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induced stromal changes occur regardless of the tumor
response.

The radiologic N and pathologic N stages were signifi-
cantly correlated even though the radiclogic overall accuracy
of N-staging was only 44%. Moreover, the radiologic accu-
racy and sensitivity of the diagnosis of nodal positivity were
both high: 70.7 and 84.9%, respectively. These results suggest
that N-staging using CT is not accurate for diagnosing each N
category, although it is useful for diagnosing nodal positivity.
Previously, Park et al. ' reported that the accuracy of N re-
staging was 39% on EUS and 37% on CT, whereas that of
nodal positivity was 68% on both EUS and CT in 38 patients.
Their results support our data. The sensitivity for diagnosing
nodal positivity in this study was high, at 84.9%; however, the
specificity was low, at 36.4%, thus suggesting that radiolog-
ically determined positive findings are reliable, whereas
negative findings are not.

We next examined the accuracy of N-staging by strati-
fying the radiologic nodal response. The radiologic
accuracy was low, at 39,3%, in the responders and higher,
at 52.1%, in the nonresponders, which suggests that the
radiologic accuracy of N-staging decreases when meta~
static nodes respond to chemotherapy. The rates of
underdiagnosis and overdiagnosis were almost half in the
overall cohort and the nonresponders; however, overdiag-
nosis was a major cause of misdiagnosis in the responders.
Among the responders, eight (89%) of nine patients with
pathologic NO disease were radiologically misdiagnosed as
being node-positive. This result suggests that the enlarged
nodes did not disappear even though the nodal metastasis
pathologically disappeared.

In conclusion, restaging of gastric cancer after neoad-
juvant chemotherapy by using CT is inaccurate and
unreliable. In particular, the radiologic T stage determined
after neoadjuvant chemotherapy should not be considered
in clinical decision-making.
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ABSTRACT

Background. The prognosis for stage 3 gastric cancer is
not satisfactory, even with S-1 adjuvant chemotherapy. A
randomized phase II trial was conducted to compare two
and four courses of neoadjuvant S-l/cisplatin (SC) and
paclitaxel/cisplatin (PC) using a two-by-two factorial
design for locally advanced gastric cancer. The primary
endpoint was overall survival. We clarified the impact of
these regimens on the secondary endpoints, including the
clinical and pathological responses, chemotherapy-related
toxicities, and surgical results.

Methods. Patients received S-1(80 mg/m?*for21 days with
1 week’s rest)/cisplatin (60 mg/m? at day 8) or paclitaxel/
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cisplatin (80 and 25 mg/m?, respectively, on days 1, 8, and
15 with 1 week’s rest) as neoadjuvant chemotherapy.
Resuits. Eighty-three patients were assigned to arm A (two
courses of SC, n = 21), arm B (four courses of SC, n = 20),
arm C (two courses of PC, n = 21), and arm D (four courses
of PC, n = 21). Pathological response rate was 43 % in arm
A, 40 % in arm B, 29 % in arm C, and 38 % in arm D.
Pathological complete response was only observed in arms B
(10 %) and D (10 %). Most bone marrow toxicities, nausea,
vomiting, alopecia, and fatigue were slightly higher but
acceptable in arms B and D. Grade 3/4 surgical morbidities
were not commonly observed in all four arms.
Conclusions. Pathological complete response could be
induced by four courses of neoadjuvant chemotherapy
without a marked increase of toxicities, regardless of a SC
or PC regimen.

Gastric cancer remains the second leading cause of
cancer death worldwide.' For locally advanced disease, the
standard treatment is chemotherapy and D2 gastrectomy in
Asia, D2 plus postoperative chemotherapy with S-1 for
1 year in Japan, and D2 plus postoperative chemotherapy
with capecitabine and oxaliplatin for around 6 months in

Korea.™ However, even with D2 gastrectomy and
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adjuvant chemotherapy with S-1, the prognosis of stage 3
tumors is not satisfactory.® In contrast to the use of adju-
vant S-1 chemotherapy for 1 year in Japan, other
approaches have been established in Western countries.
Pre- and postoperative chemotherapy is a standard treat-
ment in Europe.”” Pre- or postoperative chemoradiation
with D2 is frequently selected in the United States.'®

Combination chemotherapy using S-1 plus cisplatin (SC)
is a standard regimen administered for metastatic gastric
cancer in Japan,™'! However, SC was not tolerable when it
was started just after surgery, but was feasible and safe
when provided preoperatively.'>™'® Paclitaxel is another
key drug used for metastatic disease and has been tested in
an adjuvant setting in a phase III trial.'™'® Moreover,
paclitaxel plus cisplatin (PC) demonstrated a high response
rate and feasibility for metastatic disease.'"*® Furthermore,
PC achieved a high pathological response rate with
acceptable toxicity in the neoadjuvant setting.”' Both SC
and PC are promising regimens for neoadjuvant chemo-
therapy; however, a suitable duration of treatment has not
yet been established. Two courses have been selected in
most Japanese studies, while three courses were adopted in
the MAGIC phase III trial, which confirmed its survival
benefit.”'*?* In contrast to neoadjuvant chemotherapy, the
patients received S-1 for 1 year or capecitabine plus oxa-
liplatin for 6 months in the postoperative adjuvant setting
after undergoing D2 gastrectomy.™

On the basis of these previous studies, a randomized phase
I trial was conducted to compare neoadjuvant chemotherapy
using two and four courses of SC and PC with a two-by-two
factorial design for macroscopically resectable locally
advanced gastric cancer.™ The primary endpoint was overall
survival (OS). The present study was a randomized phase II
trial, which aimed not to draw definite conclusion but to
select better regimen and course for the next phase IIT trial.
This report clarified the impact of these regimens on early
endpoints, including the clinical and pathological responses,
chemotherapy-related toxicities, and surgical results.

PATIENTS AND METHODS
Eligibility Criteria

The eligibility criteria were as follows: (1) histologically
proven gastric adenocarcinoma, (2) T2-3/N+ or T4aNOQ in
case of scirrhous or junctional tumors, T2~3 with nodal
metastasis to the major branched artery, T4aN+- , T4b, para-
aortic nodal metastases, or resectable minimal peritoneal
metastases confirmed by laparoscopy, (3) no other distant
metastasis, (4) age between 20 and 80 years, (5) Eastern
Cooperative Oncology Group performance status of O or 1, (6)
no previous treatment, (7) sufficient organ functions (white

blood cell count >4,000/mm” and <12,000/mm?, neutrophil
count >4,000/mm°, hemoglobin >8.0 g/d], platelet count
>100,000/mm?, GOT <100 IU, GPT <100 U, total biliru-
bin <1.5 mg/dl, creatinine clearance >30 mg/di/h according
to measured value or Cockeroft-Gault formula, no ischemic
change or ventricular arrhythmia by exercise ECG), and (8)
written informed consent provided. The exclusion criteria
were as follows: (1) serious comorbidities, (2) synchronous or
metachronous cancer (synchronous multiple cancers in the
stomach included), (3) acute inflamation, (4) systemic treat-
ment with a corticosteroid, (5) hypersensitivity to Cremophor
EL, (6) pregnant or breast-feeding women, or women who
were contemplating pregnancy, (7) mental disorders, (8) medi-
cal history of allergy or hypersensitivity to any drugs, (9)
history of alcoholic anaphylaxis, (10) peripheral neuropathy,
and (11) patients judged to be inappropriate for the study by the
physicians.

The clinical diagnosis of the T and N stages was basi-
cally determined by thin-slice CT or multidetector row CT
following Habermann’s method.>® Briefly, T4a tumors
were defined as transmural tumors with obvious blurring of
at least one-third of the tumor extent, or wide reticular
strands surrounding the outer border of the tumor. Regional
lymph nodes were considered to be involved by metastases
if they were larger than 8 mm in the short-axis diameter.
Staging laparoscopy was mandatory to diagnose peritoneal
metastasis. Our previous study demonstrated that the
accuracy was 71.4 % for T staging and 75.9 % for N
staging according to the same method and criteria,?®

Preoperative Chemotherapy

In the SC regimen, S-1 was provided twice a day for a
total of 80 mg/m* for the first 3 weeks of a 4-week cycle,
and cisplatin was provided as an intravenous infusion of
60 mg/m* on day 8 of each cycle, as described previ-
ously.!' In the PC regimen, paclitaxel 60 mg/m®> and
cisplatin 25 mg/m* were administered on days 1, 8, and 15
as one course, which was repeated every 4 weeks.”® The
dose modification criteria were based on the previous
studies,!"?! Neoadjuvant chemotherapy was discontinued
if there was documented disease progression, unacceptable
toxicity, or withdrawal of consent,

Surgery

During the 2-6 weeks after completion of the neoadju-
vant chemotherapy or when the tumors progressed during
the treatment, patients proceeded to surgery on the basis of
the criteria defined by the protocol. After laparotomy, the
resectability was evaluated. Intraperitoneal wash cytology
was mandatory. RO resection was aimed for by gastrectomy
with standard D2 lymphadenectomy.’ D3 dissection or
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combined resection of a small part of the peritoneum or
adjacent organs were permitted for curative intent.
Depending on the location of the primary tumor, the
surgeon performed either a total or distal subtotal gas-
trectomy. In total gastrectomy for proximal tumors, the
spleen was removed in principle for splenic hilar
lymphadenectomy.

After a macroscopic curative resection was achieved,
the patients were strongly recommended to undergo post-
operative chemotherapy using S-1 for more than 6 months
until 12 months, as long as the tumors did not recur. Any
adjuvant treatment other than S-1 was not permitted until a
recurrence developed.

Registration and Randomization

Eligible patients were registered into the data center of
this study and then randomized as follows: arm A, two
courses of SC; arm B, four courses of SC; arm C, two
courses of PC; and arm D, four courses of PC. Randomi-
zation was performed by a centralized dynamic method
using the following factors: scirthous type including giant
type 3 (yes or no), tumor invasion of the esophagus (yes or
no), clinical stage 2-3b or 4, creatinine clearance (<60
or >60 mg/rnzlmin), and institution as balancing variables.

Study Design and Statistical Methods

The present study was an open-label, randomized phase
1I trial of selection design as proposed by Simon.*® The
primary endpoint was the 3-year OS rate. The early key
secondary endpoints were the incidence of adverse events,
pathological response rate, clinical response rate, and RO
resection rate. The sample size was calculated on the
hypothesis that the 3-year OS rate was expected to be
between 20 and 40 % for each reference arm of the two
courses and SC regimen. When each test arm of four
courses and PC regimen achieved 10 % improvement of
the 3-year OS rate, the statistical power (selection proba-
bility) was calculated to be 0.81, 0.79, and 0.78 for a total
sample size of 60, and it was calculated to be 0.85, 0.83,
and 0.82 for a total sample size of 80. Considering these
calculations, the number of patients to be accrued was set
at 60-80 in total.

The progression of tumors was evaluated by the 7th
edition of the International Union Against Cancer tumor,
node, metastasis classification system.27 The clinical
response was evaluated by the first version of the Response
Evaluation Criteria for Solid Tumors.”® Surgical specimens
were pathologically evaluated as grade 0 when there was
no degeneration and/or necrosis within the tumor, grade la

when the area was less than one-third of the tumor, grade
1b when the area was more than one-third and less than
two-thirds, grade 2a when the area was more than two-
thirds but tumor tissues were apparently remained, grade
2b when only minimal tumor cells remained, and grade 3
when there was no residual tumor.> Adverse events were
graded according to the National Cancer Institute Common
Toxicity Criteria (version 3.0). The severity of surgical
morbidity was evaluated by the Clavien~Dindo
classification.”’

The protocol was approved by the institutional review
boards/ethics committees of each participating institution.
This trial was registered in the University Hospital Medical
Information Network (UMIN) center (ID UMING00CO
25935),

RESULTS
Patients

Between October 2009 and July 2011, a total of 83
patients were assigned to arm A (two courses of SC, n =
21), arm B (four courses of SC, n = 20), arm C (two
courses of PC, n = 21), and arm D (four courses of PC,
n = 21). All patients were eligible and received neoadju-
vant chemotherapy. Table 1 shows the patient demograph-
ics and tumor characteristics.

The actual courses were defined as one course when
cisplatin (CDDP) was provided at least one time during one
course. The rate of completion of neoadjuvant chemo-
therapy was 91 % (19 of 21} in arm A, 60 % (12 of 20) in
arm B, 100 % (21 of 21) in arm C, and 81 % (17 of 21) in
arm D. The rate of completion of chemotherapy was 76 %
(31 of 41) in the SC arm compared to 90 % (38 of 42) in
the PC arm, and 95 % (40 of 42) in the two-course arm
compared to 71 % (29 of 41) in the four-course arm. A
total of six patients did not proceed to surgery because of
disease progression. Among the patients who proceeded to
surgery, two patients in arm C received a bypass operation
because of peritoneal metastasis, Five patients underwent
an R2 resection because of peritoneal metastasis, and eight
patients had an R1 resection as a result of positive perito-
neal cytology. All patients without peritoneal metastasis
and positive peritoneal cytology received a D2 gastrec-
tomy. The RO resection rate was 81 % (17 of 21) in arm A,
75 % (15 of 20) in arm B, 67 % (14 of 21) in arm C, and
76 % (16 of 21) in arm D. The RO resection rate was 78 %
(32 of 41) in the SC arm and 71 % (30 of 42) in the PC
arm, while it was 74 % (31 of 42) in the patients treated
with two courses and 76 % (31 of 41) in the patients treated
with four courses. A flow diagram of the patients is pro-
vided in Supplementary Appendix Fig. Al.
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TABLE 1 Patient
characteristics

Characteristic Variable Arm A Arm B Am C Arm D
(n=21) (n = 20) (n=21) (n =21
Age Median 66 63 66 67
Range 32-79 4776 55-80 43-77
Gender M/F 14/7 12/8 17/4 15/6
Performance status 0/1 2110 20/0 20/1 20/1
Macroscopic type Non-scirrhous 15 15 15 12
Type 4/giant type 3 6 5 6 9
Histological type Differentiated 8 9 11 8
Undifferentiated 13 11 10 13
Clinical T T2 0 0 0 i
T3 1 l 2 2
T4a 17 19 17 15
T4b 3 0 2 3
Clinical N NO 1 4 3 4
N1 12 7 8 8
N2 8 9 9 9
N3 0 0 1 0
Clinical M Negative 18 17 17 18
Positive 3 3 4 4
Site of M Por CY 3 3 3 4
Para-aortic nodes 0 0 I 0

Response

Twenty-four patients had only nonmeasurable lesions
and 59 had measurable lesions. The overall clinical
response, evaluated among all 83 patients, was 43 % (9 of
21} in arm A, 50 % (10 of 20) in arm B, 24 % (5 of 21} in
arm C, and 29 % (6 of 21) in arm D (Supplementary
Appendix Table Al). The response rate was 46 % (19 of
41) in the SC arm and 26 % (11 of 42) in the PC arm, while
it was 33 % (14 of 42) in the patients treated with two
courses and 39 % (16 of 41) in those treated with four
courses. The non-PD rate was 93 % (38 of 41) in the SC
arm and 93 % (39 of 42) in the PC arm, while it was 95 %
(39 of 41) in the patients treated with two courses and 90 %
(38 of 42) in those treated with four courses.

Table 2 indicates the pathological response of the pri-
mary tumor. The pathological response rate, defined as
tumor regression by more than two-thirds was 43 % (9 of
21) in arm A, 40 % (8 of 20) in arm B, 29 % (6 of 21) in
arm C, and 38 % (8 of 21) in arm D. The pathological
response rate was 42 % (17 of 41) in the SC arm and 33 %
(14 of 42) in the PC arm, while it was 36 % (15 of 42) in
the patients treated with two courses and 39 % (16 of 41) in
those treated with four courses. The pathological complete
response rate was 0 % (0 of 21) in arm A, 10 % (2 of 20) in
arm B, 0 % (0 of 21) in arm C, and 10 % (2 of 21) in arm
D. The pathological complete response rate was 0 % with a

95 % confidence interval from 0 to 8 % in the two-course
arm and 10 % with 2 95 % confidence interval from 3 to
23 % in the four-course arm. The P value for this com-
parison according to Fisher’s exact test was 0.055. All
patients who experienced pathological complete response
had no tumor cells in either the primary tumor or the
lymph nodes dissected. All patients who exhibited a
pathological complete response completed four courses of
chemotherapy.

Chemotherapy-Related Toxicities

The most frequently detected toxicities (all grades) in
the SC arm were anemia in 33 patients (81 %), followed by
neutropenia in 26 (63 %), appetite loss in 24 (59 %), leu-
kocytopenia in 21 (51 %), fatigue in 15 (37 %), and nausea
in 15 (37 %), while those in the PC arm were anemia in 37
patients (88 %), followed by leukocytopenia in 33 (79 %),
nausea in 17 (41 %), alopecia in 14 (33 %), anorexia in 16
(38 %), and hyperkalemia in 16 (38 %). Most bone marrow
toxicities, nausea, vomiting, alopecia, and fatigue were
slightly higher, but still acceptable, in the four-course arms,
regardless of the regimen. Grade 3/4 toxicities were not
frequently observed for either the SC or PC regimen. Grade
3/4 nonhematological toxicities occurred in less than 10 %
of patients in all arms (Supplementary Appendix Table
A2).
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TABLE 2 Pathological response of primary tumor

TABLE 3 Surgical findings

Characteristic Arm A Arm B Am C Arm D
(n=21) (n =20) (n=21) (n=21)

Grade 0 1 5 2 2
Grade la 10 5 10 9
Grade {b 2 1 2 2
Grade 2a 5 3 4 4
Grade 2b 2 2 0 0
Grade 3 0 2 0 2
Unknown 0 0 0 0
Unresected 1 2 3 2
Surgery

Table 3 shows the details of the surgical procedure
performed. Most patients received total gastrectomy and
D2 dissection. More than half of the patients who received
D2 total gastrectomy received splenectomy. D1 dissection
was only selected when the patients had peritoneal
metastasis or positive peritoneal cytology.

The surgical morbidity (all grade) is shown in Table 4.
Grade 3 morbidities included anastomotic leakage, which
occurred in 5 % of the patients in arms A and C, pancreatic
fistula, abdominal abscess, and pyothorax, each of which
occurred in 5 % of the patients in arm C, and postoperative
hemorrhage in 6 % of the patients in arm B. Readmission
was observed in one patient from arm C. None of the
patients required reoperation. No surgical mortality was
observed.

DISCUSSION

To our knowledge, the present study is the first ran-
domized trial to compare the duration of neoadjuvant
chemotherapy for locally advanced gastric cancer. The
major finding of this study was that a high pathological
complete response rate of 10 % was only achieved when
four courses of neoadjuvant chemotherapy were com-
pleted. Although the comparison of the pathological
complete response did not reach statistical significance, the
result was highly suggestive because this trial was a ran-
domized study and there was no bias in the background. So
far, such a high pathological complete response rate has
never been reported from any other studies using one, two,
or three courses of neoadjuvant chemotherapy for gastric
cancer, 9 14-16.22

Even though the pathological response was almost
equivalent between the two- and four-course arms, as well
as between the SC and PC regimens, a pathological com-
plete response was observed only in 10 % of the patients
treated with four courses, regardless of the regimen. The

Atmm A AmB AmC  AmD
Proceeded to surgery
" 20 18 20 i9
Bypass
n 0 0 2 0
Gastrectomy
Totat 15 14 16 13
Distal 5 4 2 6
Dissection
Di 2 2 2 0
D2 18 16 16 19
Combined organ resection
Spleen 9 7 10 i1
Gallbladder 1 4 4 2
Transverse colen L 1] 2 2
Pancreas 0 1] ] 2
Diaphragm 0 ] ; 0
Liver 0 1 0 0
Bleeding, g
Median 365 470 468 320
Range 60-1280 0-1300 120-1560 70-1990
Time, min
Median 256 239 253 254
Range 155395 176422 162-380 172-381

patients were well randomized to each arm in terms of the
background of the patients and tumor characteristics. The
compliance with chemotherapy was similar in both the
two- and four-course arms. Therefore, an accidental
imbalance of patients, tumors, or chemotherapy could not
explain the fact that this high pathological complete
response was only observed in patients who received four
courses of chemotherapy. These results indicated that a
pathological complete response was induced by the addi-
tion of third and fourth courses. Previously, several
investigators reported that the pathological response clearly
separated the survival of gastric cancer patients who
received neoadjuvant chemotherapy.’®*' However, it was
unclear whether the patients who experienced a patholog-
ical complete response had different survival from those
who experienced a partial response. Our study will clarify
the answer to this question in the future.

In contrast to the pathological response, only one patient
(in arm B) exhibited a clinical complete response. A clin-
ical complete response is a rare event in gastric cancer
chemotherapy. Previously, a clinical complete response
was reported in one of 87 metastatic gastric cancer patients
who received SC and also in one of 49 metastatic patients
who received a PC regimen.’*° The discrepancy between
the pathological and clinical responses may be explained
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TABLE 4 Surgical morbidity

Proceeded to surgery Arm A Am B Arm C Arm D

(n = 20) {n == 18) (n = 20) (n = 19)

All grades Grade 3/4 All grades Grade 3/4 All grades Grade 3/4 All grades Grade 3/4
Postoperative bleeding 2 0 1 1 1 0 0 0
Anastomotic leakage 1 1 0 0 2 i 0 0
Pancreas fistula 1 0 3 0 2 1 3 0
Abdominal abscess 1 0 0 0 2 1 0 0
Wound infection 0 0 0 0 0 0 0 0
lleus 0 0 0 0 0 0 0 0
Anastomotic stenosis 0 0 1 0 0 0 0 0
Pneumonia 0 0 1 0 0 0 0 0
Pyothorax 0 0 0 4] 1 1 0 0

by the difficulties in evaluating patients for a clinical
complete response. The response of the primary tumor is
hard to be evaluated clinically, as the primary tumor is
generally a nonmeasurable lesion. In three patients who
exhibited a pathological complete response of lymph nodes
in this study, the lymph nodes that had been considered to
be occupied by the tumor were replaced by connective
tissue but were not reduced in size. This is the reason why
these three patients were not diagnosed with a clinical
complete response of lymph nodes.

The chemotherapy-related toxicities increased when
patients were treated with four courses compared to two.
Most bone marrow toxicities, nausea, vomiting, alopecia,
and fatigue were more frequently observed in those pro-
vided four courses than in those provided two courses of
therapy, regardless of the regimen. However, the grade 3/4
toxicities were acceptable in the four-course arms of both
regimens. No chemotherapy-related death was observed.
On the other hand, surgical morbidities were not frequently
observed in all four arms. Moreover, grade 3/4 complica-
tions were rare. No surgical mortality was observed. Thus,
the administration of four courses of a SC or PC regimen,
followed by surgery, appears to be feasible and safe.

Another concern in the four-course arm is the loss of a
chance to receive RO resection as a result of tumor pro-
gression during long-term chemotherapy. In the present
study, the RO resection rate was not low in the four-course
arm compared with that observed in the two-course arm.
Moreover, no patients exhibited disease progression during
the third or fourth courses of chemotherapy. Tumor pro-
gression was observed during the initial two courses only.
Although the rate of completing neocadjuvant chemother-
apy was slightly lower in the four-course arm than in the
two-course arm, the substantial difference was interpreted
to be due to the toxicities observed in a few patients during
the third and fourth courses. These results strongly suggest

that compliance with chemotherapy was similar between
the two- and four-course arms. When comparing the SC
and PC regimens as neoadjuvant chemotherapy, both the
radiological and pathological response rates were slightly
lower in the PC arm than in the SC arm. However, the rates
of RO resection and pathological complete response were
almost equivalent. The chemotherapy-related toxicities
were feasible and safe in both regimens. The surgical
morbidity was also low regardless of the regimen. The
long-term survival results of the present study will clarify
which regimen is better for neoadjuvant chemotherapy for
gastric cancer.

This study included patients with para-aortic nodal
metastases or resectable minimal peritoneal metastases,
Para-aortic nodal metastasis is classified as M1 but is
curable with neoadjuvant chemotherapy and surgery. Two
phase II trials of neoadjuvant chemotherapy clarified that a
high 3-year survival rate was obtained with neoadjuvant
chemotherapy: 27 % with two courses of CPT-11 plus
CDDP and 58.8 % with two courses of S-1 plus
CDDP.*** On the other hand, a peritoneal lavage cytology
positive (CY1) status is also classified as M1 and is also
curable with surgery and adjuvant chemotherapy contain-
ing S-1. Kodera and coworkers™ reported that a 2-year
survival rate of 46 % was obtained with surgery and S-1
therapy in patients with CY1. Without staging laparoscopy,
CY1 or minimally resectable peritoneal metastasis is
treated as clinically resectable disease, From the viewpoint
of the prognosis and treatment strategy, para-aortic nodal
metastases or resectable minimal peritoneal metastases are
similar candidates for a trial of neoadjuvant chemotherapy
for locally resectable advanced MO disease.
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Abstract

Background In the preoperative evaluation for gastric
cancer, high-resolution endoscopic technologies allow us
to detect small accessory lesions. However, it is not known
if the gastric remnant after partial gastrectomy for syn-
chronous multiple gastric cancers has a greater risk for
metachronous cancer. The purpose of this study was to
determine the incidence of metachronous cancer in this
patient subset compared with that after solitary cancer
surgery.

Methods Data on a consecutive series of 1,281 patients
gastrectomized for early gastric cancer from 1991 to 2007
were analyzed retrospectively, The 715 gastric remmnants
after distal gastrectomy were periodically surveyed by
endoscopic examination in Shikoku Cancer Center. Among
those surveyed cases, 642 patients were pathologically
diagnosed with solitary lesion (SO group) and 73 patients
with synchronous multiple lesions (MU group) at the time
of the initial surgery.

Results  In the follow-up period, 15 patients in the SO
group and 3 patients in the MU group were diagnosed as
having metachronous cancer in the gastric rempant. The
cumulative 4-year incidence rate was 1.9 % in the SO
group and 5.5 % in the MU group. The difference did not
reach the significant level by the log-rank test,
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Conclusions The incidence of metachronous cancer is
higher after multiple cancer surgery; however, the differ-
ence is not statistically significant.

Keywords Distal gastrectomy - Gastric stump cancer -
Early gastric cancer

Introduction

Multiple gastric cancers have been known to arise in two
different patterns: one is synchronous multiple cancers, and
the other is metachronous secondary cancer, which devel-
ops after removal of the primary gastric cancer. When
partial gastrectomy is performed for removal of the pri-
mary cancer, the metachronous cancer can be called rem-
nant gastric cancer [1-4]. It has been reported that the
incidence of metachronous gastric cancer after partial
gastrectomy for early gastric cancer is 0.6-3.0 % [1, 4-6].

The incidence of synchronous multiple gastric cancers
has been reported to occur in 5-8 % of surgically resected
stomachs [7-11]. However, a comprehensive evaluation
using serial sections of the whole stomach revealed that it
was 13-15 % [10, 12], which suggests a higher incidence
of latent lesions in the whole stomach [13]. If the latent
lesion cannot be detected by preoperative examinations and
is left in the gastric remnant, the lesion may arise as a
metachronous cancer. In contrast, if the accessory lesion is
located in the resected stomach, it can be pathologically
diagnosed as a synchronous multiple cancer.

It has been reported that both metachronous and syn-
chronous multiple gastric cancers are thought to derive
from multicentric carcinogenesis and have similar charac-
teristics [10, 14]. However, it is not known if the gastric
remnant after partial gastrectomy for synchronous muitiple
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cancer is at greater risk for metachronous cancer. If this is
the case, an intensive postoperative endoscopy surveillance
program should be implemented for this patient group to
detect metachronous cancer at its early and curable stage.

There have been few reports comparing the incidence of
metachronous cancer in the gastric remnant after partial
gastrectomy for solitary and multiple gastric cancers [11,
15, 16]. Because these reports differ in their conclusions, it
remains controversial whether it is higher after multiple
cancer surgery. The purpose of this study was to clarify the
incidence of metachronous cancer in the gastric remnant
after synchronous multiple cancer surgery compared with
solitary cancer surgery. For this study, we chose distal
gastrectomy as the partial gastrectomy technique because it
is the most common surgical treatment for gastric cancer
[17, 181.

Patients and methods

A retrospective database review of a consecutive series of
1,281 cases of gastrectomy for pathologically confirmed
early gastric cancer from 1991 to 2007 in Shikoku Cancer
Center identified 910 patients who underwent distal gas-
trectomy (Fig. 1). Negative surgical margin was confirmed
by pathological examination in the resected specimens of all
these patients. Following surgery, it was recommended that
patients undergo surveillance endoscopic examinations at
short intervals, anoually, if possible, or every 2-3 years as
the maximum interval. Among the afore-described patients,
715 patients underwent such endoscopic examinations in
Shikoku Cancer Center with a follow-up time of more than
1 year after the surgery and were included in this study.
Early gastric cancer, defined as that invading the mucosal
or submucosal layer regardless of lymph node metastasis,
was classified according to the Japanese classification of
gastric carcinoma [19]. The resected stomachs were pro-
cessed in the usual manner. Briefly, resected stomachs were
opened along the greater curvature, placed on a wooden
board with the mucosa facing up, and fixed with a 10 %
formalin solution for at least 24 h, Several portions,
including the distal and proximal stump as well as both main
and sublesions, were sliced to a thickness of 5 mm and
histologically examined. For exploration of multiple
lesions, resected specimens were macroscopically evaluated
before and after fixation, along with preoperative evalua-
tion, using endoscopy and upper gastrointestinal studies,
Synchronous multiple gastric cancers were defined
according to the criteria reported by Moertel et al. [20].,
which are as follows: (1) each lesion is histologically
malignant, (2) each lesion is separated from another by the
normal gastric tissue, and (3) each lesion is not the result of
a Jocal extension or metastasis of another lesion. If the

@ Springer

All gastrectomies for
pathologically confirmed
early gastric cancer

from 1991 to 2007 {N = 1281)

Exclusion (N =371}
* Total gastrectomy (N = 62)
>| * Pylorus-preserving gastrectomy (N = 89)
* Proximal gastrectomy (N = 92)
* Wedge resection (N = 96)
* Remnant gastrectomy (N = 21)
* Other reasons (N = 11)
Distal gastrectomy (N = 910)

> Noendoscopic follow-up {N = 195)

Inclusion (N = 715)
* Solitary cancer (N = 642)
+ Multiple cancers (N = 73)

Fig. 1 Selection criteria for patients in this study. A consecutive
series of 1,281 gastrectomies for pathologically confirmed early
gastric cancer from 1991 to 2007 was retrospectively analyzed, Of
these 910 patients who underwent distal gastrectomy, 715 had
periodic endoscopic surveillance in Shikoku Cancer Center and were
included in this study

depth of cancer infiltration is the same in two or more
lesions, the one extending over the greatest area is regarded
as the main lesion, and the other lesions are regarded as
accessory lesions.

Metachronous gastric cancer was defined using the fol-
lowing criteria [4]: first, that curative surgery of the initial
cancers had been carried out with adequate surgical mar-
gins (5 mm or more); second, that the secondary cancers
were found distant from the site of the anastomosis or the
suture line to exclude recurrent tumors; third, that the
secondary cancers were detected by endoscopic examina-
tions more than 1 year after the gastrectomy. For all the
surveillance endoscopic examinations, careful observation
was made of the mucosa of the gastric remnant. Any sus-
picious lesions were biopsied and examined histologically.
Follow-up time was defined as the period from the gas-
trectomy until the detection of metachronous gastric cancer
by endoscopic examination or until the last endoscopic
follow-up, at which point data were censored.

Details of distal gastrectomy are described in the Japa-
nese gastric cancer treatmuent guidelines [17]. The JMP 9
statistical software (SAS Institute, Cary, NC, USA) was
used for all statistical analysis. The cumalative prevalence
rate of metachronous gastric cancer was calculated by the
Kaplan—-Meier method and analyzed by the log-rank test.
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Pearson’s chi-square test or Wilcoxon test was used to
compare the two groups. The level of significance was set
at p < 0.05.

Results

Data on a consecutive series of 1,281 gastrectomized
patients for early gastric cancer from 1991 to 2007 were
analyzed retrospectively (Fig. 1). The 715 gastric remnants
after distal gastrectomy were periodically surveyed by
endoscopic examination in Shikoku Cancer Center and
were included in this study. Among those surveyed cases,
642 were pathologically diagnosed with solitary lesions
(SO group) and 73 with multiple lesions (MU group) at the
time of the initial surgery.

The clinicopathological characteristics of the two groups
at the time of the initial surgery are shown in Table 1.
Patients in the MU group were significantly older and were
more likely to have intestinal-type cancer upon histological
examination. Although the MU group contained more male
cases and more protruded tumors, these differences did not
reach a significant level. The tumors of both groups were
mainly located in the middle cr lower third of the stomach
because the patients underwent distal gastrectomy. We did
not observe any significant difference in tumor size, tumor
depth, node metastasis, and lymphovascular invasion
between the two groups.

In the MU group, 65 patients had two lesions, 7 had
three lesions, and 1 had four lesions. The median diameter
of the accessory largest lesions was 7 mm (Table 2). Most
accessory lesions were intramucosal and of the intestinal
histological type. The accessory lesions were also located
in the middle or lower third of the stomach.

The median follow-up time from gastrectomy to the last
surveillance  endoscopy was SO months  (range,
12-193 months) in the SO group and 50 months (range,
12-216 months) in the MU group. In the follow-up period,
15 patients in the SO group and 3 patients in the MU group
were diagnosed as having metachronous cancer in the
gastric remnant. The median follow-up period of the 18
patients from initial surgery to the detection of metachro-
nous cancer was 37 months (range, 13-149 months). They
underwent curative resections by remnant gastrectomy
(n = 8 patients) or endoscopic mucosal resection (# = 10
patients). The reconstruction method after distal gastrec-
tomy in this study included Billroth I anastomosis
(n = 617 patients), Billroth I anastomosis (n = 19
patients), and Roux-en-Y anastomosis (z = 79 patients).
Metachronous gastric cancers arose in the gastric remnant
in 15 patients after Billroth I anastomosis (2.4 %), in no
patient after Billroth II anastomosis (¢ %), and in 3 patients
after Roux-en-Y anastomosis (3.8 %). There was no

Table 1 Clinicopathological characteristics at time of initial surgery

Factors Solitary (642) Multiple (73) p value
Sex
Male 410 (65 %) 53 (73 %) 0.139¢
Female 232 (35 %) 20 (27 %)
Age (years)
Median (range) 64 (20-88) 68 (35-88) <0.001¢
Tumor location®
Upper 12 2 %) 0 (0 %) 0.477¢
Middle 374 (58 %) 42 (58 %)
Lower 256 (40 90) 31 (42 %)
Macroscopic type™®
Protruded 126 (20 %) 20 (27 %) 0.140°
Depressed 495 (77 %) 52 (71 %)
Tumor size (mm)*
Median (range)} 30 (2-150) 32 (5-115) 0.221¢
Histological type*
Intestinal 353 (55 %) 52 (71 %) 0.008°
Diffuse 289 (45 %) 21 (29 %)
Depth of invasion®
Mucosa 345 (54 %) 45 (62 %) 0.199¢
Submucosa 297 (46 %) 28 (38 %)
Node metastasis
Negative 562 (88 %) 64 (88 %) 0.974°
Positive 80 (12 %) 9 (12 %)
Lymphovascular invasion®
Negative 473 (74 %) 57 (718 %) 0.415°
Positive 169 (26 %) 16 (22 %)

? Status of the main Jesion in the multiple group
® Flat type was included in the protruded type

° Pearson’s chi-square test

9 Wilcoxon test

Table 2 Clinicopathological characteristics of accessory lesion

Factors Total® (73)
Tumor size (mm)
Median (range) 7 (3-36)
Histological type
Intestinal 59 (81 %)
Diffuse 14 (19 %)
Depth of invasion
Mucosa 68 (93 %)
Submucosa 5 (7 %)
Tumor location
Upper 1(1 %)
Middle 35 (48 %)
Lower 37 (51 %)

" Status of largest tumor if patient has multiple accessory lesions
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Table 3 Clinicopathological characteristics of metachronous cancer

Factors Total (18)
Sex
Male 16 (89 %)
Female 2 (11 %)
Age (years)”
Median (range) 70 (57-82)
Tumor size {mm)
Median (range) 13 (5-51)
Histological type
Intestinal 14 (78 %}
Diffuse 4 (22 %)
Depth of invasion
T1 16 (88 %)
T2 1(6 %)
T3 1(6 %)
Node metastasis®
Negative 8 (100 %)
Positive 00 %)
* Age at second treatment
b Status of gastrectomized cases only
g .
3
@ |
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| =4
@
E —
3]
£+
QL ——  Muitiple
= — . Solitary
.g -
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Fig. 2 Kaplan-Meier estimates of cumulative incidence of metach-
ronous cancer in the gastric remnant. Thin line indicates the SO
(solitary lesion} group; bold line indicates the MU (synchronous
multiple lesions) group. There is no significant difference between the
two groups by the log-rank test (p = 0.454)

statistically significant difference in the prevalence rate
among these three groups.

Table 3 shows the clinicopathological characteristics of
all 18 metachronous gastric cancers. Histologically, the
dominant tomor type among these secondary cancers was
the intestinal type. The majority of these patients had early
stage T1 tumors (n == 16 patients), the remainder having
T2 or T3 advanced tumors (n = 2 patients). Pathological
lymph node metastasis was not found in any patients who
underwent remnant gastrectomies. The cumulative 4-year
incidence rate was 1.9 % in the SO group and 5.5 % in the

@ Springer

MU group (Fig. 2). There was no significant difference
between the two groups by the log-rank test (p = 0.454).

Discussion

The characteristics of synchronous multiple gastric cancers
have been well studied [7, 9-12, 14, 21-23]: patients with
synchronous multiple gastric cancers were more likely to be
male and older and more likely to have the intestinal type of
early gastric cancer. These characteristics were also
observed in our current study (Table 1). With regard to
tumor location, it has been known that multiple gastric
cancers arise more frequently in the middle and lower than
in the upper third of the stomach [9-11, 21, 23], In addition,
during whole stomach endoscopic surveillance after endo-
scopic mucosal resection for early cancer, the incidence rate
of metachronous cancer in the upper, middle, and lower
third of the stomach has been reported to be 17, 33, and
50 %, respectively [24], These results suggest that the
middle and lower third of the stomach have foci of multi-
centric carcinogenesis more than the upper third of the
stomach. If distal gastrectomy is performed to remove the
middle and lower third of the stomach, a very low incidence
rate of the metachronous cancer is expected in the proximal
gastric rernnant. In other words, distal gastrectomy removes
most of the foci of muiticentric carcinogenesis from the
whole stomach and reduces the incidence of metachronous
cancer. We speculate that this is why the gastric remnant in
the MU group failed to show a significantly greater risk for
metachronous cancer in this study.

It has been well known that Helicobacter pylori infection
in the gastric remnant after gastrectomy is associated with
metachronous gastric cancer [25-27]. Now, Helicobacter
pylori eradication is considered preventative therapy for
metachronous gastric cancer [25, 28, 29]. In this study, the
presence of Helicobacter pylori infection was confirmed at
the time of the first surgery in 13 of 18 patients who devel-
oped metachronous gastric cancer. Because none of the
patients received Helicobacter pylori eradication therapy
after the first surgery, the infection remained in the remnant
stomach in 10 of the 13 patients at the time of the second
treatment. Therefore, among the metachronous gastric can-
cer subset, the Helicobacter pylori infection rate was 72 %at
the time of the first surgery and 56 % in the gastric remnant.
Because the median age of this patient group was 70 years,
these infection rates were not very high [22, 30, 31], How-
ever, Helicobacter pylori infection in this subset may be
associated with the incidence of metachronous cancer,

It has been reported that Billroth II anastomosis is
associated with gastric remnant cancer after distal gas-
trectomy for peptic ulcer because of duodenogastric refiux
(32, 33]. In this study, the incidence rates of
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metachronous gastric cancers after Billroth I anastomosis,
Billroth II anastomosis, and Roux-en-Y anastomosis were
24, 0, and 3.8 %, respectively. The incidence rate after
Billroth II anastomosis was even lower than the others.
We speculate that this is because the duodenogastric
reflux after Billroth II anastomosis induces the primary
gastric remnant cancer in the long term after benign
gastric ulcer surgery, but does not induce secondary
metachronous cancer in the gastric remnant after early
gastric cancer surgery [33].

Fujita et al. [11] have reported that the gastric remnant
after synchronous multiple cancer surgery has a higher risk
of metachronous cancer. They also have reported that a
combination of diffuse-type synchronous multiple cancers
at the time of the initial surgery was a potential risk factor
for metachronous cancer in the gastric remnant [34].
However, in our current study, all three patients in the
multiple group who developed metachronous cancer had a
combination of intestinal-type synchronous multiple can-
cers at the time of the initial surgery. Limitations of this
study are the relatively small number of patients and the
relatively few events in the MU group. Therefore, we need
to increase the study size to further clarify a risk factor for
metachronous cancer in future.

We have previously reported that male gender, elder
age, submucosal invasion, and proximal gastrectomy at the
time of the first surgery were independent risk factors for
the metachronous cancer after early cancer surgery [4]. In
that report, we recommended yearly or biyearly surveil-
lance endoscopy for patients with any of these risk factors
and every 3 years in patients with no risk factors to detect
metachronous cancer at its curable stage. Because the
gastric remnant after distal gastrectomy for synchronous
multiple cancers did not show significantly higher risk for
metachronous cancer than that seen after solitary cancer
surgery in this study, we think this patient subset can fol-
low our previous recommendations. In conclusion, the
incidence of metachronous cancer in the gastric remnant is
higher after multiple cancer surgery; however, the differ-
ence is not statistically significant.
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