NI 1.060 0.479-2.343 0.8864
Stage Io: oI 0.571 0.274—1.193  0.1363
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Table 3. Relative risk and 95% Cls from univariate analysis

Univariate

Relative 95% Cl P
risk

EGFR
Low expression:high expression 1.031  0.506-2.101 0.9326
Cycline D1

Low expression:high expression 0.883  0.438-1.778 0.7277

P53

Low expression:high expression 0.972  0.484—1.952 0.9368
VEGF

Low expression:high expression 0.506  0.255-1.005 0.0515
PCNA

Low expression:high expression 0.387  0.197-0.762 0.0060

Univariate analysis for 51 patients with stage I, Il esophageal squamous
cell carcinoma given definitive chemoradiotherapy, according to molecular
factors.

(25/32, 78%), indicating a correlation between PCNA and
p53 (P = 0.0243). No correlation was noted between PCNA
and the T stage. p53, EGFR, VEGF, PCNA or CyclineD1
showed no correlation with clinical response. Similarly, no
correlation was noted between the T stage and clinical
response.

DISCUSSION

As therapeutic results similar to those by surgical treatment
were reported to have been obtained by definitive CRT in
esophageal cancer (8,13), it has become of importance to
examine prognostic factors in patients undergoing CRT as
well as those undergoing surgery to evaluate the therapeutic
strategies against the disease. In this study, we evaluated the
relationships between clinical and immunohistochemical bio-
logical markers and the outcome in patients with stage II or
HI squamous cell carcinoma of the esophagus who under-
went definitive CRT alone as the initial treatment. The

Table 4. Multivariate analysis of the tumor, VEGF, PCNA for overall
survival

Multivariate
Relative risk 95% Cl P
T 0.322 0.110-0.946 0.0393
VEGF 0.903 0.417—-1.956 0.7957
PCNA 0.438 0.208—0.924 0.0302

Univariate analysis for 51 patients with stage 11, III esophageal squamous
cell carcinoma given definitive chemoradiotherapy, according to clinical
factors. Cl, confidence interval.

Multivariate analysis of 51 patients with stage II, I esophageal squamous
cell carcinoma given definitive chemoradiotherapy, according to T stage,
VEGF, PCNA.
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relationship between the results of surgery and biological
markers have already been evaluated, and the outcome of
surgery alone has been reported to be poor in those
expressing p53 (17). EGFR (18) and VEGF (21). The
outcome of preoperative CRT was reported to be poor in
those expressing cyclinD1 (22,23). Concerning patients
showing high PCNA expression, Kinugasa et al. (20)
reported that the outcome after surgery alone was poor,
and Yasunaga et al. (19) reported that the outcomes after
surgery alone and preoperative chemotherapy + surgery
were poor. Also, Okuno et al. (31) reported that the
outcome after radiation therapy alone was poor, and
Hickey et al. (29) reported that the outcome of preopera-
tive CRT + surgery was poor, in patients showing high
PCNA expression. However, there has not been a report
on the relationship between PCNA and the prognosis in
patients with squamous cell carcinoma of the esophagus
who underwent definitive CRT alone. In this study the
outcome after definitive CRT was favorable in patients
showing low PCNA expression, indicating that the T stage
and PCNA were independent prognostic factors.

In definitive CRT for advanced esophageal cancer, the
DNA of cancer cells is considered to be damaged by radi-
ation and chemotherapy (5-FU/CDDP), p53 to be expressed,
apoptosis to be induced by p53, and p21, which binds to
PCNA, to be induced to protract the G1 period. The tumor
suppression gene p53 induces apoptosis and regulation of
the cell cycle by positively or negatively adjusting the
expression of many genes as a transcription factor and
causing arrests in the cell cycle in response to DNA damage.
Also, PCNA is involved in DNA repair and replication as
well as exhibiting other gene control functions and acts as a
binding mechanism of other proteins requiring interactions
with DNA. PCNA and p53 are considered to be interrelated
in the cell cycle and to be associated with each other in the
proliferation of cancer cells. In this study, a correlation (P =
0.0243) was observed between the expression of PCNA and
that of p53. It has been reported that squamous cell carci-
nomas positive for p53 often show high PCNA expression
(32). Since the prognosis is poor in patients showing high
PCNA expression, our results are considered to be biologi-
cally plausible. While the PCNA expression has been related
to the outcome of squamous cell carcinoma of the esopha-
gus, Kinugawa et al. (20), who studied the outcomes of
patients after surgery alone, reported a correlation between
the T stage and PCNA, but Okuno et al. (31), who per-
formed radiotherapy alone, reported no correlation between
PCNA and the T stage. In this study, PCNA was an indepen-
dent prognostic factor after definitive CRT, but no corre-
lation was observed between PCNA and the T stage. Also,
an inverse correlation was observed between PCNA and
lymph node metastasis. This result may be explained by the
fact that the N stage was determined not pathologically but
clinically. However, the number of samples analyzed was
small in this study, and our results need to be confirmed by
increasing the number of patients.
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In conclusion, the outcome was better in patients with low
PCNA expression than those with high PCNA expression,
indicating that the expression of PCNA affects the total sur-
vival time. Also from previous reports, the outcome is con-
sidered to be favorable in low PCNA expression patients by
either surgery or definitive CRT. In contrast, the outcome of
high PCNA expression patients is presently poor by surgery
alone, preoperative CRT + surgery, or CRT alone, so that
the development of new therapies, particularly the advent of
new agents, is awaited.
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Objective: The primary objective of this study was to explore the efficacy and safety of com-
bined chemotherapy with CPT-11 and UFT in patients with advanced/metastatic colorectal
cancer.

Methods: Twenty-two patients with metastatic colorectal cancer were enrolled in the phase |
trial and 35 patients (including eight patients treated at level 4 during phase ) were evaluated
in the phase I trial. Treatment consisted of two 35-day cycles of combination chemotherapy
with CPT-11 and UFT. During phase |, CPT-11 was administered on days 1 and 15 as an
lntravenous infusion over 90 min at four different dose levels, starting from a dose of 80 mg/
m? (level 1). During phase II, the dose of CPT-11 was fixed at 150 mg/m? based on the
results of the phase | study. UFT was administered orally at a fixed dose of 300 mg/m? on
days 1-28, followed by a 1-week drug holiday, during each course (35 days).

Results: The maximum tolerated dose (MTD) of CPT-11 was determined to be 150 mg/m?
during the phase | trial. The major toxicities detected during phase Il in 35 patients receiving
CPT-11 at this recommended dose were grade 3/4 neutropenia in nine patients (25.7%) and
grade 3/4 anorexia in six patients (11.4%). No severe adverse events occurred. The overall
response rate and the median overall survival time was 22.9% (8/35) and 23.9 months for all
patients, respectively. For pre-treated patients they were 26.3% (5/19) and 25.1 months,
respectively.

Conclusion: This combination of CPT-11 and UFT is considered to be both feasible and
relatively safe. The response rate of the patients receiving CPT-11 at a dose of 150 mg/m?
_ was comparable to that reported previously for 5-FU-based regimens coupled with CPT-11,
and this regimen can probably be beneficial for patients with pre-treated advanced colorectal

cancer on an outpatient basis.

Key words: colorectal cancer — chemotherapy — CPT-11 — UFT — oral fluoropyrimidine

INTRODUCTION

The 5-fluoropyrimidines have been key drugs in the treat-
ment of metastatic colorectal cancer for over 50 years
(1). With respect to the inhibition of thymidylate synthase
(TS), which accounts for the major antitumor effect of
S-fluorouracil (5-FU), numerous studies on the combined
administration of 5-FU and leucovorin (5-FU/LV) had
been performed and a 5-FU/LV regimen was established as
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international standard chemotherapy for patients with
advanced colorectal cancer in the 1990s (2-5). However,
it has not necessarily contributed to prolongation of
survival although combination with LV increased response
rate (6).

More recently, newer drugs like irinotecan (CPT-11) and
oxaliplatin have become available and are expected to con-
tribute to an increase of therapeutic efficacy by combined
use with 5-FU. CPT-11, a potent topoisomerase I inhibitor,
is a derivative of camptothecin that was developed in Japan
(7). It has been shown to be effective for various malignan-
cies, including lung cancer, cervical cancer, ovarian cancer,
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breast cancer and malignant lymphoma, as well as for gastro-
intestinal tumors such as stomach cancer or colorectal
cancer. The response rate to CPT-11 monotherapy as first-line
or second-line treatment for colorectal cancer has been reported
to be 15-32% (8—13). CPT-11 has also shown activity against
5-FU-resistant colorectal cancer (14,15). The efficacy of
CPT-11 in combination with 5-FU (bolus administration or
continuous infusion) and leucovorin was examined in several
large-scale studies and finally the combination of CPT-11/
5-FU/LV was established as first-line chemotherapy for
advanced colorectal cancer (16,17). However, intravenous
administration of 5-FU and leucovorin, especially by continu-
ous infusion that has been shown to be most effective, is some-
what complex and inconvenient as outpatient therapy. If an
alternative to continuous infusion of 5-FU could be developed
with the same efficacy, it would be more convenient and
beneficial for patients with colorectal cancer.

It is interesting to note in this context that evidence has
been accumulating that various oral fluoropyrimidines,
including tegafur/uracil (UFT), capecitabine and TS-1, may
be as effective as intravenous 5-FU (18—20). Besides intra-
venous administration of 5-FU, oral 5-FU and its derivatives
have long been used to treat cancer in Asian countries,
including Japan. Despite previous criticism of the employ-
ment of oral fluoropyrimidines as a substitute for intravenous
administration of 5-FU, especially in Western countries, the
clinical usefulness of these oral drugs have been re-evaluated
since the mid 1990s. Among several oral 5-FU derivatives,
tegafur/uracil (UFT; Taiho Pharmaceutical Co. Ltd., Tokyo,
Japan) is a combined drug that contains tegafur and uracil at
a molar ratio of 1:4. It has been widely used in Japan, where
it has been demonstrated that UFT at doses of 300—600 mg/
day is well tolerated and shows activity against various solid
tumors (18). UFT was reported to have the same AUC as
equimolar intravenous 5-FU and shows similar pharmacoki-
netics to those obtained with continuous infusion of 5-FU
(21). This is considered to be due to the gradual conversion
of UFT into 5-FU and inhibition of the 5-FU degrading
enzyme, dihydropyrimidine dehydrogenase (DPD), by the
uracil component of UFT (22). Because of these unique
characteristics as a DPD-inhibitory fluoropyrimidine, UFT
has been expected to become a substitute for intravenous
5-FU in various regimens. Ohtsu et al. performed a phase II
study of combination of CPT-11 and infusional 5-FU
without LV, and reported promising results with a response
rate of 45% and lower toxicity (23). The Spanish TTD group
reported that infusional 5-FU plus oxaliplatin without LV
(FUFOX) was effective and well tolerated (24). Moreover,
oral LV was not commercially available for colorectal cancer
treatment in Japan at that time. Therefore, we designed this
study to determine the maximum tolerated dose (MTD) of
CPT-11 and to explore the preliminary therapeutic efficacy
of a combination of CPT-11 and UFT in patients with
advanced colorectal cancer. If CPT-11/UFT was as effective
as CPT-11/5-FU/LV, while causing less toxicity, it could
be better tolerated as first-line or second-line chemotherapy

for colorectal cancer, especially when performed on an
outpatient basis.

PATIENTS AND METHODS

ELIGBILITY

Patients enrolled in this study were required to have histo-
logically proven adenocarcinoma of the colon or rectum that
was considered to be inoperable and to have at least one
measurable metastasis (RECIST criteria). Patients also had
to be older than 18 years and aged under 75 years, be
expected to survive for more than 3 months after starting
chemothberapy, have a performance status of 0—1 on the
Eastern Cooperative Oncology Study Group (ECOG) scale,
and have no problems with oral intake.

Other eligibility criteria included a white blood cell count
of 4000—12 000/mm>, a neutrophil count >2000/mm?, a
platelet count >100 000/mm?®, a hemoglobin >8.9 g/dl,
AST and ALT <2.5 times the institutional upper limit of
normal (ULN) total bilirubin <1.5 mg/dl, and creatinine
< the ULN.

Exclusion criteria included the following: previous
CPT-11 treatment; concomitant treatment with other che-
motherapy agents or radiation within the previous 2 weeks
or failure to recover from adverse effects; interstitial pneu-
monia or pulmonary fibrosis causing chest X-ray changes or
symptoms (or a history of these diseases); a fluid collection
in a body cavity that needed treatment; concurrent active
cancer originating from a site other than the colorectum or
metachronous cancer that was untreated or had a disease free
period <5 years (except carcinoma in situ or surgically
treated skin cancer); infectious disease or intestinal paresis
or obstruction; watery diarrhea; poorly controlled diabetes
mellitus; uncontrolled medical conditions such as cardiac
failure, hepatic failure, or renal failure; symptomatic brain
metastasis; actual or potential pregnancy, breast-feeding
status, or the intention to become pregnant in the near
future; a past history of serious drug allergy; or any other
condition that was judged to make the patient ineligible for
this study by the responsible physician.

PRETREATMENT EVALUATION AND DOSE MODIFICATION

Pretreatment evaluation included obtaining detailed medical
history, performing physical examination and performing
standard laboratory tests, including hematology (leucocyte
and absolute neutrophil counts, platelet count and hemo-
globin) and biochemistry (sodium, potassium, chloride,
blood urea nitrogen, creatinine, alkaline phosphatase, total
bilirubin, AST and ALT).

The criteria for starting day 1 of the first course were the
eligibility criteria above. The criteria for administration of
CPT-11 on day 15 of each course included a white blood
cell count >3000/mm>, a platelet count >100 000/mm?,
absence of fever (>38°C) caused by infection, no diarrhea
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