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Abstract _

The results of clinical trials regarding surgery of curable ad-
vanced gastric cancer and esophagogastric junction (EGJ)
tumors are reviewed and summarized. Four clinical trials
have evaluated D2 dissection for curable gastric cancer in
the West. Two large trials in the UK and the Netherlands
failed to prove the efficacy of D2 dissection. However, these
trials had critical weak points. As they were carried out in a
number otLhospitaIs where there was no experience with
this surgery, the quality of surgery and postoperative care
were very poor making the hospital mortality unacceptably
high. After these trials, an Italian group started a phase li
study in 8 hospitals with a relatively high volume to confirm
the safety of this procedure for Caucasians. They achieved
3% mortality, which was much smaller than that of even D1
in the former trials. These results first highlighted the impor-
tance of learning and hospital volume in D2 dissection. Sur-
vival results of the Dutch trial showed some difference be-
tween D1 and D2, but the difference was not statistically
significant. This was attributed to the high hospital mortal-
ity and poor quality of surgery, especially low compliance of
D2 and the high rate of extension of D1, making this com-
parison similar to that between D1.3 and D1.7. The results of

the phase |ll study by the Italian group are awaited. Recently
a Taiwanese trial proved the benefit of D2 dissection over D1
in a phase lll trial. This was a single institutional trial with a
sample size of 221 patients. The 5-year survival rate of D2 and
D1 was 59.5 and 53.6%, respectively (p = 0.04). The Dutch tri-

als for EGJ tumors showed a large difference in overall sur-

vival between the transthoracic and transhiatal approach for
Siewert type 1 and 2 tumors, but this was not statistically
significant, most likely due to the small sample size. In the
subgroup analysis, they demonstrated that there was no sur-
vival difference in Siewert type 2 but a large difference in
Siewert type 1. A Japanese study showed that there is no
benefit to the thoraco-abdominal approach over the trans-
hiatalapproach for EGJ tumors whose invasion in the esoph-
agus is 3 cm or less. These two trials clearly demonstrat-
ed that mediastinal dissection through a right thoracotomy
is recommendable for Siewert type 1, while the trans-
hiatal approach should be considered as standard for Siew-
erttype 2. Copyright © 2007 S. Karger AG, Basel

Background

In the guidelines of the Japan Gastric Cancer Asso-
ciation, standard surgery for curable advanced gastric
cancer is defined as a more than 2/3 gastrectomy with
D2 dissection [1]. With the results of several important
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Table 1. Morbidity and mortality after D2 dissection and hospital volume

Hong Kong

RCT -30
MRC RCT 200
Dutch RCT 331
Taiwanese RCT 211
IGCSG Phase II 191
IGCSG RCT 82
Italian study Retro 451

7.5 3 57 Robertson et al. [7]

1.5 13 46 Cuschieri et al. [8]

1.0 10 43 Bonenkamp et al. (2]
18.5 0 17 Wu et al. [16]

8.0 3 21 Degiuli et al. [4]

43 0 16 " Degiuli et al. [6]
21.5 2 17 Roviello et al. [9]

RCT = Randomized controlled trial; MRC = Medical Research Councxl IGCSG = Italian Gastric Cancer

Study Group.

clinical trials, not only in surgery but also multidisci-
plinary treatment, this policy of the Japanese guidelines
might be challenged. In this article, the Japanese per-
spective of curative surgery for advanced gastric cancer
is explained.

Results of European Trials

There have been four European clinical trials on D2
dissection for curable gastric cancer [2-5]. Three of them
were phase III trials and the remainder was the only phase
II trial in the world. The phase III trials were carried out
by the Medical Research Council (MRC) [3], the Dutch
Gastric Cancer Group (DGCG). (2] and the Italian Gas-

“tric Cancer Study Group (IGCSG) [5]. The first two trials
have already shown negative results, while the long-term
results of the last one are awaited. After the first two large
phase I1I trials showed quite high hospital mortality after
D2 dissection on Caucasians, the IGCSG started with a
phase II study to confirm the safety of the D2 dissection
in their population [4].

Morbidity and Mortality of D2 Dissection in
These Trials
The Dutch and the MRC studies showed extremely
high hospital mortality after D2 dissection, 10 and 13%,
respectively. Such a high mortality is no longer accepted
for any cancer surgery today. These results were heavily
criticized and attributed to a very low hospital volume [6].
Table 1 shows the clear negative correlation between hos-
pital volume and hospital mortality after D2 dissection
in the literature. This high mortality was also attributed
to splenectomy and pancreatectomy. Especially in the

102 Dig Surg 2007;24:101-107

MRC trial, many surgeons thought that D2 distal gastrec-
tomy included splenectomy, and splenectomy was carried
out in many distal gastrectomy cases [10]. This was based
on the misunderstanding of the definition of D2 gastrec-
tomy by the Japanese Research Society for Gastric Cancer
(11]. In Japan, splenectomy was included in D2 dissection
only when a total gastrectomy was carried out. Together
with thorough lymph node dissection of the lesser curva-
ture, splenectomy causes serious ischemia of the remnant
stomach, necrosis of the remnant stomach or anastomot-
ic leakage. This was also the case in the DGCG trial [12].
In the multivariate analysis of hospital mortality, sple-
nectomy was one of the factors most responsible for mor-
tality. The lack of experience in treating major surgical
complications after D2 dissection, namely, anastomotic
leakage, pancreatic fistula (juice leak) or intra-abdominal
abscess, led to a much higher mortality than a Japanese
specialist center where a few hundred patients were treat-
ed yearly (table 2) [6]. With less than a few cases yearly,
surgeons can never learn how to treat these major com-
plications to avoid treatment-related death. This high
mortality after D2 dissection in the Dutch trial might
also be attributed to the greater fragility of the Dutch
compared with the Japanese. However, the results of an-
other Dutch trial comparing a transthoracic esophago-
gastrectomy via right thoracotomy with a transhiatal
approach for esophagogastric junction (EGJ) tumors
showed a much lower mortality in the both treatment
arms, 4% for the former and 2% for the latter [13]. This
trial was carried out exclusively in two major cancer hos--
pitals which have a reasonably high hospital volume. This
suggests that high mortality in the D1/D2 trial was not
attributed to the fragility of the Dutch patients but to the
very low hospital volume.

Sasako/Saka/Fukagawa/Katai/Sano



Table 2. Mortality after postoperative major surgical complications

Complicatio =7, =" P
T 'f‘—»pa_tients' : _‘p@ti'ents" o -

Leakage 19 46 41.3 12 84 14.3 0.0005
Distal 9 22 40.1 2 23 8.7 0.012
Total 10 24 41.7 10 60 16.7 0.0047

Abscess or pancreatic fistula 19 91~ 20.9 2 75 27 0.0004

NCCH = National Cancer Center Hospital.

After these two trials with dismal short-term results,
the IGCSG started a phase II trial to confirm the safety.
Actually a 3% mortality was found in 8 hospitals with a
total of 191 patients [4]. They avoided the routine use of
distal pancreatectomy in cases of total gastrectomy; in-
stead they adopted pancreas-preserving total gastrecto-
my, the so-called Maruyama technique [5]. Thus they
avoided splenectomy in distal gastrectomy and distal
pancreatectomy in total gastrectomy. The morbidity and
mortality shown by the phase II study was confirmed by
the results of the interim analysis of the IGCSG phase III
trial. Hospital mortality was 1.3% after D1 but 0% after
D2 gastrectomy in this study [6].

Survival Results after D2 Dissection

In the MRC trial, the survival curve of D2 was never
better than that of D1 until the end of the trial. In the
Dutch trial, the survival curve of D2 caught up with that
of D1 after 4 years and remained superior, but the differ-
ence between D1 and D2 survival never reached statisti-
cal significance. Practically, in the MRC trial, there was
no quality control of surgery and the quality seemed poor
due to the mortality. In the Dutch trial, there were sev-
eral efforts to control the quality of performance includ-
ing direct tuition of the D2 dissection in the operation
theater and quality evaluation by the number of dissected
nodes. According to their results, there were many cases
in the D1 group where more extended dissection than D1
was actually carried out and many patients in the D2
group underwent less than D2 dissection [14]. Eventually
they compared D1.3 versus D1.7, for example, minimiz-
ing the difference between the arms. Low-quality surgery
together with a much higher mortality immediately after
surgery could explain why D2 dissection was not found
to be beneficial. In fact, the Italian group showed much
better survival results in their phase II trial than those of
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the Dutch trial [15]. The 5-year survival rates for stages
IA, IB, I1, IIIA and IIIB were 93, 88, 60, 40 and 20%, re-
spectively, while those in the Dutch trial were 81, 61, 42,
28 and 13%, respectively. Survival results of the phase III
study by the IGCSG are awaited.

Results of Taiwanese Trial

Recently a Taiwanese hospital published the results of
a phase III study comparing D1 versus D2/3 surgery for
curable gastric cancer in a single institution [16]. Their
D3 includes lymph node stations in the hepatoduodenal
ligament, on the superior mesenteric vein, behind the
common hepatic artery and on the posterior pancreatic
surface in addition to D2 dissection, according to the st
English Edition of the Japanese Classification of Gastric
Carcinoma [17]. They showed statistically significant im-
provement in survival by D2/3 surgery over DL. The 5-
year overall survival of D2/3 and D1 was 59.5 and 53.6%,
respectively (p = 0.04; fig. 1). This study included only
three surgeons at a single institution, therefore the qual-
ity of surgery in this study seemed to be more identical
than in multicenter trials. This is the first randomized
controlled study which showed significantly better over-
all survival of D2/3 surgery than D1 in the world. There
are several remarkable differences between this study
and the Dutch study. Due to the much higher hospital
volume and good quality control at a single institution,
the hospital mortality after D2/3 was 0% in this study,
while it was as high as 10% in the Dutch trial. More pa-
tients in the Taiwanese study had antral tumors and un-
derwent distal subtotal gastrectomy than the Dutch trial.
The proportion of those who underwent distal subtotal
gastrectomy in this study and the Dutch study was 76 and
66%, respectively. Due to the rather small sample size and
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the Dutch trial.

modest survival benefit, this study cannot be considered
as solid evidence for the superiority of D2 over DI dissec-
tion.

Results of Adjuvant Chemoradiotherapy

A phase III study comparing surgery alone with
postoperative adjuvant chemoradiotherapy (CRT), the
INT0116/SWOG9008, showed a large survival benefit of
CRT for curable gastric cancer; the median survival time
of surgery alone was 27 months, compared with 36
months for CRT [18]. The hazard ratio for death was 1.35
(95% CI 1.09-1.66; p = 0.005). In this trial, the tested arm
included curative surgery and radiation therapy of 45 Gy
with combination chemotherapy using fluorouracil and
leucovorin (5 courses of 5-day continuous infusion, in-
cluding 2 courses of concomitant administration). How-
ever, detailed analysis of the type of surgery revealed that
54 and 36% of the patients underwent D0 and D1 surgery,
respectively, while only 10% underwent D2 dissection.
Although there was no statistically significant interac-
tion between the subgroups divided by the degree of
lymph node dissection and the effect of treatment, a ben-
efit from treatment was observed only in the D0 or D1
group in the subset analysis [19]. In the retrospective de-
tailed analysis, the researchers of this study found that
surgical undertreatment clearly undermined the survival
of patients [20]. Thus this study for the first time proved
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the efficacy of local control by radiation for gastric cancer
and proved that limited surgery alone cannot be suffi-
cient treatment for this cancer.

The patient population enrolled in the test arm of this
study was by chance quite similar to the population en-
rolled in a Japanese clinical trial comparing surgery alone
with surgery followed by adjuvant CTX (JCOG9206-2)
(21]. Table 3 shows the tumor and patient characteristics
of the 2 groups. Most of the prognostic factors, i.e., histo-
logical type, tumor location, age, tumor size, and, most
important, tumor depth, were reasonably comparable be-
tween the groups. Although these 2 groups were the pa-
tients of two different trials with two different treatment
methods, they are identical and therefore the treatment
results are more or less comparable. The 5-year overall
survival was 42 and 61% in the INT0116 and JCOG9206-
2, respectively. This suggests strongly that D2 surgery
alone might produce better survival than limited surgery
followed by CRT and that the effect of adjuvant CTX
might not be expected after D2 as suggested by the sub-
group analysis.

Surgical Treatment for Esophagogastric Junction
Tumors

Hulscher et al. [13] reported the results of a phase III
trial for Siewert type 1 and 2 tumors, comparing two sur-
gical approaches, a transthoracic esophagogastrectomy
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via right thoracotomy with transhiatal one. The overall
survival in the entire study population did not show sta-
tistically significant differences between the 2 groups.
However, the actual difference in the survival curves was
impressive and the-overall 5-year survival rate was 29%
for the transhiatal approach and 39% for the transtho-
racic one (p = 0.38; fig. 1). In the subgroup analysis ac-
cording to the Siewert classification, the difference in
overall 5-year survival was as large as 17% (95% CI -3 to
37%) for Siewert type 1 (n = 90), while it was only 1% for
Siewert type 2 (n = 115; fig. 2) [22]. Due to the small sam-
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ple size, this study was not able to show any statistically
significant difference, but the results strongly suggest
that thorough mediastinal dissection via right thoracot-
omy is needed for Siewert type 1 but not for type 2. With
higher morbidity after transthoracic dissection, the
transhiatal approach might be better treatment for Siew-
erttype 2.

Sasako et al. [23] reported the results of a phase III
trial for Siewert type 2 and 3 tumors, comparing a left
thoraco-abdominal approach versus a transhiatal one.
All these tumors were diagnosed to have esophageal in-
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Table 3. Comparison between the INT0116 study and JCOG9206-2 study

7] Ry P T

% oo o N e A R S

Surgery (D0/1/2), % 54/36/10 4/67/33

Adjuvant Rad (45 Gy)+CX (5FU+LV) CDDP+5FU+UFT (50%), none (50%)
Number of patients 281 (tested arm) 268 (control = 133, tested = 135)
Tumor location A (53%), Corp (24%), cardia (21%), multifocal (2%) L (31%), M (32%), U (28%), wide (9%)
pT (T1/T2/T3/T4) 14/74/175/18 5/87/165/11

Proportion of T3/4, % 69 66 -

Node positive, % 85 ‘ 72

TRD 3(1.1%) 4 (1.5%)

Overall survival (5 years), % 42 control 61, tested 62

Rad = Radiation; CX = chemotherapy; LV = leucovorin; 5FU = 5-fluorouracil; CDDP = cis-diamminedichloroplatinum; UFT =
uracil-ftegafur; A = antrum; Corp = gastric body; L = distal one third; M = middle one third; U = upper one third; wide = wide spread;
TRD = treatment-related death. o
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vasion of 3 cm or less. They clearly demonstrated that
there was no survival benefit from the left thoraco-ab-
dominal approach which was accompanied by a much
higher morbidity and more remarkable deterioration of
pulmonary function than the transhiatal approach. The
subgroup analysis showed no survival benefit for both
Siewert type 2 and 3. Especially for Siewert type 3, the

transhiatal approach showed much better survival than
the left thoracotomy approach (fig. 3).

From these two trials, the transhiatal approach is
regarded as the standard treatment for Siewert type
2 and 3 tumors, while the transthoracic approach via
right thoracotomy is recommended for Siewert type 1
tumors.
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AdjuvanAt Chemotherapy for Gastric Cancer
with S-1, an Oral Fluoropyrimidine

Shinichi Sakuramoto, M.D., Mitsuru Sasako, M.D., Toshiharu Yamaguchi, M.D.,
Taira Kinoshita, M.D., Masashi Fujii, M.D., Atsushi Nashimoto, M.D.,
Hiroshi Furukawa, M.D., Toshifusa Nakajima, M.D., Yasuo Ohashi, Ph.D.,
Hiroshi Imamura, M.D., Masayuki Higashino, M.D., Yoshitaka Yamamura, M.D.,
Akira Kurita, M.D., and Kuniyoshi Arai, M.D., for the ACTS-GC Group*

ABSTRACT

BACKGROUND
Advanced gastric cancer can respond to S-1, an oral fluoropyrimidine. We tested S-1
as adjuvant chemotherapy in patients with curatively resected gastric cancer.

METHODS

Patients in Japan with stage II or III gastric cancer who underwent gastrectomy with
extended (D2) lymph-node dissection were randomly assigned to undergo surgery fol-
Jowed by adjuvant therapy with S-1 or to undergo surgery only. In the S-1 group, ad-
ministration of S-1 was started within 6 weeks after surgery and continued for 1 year.
The treatment regimen consisted of 6-week cycles in which, in principle, 80 mg of oral
S-1 per square meter of body-surface area per day was given for 4 weeks and no che-
motherapy was given for the following 2 weeks. The primary end point was overall
survival.

RESULTS

We randomly assigned 529 patients to the S-1 group and 530 patients to the surgery-
only group between October 2001 and December 2004. The trial was stopped on the
recommendation of the independent data and safety monitoring committee, because
the first interim analysis, performed 1 year after enrollment was completed, showed
that the S-1 group had a higher rate of overall survival than the surgery-only group
(P=0.002). Analysis of follow-up data showed that the 3-year overall survival rate was
80.1% in the S-1 group and 70.1% in the surgery-only group. The hazard ratio for death
in the S-1 group, as compared with the surgery-only group, was 0.68 (95% confidence
interval, 0.52 to 0.87; P=0.003). Adverse events of grade 3 or grade 4 (defined accord-
ing to the Common Toxicity Criteria of the National Cancer Institute) that were rela-
tively common in the S-1 group were anorexia (6.0%), nausea (3.7%), and diarrhea
(3.1%).

CONCLUSIONS

S-1 is an effective adjuvant treatment for East Asian patients who have undergone
a D2 dissection for locally advanced gastric cancer. (ClinicalTrials.gov number,
NCT00152217.)
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§-1 FOR STAGE II OR III GASTRIC CANCER

ETA-ANALYSES HAVE SHOWN THAT AD-
M juvant chemotherapy is effective in treat-

ing gastric cancer.¢ However, the effec-
tiveness of specific regimens has not been verified
in large clinical trials. In 2001, the Intergroup-0116
(INT-0116) study investigators reported that post-
operative chemoradiotherapy was effective in treat-
ing adenocarcinoma of the stomach or gastro-
esophageal junction.” Subsequently, the Medical
Research Council Adjuvant Gastric Infusional Che-
motherapy (MAGIC) trial® showed the efficacy of
perioperative chemotherapy. Both studies assessed
the benefits of adjuvant therapy after only limited
surgery, but the type of surgical procedure for gas-
tric cancer can influence the results of postopera-
tive chemotherapy.®¢ In Japan, gastrectomy with
extended (D2) lymph-node dissection alone is con-
sidered standard treatment.*

S-1 (TS-1, Taiho Pharmaceutical) is an orally
active combination of tegafur (a prodrug that is
converted by cells to fluorouracil), gimeracil (an
inhibitor of dihydropyrimidine dehydrogenase,
which degrades fluorouracil), and oteracil (which
inhibits the phosphorylation of fluorouracil in the
gastrointestinal tract, thereby reducing the gastro-
intestinal toxic effects of fluorouracil) in 2 molar
ratio of 1:0.4:1.12:13 The rate of response to treat-
ment with S-1 alone exceeded 40% in two late
phase 2 trials involving patients with advanced
or recurrent gastric cancer.**'s The pharmacoki-
netics of the fluorouracil that is derived from S-1
is not influenced by gastrectomy,6¢ and for this
reason, S-1 is suitable for the postoperative adju-
vant setting. In a pilot study,'” we examined the
feasibility of using S-1 postoperatively in patients
with gastric cancer. We report the results of a
large-scale trial — the Adjuvant Chemotherapy
Trial of TS-1 for Gastric Cancer (ACTS-GC) — in-
volving patients with stage II or III gastric cancer
who underwent D2 surgery.

METHODS

The trial was conducted in accordance with the
World Medical Association Declaration of Helsin-
ki and Japanese Good Clinical Practice guidelines.
The protocol was approved by the institutional re-
view board of each participating hospital. Written
informed consent was obtained from all patients.

All members of the steering committee and the
sponsor jointly designed the trial and collected the

data, which were held by the independent ACTS-GC
Data Center. The data were analyzed by the inde-
pendent data and safety monitoring committee.
All academic members of the steering committee
vouch for the validity and completeness of the data
and the analysis. All of the authors reviewed and
approved the final version of the manuscript be-
fore submission.

ELIGIBILITY CRITERIA

The criteria for eligibility were histologically prov-
en gastric cancer of stage II (excluding T1 cases),
ITIIA, or IIIB; D2 or more extensive lymph-node dis-
section with RO surgery (with the result of no re-
sidual tumor?®); no hepatic, peritoneal, or distant
metastasis; no tumor cells in peritoneal fluid on
cytologic analysis; an age of 20 to 80 years; no pre-
vious treatment for cancer except for the initial gas-
tric resection for the primary lesion; and adequate
organ function (a leukocyte count of at least 4000
per cubic millimeter or the lower limit of the nor-
mal range; a platelet count of at least 100,000 per
cubic millimeter; a total bilirubin level of no more
than 1.5 mg per deciliter [25.7 wmol per liter], as-
partate aminotransferase and alanine aminotrans-
ferase levels no more than 2.5 times the upper
limit of the normal range; and a serum creatinine
level no greater than the upper limit of the normat
range). Stage classification and the evaluation of
resected specimens were performed in accordance
with the guidelines of the Japanese Gastric Cancer
Association.1®

STUDY DESIGN AND TREATMENT
The primary end point was overall survival; second-
ary end points were relapse-free survival and the
degree of safety of S-1. Patients were enrolled, with-
in 6 weeks after surgery, over the telephone or by
fax by staff at the ACTS-GC data center. Patients
were randomly assigned to either the S-1 group or
the surgery-only group, with the assignments made
at the ACTS-GC data center by means of the min-
imization method and according to the cancer
stage (II, IITA, or ITIB). Zelen’s adjustment® was
applied to balance the numbers of patients between
each group at each participating hospital.
Patients assigned to the S-1 group received two
oral doses of 40 mg of S-1 per square meter of
body-surface area per day, for 4 weeks, followed by
2 weeks of no chemotherapy. Specifically, during
the treatment weeks, patients with a body-surface
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