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regimen (n=3). Before 2001, transarterial chemotherapy
with fluorouracil was the main postoperative treatment for
colorectal liver metastases. After 2002, peroral drug regi-
mens were included in the treatment. More recently,
oxaliplatin-based regimens have been considered as stan-
dard therapy in patients with high risk of cancer recurrence.

No patients were treated by molecular-targeted agents
as a first line of treatment in either of the two groups,
and these agents were applied as a second line of
treatment or after the study period. In the noncurable
group, one patient was treated with bevacizumab, and
another patient was treated with cetuximab. In the cur-
able group, three patients were treated with bevacizu-
mab, and another three patients were treated with
cetuximab. In both groups, cetuximab was administrated
to the patients without KRAS mutation.

Prognostic factors for patients with noncurable stage [V CRC

To estimate prognostic factors, univariate analysis was per-
formed for the following variables: age (<70 vs. >70 years
old), sex (male vs. female), primary tumor location (colon
vs. rectum), tumor stage (T1-T3 vs. T4), N stage (negative
vs. positive), histological type (well-differentiated adenocar-
cinoma vs. other types), lymphatic invasion (negative vs.
positive), venous invasion (negative vs. positive), serum
CEA level (<30.0 ng/ml vs. >30.0 ng/ml), number of liver
metastasis (0-3 vs. >4), maximum liver tumor diameter
(<5 cm vs. =5 cm), lung metastases (absent vs. present),
peritoneal dissemination (absent vs. present), extra hepatic
disease (absent vs. present), postoperative complications
(absent vs. present) and postoperative chemotherapy
(no vs. yes). Tumor-related factors were not identified
as significant prognostic factors, and only postoperative
chemotherapy was identified as a significant prognostic
factor (p<0.001, Table 2).

Prognostic factors for patients with curable stage IV CRC

To estimate prognostic factors, univariate analysis was per-
formed for the same variables as those considered for nonc-
urable disease and extent of liver resection (resection of two
or fewer liver subsegments vs. three or more liver subseg-
ments). T stage (T4, p=0.004), N stage (positive, p=0.026),
histological type (other types, p=0.026), serum CEA level
(=30.0 ng/ml, p=0.002), peritoneal dissemination (present,
p<0.001), extra hepatic disease (present, P<0.001) and
postoperative chemotherapy (yes, p=0.036) were identified
as significant prognostic factors (Table 3).

In multivariate analysis of selected variables found to be
significant in the univariate analysis, T stage (T4, p=0.032),
histological type (other types, p=0.043), serum CEA level
(=30.0 ng/ml, p=0.007) and the presence of extra hepatic
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Table 2 Prognostic factors in patients with noncurable stage IV CRC
(n=64)

Variables Number S-year p value
0OS
Age <70 46 8.0% 0.281
>70 18 59 %
Sex Male 41 6.1 % 0.681
Female 23 9.6 %
Location Colon 38 3.0% 0.162
Rectum 26 4.1 %
T factor T1-3 25 87 % 0.738
T4 39 6.4 %
N factor Negative 9 0.0% 0.878
Positive 55 9.0 %
Histology Well 52 0.0% 0.830
Other types 12 8.1 %
Lymphatic invasion Negative 3 333% 0.153
Positive 61 6.0 %
Venous invasion Negative 19 0.0 % 0.897
Positive 45 102 %
CEA (ng/ml) <30 39 9.0 % 0.611
>30 25 5.0 %
Number of liver metastasis 03 34 11.5 0.147
>4 30 35
Maximum lver tumor <5 36 10.2 0.091
diameter (cm) >5 28 4.3
Lung metastasis Absent 55 8.5 % 0.331
Present 9 0.0 %
Peritoncal dissemination Absent 40 87% 0.170
Present 24 59 %
Extra hepatic disease Absent 22 50% 0.875
Present 42 9.7 %
Postoperative complication No 57 82 % 0.076
Yes 9 0.0 %
Postoperative therapy No 12 0.0 % <0.001
Yes 52 9.4 %

CRC colorectal cancer, OS overall survival, CEA carcinoembryonic
antigen

disease (present, p=0.015) were identified as independent
prognostic factors (Table 4).

Risk classification based on the independent prognostic
factors for patients with curable stage IV CRC

To identify patients who might show a survival benefit from
metastasectomy, we established a risk classification based
on the following independent prognostic factors: T stage
(T4), histological type (other than well-differentiated ade-
nocarcinoma), serum CEA level (>30.0 ng/ml) and the
presence of extra hepatic disease. We, then, classified
patients into two groups, a low-risk group (zero to two risk
factors) and a high-risk group (three or more risk factors).
Forty-six patients were classified into the low-risk group,
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Table 3 Prognostic factors in

patients with curable stage TV Variables Number 5-year OS p value
CRC (n=55)

Age <70 45 48.5 % 0.371
>70 10 375 %

Sex Male 34 50.0 % 0.813
Female 21 393 %

Location Colon 32 457 % 0.898
Rectum 23 46.7 %

T factor T1-3 38 36.5 % 0.004
T4 17 19.2 %

N factor Negative 16 70.2 % 0.026
Positive 39 35.7 %

Histolog Well 17 65.7 % 0.026
Other types 39 37.6 %

Lymphatic invasion Negative 11 72.7 % 0.262
Positive 44 42.5 %

Venous invasion Negative 16 45.8 % 0.213
Positive 39 47.8 %

CEA (ng/ml) <30 34 67.5 % 0.002
230 21 16.7 %

Number of liver metastasis 0-3 46 44.1 0.431
>4 9 533

Maximum liver tumor diameter (cm) <5 48 455 0.647
>5 7 51.4

Extent of liver resection 2 or fewer subsegments 44 46.2 0.859
3 or more subsegments 11 43.8

Lung metastasis Absent 53 48.0 % 0.070
Present 2 0.0 %

Peritoneal dissemination Absent 52 48.8 % <0.001
Present 3 0.0 %

Extra hepatic disease Absent 48 52.0 % <0.001
Present 7 0.0 %

Postoperative complication No 46 451 % 0.843
Yes 9 48.6 %

Postoperative therapy No 3 0.0 % 0.036
Yes 52 474 %

and nine patients were classified as a high risk group. For
patients with curable stage TV CRC, the OS of the high-risk
group was significantly poorer than that of the low-risk
group (p<0.001, Fig. 2). Furthermore, the OS of this group
was as poor as that of patients with noncurable stage IV
CRC (p=0.474, Fig. 2).

Discussion

Complete surgical resection of metastases contributes to the
long-term survival of patients with stage IV CRC. The
present study confirmed that the OS of patients with curative
metastasectomy was significantly better than that of patients
with noncurative or without metastasectomy. However,
there is no consensus regarding the upper limits of operative
indications for metastatic tumors. The current guidelines
state that the aim of liver resection in patients with colorectal

liver metastases is to remove all macroscopic disease, to
achieve clear resection margins and to leave a sufficiently
functioning liver [4, 18, 24]. These criteria apply to patients
with solitary, multiple and bilobar disease as well as extra

Table 4 Prognostic factors in patients with curable stage IV CRC:
multivariate analysis

pvalue Odds 95 % confidential
ratio  interval

Selected variables

T factor (T4) 0.032 2.681 1.087-6.623
N factor (positive) 0.272 3.678 0.562-7.752
Histology (other types) 0.043  3.259 1.037-10.242
CEA (230 ng/ml) 0.007 3.717 1.443-9.615

1.147 0.137-9.615
7.143 1.468-34.483
5.826 0.875-38.811

Peritoneal dissemination (present) 0.899
0.015
Postoperative chemotherapy (no) 0.069

Extra hepatic disease (present)
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Fig. 2 The OS in patients with noncurable and curable stage [V CRC
classified by the independent prognostic factors. For patients with
curable stage IV CRC, the OS of the high risk group was significantly
poorer than that of the low risk group (p<0.001). Furthermore, the OS
of this group was as poor as that of patients with noncurable stage TV
CRC (p=0.474)

hepatic disease that is confirmed in the lungs, ovary, perito-
neal dissemination and extra regional lymph nodes [2, 3, 18§,
24]. Therefore, the operative indications for metastasectomy
are dependent on the decisions of surgeons or oncologists in
each institution. Before resecting the metastatic tumor, it is
important to recognize who is likely to benefit from the
procedure. We, therefore, aimed to identify the patient pop-
ulation who likely benefit from metastasectonty.

Previous studies showed a wide variation in outcomes
according to the baseline resectability status of metastases
for stage IV CRC [20]. For the majority of patients, treat-
ment remains of palliative benefit, with the possibility of
cure, were restricted only to those patients who are suitable
for surgical resection. Thus, stage [V CRC encompasses a
heterogeneous patient population in which both palliative
and curative treatment strategies may be used. In the present
study, we also showed differences in the prognostic outcome
according to the disease resectability status (curable group
vs. noncurable group). Furthermore, among patients with
noncurable stage IV CRC, tumor-related factors did not
reflect the prognosis. Conversely, for patients with curable
stage IV CRC, tumor-related factors, such as T stage, histo-
logical type, preoperative CEA level and the presence of
extra hepatic disease, were indicative of the prognosis.
These results implied that stage IV CRC patients consist of
heterogeneous populations in which the prognoses and
prognostic factors are different and can be stratified by the
resectability status of the disease.

To address the controversial topic of patient selection for
metastasectomy, various groups have proposed using a
prognostic scoring system to stratify patients into different
risk categories. Nordlinger et al. [16] and Fong et al. [5]
each proposed a prognostic scoring system after hepatic
resection using several clinical parameters. Recently, Kattan
et al. [17] and Kanemitsu et al. [6] proposed a prognostic
nomogram to identify high-risk patient groups. In these
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systems, age, gender, primary site, primary T and N stage,
short disease free interval, the size and number of liver
tumors, surgical margin, preoperative CEA level and the
presence of extra hepatic disease were found to be prognos-
tic markers. However, there is no ideal prognostic system
for the clinical management of patients with colorectal liver
metastases {18]. As in liver metastases, a number of prog-
nostic factors have been suggested to predict outcome after
pulmonary metastasectomy [7-9]. In general, the number of
pulmonary metastases, short disease free survival, preoper-
ative CEA levels and nodal status of perihilar and medias-
tinal lymph nodes were reported as prognostic factors.
However, disagreement exists over which prognostic factors
determine who will benefit most from aggressive surgical
treatment [25]. In the present study, T4, histological type
(other than well-differentiated adenocarcinoma), elevated
serum CEA level (230 ng/ml) and the presence of extra
hepatic disease were identified as independent prognostic
factors, considering only the patients with curative metasta-
sectomy. In addition, a patient population likely to show a
survival benefit of metastasectomy was identified, stratified
by these prognostic factors. To best of our knowledge, the
present study is the first to identify a patient population
likely to show survival benefits from curative metastasec-
tomy. These present results suggest that the identification of
patients who would benefit from metastasectomy is possi-
ble, considering the prognostic factors extracted from
patients with curative metastasectomy.

Although the presence of extra hepatic disease has long
been considered a contraindication for resection, recent
reports of long-term survival of patients who undergo resec-
tion of both sites suggest that some patients may show long-
term benefits [25, 26]. Similar to the management of liver
metastases, pulmonary resection for metastatic CRC is in-
creasingly being considered as appropriate and beneficial in
selected patients [7, 8]. Resection of metastases in more
unusual sites, such as ovary, peritoneal dissemination and
extra regional lymph nodes, is more controversial. However,
several retrospective studies have suggested that selected
patients may be cured with resection of these tumors [2,
10-15]. In the present study, the presence of extra hepatic
disease was also selected as an independent prognostic
factor in patients with curative metastasectomy. However,
our data also showed that the prognostic benefit of resection
of extra hepatic disease is limited to patients with two or less
other prognostic factors (T4, other than well-differentiated
adenocarcinoma and elevated serum CEA level). Our data
supported the notion that surgical metastasectomy can be
beneficial in well-selected patients with stage IV CRC,
despite the number or site of metastatic organs.

Recent advances in chemotherapeutic regimens have pro-
duced good results with preoperative chemotherapy; thus,
neoadjuvant chemotherapy followed by hepatectomy has
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gradually gained acceptance for both initially nonresectable
metastases and resectable metastases [2]. The high tumor
response rates achieved with modern chemotherapeutics
now enable a greater proportion of patients with initially
inoperable disease to achieve an operable status and under-
go liver resection with curative intent. This type of chemo-
therapy is termed ‘conversion therapy’ to differentiate it
from ‘neoadjuvant therapy’ in upfront resectable metastases
[27, 28]. The current study did not include so-called ‘con-
version therapy,” which is aimed at the complete resection
after preoperative chemotherapy for patients with unresect-
able CRC. The present study did not show the prognostic
benefit of metastasectomy for the initial treatment of
patients with three or more risk factors, even if curative
resection of metastases was performed. Although further
investigation is required, preoperative chemotherapy may
be recommended for such patients.

For the resection of isolated metastases with a curative
intent, it is critical that the primary colorectal tumor has
been or can be completely resected [2]. In cases with unre-
sectable metastases, the role of primary tumor resection has
been controversial, in particular with the improvement in
newer chemotherapeutic agents [29]. Although a recent
meta-analysis suggested the efficacy of primary CRC resec-
tion from a prognostic point of view [30], another study
recommended the introduction of chemotherapy without
removal of primary tumors in patients without any tumor-
related complications [29]. In the present study, our criteria
for primary tumor resection did not include the presence of
tumor-related complications. However, we recently intro-
duced chemotherapy in patients with asymptomatic and
minimally symptomatic tumorus, to avoid the delay of che-
motherapy because of the resection of the primary tumors.

The timing of the synchronous resection of metastases
and primary tumor has been a subject of debate [2, 4].
Recent studies have demonstrated equivalent outcomes
without increased morbidity and mortality in patients who
undergo simultaneous resection [31, 32]. In the present
study, simultaneous resection of both the primary and meta-
static tumors was performed in all cases of resectable syn-
chronous metastases, regardless of the location of primary
tumors and the extent of metastasis. The mortality and
morbidity rate was low in this study as compared to previ-
ous reports [31, 32], which suggested that for well-selected
patients, simultaneous resection of primary CRC and ab-
dominal metastases is a safe approach.

This study had several limitations. First, the possible
influence of the variable regimen of postoperative therapy
cannot be ignored. Second, the current patient cohort in-
cluded few patients treated with newer chemotherapy agents
such as bevacizumab and cetuximab. There were no signif-
icant differences in the use of molecular-targeted therapies
among the three groups (low-risk curable group, n=>5; high-

risk curable group, n=1; and noncurable group, n=2; p=
0.221). Therefore, we can safely assume that the application
of these agents would not confound our results.

In conclusion, we demonstrated that stage IV CRC
patients consist of a heterogeneous patient population with
different prognostic factors, stratified by the disease resect-
ability status. Consideration of the prognostic factors in
patients treated with curative metastasectomy (T4, other
than well-differentiated adenocarcinoma, elevated serum
CEA level and the presence of extra hepatic disease)
allowed the identification of patients who would most ben-
efit from this procedure. This study is a retrospective trial
with relatively low number of patients, therefore, our data is
needed to validate with large series in order to establish
universal selection criteria of metastasectomy for stage IV
CRC. Regardless of this limitation, however, our data dem-
onstrated the possibility of establishing ideal prognostic
models based on the disease resectability status for stage
IV CRC.
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A PHASE II TRIAL OF NECADJUVANT PREOPERATIVE CHEMORADIOTHERAPY
WITH S-1 PLUS IRINOTECAN AND RADIATION IN PATIENTS WITH LOCALLY
ADVANCED RECTAL CANCER: CLINICAL FEASIBILITY AND RESPONSE RATE
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Purpose: We aimed to validate our hypethesis that a preoperative chemoradiotherapy regimen with S-1 plus irine-
tecan is feasible, safe, and active for the management of locally advanced rectal cancer in a single-arm Phase IT setting.
Methods and Materials: Eligible patients had previously untreated, locally advanced rectal adenocarcinoma. Ra-
diothera 2py was administered in fractions of 1.8Gy/d for 25 days. S-1 was administered orally in a fixed daily dose of
80mg/m” on Days 1 to 5, 8 to 12, 22 to 26, and 29 to 33. Irinetecan (80mg/m?) was infused on Days 1, 8, 22, and 29.
Four or more weeks after the completion of the treatment, total mesorectal excision with lateral lymph node dis-
section was performed. The primary endpoint was the rate of completing treatment in terms of feasibility. The sec-
ondary endpoints were the response rate and safety.

Results: We enrolled 43 men and 24 women in the study. The number of patients who completed treatment was
58 (86.6%). Overall, 46 patients (68.7%) responded to treatment and 24 (34.7 %) had a complete histopathologic
response. Three patients had Grade 3 leukopenia, and another three patients had Grade 3 neutropenia. Diarrhea
was the most common type of nonhematologic toxicity: 3 patients had Grade 3 diarrhea.

Conclusions: A preoperative regimen of S-1, irinotecan, and radictherapy to the rectum was feasible, and it
appeared safe and effective in this nenrandomized Phase II setting. It exhibited a low incidence of adverse events,

a high rate of completion of treatment, and an extremely high rate of pathologic complete response.

Elsevier Inc.

Chemoradiation, Rectal cancer, S-1, Irinotecan.

INTRODUCTION

In Japan the incidence of colorectal cancer (CRC) is increas-
ing year by year. If this trend continues, forecasts estimate
that about 170,000 people will have CRC in 2015. Colorectal
cancer will become the most prevalent type of cancer in
Japan, surpassing gastric cancer and lung cancer (1}. In Europe
and North America, CRC is the second leading cause of can-
cer-related death, behind lung cancer. Globally, the preven-
tion, early diagnosis, and treatment of CRC are urgent tasks.

Advanced rectal cancer carries a poorer prognosis than ad-
vanced colon cancer. The control of local recurrence, a unique
characteristic of rectal cancer, and improved overall survival
are important goals of treatment. Total mesorectal excision
(TME) has recently been shown to decrease the rate of local
recurrence and is performed throughout the world as
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a standard procedure (2, 3). In the mid 1980s the Gastrointes-
tinal Tumor Study Group showed that postoperative chemo-
radiotherapy improves the rate of recurrence-free survival
(4). On the basis of these results, the National Institutes of
Health in the United States has recommended resection
plus postoperative chemoradiotherapy as standard therapy
for pathologic Stage II and III rectal cancer since 1990 (5).
Five controlled studies comparing preoperative radiotherapy
followed by surgery with surgery alone subsequently showed
that the rate of local recurrence is significantly lower in pa-
tients who receive preoperative radiotherapy than in those
who receive surgery alone (6). Moreover, the Swedish Rectal
Cancer Trial showed that preoperative radiotherapy signifi-
cantly improves overall and disease-free survival (7). On
the other hand, European Organisation for Research and
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Treatment of Cancer Trial 22921, a large Phase I study,
failed to prove that chemoradiotherapy improves survival
rates, but the control of local recurrence at 5 years was signif-
icantly better in patients who received chemoradiotherapy
than in those who received radiotherapy alone if chemother-
apy was given at any time during the course of treatment (8).
On the basis of these results, preoperative chemoradiotherapy
was acknowledged to be standard treatment for locally ad-
vanced rectal cancer. However, the dose, duration, and radi-
ation target volumes, as well as optimal concomitant agents,
remain controversial. Recently, Guillem ez al. (9) reported
that patients with a complete response (CR) or nearly com-
plete response to preoperative chemoradiotherapy have
good long-term outcomes. Attention has thus focused on
the relation between CR ratio (tumor downstaging) and sur-
vival outcome by preoperative chemoradiotherapy.

In Japan, however, few clinical trials of adjuvant radiother-
apy have been conducted because the rate of local recurrence
after the Japanese standard therapy (TME plus lateral lymph
node dissection without neoadjuvant radiotherapy) is compa-
rable to that including neoadjuvant chemoradiotherapy in Eu-
rope and North America. Because surgery alone has reached
the most optimal outcome for decreasing local recurrence or
improving survival of advanced rectal cancers in Japan at
present, we wondered whether it is really necessary to evalu-
ate chemotherapy combined with radiotherapy to improve
clinical outcomes.

S-1 is an oral anticancer drug that combines tegafur, which
is finally converted to the active agent of 5-fluorouracil
(5-FU), with gimeracil and oteracil potassium. Gimeracil
was added to increase the blood 5-FU concentration by inhib-
iting metabolism of 5-FU by dihydropyrimidine dehydroge-
nase mainly in the liver. On the other hand, oteracil potassium
is widely distributed to gastrointestinal tissues and antago-
nizes orotate phosphoribosyl transferase, resulting in inhibi-
tion of 5-fluoronucleorides (active metabolites) generated
from 5-FU, as well as reduced toxicity of 5-FU. Moreover,
we also focused on the recently proven fact that components
of S-1 markedly increase the radiosensitivity of cancer cells
(even 5-FU-resistant cells) to radiotherapy in CRC (10). In
addition, irinotecan hydrochloride decreases messenger ribo-
nucleic acid levels of thymidylate synthase as a target en-
zyme of 5-FU (11), thereby augmenting its inhibition (12).
Several studies have also shown that 5-FU induces topoiso-
merase I and that cancer cells overexpressing topoisomerase
Tincreased chemosensitivity against irinotecan (13, 14). Such
in vitro mechanisms provide a theoretic basis for combining
S-1 and irinotecan plus radiation therapy (Fig. 1). At present,
5-FU-based chemoradiotherapy is used as a standard treat-
ment for rectal cancer (4, 15); however, our 5-FU-based che-
moradiotherapy was considered worthy of investigation.

A Phase I clinical study was performed to determine the
maximum tolerated doses and recommended doses of S-1
and irinotecan. The pathologic response rate to the recom-
mended dose, though not the primary endpoint in the Phase
I study, however, was 94.7%, and the pathologic CR rate
was surprisingly 31.6%, indicating that treatment with S-1
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Fig. 1. Interaction of S-1 and irinotecan.

and irinotecan plus radiation was very active for locally ad-
vanced rectal cancer (16). In this Phase II clinical trial, we
aimed to validate our hypothesis that a preoperative chemo-
radiotherapy regimen with S-1 plus irinotecan is feasible,
safe, and effective for the management of locally advanced
rectal cancer.

METHODS AND MATERIALS

This study was performed according to the guidelines of the Dec-
laration of Helsinki, as amended in Edinburgh, Scotland, in October
2000. The protocol was approved by the Institutional Review Board
of Kitasato University Hospital (Kanagawa, Japan). All patients
gave written informed consent before study entry.

Eligibility criteria

Eligible patients had previously untreated clinical T3 or T4, NO to
N2, MO locally advanced rectal cancer as confirmed histopatholog-
ically as adenocarcinoma in the rectum from August 2005 through
December 2007, as well as an Eastern Cooperative Oncology Group
performance status of 0 to 2. We used the International Union
Against Cancer staging system. We described rectal cancer as in-
volving the portion of the rectum above the peritoneal reflection
and the portion of the rectum below the peritoneal reflection and
ruled out other portions using the Japanese classification of CRC,
and our definition of the rectum is thus the same as that of the Inter-
national Union Against Cancer. Other eligibility criteria were as fol-
lows: age 20 to 80 years at enrollment; no severe disturbances of
main organ functions (including bone marrow, heart, lung, liver,
and kidney); no severe hematologic or blood chemical abnormalities
such as leukocyte count of 4,000 to 12,000/mm?, neutrophil count of
2,000/mm? or greater, platelet count of 100,000/uL or greater, he-
moglobin concentration of 9.0 g/dL or greater, total bilirubin con-
centration of 1.5 mg/dL. or less, serum aspartate aminotransferase
and alanine aminotransferase levels less than twice the upper limit
of normal, serum creatinine concentration less than the upper limit
of the normal; normal electrocardiographic findings; and the ability
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Fig. 2. Treatment field of radiation therapy.

to ingest solid foods and drugs orally. The eligible patients could not
be transfused with red cells to meet these criteria.

Before enrollment in the study, we reviewed the histories of past
and present disease and the general condition of all patients, as-
sessed based on interview, physical examination, and blood tests.
Locally advanced rectal cancer (clinical T3 or T4) without distant
metastasis was confirmed by barium enema; colonoscopy including
histopathologic evaluation; computed tomographic scans of the
chest, abdomen, and pelvis; and magnetic resonance imaging
(MRY) of the pelvis. Magnetic resonance imaging of the pelvis is
useful to differentiate the clinical diagnosis of T3 and T4 and lymph
node metastasis adjacent to the rectum. Differential diagnostic stan-
dards of MRI dictate that clinical T3 indicates a breach of the outer
layer of the longitudinal muscle on T2 intensity imaging and T4 in-
dicates irregular invasion to the extracorporeal region of the rectum
on T1 intensity imaging.

Radiotherapy and chemotherapy

The treatment field of radiotherapy has been published previously
(16). In brief, radiotherapy was administered in fractions of 1.8 Gy/
d, given 5 days per week for 5 weeks. The total dose of radiation was
45 Gy. Patients were treated in the prone position, by use of a dedi-
cated device (lead board) to minimize exposure of the small bowel.
A computed tomography—based treatment planning system was
mandatory to define the planned target volume (PTV), which al-
lowed for setup error, organ movement, and a 1-cm circumference
(clinical target volume) around both the primary tumors including
regions invading surrounding organs or tissues and the adjacent
swollen lymph nodes (gross tumor volume) (Fig. 2). The PTV
was treated with radiation from a 10-MV linear accelerator, and
we used a four-field box technique. The clinical target volume for
the primary tumor used in this study typically included the perirectal
lymph nodes. The target volumes used for radiotherapy in this study
are far smaller in comparison to those usually described in North
American and European practice, where the internal iliac nodes
and often the external iliac nodes are electively irradiated. Thirty-
eight patients had swollen lymph nodes included in the gross tumor
volume preoperatively, and none was outside the PTV for radiother-

apy. The response rate of the primary tumor was graded, but that of
lymph nodes was not assessed.
S-1(80mg - m™* - d~ ') was given orally after breakfast and din-
neron Days 1to 5, 8 to 12, 22 to 26, and 29 to 33. Irinotecan (80 mg
m - d7') was given as an intravenous infusion over a period of
90 minutes on Days 1, 8, 22, and 29. The relative dose of irinotecan
between the folinic acid, 5-FU, and irinotecan regimen and that used
in this study is 180 mg/m? biweekly vs. 80 mg/m” weekly (180/160
= 1.125). The rationale for using a 1-week interval for chemoradio-
therapy was to allow recovery of the patient’s fatigue. It was our im-
pression that a shorter interval duration would lead to several
patients discontinuing the regimen before its completion.

Surgery

Total mesorectal excision with bilateral autonomic nerve preser-
vation was performed, and lymph nodes were dissected from the
middle rectal, internal iliac, and obturator lymph node regions.
For sphincter-preserving surgery, the anorectal side of the rectum
was divided, leaving a margin of at least 2 cm from the inferior bor-
der of the tumor. Abdominoperineal resection was done if the distal
margin was insufficient.

Criteria for modification of treatment schedule and dosage

Our protocol specified that the regimens may be suspended for
Grade 3 or worse diarrhea and nausea/vomiting, and we prospec-
tively assessed hematologic, urinary, and dermatologic toxicities ev-
ery 7 days by blood, urine, and dermatologic assessment. Toxicities
were evaluated according to National Cancer Institute Common Ter-
minology Criteria for Adverse Events, version 2. If toxicity necessi-
tated a dose reduction within a course of treatment, the dose could be
decreased by one step (20%) of irinotecan and treatment resumed. If
toxicity requiring a further dose reduction recurred after the dose
was decreased by one step, the study was terminated in the patient,
with no further decrease in dosage.

Method for calculating rate of completing treatment
The ratios of the total administered dose to the total scheduled
dose up to the date of surgery were calculated for radiotherapy,
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S-1, and irinotecan by the following formula: Administered dose/
Scheduled dose x 100 (%). We defined completing treatment as ad-
ministered dose equal to or over 75% of full dose, and such cases
actually coincided with the patients who were given 100% of the
dose of chemotherapy.

Method for calculating rate of response

After surgery, the responses of tumors to chemoradiotherapy
were histopathologically evaluated by examining serial sections of
the resected specimens. Responses were evaluated based on the de-
gree of degeneration or necrosis and fusion of cancer cells. No re-
sponse was assigned a grade of 0, and a CR was assigned a grade
of 3. The criteria for histopathologically evaluating the response
to preoperative chemoradiotherapy, according to the Histopatholog-
ical Response Criteria of the General Rules for Clinical and Patho-
logical Studies on Cancer of the Colon, Rectum and Anus edited by
the Japanese Society for Cancer of the Colon and Rectum, have been
previously described (16). In brief, complete, considerable, and
- ‘slight responses coincide with Grade 3, Grade 2, and Grade 1,
respectively.

Endpoints and statistical considerations

The primary endpoint was the rate of completing treatment in
terms of feasibility. The secondary endpoints were the response
rate, safety (incidences of adverse reactions and complications), lo-
cal recurrence rate, and overall survival. The response rate is deter-
mined based on pathologic CR, as well as incidences of adverse
reactions including hematologic, urologic, dermatologic, and symp-
tornatic complications. Data on local recurrence and overall survival
are not presented in this report, because follow-up is not sufficient to
allow conclusions regarding survival outcome.

We calculated the required sample size for this study based on
a target rate of treatment completion of 70% and a minimum com-
pletion rate of 50%, with an « error of 0.05 (1-sided) and a § error
of 0.1. The required number of patients was estimated to be 50. In
anticipation of 10% of patients being ineligible, we planned to enroll
55 patients. Ineligible patients were those who did not provide in-
formed consent or who had rectal cancer located in portions other
than those above the peritoneal reflection or below the peritoneal re-
flection. Patient enrollment was discontinued at the end of the month
when the target number of 55 subjects had been reached. The final
number of enrolled patients was 67. The final number was higher
than the target number of 55 by 12, but less than 1 month had
elapsed between the dates of enrollment of Patient 55 and Patient
67. Moreover, Patient 67 started treatment before the results for Pa-
tient 55 were analyzed. We therefore decided that the histopatho-
logic findings from all enrolled patients should be included in this
analysis and considered this a valid procedure. The final number
of enrolled patients was therefore higher than the initially planned
target number.

RESULTS

Table 1 shows the demographic characteristics of the 67
patients with locally advanced rectal cancer who were eligi-
ble for the study and received preoperative chemoradiother-
apy at our hospital. Median follow-up was 26 months
(range, 11 to 51 months).
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Table 1. Clinical characteristics of patients with locally
advanced rectal cancer who received preoperative

chemoradiotherapy
Clinical characteristic Data %
Sex
Male 43 64.2
Female 24 35.8
Age ()
Median 63
Range 32-79
ECOG performance status
0 67 100
1 0 0
Tumor site
" Ra 23 343
Rab 7 10.5
Rb 37 55.2
Depth of invasion
T3 56 83.6
T4 11 16.4
Preoperative chemoradiotherapy
Lymph nodes
NO 30 448
N1 36 53.7
N2 1 1.5

Abbreviations: ECOG = Eastern Cooperative Oncology Group;
Ra = rectum above peritoneal reflection; Rab = rectum above and
below peritoneal reflection; Rb = rectum below peritoneal reflection.

Data are presented as No. of patients, unless otherwise indicated.

Primary endpoint

Of the 67 patients, 66 (98.5%) completed treatment based
on our definition of completing treatment. The dose of irino-
tecan was reduced by 20%, and the radiation and S-1 proto-
cols were not changed (except in 1 patient, who forgot to
take S-1 for several days and in whorm final S-1 compliance
was equal to or over 90% but less than 100%, as shown in
Table 2). Eight patients exhibited irinotecan compliance
equal to or over 70% but less than 80% (Table 2). Finally,
1 patient who did not complete treatment had Grade 3
anorexia, nausea, and vomiting, and these symptoms re-
sponded to treatment with fluid therapy; however, treatment
was discontinued at the patient’s request. On the other hand,
the rate of completing treatment reached 86.6% (58 of 67)
per the protocol according to the criteria of the Cancer and
Leukemia Group B (CALGB) study (17), where rates of
completing treatment were determined in two categories of
patients—those having completed six cycles of oxaliplatin
(56%) and those having completed at least four cycles

~of therapy (72%). In our study 58 patients completed treat-

ment with 100% of the dosage (including four cycles of
chemotherapy).

Secondary endpoints

The pathologic response was Grade 3 (pathologic CR in
the primary cancer) in 25 (37.3%) of 67 patients (Table 3).
Because we included 1 case with lymph node metastasis,
the number of bona fide cases exhibiting pathologic CR
was therefore 24 patients (34.7% [24 of 67]) (Table 4). The
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Table 2. Treatment exposure

S-1* (median dose intensity,
80mg - m~2 - d”! x 25 days)

Irinotecan (meqdian dose intensity,
80mg - m™* - d”! x 4 days)

Relative dose

intensity (%) No. of patients No. of patients %
100 65 58 86.6
=90 to <100 1 1.5 0 0
=80 to <90 0 0 0
=70 to <80 0 8 11.9
Missing 1 5 1 1.5

* The maximum dose of $-1 was 120 mg - m™2 - d™".

rate of pathologic CR was 31.6% in the Phase I setting (16),
and our result was comparable in this Phase IT setting. The to-
tal response rate involving both Grade 2 (considerable re-
sponse) and Grade 3 (CR) was 68.7% (46 of 67 patients),
whereas that including even Grade 1a/1b (slight response)
reached 100%, if evaluated in the primary cancers (Table
3). Although no cancer cells were found in 54 patienis
(80.6%) on colonoscopy with biopsy after chemoradiother-
apy, more than half of these patients were actually confirmed
to have residual disease on histopathologic examination of
the resected specimens.

Safety includes incidences of adverse reactions and com-
plications, and adverse events as acute toxicities are summa-
rized in Table 5. Adverse events are infrequent, and there was
no Grade 4 hematologic or nonhematologic toxicity. Regard-
ing hematologic toxicity, only 3 patients had Grade 3 leuko-
penia and 3 had Grade 3 neutropenia. One patient with Grade
3 leukopenia concurrently had Grade 3 thrombocytopenia.
Regarding nonhematologic toxicity, only 3 patients had
Grade 3 diarthea, which promptly improved after treatment
with a continuous intravenous infusion. One patient had
Grade 3 anorexia and nausea; freatment was withdrawn
before completion at the patient’s request. Activity of either
dihydropyrimidine dehydrogenase or orotate phosphoribosyl
transferase enzyme was not assessed in this study, but such
enzyme deficiency might have been involved in the patient
with Grade 3 anorexia and nausea.

Surgical procedures and pathologic findings

Of the 67 patients, 50 (74.6%) underwent sphirncter-pre-
serving surgery and 17 (25.4%) underwent abdominoperi-
neal resection. A diverting ileostomy was created in all

Table 3. Pathologic primary tumor response as secondary
endpoint

Response to treatment

Grade No. of patients Yo

la 5 7.5
1b 16 23.9
2 21 31.3
3 25 37.3

The response rate was good in 68.7% of patients, and the response
rate was good or slight in 100%.

patients who underwent sphincter-preserving surgery. We
currently perform ileostomy for patients who had sphincter-
preserving surgery in case of anastomotic leakage, because
we are afraid that the low anterior resection was done after
radiation therapy. Such ileostomy is a transient stoma and
usually reversed 6 months to a 1 year later. For patients un-
dergoing abdominoperineal resection, the sigmoid colon
was diverted.

The median number of examined lymph nodes was 19
(range, 12 to 52). Among the 67 patients, 26 were found to
have lymph node metastasis: 18 (26.9%) had pathologic
N1 disease (1-3 metastatic regional lymph nodes) and 8
(11.9%) had pathologic N2 disease (=4 metastatic regional
lymph nodes). The relation between the response of the pri-
mary tumor and lymph node metastasis is shown in Table
4. Downstaging of the primary tumor according to clinical
T stage was confirmed in 49 patients (73.1%). Of the 37 pa-
tients evaluated to have node-positive disease before treat-
ment, 16 (43.2%) had no pathologic evidence of lymph
node metastasis. In 1 patient with a Grade 3 response of the
primary tumor, 2 metastatic lymph nodes were found in the
field of the inferior mesenteric artery.

In 6 of the 26 patients with lymph node metastasis, meta-
static lymph nodes along the internal iliac artery and obtura-
tor foramen were recognized but were dissected by surgery.
These patients all had enlarged lymph nodes in these regions
on computed tomography and/or MRI before treatment. Such
patients with pathologic evidence of lymph node metastasis
also received six courses of postoperative adjuvant chemo-
therapy with S-1 (80 mg/m?), given for 14 days, followed
by 14 days of rest, and irinotecan (125 mg/m?), given on
Days 1 and 15.

Table 4. Relation between response to treatment and lymph
node metastasis

Response to treatment

No. of patients

Grade  No. of patients with lymph node metastasis %
la 5 1 20
1b 16 12 75
2 21 12 57.1
3 25 1 4
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Table 5. Acute toxicity during treatment course

Grade 1 [n (%)]

Grade 2 [z (%)]

Grade 3 [n (%)] Grade 4 [n (%)]

Hematologic toxicity

Leukopenia 0

Neutropenia 0

Thrombocytopenia 0
Nonhematologic toxicity

Diarrhea 2(3.0)

Anorexia/nausea 0

10 (14.9) 3# (4.5) 0
1(1.5) 3 (4.5) 0
0 1% (1.5) 0

2 (3.0) 3 (4.5) 0
0 1(1.5) 0

* One patient had leukopenia and thrombocytopenia.

Postoperative complications

Postoperative bleeding from a branch of the internal iliac
vein required emergency surgery to achieve hemostasis.
One patient with intestinal obstruction did not respond to
conservative treatment and underwent reoperation (untether-
ing). There were no perioperative or postoperative deaths or
postoperative sequelae.

DISCUSSION

Our protocol is considered sufficiently safe, with high rates
(86.6%) of completing treatment as compared with the previ-
ous studies. There was no Grade 4 toxicity, and all Grade 3
adverse events responded to conservative treatment. In the
European Organisation for Research and Treatment of Can-
cer 22921 study, the rate of completing treatment was
82.0% in the two groups who received preoperative chemo-
radiotherapy (6). In the CALGB 89901 study, the incidence
of Grade 3 or 4 diarrhea was 38% in patients who received
preoperative chemotherapy with oxaliplatin plus 5-FU, and
the percentage of patients who completed treatment was
72% (17), if we consider completing treatment to have
been achieved with at least four cycles of therapy, similar
to the definition we used. The recommended dose determined
based on a Phase 1 clinical study of our regimen was thus
deemed to be appropriate (16).

The low incidence of complications might be attributed
primarily to the fact that the irradiated field was adequately
reduced. The target volumes used for radiotherapy in this
study are far smaller in comparison to those usually described
in North American and European practice, where the internal
iliac nodes and often the external iliac nodes are electively ir-
radiated. We have to keep this difference in mind in deter-
mining whether we can safely use S-1 and irinotecan along
with the more typical larger radiotherapy volumes used com-
pared with the volumes used in this study. Reduced irradiated
fields of our protocol can be reasoned for surgical procedures
including lateral lymph node dissection, which is one of the
standard surgical options in Japan.

The rate of pathologic CR in our study was 34.7%, which
was clearly higher than the rates (11%—17%) in the previous
studies (8, 18-21) (Table E1). In our study serial sections of
tumor tissue were evaluated histopathologically. The reliabil-
ity of the pathologic evaluation of CR is therefore considered
higher than that in previous studies. The median number of

dissected lymph nodes was 19 (range, 12-52), considered ad-
equate for lymph node dissection. The addition of another an-
ticancer agent to 5-FU-based chemotherapy plus
radiotherapy at a dose of 45 Gy or higher was found to con-
tribute to a higher rate of pathologic CR, consistent with the
results of other studies (22, 23). The rate of pathologic CR to
5-FU/leucovorin regimens was 20% or less in most studies.
In the CALGB 89901 study, in which patients also received
oxaliplatin, the rate of pathologic CR improved to 25%, but
serious diarthea and a low rate of completing treatment
were problems (17). With our regimen for chemoradiother-
apy, the rates of completing treatment (86.6%) and of patho-
logic CR (34.7%) reached satisfactory levels. Such good
outcomes might be attributed to increased radiosensitivity
of tumor cells induced by components of S-1 or to synergism
between irinotecan and tegafur (Fig. 1). UGT1A1 nucleotide
polymorphisms, which are supposed to determine the sensi-
tivity of irinotecan, were not assessed in our study. However,
treatment could be completed safely, perhaps because the
dose of irinotecan was lower than that used in folinic acid,
5-FU, and irinotecan regimens (88.9%).

Several retrospective studies have reported on the close as-
sociation between the rate of pathologic CR and long-term
outcomes (24, 253), but such a positive correlation between
these factors has yet to be clearly shown in a prospective
study. In our study overall survival is being followed up as
a secondary endpoint. In addition to long-term outcomes,
the relation between pathologic CR and the long-term out-
come is an interesting issue. Some patients with a pathologic
CR may have not required surgery, but postoperative histo-
pathologic examinations are currently required to establish
the occurrence of a pathologic CR. More than half of these
patients with no cancer cells on colonoscopy with biopsy
after chemoradiotherapy were actually confirmed to have
residual disease on histopathologic examination of the re-
sected specimens. It is therefore difficult to evaluate the
bona fide response rate only on biopsy without surgery.
New examination methods other than biopsy will hopefully
be established to accurately evaluate pathologic CR before
surgery.

Roels et al. (26) reported that the rates of recurrence in the
pelvic cavity were 49% in the posterior region (presacral
region), 21% in the lateral region (internal iliac lymph
node region), and 12% in the inferior region (perineal re-
gion). Posterior and inferior lymph nodes can be adequately
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removed by TME, whereas lateral lymph nodes were not in-
cluded in the irradiated field in our study and were resected
surgically. If these lateral lymph nodes had not been dis-
sected, pelvic recurrence may have occurred. The irradiated
field is thus expected to become an important issue in patients
with enlarged lateral lymph nodes before treatment. The clin-
ical significance of conventional lateral lymph node dissec-
tion has yet to be shown in clinical studies. To determine
the optimal irradiated field for patients with lateral lymph
node metastasis, we are now closely following local recur-
rence and outcomes, two other secondary endpoints of this
study.

In conclusion, the regimen that we developed for preoper-
ative treatment generated promising results. However, many
issues remain unresolved, including the dose (including che-
motherapy cycles), duration of chemoradiotherapy, radiation
target volumes in patients with lateral lymph node metastasis,
optimal concomitant agents, preoperative evaluation
methods for response, role of adjuvant chemotherapy, and
especially, survival benefit. To assess our regimen for locally
advanced rectal adenocarcinoma, the durations of disease-/
recurrence-free survival and overall survival should be care-
fully analyzed prospectively in Phase II trials, and then large
Phase III trials might be anticipated.
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Neoadjuvant Chemoradiotherapy for Clinical Stage TI-T11
Esophageal Squamous Cell Carcinoma

HIRGSHI SAEKI, MASARU MORITA, YUICHIRO NAKASHIMA, HIDETO SONGDA,
KENKICHI HASHIMOTO, AKINORI EGASHIRA, EIJI OKI,
TAKEFUMI OHGA, YOSHIHIRO KAKEJI and YOSHIHIKO MAEHARA

Department of Surgery and Science, Graduare School of Medical Sciences, Kyushu University, Fukuoka, Japan

Abstract. Background: The clinical significance of
neoadjuvant chemoradiotherapy (NACRT) for potentially
resectable esophageal squamous cell carcinoma (ESCC) is
unclear. Patients and Methods: Patients with clinical stage
II-1I1 ESCC were classified into an NACRT group (n=76)
and surgery alone group (n=92). The prognosis and ihe
incidence of postoperative complications were retrospectively
investigated. The pathological response to NACRT and
patient prognosis were also analyzed. Results: The 5-year
survival rate was 47.7% in the surgery alone group and
56.5% in the NACRT group (p=0.4831). The 5-year survival
rates of patients in whom NACRT was markedly effective wus
clearly better than that of the other patients
(ineffective/slightly effective: 36.9%, moderately effective:
53.8%, markedly effective: 100%). The incidence of
postoperative complications was 31.5% in the surgery alone
group and 40.8% in the NACRT group (p=02121).
Conclusion: A pathological complete vesponse to NACRT is
critical for improving the survival of patients with clinical
stagell-IIl ESCC.

Since the majority of patients with esophageal cancer still tend
to have widespread disease at the time of detection,
esophageal cancer remains one of the most difficult
malignancies in the digestive traci to control by surgery alone
(1). Neoadjuvant chemoradiotherapy (NACRT) has been
applied for esophageal cancer, mainly at advanced stages, for
the purpose of reducing the main tumor and conirol of
microscopic metastases. However, the clinical usefulness of
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NACRT for potentially resectable esophageal cancer still
remains coniroversial. Some randomized studies and meta-
analyses have emphasized the superiority of the clinical results
i NACRT plus surgery to those of surgery alone (2, 3),
whereas other reports have shown that the difference was not
significant (4-6). With regard to postoperative complications,
NACRT for esophageal cancer was reported to increase their
incidence (7, 8). However, others have reported that the
incidence of complications was similar to that in the patients
who recetved surgery without NACRT (9-11).

In Japan, the clinical significance of NACRT for
resectable advanced esophageal squamous cell carcinoma
(ESCC) still remains controversial. In this study, we
retrospectively evaluated the usefulness of NACRT for
clinical stage II-IIT (cStagell-III) ESCC. We also examined
the relationship between NACRT and the development of
postoperative complications.

Patients and Methods

Patients. An esophagectomy was performed in 168 patients with
cStagell-1IT ESCC between 1998 and 2007 in the Department of
Surgery and Science at Kyushu University, Japan. Among these
patients, NACRT had been performed for 76 patients, while surgery
alone was indicated for 92 patients. For cStagell-IIT patients,
NACRT was principally administered between 1998 and 2002.
However, since NACRT was found to demonsirate no substantial
survival benefit, surgery without neoadjuvant therapy was performed
between 2003 and 2007. Therefore, this study is retrospective,
without randomization, but is based on historical controls.

The clinicopathological backgrounds according to the
administration of NACRT are shown in Table I. There were some
differences in the clinical backgrounds between the two groups: the
incidence of clinical T1b was significantly lower in the NACRT
group than in the surgery alone group (p<0.05). The incidence of
pathological T1 and pathological N (+) was also significantly lower
in the NACRT group than in that of surgery alone (p<0.05 and
p<0.0005, respectively). The pathological stage (pStage) was
significantly more advanced in the NACRT group than in that of
surgery alone (p<0.05). There were no differences in factors such
as age, gender, location of the tumor, clinical N factor, cStage and
curability.
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Table 1. Clinicopathological background according to NACRT.

NACRT, n (%) p-Value
Factor No Yes
(n=92) (n=76)
Gender Male 80 (87.0) ©62(81.6) 0.3375
Female 12 (13.0) 14184
Age, years (mean) 63.6 62.6 0.5165
Location of tumor Upper 12 (13.0) 14184y 04012
Middle 40 (43.5) 36 (474
Lower 40 (43.9) 26342
Clinical T factor cTlb 10 (10.9) 1(1.3) 0.0183%
cT2 30 (32.6) 20 (26.3)
¢T3 52 (56.5) 55(72.4)
Clinical N factor ¢N (=) 38 (41.3) 36474y 04307
¢N (+) 54 (58.7) 40(52.6)
Clinical stage T 53 (57.6) 41 (5395 0.6342
m 39 (42.4)  35(46.1)
Pathological T factor pTl 22(23.9) 339 0.0010%
pT2,3 65(70.7y 70 (92.1)
pT4 5(54) 3(3.9)
Pathological N factor pN (=) 27 (29.3) 44 (579) 0.0002%
pN (+) 65 (70.7) 32(42.1)
Pathological stage 1 12 (13.0) 2Q2.6) 0.0469*
1,10 73 (79.3) 69 (90.8)
v 7(7.6) 5(6.6)
Curability Curative 77(83.7y 67(882) 04107
Non-curative 15 (16.3) 9 (11.8)

*A significant difference was observed between the two groups.

For NACRT. 30-42 Gy of radiation for the primary tumor and
metastatic lymph nodes was administered preoperatively. The
chemotherapy regimen was low-dose cisplatin and 5-fluorouracil (5-
FU) (cisplatin: 5 mg/m¥day, 5-FU: 250 mg/m?2/day, administered
on weekdays, repeated every 3-4 weeks).

Staging of the tumor and pathological effectiveness of NACRT. The
staging of the tumor and the effects of NACRT were assessed based
on the criteria in the Guidelines for the Clinical and Pathologic
Studies on Carcinoma of the Esophagus by the Japanese Society for
Esophageal Diseases (12). The details of pathological evaluations
are as follows: markedly effective (grade 3), all cancer cells were
destroyed with no evidence of viable cancer cells; moderately
effective (grade 2), most (more than two-thirds) of the cancer cells
were damaged, despite the continued presence of viable cancer
cells. In this study, slightly effective cases (grade [) and ineffective
cases (grade 0) were regarded as ineffective. The pStage was
determined not only based on the viable cancer cells but also on the
scar tissue affected by NACRT.

We compared the clinicopathological features, as well as the
prognosis, of the patients according to the effects of NACRT. We
divided the patients into two groups, those whose pathological effects
were grade 3 (n=16) and those who were grade 0-2 (n=60), because
the outcome of the patients was clearly different between the groups.

Statistical analysis. The differences in distribution frequencies
among the groups were evaluated using Fisher’s exact test or
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Figure 1. The survival curves of cStagell-I1I ESCC patients in the
surgery alone group and in the NACRT group. The 3-year survival rate
was 56.5% in the NACRT group and 47.7% in the surgery alone group,
which was not significantly different (p=04831).

unpaired r-test. The survival curves were plotted according to the
Kaplan-Meier method and any differences were analyzed using the
log-rank test. Differences were considered to be significant if the
p-value was less than 0.05.

Resulis

Outcome of NACRT in patients with cStagell-TIll ESCC. The
survival curves of cStagell-TIT ESCC patients in the surgery
alone group and the NACRT group are shown in Figure 1.
The 3-year and 5-year survival rate was 61.5% and 56.5% in
the NACRT group and 50.1% and 47.7% in the surgery alone
group (p=0.4831). As shown in Figure 2, there were no
significant differences in the prognosis between the patients
in the surgery alone group and the NACRT group, regardless
of disease stage (cStagell, p=0.7387, cStagelll, p=0.4370).

Pathological effects of NACRT and prognosis. Among the 76
patients who received NACRT, grade 3 and grade 2
responses were observed in 16 (21.1%) and 26 patients
(34.2%), respectively. In the other 34 (44.7%) patients, the
pathological effects of NACRT were grade 0/1.

No significant differences were observed with regard to
clinical background between the patients with grade 0-2 and
grade 3 responses (Table IT). The survival of patients whose
pathological effects were grade 3 was clearly better than
those with grade 2 or grade 0/1: the 5-year survival rate was
100%, 53.8% and 36.9%, respectively (Figure 3). The log-
rank test was inapplicable because no events were observed
in the patients with grade 3 responses.

NACRT and postoperative complications. Table TII shows the
postoperative complications and hospital mortality of each
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Figure 2. The survival curves of cStagell (a) and cStagelll (b) ESCC patients in the surgery alone group and the NACRT group. The 5-year survival
rates were not significantly different (cStagell: p=0.7387, cStagelll: p=0.4370).

group. The incidence of postoperative complications was
31.5% in the surgery alone group and 40.8% in the NACRT
group (p=0.2121). Pulmonary complications developed in
12.0% of patients in the surgery alone group and in 19.7%
of patients in the NACRT group (p=0.1621). Anastomotic
leakage developed in 17.4% of the surgery alone patients and
in 25.0% of the NACRT patients (p=0.2268). Regarding in-
hospital mortality, there were no significant differences
between the groups: the incidence was 3.3% in the surgery
alone group and 0% in the NACRT group (p=0.1122).

Discussion

For surgically resectable esophageal cancer, whether or not
NACRT actually increases long-term survival remains
controversial. Urba et al. (4) reported that in randomized trial,
NACRT versus surgery alone for patients with potentially
resectable esophageal carcinoma did not demonstrate a
statistically significant survival difference. Burmeister er al.
(5) reported that NACRT with cisplatin and 5-FU did not
significantly improve progression-free or overall survival for
patients with resectable esophageal cancer compared with
surgery alone, however, the subgroup analysis showed that
patients with ESCC had better progression-free survival with
NACRT than did those with non-squamous carcinomas. In
randomized trials in Western countries, the patients usually
have different pathological types (i.e. adenocarcinoma and
ESCC). No clearly recommended protocols have so far been
established regarding either the radiation dose and field, or

Table 1. Clinical background according to the pathological effect of
NACRT.

Eftect of NACRT, n (%) p-Value

Factor Grade 0-2  Grade 3
(n=60) (n=16)

Gender Male 49 (81.7) 13 (81.3) >0.9999
Female 11 (18.3) 3(18.8)

Age, years (mean) 61.7 66.2 0.1009

Location of tumor Upper 10 (16.7) 4(25.0) 06197
Middle 30 (50.0) 6 (37.5)
Lower 20 (33.3) 6 (37.5)

Clinical T factor cTlb 1(1.7) 00 0.7824
cT2 15 (25.0) 5(31.3)
cT3 44 (73.3) 11 (68.8)

Clinical N factor eN (=) 28 (46.7) 8 (50.0) >0.9999
eN (+) 32(53.3) 8 (50.0)

Clinical stage I 30 (50.0) 11 (68.8) 0.2602
m 30 (50.0) 5(31.3)

Curability Curative 51(85.0) 16(100.0) 0.1906
Non-curative 9 (15.0) 0 (0)

No significant differences were observed between the two groups.

the chemotherapy regimen for the treatment of surgically
resectable esophageal cancer. We therefore need to pay
careful attention when we introduce new treatments based on
evidence from Western countries to our practice in Japan. In
this study, there was no significant difference between the
patients with and without NACRT, thus suggesting that
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Grade 3 (n=18) Table 1. Morrality and morbidity according to NACRT.
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Figure 3. Overall survival after esophagectony according to the

pathological effectiveness of NACRT in parients with ESCC who
wundervent NACRT. Each grude indicates the pathological effectiveness
(grade 0, 1. ineffective or slightly effective; grade 2: moderately
effective; and grade 3: markedly effective). The 5-year survival rate of
patients in whom the response to NACRT was grade 3 (100%) was
clearly better thun that of patients whose pathological response was
grade 2 (53.8%), or grade 071 (36.9%).

NACRT has no clinical significance for patients with
cStagell-TIT ESCC. However, the incidence of clinical Tlb
was significantly lower in the NACRT group than in the
surgery alone group. As a result, this incidence may have
affected the clinical results of NACRT in this study.

In Japan, a recent randomized trial of postoperative adjuvant
chemotherapy with cisplatin and 5-FU versus neoadjuvant
chemotherapy for cStagell-1II ESCC (JCOG 9907) rendered a
dramatic change in the daily practice of esophageal surgery (13).
Preoperative chemotherapy with cisplatin and 5-FU followed by
surgery improved overall survival without additional serious
adverse events in the treatment for cStage II-III ESCC.
Preoperative chemotherapy with cisplatin and 5-FU is, therefore,
regarded as a new standard treatment for cStage 1I-ITT ESCC.
However, preoperative cisplatin and 5-FU-induced down-staging
and RO resection were reported to be less beneficial in cStage IIT
than in cStage II disease. This suggests that a more powerful
preoperative treatment than the cisplatin and 5-FU regimen may
be necessary for patients with cStage III ESCC. We
retrospectively evaluated the effectiveness of NACRT as a
treatment for cStage I-III ESCC in this study. However, we need
to make efforts to conduct further prospective randomized trials
including NACRT in order to clarify its usefulness.

In terms of the long-term survival after NACRT followed
by surgery for esophageal cancer, the response to NACRT
has been reported to be the most important factor. Swisher
et al. (14) emphasized that pathologic response is an
independent risk factor for survival and proposed revision of
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the esophageal cancer staging system to accommodate
pathologic response following NACRT. However, factors
associated with pathological complete response are still
unclear. We had previously performed a multivariate
analysis, and the depth of invasion was found to be an
independent factor associated with the clinical response to
NACRT (15). In this study, no differences were observed in
the background between the patients with grade 3 and those
with grade 0-2 responses. It is thought to be clinically
difficult to predict the effect of NACRT before treatment.

Regarding anticancer drugs, combination chemotherapy
using cisplatin and 3-FU with radiation has been proven to
be superior to radiation alone according to the RTOG 85-01
study (16). Our previous study supported the idea that pre-
operative cisplatin and 5-FU administration improved patient
prognosis, as well as the response to NACRT (15). Thus, in
this study, we focused on the patients who received cisplatin
and 5-FU regimens as NACRT in order to avoid a mixture of
subjects having different treatment backgrounds.

The current study examining NACRT did not reveal
NACRT to be associated with postoperative complications,
including pulmonary complications. However, we have
reported the clinical results of esophagectomy for 1,000 cases
with esophageal cancer in our institute, and we found
preoperative radiotherapy to be an independent risk factor for
postoperative pulmonary complications (1). Regarding the
mechanism of this increase in postoperative complications,
suppression of immune function has been reported to be
significant  (17). In our previous report, multiple
immunological measures in patients with esophageal cancer
revealed that preoperative treatment induced significant
reductions in the total lymphocyte count, phytohemagglutinin
response, and natural killer cell activity, as well as a significant
gradual decrease in the CD**/CD8* ratio (18). Tt has also been
reported that NACRT for patients with ESCC results in the
suppression of T-lymphocyte functions (19). Since NACRT
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induces a pronounced influence on the immune function,
perioperative immunonutritional management might play a
key role in reducing postoperative complications after NACRT.

NACRT for esophageal cancer must be associated with
improvement in patient survival. Our current study strongly
supports the notion that the patients who achieve
pathological complete response show a better prognosis than
non-responders, suggesting that strict determination of the
indications for NACRT is important in order to avoid
performing unnecessary NACRT. One approach to improving
the outcome after NACRT is the use of molecular biological
assessment of particular characteristics of the tumor. To
identify biomarkers that predict the response of esophageal
cancer to NACRT, gene expression analysis of pretreatment
cancer biopsies from patients with esophageal cancer has
been demonstrated to be significant (20).

The current study confirms that achievement of a
pathological complete response is the most significant factor
underlying the efficacy of NACRT. It is important not only to
clarify the most useful diagnostic strategy for prediction of
the effectiveness of NACRT, but also to identify the
molecular markers associated with the effects of NACRT.
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