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Abstract

Background. We conducted a feasibility study using S-1, a
novel oral derivative of 5-fluorouracil, as postoperative adju-
vant chemotherapy for curatively resected gastric camcer
patients. .

Methods. Adjuvant chemotherapy consisted of eight comrses
(4-week administration and 2-week withdrawal) of S-1, at 80—
120mg/body per day. Forty-one patients from 11 institutions
were enrolled in this pilot study, from November 1999 to
October 2000.

Results. Thirty-five patients were eligible. In 7 patients, S-1
administration was discontinued due to recmrence. Among
the 28 patients without recurrence, the planned eight courses
of S-1 were administered to 17 patients (60.7%). In 4 patients,
S-1 administration was discontinued due to subjective symp-
toms, such as anorexia, in the first course. Adverse reactions
such as neutropenia, leukopenia, elevated total bilirubin,
anorexia, general fatigne, diarrhea, nausea, and stomatitis
were seen in more than half of the patients. Although grade
3 neutropenia (29.3%), leukopenia (9.8%), and diarrhea
(9.8%) were observed, no grade 4 adverse effects appeared.
Compared with the treatment of unresectable or recurrent
gastric cancer with S-1, the incidence of adverse reactions in
the adjuvant setting was slightly higher, probably due to the
influence of gastrectomy.

Conclusion. Except for the early development of anorexia,
most likely due to adverse effects of surgery, postoperative
administration of S-1 for 1 year seems feasible as adjuvant
chemotherapy for gastric cancer.

Offprint requests to: T. Kinoshita
Received: November 5, 2003 / Accepted: February 23, 2004

Key words Gastric cancer - S-1 - Adjuvant chemotherapy -
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Introduction

The results of surgical treatment for gastric cancer
have been improved by early detection and meticulous
surgical procedures in Japan. However, we still face
recurrence in patients with advanced gastric cancer,
even with extended surgical treatment {1].

Many clinical trials of adjuvant chemotherapy could
not prove survival benefits. Only a few metaanalyses
of adjuvant trials reported the possibility of survival
benefits [2,3]. According to the guidelines from the
Japanese Gastric Cancer Association [4], the efficacy
of adjuvant chemotherapy after curative resection for
gastric cancer has not been established. A well-designed
large-scale phase III trial is needed, with a surgery-
alone arm, to prove the benefit of adjuvant
chemotherapy. :

S-1 is a dihydropyrimidine dehydrogenase (DPD)-
inhibitory fluoropyrimidine (DIF), which showed the
highest response rate among many oral anticancer
agents against unresectable advanced gastric cancer in
early and late phase II studies [5-7]. In these phase II
trials, S-1 showed 40% and higher response rates with
acceptable low toxicity. Based on these results, a phase
II trial to compare S-1 with two other regimens is
underway as a JCOG (Japan Clinical Oncology Group)
trial for unresectable and recurrent gastric cancer.
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At the same time, the high response rate and low
toxicity of S-1 has led to its adjuvant use. Oral antican-
cer drugs are also attractive for outpatient use. A feasi-
bility study to confirm the safety of S-1 for adjuvant
chemotherapy after curative surgery was necessary
before starting the phase III trial.

Patients and methods

Design of the trial

The trial was non-blinded and open-label. The primary
endpoint was the rate of accomplishment of the sched-
uled adjuvant chemotherapy. Secondary endpoints
were the incidence and grade of adverse reactions.

In this trial, the sample size was 50, without any calcu-
lations based on statistical assumptions.

Patient eligibility

Patient eligibility required compliance with the follow-
ing criteria: gastric adenocarcinoma with histological
proof; operative findings revealing advanced gastric
cancer (T2 or more); curability B resection, defined in
the Japanese classification of gastric carcinoma {8}; suffi-
cient oral intake; no prior treatment except for surgery;
and more than 19 and less than 76 years of age. Patients
also had to have adequate organ function (4000 = leu-
kocytes < 12000/mm?; thrombocytes, =100000/mm?;
total bilirubin, =1.5mg/dl; GOT and GPT, less than
twice the normal limits at each institution; creatinine,
=1.5mg/dl). Patients expected to receive medication
and to be followed-up regularly for more than 48 weeks.
Patients with a history of drug hypersensitivity, serious
surgical and non-surgical complications, or active
secondary cancer were excluded. Pregnant or lactating
women were excluded. This study was approved by the
institutional review board at each site, and written in-
formed consent was obtained from all patients.

Treatment schedule

Chemotherapy consisted of eight courses (4-week ad-
ministration and 2-week withdrawal) of S-1 (tegafur,
gineracil, oteracil potassium; Taiho Pharmocentical,
Tokyo, Japan) at 80-120mg/body per day according to
the body surface area (BSA): BSA < 1.25m?, 80mg/day;
1.25 = BSA < 1.5m? 100mg/day; 1.5m? < BSA, 120mg/
day. S-1 was administered orally, twice daily after meals
for 4 weeks after surgery. Doses were modified in accor-
dance with the following guidelines. When adverse
reactions appeared, the dose was reduced from 120 to
100mg/day or from 100 to 80mg/day, or administration
was temporarily discontinued. The withdrawal period

due to adverse reactions was less than 16 days in the
same course, with a maximum of 28 days’ administra-
tion of the drugs in total. Treatment was discontinued
when the patient showed recurrence of disease or
adverse reactions that were uncontrollable by dose
modification and temporary withdrawal of drug admin-
istration. A 48-week period of temporary drug with-
drawal was the limit set for a patient not being able to
enter a new course.

Evaluation of toxicity

The National Cancer Institute Common Toxicity
Criteria (NCI-CTC; 1998) were adopted to determine
the toxicity of the chemotherapy.

Results

In November 2000, an interim analysis was performed
in order to determine whether to continue further re-
cruitment of patients. Because information from the
periodic safety report of use-results surveillance (Sep-
tember 24, 2000) from Taiho Pharmaceutical to the
Ministry of Health, Labor, and Welfare revealed there
were no specific adverse reactions in up to two courses
in 110 patients who received S-1 within 30 days after
surgical resection of gastric cancer, and because a fea-
sible result was obtained by monitoring the patients in
the present study, we decided to complete recruitment
at 41 patients. '

Of the 41 patients, 6 patients were ineligible. Four
patients had received curable A resection, 1 patient
had received intraoperative chemotherapy with
cisplatin (CDDP), and the other patient had distant
metastasis at the time of the operation. Thirty-five
patients were eligible (full analysis set [FAS]). -

Table 1 shows the characteristics of the FAS. Thirty
of the 35 patients (85.7%) had rather advanced stage
disease (TNM stage IIIA or more; Table 1).

Table 2 shows drug compliance in each course and
the reasons for discontinuation of drug administration.
In 7 of the 35 patients (FAS), administration of S-1
was discontinued due to recurrence. The planned eight
courses of S-1 were administered to 17 patients (60.7%).
In 4 patients, drug administration was discontinued in
the first course at the patient’s request, due to anorexia.
The main reason for discontinuation was recurrence of
disease. ‘

Table 3 shows the drug compliance of the FAS (days
and total amount of the drug). In every course, drug
compliance was maintained at more than 85% (86.0%—
90.4%). In the total of 35 patients (FAS), the percent-
age of actual administration days against the total

number of planned administration days (28 days X 8;
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Table 1. Patient characteristics

Number of patients Percentage

Sex Male 20 571
Female 15 42.9

Age (years) 20-29 1 2.9
30-39 2 5.7
40-49 5 14.3
50-59 4 11.4
60-69 12 34.3
70-79 11 31.4
Mean, 60.3; median, 65.0

BSA (m?) 1.20-1.39 10 28.6
1.40-1.59 20 57.1
1.60-1.79 5 14.3
Mean, 1.47, median 1.47

Lymph node dissection D2 24 63.6
D3 11 31.4

Type of resection Distal gastrectomy 15 42.9
Total gastrectomy 19 54.3
Proximal gastrectomy 1 2.9

Combined resection No 11 314
Yes 24 68.6

Reconstruction Billroth I 5 143
Billroth II 8 22.9
Roux-Y 20 - 57.1
Interposition 1 2.9
Other 1 2.9

Japanese Stage 1B 1 2.9
I 3 8.6
IITA 12 343
B 9 25.7
v 10 28.6

TNM Stage 1B 2 5.7
II 3 8.6
A 9 25.7
s 8 22.9
v 13 37.1

BSA, body surface area

224) was 79.0% (median) and 69.7% (mean). Concern-

ing the amount of the drug, compliance was 75.2%
(median) and 67.3% (mean).

Table 4 shows summaries of the adverse reactions
that developed in more than 10% of the 41 patients in
total, grouped as laboratory findings-based and clinical
findings-based. Of the laboratory findings-based ad-
verse reactions, neutropenia was the most frequent, in
35 of the 41 patients (85.4%) followed by leukopenia
(75.6%), increase in serum total bilirubin (53.7%).
GOT (41.5%), anemia (hemoglobin [Hb]; 41.5%),
anemia (RBC; 34.1%), alkaline phosphatase (ALP;
26.8%), GPT (26.8%), lactate dehydrog-enase (LDH;
24.4%), thrombocytopenia (24.4%), proteinuria
(24.4%), lymphopenia (19.5%), anemia (hematocrit
[Hct]; 14.6%), hyperkalemia (12.2%}), blood urea nitro-
gen (BUN; 12.2%), and hypoalbuminemia (12.2%).

Among the clinical findings-based adverse reactions,
anorexia was the most frequent (68.3%), followed by
fatigue (61.0%), diarrhea (58.5%), nausea (51.2%), sto-
matitis (51.2%), pigmentation changes (46.3%), weight
loss (39.0%), rash (31.7%), and vomiting (19.5%).
Concerning the incidence and grade of laboratory
findings-based adverse reactions, grade 3 adverse reac-
tions were seen with neutropenia, leucopenia, lym-
phopenia, anemia (Hb), GOT, and GPT. However,
there were no grade 4 adverse reactions. In the clinical
findings-based adverse reactions, grade 3 adverse reac-
tions were observed with anorexia, fatigue, diarrhea,
and weight loss. There were also no grade 4 adverse
reactions.

Figure 1 shows comparisons of the incidences of the
main adverse reactions in a late-phase II study [9] and
those in the present study. When compared with the
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Table 2. Drug compliance (each course)

FAS full analysis set;
n =35

Excluding patients with
recurrence (n = 28)

Reasons for

Course Number of patients Number of patients discontinuation of drug
no. entering the course Percentage entering the course Percentage administration
1 35 —_— 28 — Patient refusal
- (anorexia; n = 4)
Complication,
(varicose; n = 1)
2 30 85.7 23 82.1
3 30 85.7 23 82.1 Recurrence (n = 1)
4 29 82.9 23 82.1 Patient refusal
(anorexia; n = 1)
Dr’s judgment
(poor general
condition; n = 1)
5 27 71.1 21 75.0 Recurrence (n = 3)
6 24 68.6 21 75.0 Recurrence (n = 2)
Adverse reaction
(arthythmia; n = 1)
7 21 60.0 20 ' 71.4 Recurrence (n = 1)
Unable to enter the
eight course (n = 3)
8 17 48.6 17 60.7 Patient refusal

(adverse reaction; n = 1)

2Because of prolongation of the period during which the drug was temporarily withdrawn

Table 3. Drug compliance (days and total amount of the drug)

No. of patients

Percent administration

Percent administration

Course no.  entering the course days (mean)* amount (mean)®
1 35 85.9 87.9
2 30 91.4 50.4
3 30 91.7 88.1
4 29 2.3 87.4
5 27 96.1 90.4
6 24 92.1 89.0
7 21 93.7 86.0
8 17 91.8 87.1
Overall mean (n = 35) 69.7 673
Overall median (n = 35) 79.0 75.2

2Days actually administered as a percentage of planned number of days
* Amount of drug as actually administered a percentage of planned amount

data from the late-phase II study [9], a higher incidence
of adverse reactions was observed in the present study.

Discussion

As mentioned in the “Introduction™, S-1 is an attractive
oral anticancer agent for advanced gastric cancer, with a
high response rate and low toxicity. The possibility of
outpatient use of S-1 has increased the convenience for
both doctors and patients, and it has led to the idea of

using S-1 as an adjuvant chemotherapeutic agent. Up
to 1999, there were no trials of S-1 use in the adjuvant
setting. Therefore, as a prerequisite to conducting a
large-scale clinical trial of adjuvant S-1, the present
study was carried out to confirm the feasibility of adju-
vant S-1 given after curative gastrectomy.

Survival benefits of adjuvant chemotherapy after
curative resection of gastric cancer have not yet been
proved by a large-scale prospective randomized trial, as
stated in the guidelines of the Japanese Gastric Cancer
Association (Japanese guidelines). Even though
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Table 4. Adverse reactions (n = 41)

Grade
Total
4 3 2 1 . (incidence; percentage)
Laboratory findings
Neutropenia 12 16 7 854
Leukopenia 4 15 12 75.6
Lymphopenia 2 5 1 19.5
Thrombocytopenia 2 8 24.4
Anemia (Hb) 3 8 6 41.5
Anemia (RBC) 5 9 34.1
Anemia (Hct) 3 3 14.6
GOT 2 1 14 41.5
GPT 1 2 8 26.8
LDH 10 24.4
ALP 1 10 26.8
Total bilirubin 8 14 53.7
Hypoalbuminemia 1 4 122
Hyperkalemia 5 12.2
BUN 5 122
Proteinuria : 1 9 24.4
Clinical findings
Anorexia 4 5 19 68.3
Nausea 3 18 51.2
Vomiting 8 19.5
Diarrhea 4 5 15 58.5
Stomatitis 2 19 51.2
Fatigue . 1 5 19 61.0
Pigmentation change 3 16 46.3
Rash 5 8 31.7
Weight loss 1 9 6 39.0
60 . 80 100(%)
Leukopenia el | ]
Neutropenia e e I
Anemia s SR
‘ I B Late phase Il study
Thrombocytopenia [ Feasibility study ’
Anorexia _—
Vomiting
. Diarrhea ]
' Stomatitis h | 1 ] '
. l ’ Fig. 1. Comparison of incidence of ad-
Fatigue | . verse reactions with that in a late phase I
[ I

I I study [9]
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Macdonald et al. [9], in 2001, confirmed the effective-
ness of the combination of 5-fluorouracil with radio-
therapy as an adjuvant after curative gastric surgeryin a
randomized clinical trial, the Japanese guidelines have
not changed up to now, probably because of differences
in the local control rates after different types of surgery
between the United States and Japan. The local recur-
rence rate is negligible after systematic lymph node dis-
section (D2 or more) in Japan. However, in the United
States, the local recurrence rate is usually much higher
with less aggressive surgery (D0 or D1). The incidence
of local, invisible, residual cancer cells in eligible pa-
tients in the study of Macdonald et al. [9] were quite
different from those in the Japanese candidates for ad-
juvant therapy. That is why we still think that survival
benefits of adjuvant chemotherapy after curative resec-
tion of gastric cancer have not yet been proved in Japan;
only metaanalyses will show the survival benefit of adju-
vant chemotherapy.

S-1 is expected to be a promising agent for adjuvant
use. The high response rate of S-1 in advanced gastric
cancer gives a rationale for expecting a certain survival
benefit with S-1 in the adjuvant setting.

Because the standard treatment of locally advanced
gastric cancer is still surgery, a randomized controlled
trial with a surgery-alone arm is essential to prove the
efficacy of adjuvant chemotherapy.

According to the “Results”, no grade 4 adverse reac-
tions were observed.

In the FAS, excluding the patients with recurrence, 17
of the 28 patients (60.7%) received the planned eight
courses of S-1. Drug compliance was acceptable. In ev-
ery course, drug compliance was over 85% in the FAS.

Problems in this study were a higher incidence of
adverse reactions when compared with that in the phase
I1 trials and postmarketing surveillance [10], and a high
incidence of patient refusal, due to adverse reactions
in the first course, which was not seen during the
postmarketing surveillance of 110 patients who received
S-1 within 30 days after surgical resection of gastric
cancer (as mentioned in “results”). The reasons for
these problems, especially the early appearance of anor-
exia, may be the influence of surgery, because the pa-
tients in this study had rather advanced disease and had
received D2 or more aggressive gastrectomy with fre-
quent combined organ resections. It is difficult to deny
the possibility of gastro-intestinal (GI) toxicity of S-1;
however, the adverse reaction was not bone marrow
suppression, which is a dose-limiting toxicity of S-1. In
this protocol, S-1 administration was started within 4

weeks after surgery. In the early postoperative period,
patients have not yet recovered from surgical stress, and
the limitation of food intake due to aggressive gastrec-
tomy is a possible cause of exacerbation of adverse
reactions such as anorexia and nausea. To prevent these
problems, a delay in the start of drug administration
seems necessary for adjuvant use. Except for these
problems, the administration of S-1 for 1 year seems
feasible as postoperative adjuvant chemotherapy for

gastric cancer.

Based on this feasibility study, a prospective random-
ized controlled trial was started in 2001 to evaluate the
efficacy of S-1 as adjuvant chemotherapy; in this trial S-
1 administration is started within 6 weeks after surgery.

We expect that a significant survival benefit of S-1,
with less toxicity, will be shown by this trial, and that
this could be the standard treatment after curative
gastrectomy.
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Extended Lymph Node Dissection for Gastric Cancer:
Who May Benefit? Final Results of the Randomized
Dutch Gastric Cancer Group Trial
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J.J.B. van Lanschot, C.W. Taat,{ P.W. de Graaf, M.F. von Meyenfeldt, H. Tilanus, and M. Sasako
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T R A C T

Purpose
The extent of lymph node dissection appropriate for gastric cancer is still under debate. We have

conducted a randomized trial to compare the results of a limited (D1) and extended (D2) lymph node
dissection in terms of morbidity, mortality, long-term survival and cumulative risk of relapse. We have
reviewed the results of our trial after follow-up of more than 10 years.

Patients and Methods )
Between August 1989 and June 1983, 1,078 patients with gastric adenocarcinoma were randomly

assigned to undergo a D1 or D2 lymph node dissection. Data were collected prospectively, and patients
were followed for more than 10 years.

Results .
A total of 711 patients (380 in the D1 group and 331 in the D2 group) were treated with curative intent.

_Morbidity {25% v 43%; P < .001) and mortality (4% v 10%; P = .004) were significantly higher in the

D2 dissection group. After 11 years there is no overall difference in survival (30% v 35%; P = .563). Of
all subgroups analyzed, only patients with N2 disease may benefit of a D2 dissection. The relative risk
ratio for morbidity and mortality is significantly higher than one for D2 dissections, splenectomy,
pancreatectomy, and age older than 70 years.

Gonclusion :
Overall, extended lymph node dissection as defined in this study generated no long-term survival

benefit. The associated higher postoperative mortality offsets its long-term effect in survival. For
patients with N2 disease an extended lymph node dissection may offer cure, but it remains difficult to
identify patients who have N2 disease. Morbidity and mortality are greatly influenced by the extent of
lymph node dissection, pancreatectomy, splenectomy and age. Extended lymph node dissections may
be of benefit if morbidity and mortality can be avoided.

J Clin Oncol 22:2069-2077. © 2004 by American- Society of Clinical Oncology

improvement. Despite promising results in
nonrandomized studies, improved survival

Gastric cancer is a common malignancy world-
wide. Even in a low-incidence country like the
Netherlands, it is ranked fifth with respect to in-
cidence. Despite declining incidence, mortality
of gastric cancer remains high. Surgeryis the only
possible curative treatment, and results of gas-
trectomy have improved throughout the years
with respect to survival, morbidity, and postop-
erative mortality."”

It is not clear, however, if extended
lymph node dissection contributes to this

has never been demonstrated in random-
ized trials.>® In all these randomized trials,
postoperative morbidity and mortality were
significantly higher in the extended (D2)
dissection group. Within the Dutch Gastric
Cancer Trial (DGCT), the number of early
gastric cancers was surprisingly high, and it
has been argued that any beneficial effect of
extended lymph node dissection, which
would be expected in more advanced dis-
ease, might have been attenuated. We have
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Fig 1. Lymph node stations surround-
ing the stomach. 1, right cardial nodes;
2, left cardial nodes; 3, nodes along the
lesser curvature; 4, nodes along the
greater curvature; 5, suprapyloric
nodes; 6, infrapyloric nodes; 7, nodes
along the left gastric artery; 8, nodes
along the common hepatic artery; 8,
nodes around the celiac axis; 10,
nodes at the splenic hilus; 11, nodes
along the splenic artery; 12, nodes in
the hepatoduodenale ligament; 13,
nodes at the posterior aspect of the
pancreas head; 14, nodes at the root of
the mesenterium; 15, nodes in the
mesocolon of the transverse colon; 16,
para-gortic nodes.
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Table 1. Characteristics of 711 Patients and Tumors After Resection With Curative Intent* and Status at Last Follow-Up

Dissection Group

Status after resection
Location of tumor

More than two thirds of stomach 25
Upper third (C) 39
Middle third (M) 108
Distal third (A) 207
Unknown 1
Pathologic stage of disease
TO 2
T 98
T2 181
T3 94
T4 3
Tx 2
Lymph node involvement 205
RO resection 339
Type of gastrectomy
Total 115
Partial 265
Resection of spleen 41
Resection of tail of pancreas 10
Status at last follow-up
Alive ’
Without recurrence 112
With recurrence 2
Dead
Hospital death 15
Without recurrencet 82
With recurrence
Locoregional 66
Locoregional and distant 98
Distant 30

D1 {n = 380) D2 (n = 331)
Characteristic No. of Patients % No. of Patients %
Median age, years 67 85
Sex
Male 215 187
Female 165 144
Median No. of lymph nodes investigated 17 30

7 24 7
10 34 10
28 92 28
54 180 54

<1 1 <1
<1 3 <1
26 85 26
48 152 46
25 82 25
<1 el 2
<1 0 0
54 185 56
89 293 89
30 128 38
70 205 62
1 124 37

3 98 30
98 116 99

2 1 1

4 32 10
31, 86 40
21 40 19
37 56 26
1 33 15

NOTE. Some data have previously been reported.®

*Because of rounding, percentages may not total 100.
1These numbers include hospital deaths.

Abbreviations. D1, limited lymph node dissection group; D2, extended lymph node dissection group.

therefore reviewed the results of our randomized limited
lymph node dissection (D1) versus extended lymph node
dissection (D2) trial after follow-up of more than 10 years
and focused on subgroups and prognostic factors.

Patients with gastric adenocarcinoma were enrolled in the DGCT
between August 1989 and July 1993. Eligible patients were ran-
domly assigned for D1 (conventional) or D2 (extended) lymph
node dissection if at laparotomy, no signs of distant lymph node,
hepatic or peritoneal metastases were found. In case of metastases,

www.jco.org

palliative surgery without formal lymph node dissection was done.
The trial protocol has previously been published.”

D1 and D2 dissection were defined according to the guide-
lines of the Japanese Research Society for the Study of Gastric
Cancer.® These guidelines are also recommended by the American
Joint Committee on Cancer, in its fourth Manual for Staging of
Cancer, and by the International Union Against Cancer.*® In
these guidelines, 16 different lymph node compartments (sta-
tions) are identified surrounding the stomach (Fig 1). In general,
the perigastric lymph node stations along the lesser (stations 1, 3,
and 5) and greater (stations 2, 4, and 6) curvature are grouped N1,
whereas the nodes along the left gastric (station 7), common
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hepatic (station 8), celiac (station 9), and splenic (stations 10 and
11) arteries are grouped N2.

D1 dissection entails removal of the involved part of the
stomach (distal or total), including greater and lesser omentum.
The spleen and pancreas tail are only resected when necessitated
by tumor invasion. For a D2 dissection, the omental bursa is
removed with the front leave of the transverse mesocolon, and the
mentioned vascular pedicles of the stomach are cleared com-
pletely. Standard resection of the spleen and pancreatic tail was
only done in proximal tumors to achieve adequate removal of D2
lymph node stations 10 and 11.

Patients were randomly assigned before surgery to ensure
standardization of surgery. Patients randomly assigned to D1 dis-
section had their operation performed by their local surgeon,
supervised by the trial coordinator. For D2 dissections, one of nine
referent surgeons performed the operation at the local hospital.
These referent surgeons had been trained in D2 dissection by a
Japanese surgeon from the National Cancer Center Hospital in
Tokyo. Apart from standardizing surgery, they ensured that the
specimen was adequately divided into lymph node stations, which
were then further investigated by the local pathologist. Operations
were classified as RO if there was microscopic complete tumor
removal, without N3 or N4 involvement and no malignant cells on
cytology of abdominal washing. For analysis of differences in
relapse rates, only patients were included who had had a RO
resection and who did not die because of complications. None of
the curative patients had adjuvant radiotherapy or chemotherapy.

In the hospital, death was defined as death within 30 days of
surgery or during hospital stay, if this was longer than 30 days. For
stage grouping, the new (2002) tumor-node-metastasis system
classification system was used.” In this new classification lymph
nodes are no longer characterized by location but by the number
of metastatic regional lymph nodes. N1 stands for 1 to 6, N2 for 7
to 15, and N3 for more than 16 metastatic regional lymph nodes.

For statistical analysis the SPSS program (SPSS Inc, Chicago,
IL) was used. A P value of .05 was considered statistically signifi-
cant. Overall survival was calculated from the day of random
assignment until either day of death (event) or day of last
follow-up (censored). Relapse was also calculated from the day of
random assignment; the data of a patient were censored when at
last follow-up contact the patjent was alive with no evidence of
disease. The x* test was applied to evaluate differences in propor-
tions, and the Mann-Whitney test was used to assess the signifi-
cance of differences in hospital stay. The log-rank test was used to
evaluate difference between survival and relapse curves, although
the assumption of proportional hazards was not always satisfied.
The Cox proportional hazard model was used to test for interac-
tion between prognostic factors and lymph node dissection.

For the subgroup analysis, no adjustment for multiple testing
was applied. Interpretation of the results of subset analyses have to
be judged carefully and any significant results must be viewed as
hypotheses that require validation in subsequent studies. A Pvalue
of .05 may not be strict enough for these subgroups.

Of 1,078 patients randomly assigned in the DGCT, 996 were
eligible. At the time of surgery, 285 patients (29%) had
peritoneal, hepatic or distant lymph node metastasis, or
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Fig 2. Survival probability (A} and relapse risk (B) of all patients treated with
curative intent {n = 711). D1, limited lymph node dissection group; D2,
extended lymph node dissection group.

locally irresectable tumor and they underwent noncurative
treatment deemed appropriate by their surgeon.

This analysis focuses on the 711 patients (71%) who
had a curative resection with D1 (n = 380) or D2 (n = 331)
lymph node dissection. The characteristics of the 711 cura-
tive patients are well balanced between the two treatment
groups, except for pancreatico-splenectomy, which was ex-
pected according to the protocol (Table 1).

Follow-up was continued until January 2003. Median
follow-up for all eligible patients is 11 years (range, 6.8 to 13.1
years). Four-hundred eighty patients (68%) are now deceased,
35% without and 65% with recurrent disease (Table 1). In the
hospital, death was 4% (n = 15) for the D1 group and 10%
(n = 32) for the D2 group (P = .004). At 11 years, survival rates
are 30% for D1 and 35% for D2 (P = .53) Therisk of relapse is
70% for D1 and 65% for D2 (P = .43; Fig 2).

In a univariate analysis of all 711 patients, for none of the
subgroups based on the selected prognostic variables was a

* significant impact found on survival rates between D1 and D2

dissection (Table 2). Analysis of interaction between covariates
and lymph node dissection shows no significance. The only
subgroup with a trend to benefit is the N2 disease group (Fig
3). Furthermore, there is no difference in survival after 11 years

JOURNAL OF CLINICAL ONCOLOGY
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Table 2 Univariate Analysis of Survival Rates 11 Years After Resection With Curative Intent (N = 711)
Dissection Group
D1 D2
Variable No. of Patients Survival % No. of Patients Survival % P
Age, years '
=70 . 252 37 229 41 74
> 70 128 19 102 24 .68
Pathologic stage
T 98 57 85 55 .80
T2 181 28 162 35 54 .
T3 94 8 82 17 .80
Lymph nodes
Negative 171 52 144 51 93
Positive 209 13 187 23 .28
Lymph node stage
NO 171 52 144 51 83
N1 138 20 113 30 46
N2 50 0 47 21 .08
N3 21 0 27 0 .30
Tumor-node-metastasis stage+
1A 75 60 89 58 .84
1B 97 47 72 44 .65
i 93 23 77 37 10
1A 60 4 54 22 .38
B 24 0 20 10 .65
v 28 0 36 3 ' .19
Gastrectomy A ‘
Partial 265 35 205 43 .20
Total 118 20 126 24 .94
All patients 380 ) 31 331 35 .53
Abbreviations: D1, limited lymph node dissection group; D2, extended lymph node dissection group; TNM, tumor-node-metastasis.
*P values were derived by the log-rank test for the difference between the D1 and D2 groups.
1Stages TO and T4 (five patients in the D1 group and 12 in the D2 group) have been omitted.
$Stages according to the sixth edition of the TNM classification manual.’ TNM stage 0 {four patients in the D1 group and three in the D2 group) has been
omitted.

whether less than 15 lymph nodes, between 15 and 25 lymph
nodes, or more than 25 lymph nodes are harvested.

Lymph node stations 10 and 11 were resected in 112
and 124 patients, respectively. In the group of 18 patients
with metastasis in station number 10, survival after 11 years
is only 11%. In the group of 24 patients with lymph node
metastasis in station 11, survival after 11 years is only 8%. If
there are no metastases in lymph node stations 10 and 11,
the 11-year survival is 27% and 35%, respectively.

The relative risk ratio for morbidity and mortality is
significantly greater than one for D2 dissections, splenec-
tomy, pancreatectomy, and age older than 70 years (mor-
tality only; Table 3). “

Patients older than 70 years have significantly higher mor-
bidity and hospital mortality and significantly shorter survival
compared with patients younger than 70 years, (Table 4).

For many years it has been debated whether an extended
lymph node dissection for gastric cancer is beneficial. The-

www.jco.org

oretically, removal of a wider range of lymph nodes by

- extended lymph node dissection increases the chances for

cure. Such resection, however, may be irrelevant if there are
no lymph nodes affected, if the cancer has developed into a
systemic disease, or if resection increases morbidity and
mortality substantially.

Long-term follow-up of the largest randomized study
of D1 and D2 dissection now clearly demonstrates that
overall, no improved survival or decreased relapse rates can
be obtained by D2 dissection. Extended lymph node dissec-
tion is even harmful in terms of increased morbidity and
hospital mortality, although manyreports deny this. Specif-
ically, Japanese investigators have reported low operative
morbidity and mortality,'? but so far, studies have not been
randomized. A randomized Japanese study between D2 and
D4 dissections, that included 523 patients and closed in April
2001 found a hospital mortality of 0.8% in both groups. Ded-
icated centers in Western Europe have reported hospital mor-
tality rates of less then 5% for extended lymph node dissections
in selected patients.'** In our study, patients younger than 70
years had a hospital mortality rate of 5.9%.
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Fig 3. Survival of patients treated with curative intent according to N stage. (A), NO; (B), N1; (C}, N2; (D), N3. D1, limited lymph node dissection group; D2, extended

lymph node dissection group.

Splenectomy and pancreatectomy are important risk
factors for morbidity and hospital mortality after D2 dissec-
tion,'%!” with a significant adverse effect on survival as
well.'® Two Japanese studies showed no beneficial effect on
survival if pancreatosplenectomy was combined with total
gastrectomy, whereas morbidity was increased in these pa-
tients.'*?® A randomized trial in Chile found no survival
benefit from a splenectomy in patients with total gastrec-
tomy, whereas morbidity was again significantly in-
creased.?! Another randomized trial to study the effect of
splenectomy is underway in Japan.®? In our study the risk
ratio for morbidity and mortality was significant for pan-
createctomy and splenectomy. The question is whether a
survival benefit can be achieved with an extended lymph
node dissection, if morbidity- and mortality-increasing
procedures such as pancreatectomy and splenectomy can
. be avoided. A randomized English study supports this hy-
pothesis for patients with stage Il and I1I disease.?® Pancreas
and spleen sparing procedures have now become standard
in Japan as well as many Western countries.

The main reason to do pancreatectomy and splenec-
tomy in D2 dissection was not to compromise an adequate
dissection of lymph node stations 10 and 11. Metastasis in

2074

these lymph nodes, however, confers a poor prognosis. In
our study, patients with metastasis in these lymph nodes
have a survival rate at 11 years of 8% and 11%, respectively,
whereas patients without metastases have a survival rate of
27% and 35%, respectively. So the relevance of the dissec-
tion of these nodes has to be questioned as the survival
benefit is small and morbidity and hospital mortality are
significantly increased.

Total gastrectomy has a higher morbidity and hospital
mortality rate than partial gastrectomy. A randomized trial
in Italy showed that there is no survival benefit from a total
gastrectomy if resection margins are free of tumor.*® So
total gastrectomy should only be performed if the localiza-
tion of the tumor requires to do so.

- With the aging of the populations of industrialized
countries, more elderly patients with gastric cancer will be
diagnosed. Population-based data from the Netherlands
show that from 1982 to 1992, 27% of newly diagnosed
patients were older than 80 years.?* In a study on gastric
cancer in the elderly by Klein Kranenbarg et al,> it was
shown that there is no difference in resectability and cur-
ability rate between different age groups, but hospital mor-
tality increases with increasing age, especially older than 70

JOURNAL OF CLINICAL ONCOLOGY
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Table 3. Relative Risk Ratio for Morbidity and Mortality After Resection With Curative Intent (n = 711)
Total No. of Morbidity Mortality )
Factor Patients No. of Patients % RR 95% Cl No. of Patients % RR 95% ClI

Dissection

D1 380 94 25 15 4

D2 331 142 43 1.73 1.40t0 2.156 32 10 2.45 A 1.351t0 4.44
Splenectomy i

D1 41

D2 124 )

No, both groups 546 59 " 26 5

Yes, both groups 165 54 33 3.03 2.191t0 4.19 21 13 2.67 1.65t0 4.62
Pancreatectomy

D1 10

D2 98

No, both groups 603 70 12 34 5

Yes, both groups 108 43 40 3.43 248t04.72 13 12 2.14 1.17t0 3.91
Age, years

=70 481 152 32 20 4

> 70 230 80 37 1.10 0.88 to 1.37 27 12 2.82 1.62104.93
Abbreviations: RR, relative risk; D1, limited lymph node dissection group; D2, extented lymph node dissection group.

years. Differentiation between D1 and D2 dissections for
the age groups younger and older than 70 years shows that
the morbidity and hospital mortality is higher in the D2
dissection group compared with the D1 dissection group.
Although some authors do not regard age as an important
prognostic variable for survival, we believe that gastrecto-
mies should not be withheld from elderly patients but that
extended lymph node dissection should be avoided in
Western patients older than 70 years.

The new (2002) tumor-node-metastasis system classi-
fication system'® offers a better insight in subgroups with
different prognosis.?6>® Using this new classification sys-
tem, we studied the effect of D1 and D2 dissections in the
NO, N1, N2, and N3 groups and found what theoretically
might be expected—that the largest advantage is for the N2
disease group if they had a D2 dissection. This advantage
was less for the NO, N1, and N3 groups. So a D2 dissection
probably is the only possible cure for N2 patients. Given
that only 12% of all patients had N2 disease, it is not possible
to find this difference through the randomized groups. We
calculated that with exclusion of postoperative deaths, 21%
of the population ought to have N2 disease to make an
overall difference between D1 and D2 significant. Including
postoperative death, no such percentage will make the dif-
_ ference between the D1 and D2 significant.

At this moment N classification can only be concluded
postoperatively after histologic examination. Although we
have tested many possible prognostic factors and their com-
binations, such as T stage, tumor location in the stomach,
histologic characteristics (well v poorly differentiated,
WHO classification, Lauren classification, and Goseki clas-
sification), oncogene markers (p53, Rb, Myc, and Nm23),

WWW.jco.0Tg

adhesion molecules (Ep-CAM, E-Cadherin, CD44v5, and
CD44v6), and sucrose maltase expression, we have so far
not been able to identify any factor that can identify N2
patients preoperatively.”>*® We hope that promising results
from genomic profiling in the near future may help to
discriminate between patients with a high risk of lymph
node metastasis.>!

The extent of surgery will especially be of influence on
locoregional control. Relapse after curative surgery because of
local recurrence or regional lymph node metastasis has been
shown in up to 87.5% of patients.*® In our trial, locoregional
recurrence was registered in 58% of the D1 group and in 45%
of the D2 group. In studies with extensive surgery (D2 or
more) local recurrence rates of less than 1% are reported.”
Another approach to improve locoregional control is postop-

Table 4. Impact of Age on Morbidity, Mortality, and Survival After
Resection With Curative Intent (N = 711)
Age (years)
=70 > 70 P
Morbidity, %
D1 204 31.7 01
D2 411 46.4 NS
Mortality, %
D1 1.7 7.6 .005
D2 58 17.0 .002
Mean survival, years
D1 6.27 4.43 .0001
D2 6.13 4.73 .008
Abbreviations: D1, limited lymph node dissection group; D2, extended
lymph node dissection group; NS, not significant.
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erative chemoradiotherapy, which has recently been suggested
as the standard of care treatment in the United States affer a
curative resection of gastric adenocarcinoma.’* Because only
10% of these patients had the advised D2 lymph node dissec-
tion and 549 of the patients in that trial had a DO lymph node
dissection, the question has raised whether the adjuvant treat-
ment given in that trial only compensates for inadequate sur-
gery. Five-year survival rates of the group that received adju-
vant chemoradiotherapy resemble those of the Dutch Gastric
Cancer Trial, where no adjuvant treatment was given, Al-
though the population of the INT 0116 trial** had more ad-
vanced stages of disease compared with our trial, we believe
that this conclusion seems justified. Many comments on this
trial support our opinion.>>” The effect of a limited lymph
node dissection on survival was also reported by the study
group itself.*® It is therefore doubtful ifany survival advantage
of chemoradiotherapy would have been found if patients
would have had adequate surgery.

We conclude that there is no long-term overall survival
benefit from an extended lymph node dissection in Western
patients with gastric cancer. The associated higher postopera-
tive mortality offsets its long-term effect in survival. For pa-

tients with N2 disease, an extended lymph node dissection may
offer cure, but it remains difficult to identify patients who have
N2 disease. Morbidity and mortality are greatly influenced by
the extent of lymph node dissection, pancreatectomy, splenec-
tomy, and age. Extended lymph node dissections may be of
benefit if morbidity and mortality can be reduced.

gy o o
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Purpose

Ragical gastrectomy with regional lymphadenectomy is the only curative treatment option for gastric
cancer. The extent of lymphadenectomy, however, is controversial. The two European randomized trials
only reported an increase in operative morbidity and mortality, but failed to show survival benefit, in the
D2 lymphadenectomy group. We conducted a randomized controlled trial to compare the Japanese
standard D2 and D2 + para-aortic nodal dissection.

Patients and Methods

Only experienced surgeons in both procedures from 24 Japanese institutions participated in the study.
Patients with potentially curable gastric adenocarcinoma (T2-subserosa, T3, or T4) who were surgically
fit were intraoperatively randomized. Postoperative morbidity and hospital mortality were recorded
prospectively in a fixed format and were compared between the two groups in this study.

Results

A total of 523 patients were randomized between July 1995 and April 2007. Postoperative complications
were reported in 24.5% of all patients. Although the morbidity for the extended surgery group (28.1%)
was slightly higher than the standard group (20.9%), there was no difference in the incidence of four
major complications (anastomotic leak, pancreatic fistula, abdominal abscess, pneumonia) between the
two groups. Hospital mortality was reported at 0.80%: one patient in each group died of operative
complications, while one from each group died of rapid progressive cancer while inpatient.

Conclusion

Specialized surgeons could safely perform gastrectomy with D2 lymphadenectomy in patients with low
operative risks. Para-aortic lymphadenectomy could be added without increasing major surgical
complications in this setting.

J Clin Oncol 22:2767-2773. © 2004 by American Society of Clinical Oncology

result is controversial, and there is no world-
wide consensus.

Gastric cancer is the second most common
malignancy in the world, and surgical resec-
tion remains the only curative treatment op-
tion. Lymph node metastases occur during
the early stages of this disease, and regional
lymphadenectomy is recommended as part
of radical gastrectomy. However, the extent
of lymphadenectomy to achieve the optimal

Japanese surgeons first introduced the
extended lymphadenectomy procedure,
known today as D2, in the 1960s." This tech-
nique requires the systematic dissection of
lymph nodes in the first tier (perigastric)
and the second tier (along the celiac artery
and its branches). Early studies have re-
ported that between 30% to 40% of patients
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Table 1. Eligibility Criteria of the Study

" 'Before operation
Entry criteria ‘
Hxstologxcally proven ade ‘carcmom
75 years or younger . S
Forced expiratory volume in 1 second > 50% :
Arterial oxygen pressure ‘in room air = 70 mm Hg
Creatinine clearance = 50 mL/min - ¥ b
Written consent v
Exclusion criteria i
Carcinoma in the remnant: stomac e
Borrmann type 4 (linitis plasttca) ;
Synchronous or metachr‘ S mallgnancy m o
Past history of myocardlai mfarct\on or posmve re

During operation
Macroscopic T staging is T2-subserosa, T3, or T4
Potentially curative operation is possible

Peritoneal lavage cytology is negative for cancer cells

Liver cirrhosis or chronic hver dlsease with mdocyanme green test =109

No gross metastasis in para-aortic nodes (frozen section diagnosis not allowed)

lorectal focal cancer in adenoma =~

with positive lymph node metastases including the second
tier lymph nodes, have survived longer than 5 years with D2
lymphadenectomy.” However, D2 gastrectomy has a steep
learning curve,” and may be associated with a higher-than-
expected operative morbidity and mortality.

Two European randomized controlled trials compar-
ing D1 and D2 gastrectomy revealed a high operative mor-
tality exceeding 10% in the D2 group.* Based on these
reports, the British National Health Service Cancer Guid-
ance discourages the use of D2 technique in routine clinical
practice.® In contrast, D2 gastrectomy is considered a stan-
dard and safe procedure in Japan, where 100,000 cases of
gastric cancers are diagnosed every year. General surgeons
are taught this technique early during their surgical training.”
The Japanese nationwide registry reported an operative mor-
tality of less than 2%, and in specialized institutions, less than
1% for D2 gastrectomy.®’

Since the eighties, even more radical extended lymph-
adenectomy procedures had been practiced in many Japa-
nese specialized centers. It was reported that 20% to 30% of
patients with nonearly gastric cancer had microscopic me-
tastasis present in the para-aortic nodes.'®*> The 5-year
survival for these patients has reached 14% to 30% after
extended systematic dissection. In addition to D2 lymphad-
enectomy, lymph nodes around the upper abdominal aorta
were dissected, primarily for ultimate local tumor control.
However, this extended dissection may not only increase
operative morbidity but also may effect the function of
other abdominal organs.

There has never been a prospective study to assess the
perioperative morbidity and mortality in Japanese patients
after D2 gastrectomy or more extended surgery. To evaluate
the survival benefit and operative complications of D2 gas-
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trectomy and extended para-aortic dissection in gastric
cancer surgery, a multi-institutional randomized con-
trolled trial was conducted on behalf of the Japan Clinical
Oncology Group (JCOG). The accrual closed with 523
patients. We hereby present the data on the operative
morbidity and mortality, which are the secondary end
points of this trial. Survival analysis is scheduled to take
place in August 2006.

Objectives and End Points of the Study

A prospective randomized controlled trial was designed to
compare the two surgical techniques: the standard lymphadenec-
tomy and the standard lymphadenectomy with the addition of
para-aortic node dissection for gastric cancer. Only surgeons with
sufficient experience of para-aortic dissection for gastric cancer
participated in the trial. Since the role of neoadjuvant and adju-
vant chemotherapy was not established, no patients received che-
motherapy until recurrent disease was diagnosed.

The primary end point was the overall survival, while the
secondary end points were the relapse-free survival, operative
morbidity, hospital mortality, and quality of life. Randomization
and data handling for this study was performed by the Data Centre
of the JCOG, a government-sponsored organization for multi-
institutional clinical trials.'*

Eligibility Criteria

Eligibility criteria for this study are shown in Table 1. Patients
with advanced gastric cancer deemed curable and fit for surgery
were recruited into the trial following informed consent.
Borrmann type 4 tumors (linitis plastica) were excluded because
of their very poor prognosis after surgery. Liver cirrhosis and
ischemic heart disease were important risk factors for mortality
after surgery and hence were excluded from the study. Para-aortic
lymph node metastasis is extremely rare in T1 (invasion confined
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to the mucosa or submucosa) and T2-MP tumors (invasion con-

fined to the muscularis propria); hence, these patients were not
eligible for randomization. Only patients diagnosed with T2-S$
(subserosal invasion) or deeper tumors at the time of laparot-
omy were included in the study. T2-SS is clinically recognized
as a white discoloration on the serosal surface, without overt
tumor serosal exposure. :

During the operation, the para-aortic nodes were inspected
to exclude patients with gross metastasis (enlarged and/or hard
nodes) in this region. Frozen section diagnosis of the para-aortic
nodes was forbidden to avoid technical contamination between
the two groups of patients. Peritoneal lavage cytology was per-
formed immediately after initial laparotomy, and absence of free
cancer cells was confirmed before enrollment.

Random Assignment

While waiting for the result of lavage cytology, the surgeon
examined the above eligibility criteria and started the D2 proce-
dure. When the negative cytology result was obtained 30 to 60
minutes later, he informed the JCOG Data Centre for enroliment.
Patients were then randomly assigned either to receive standard
lymphadenectomy (group A) or extended lymphadenectomy
(group B). The sizes of the groups were balanced according to
T stage (T2 v T3/T4), tumor growth pattern (expansive v infiltra-
tive growth), and institution. The randomization arm was notified
to the surgeon immediately, who then completed the operation
according to the allocated protocol.

Surgical Methods

Group A: Standard D2 gastrectomy. Patients were treated
with gastrectomy and D2 lymphadenectomy. Depending on the
location of the primary tumor, the surgeon performed either a
total, proximal subtotal, or distal subtotal gastrectomy. D2 lymph-
adenectomy was -a standard procedure for dissection of tumors
located in the upper two thirds of the stomach as defined in the
12th edition of the Japanese Classification (1993)'® when the study
was initially designed. An extended D2 lymphadenectomy was
performed for tumors located in the lower third of the stomach,
which involves further dissecting the hepatoduodenal nodes
(No.12a), retropancreatic nodes (No.13) and nodes along the
superior mesenteric vein (No.14v). This technique was frequently
performed as a standard procedure in the specialized centers, and
thus adopted in this study (all except No.13 have been integrated
as “D2” in the 13th edition of Japanese classification®®).

" In total or proximal subtotal gastrectomy for proximal tu-
mors, the spleen was removed in principle for splenic hilar lymph-
adenectomy, while it was preserved in distal subtotal gastrectomy
for distal tumors.

Group B: D2 gastrectomy combined with para-aortic lymphad-
enectomy. Patients in this group had similar procedure to group
A, but with additional para-aortic lymph node dissection. The area
to be dissected was defined in the Japanese classification (Fig 1).
Proximal tumors were treated with the standard D2 lymphadenec-
tomy, and also all “No.16-a2” (para-aortic nodes between the level
of the celiac axis and the left renal vein) and “No.16-b1” (para-
aortic nodes between the left renal vein and the inferior mesenteric
artery) were removed. Standard distal subtotal gastrectomy was
performed for the distal tumors including the “No.16-a2” and
“No.16-b1” nodes; however, dissection of the left upper lateral
nodes (“No.16-a2-lat”) was optional.

Both group A and group B patients were followed up accord-
ing to a fixed schedule, without receiving adjuvant chemotherapy.

www.jco.org
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Fig 1. Anatomic definitions of para-aortic lymph nodes.'® The nodes
No.16a2 and No.16b1 are defined as “regional nodes” and were dissected
in the extended surgery group. Ao, aorta; CA, celiac artery; Eso, esophagus;
IMA, inferior mesenteric artery; IVC, inferior vena cava; LRV, left renal vein;
SMA, superior mesenteric artery.

Evaluation of Operative Morbidity and Mortality
Operative methods and pathology results were recorded ac-
cording to the 12th edition of the Japanese Classification of Gastric
Carcinoma.” The following information was included on the case
report form for prospective data collection concerning the four
major groups of operative morbidity: presence or absence of anas-
tomotic leak, pancreatic fistula, abdominal abscess, and pneumo-
nia. Anastomotic leak was diagnosed radiologically either on

- routine postoperative contrast swallow or based on clinical suspi-

cion, and was recorded regardless of its clinical significance. Pan-
creatic fistula was usually diagnosed when fluid with a high
amylase concentration drained from the peripancreatic area for
more than 7 days.

Other complications were recorded on a free format. The
duration of surgery, blood loss, blood transfusion requirement
and reoperation details were also recorded. Hospital mortality was
defined as postoperative death of any cause within 30 days, or
death within the same hospitalization.

Sample Size

The projected 5-year survival rates for groups A and B pa-
tients were 50% and 62%, respectively, and we initially planned to
recruit 412 patients (206 each group) to detect this difference with
one-sided « error of .05 and statistical power of 80%. At first, the
recruitment was slow, but it improved as the study progressed.
When the planned recruitment was almost achieved, the JCOG
Clinical Trial Review Committee approved the amendment to
increase the number of patients to 520 (260 each group) to
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