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ABSTRACT  Gastric cancer is one of the most common causes
of cancer death worldwide. Surgery is the most widely utilized
treatment for resectable gastric cancer. Evidence indicates that
lymph node involvement and depth of invasion of the primary
tumor are the most important prognostic factors for gastric
cancer patients. Therefore, lymph node clearance is deemed a
key procedure in gastric cancer surgery for the prognostic value
to patients. Although the appropriate lymphadenectomy during
gastrectomy for cancer still remains controversial, extended
lymph node dissection (D2 lymphadenectomy) should be
recommended in high volume hospitals.
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Introduction

Gastric cancer is the second most common cancer and deadliest
malignancy, after lung cancer, despite the steady decline in its inci-
dence worldwide!!l. This disease affects approximate 870,000 new
cases a year, causing about 650,000 deaths annually®. Surgical
resection remains the only potentially curative method of treatment
for patients with gastric cancer. Whereas studies that investigate
malignancies in other parts of the gastrointestinal tract pursue mul-
timodality and less invasive therapeutic options, trials in gastric
cancer focus on refinement and optimization of surgical therapy,
especially with regard to the extent and the total number of lymph
nodes removed®. Owing to the significance of lymph node metasta-
sis, extended lymph node dissection (D2 lymphadenectomy) is still
widely accepted and practiced as the standard procedure for gastric
cancer*”. Although the initial results of a prospectively random-
ized Dutch trial could not support the routine use of D2 lymph node
dissection in gastric cancer patients!®, the final results of the Dutch
trial®! showed that patients with N2 stage disease might benefit from
receiving D2 lymphadenectomy. In addition, Marubini et al.l'” in
a randomized trial demonstrated that D2 lymphadenectomy should
be recommended in surgical resections for gastric cancer. Likewise,
Schwarz et al.l! found that D2 lymphadenectomy might improve
the survival of patients who presented with transmural or seroposi-
tive gastric cancer with advanced nodal involvement.

In this review, we will discuss the superiority of the D2 lymphad-
enectomy in gastric cancer surgery for the prognosis of patients and
will supply with the recent information gained from an investigation
which is in favor of performance of D2 lymphadenectomy for gas-
tric cancer patients.
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Definition of D2 lymphadenectomy

Lymphatic drainage from the stomach flows to the peri-
gastric nodes and then to the nodes around the celiac
axis and its main branches. From there it enters the
para-aortic nodes before joining the systemic circula-
tion via the thoracic duct. Lymph node metastasis oc-
curs during the early stages of this disease, and regional
lymphadenectomy is recommended as part of radical
gastrectomy. However, the extent of the lymphadenec-
tomy to achieve the optimal result is controversial, and
there is no worldwide consensus. The extended lymph-
adenectomy procedure, known today as D2, was first
introduced by a Japanese surgeon in the 1960s!'?!. This
technique 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 reported that between 30% and 40% of patients
with lymph node metastasis including involvement of
the second tier lymph nodes, have survived longer than
5 years with a D2 lymphadenectomy!'3l. The D2 gastrec-
tomy procedure is known as “extended lymphadenec-
tomy” in Western countries, while Japanese surgeons
employ the D2 as a standard technique and reserve the
term “extended” for para-aortic dissection. The defini-
tion for D2 lymphadenectomy is based on the Japanese
Classification of Gastric Carcinomal'* and D2 lymphad-
enectomy signifies the dissection of all the first and the
second tier lymph nodes. The first tier nodes consist of
the perigastric lymph nodes, and the second tier nodes
consist of the lymph nodes along the left gastric artery,
the common hepatic artery and the splenic artery as
well as those around the celiac axis. However, when
the primary tumor is located in the lower third stomach,
the lymph nodes along the superior mesenteric vein and
the lymph nodes along the splenic artery are classified
as being in the third tier. In contrast, when the primary
tumor is located in upper third stomach, the suprapyloric
and infrapyloric lymph nodes are classified as being in
the third tier.

Survival significance of the D2 lymphadenectomy

For many years it has been debated whether an extended
lymph node dissection for gastric cancer is beneficial.
Theoretically, removal of a wider range of lymph nodes
by extended lymph node dissection increases the chanc-
es for a curative outcome. Such resections, however,
may be irrelevant if there are no lymph nodes affected,
if the cancer has developed into systemic disease, or
if the resection increases morbidity and mortality sub-
stantially. Reports from the Gastric Cancer Registry and
other retrospective studies!'>!”! have made radical gas-
trectomy with D2 lynphadenectomy the standard for the
treatment of curable gastric cancer in Japan. Long-term
follow-up of the largest European randomized studies of

D1 and D2 dissection clearly demonstrated that overall,
no improved survival rate can be obtained by D2 lymph-
adenectomy®™'®. However, lack of experience with the
surgical procedure and with postoperative care was
thought to account for the poor outcome of patients who
underwent D2 lymphadenectomy!®2!!, The Dutch trial
was conducted in 80 hospitals, including small commu-
nity hospitals, by 11 surgeons who had little experience
with D2 gastrectomy before the study. The limited expe-
rience of the surgeons made it difficult for them to learn
how to perform the procedure safely and effectively,
and the small volume of cases limited the ability of the
hospitals to manage major surgical complications. Fur-
ther, splenectomy and pancreatectomy are important risk
factors for morbidity and hospital mortality after D2 dis-
section, with a significant adverse effect on survival as
well?>24, Ultimately, Hartgrink et al. demonstrated that
D2 lymphadenectomy may be curative for gastric can-
cer patients with N2 disease®®. In 2001, the American
Intergroup 0116 study showed that chemotherapy after
limited lymphadenectomy (DO or D1) decreased the lo-
cal recurrence and increased long-term survival®®, the
result suggesting that chemoradiotherapy eliminates the
residual lymph node metastases that could be removed
by D2 lymphadenectomy. In 2006, a randomized trial in
Taiwan showed a significant benefit in overall survival
for a D2 or D3 procedure as compared with D1 dis-
section, with no increase in operative mortality, which
indicated that adequate local control is essential for the
treatment of gastric cancer”. In this single institution
trial comparing D1 gastrectomy with D2 or a more ex-
tensive gastrectomy, all the surgeons had performed at
least 80 D2 procedures before participating in the study,
and there were no deaths in either group.

D2 lymphadenectomy is adequate for resectable
gastric cancer

Recently, Sasako et al.?® reported remarkable survival
results among patients undergoing D2 dissection, where-
as more extended surgery did not improve the results.
Similarly, Yonemura et al.*) demonstrated a 5-year
survival rate of 52.6% after D2 surgery and 55.0% after
D4 gastrectomy in advanced gastric cancer patients (P
=0.801), and did not recommend the latter, more exten-
sive lymphadenectomy for patients with potentially cur-
able advanced gastric cancer.

D2 lymphadenectomy is an imperative procedure
for the control of local relapse

The main types of recurrence of gastric cancer after
curative resection include local relapse, lymph node me-
tastasis, peritoneal dissemination, and distant metastasis.
The extent of surgery is especially influential on loco-
regional control. Relapse after curative surgery because
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of local recurrence or regional lymph node metastasis
has been shown in up to 87.5% of patientsP. In the
Dutch trial, loco-regional recurrence was recorded 58%
in the D1 group and 45% in the D2 group. However, the
Japan Clinical Oncology Group 9206-1 Trial demon-
strated that the local relapse rate was only less than 1%
following curative gastrectomy with D2 or more exten-
sive surgery®!l. Yoshikawa et al.’?! analyzed 1,041 early
gastric cancer patients who underwent D2 lymphadenec-
tomy with curative intent, and found that 129 cases had
died at last follow-up. Of these 129 patients, 15 died of
recurrence, 6 died of surgical complications, and 108
died of diseases other than the primary gastric cancer.
In a recent meta-analysis of randomized clinical trials,
Lustosa et al.*3! reported that overall, in 642 D2/D3
versus 690 D1 patients, a significantly higher recurrence
rate was found in the D1 lymphadenectomy group (RR,
0.89; 95% CI: 0.80 to 0.98, P < 0.02) with significant
statistical data heterogeneity (P = 0.03 and > = 71%) in
the 3 randomized clinical trials analyzed!'®3+3%,

Morbidity and mortality of the D2
lymphadenectomy

Major complications of gastric cancer surgery include
anastomotic leakage or stenosis, bleeding, abscess
formation, wound dehiscence, pancreatitis, and varied
functional problems. High morbidity and mortality rates
have been reported for those requiring extensive gastric
resection®!, D2 lymphadenectomy has a much lower
morbidity and mortality in Japan than in the West, with
the mortality rate being less than 3% in the former*”.
The lowest combined morbidity and mortality rates after
D2 lymphadenectomy in the West have been reported
from the Memorial Sloan-Kettering Cancer Center in
the USAP® and from Leeds in the UKP®! which are
retrospective selective single-center series. Further a
multicentre German study™” also demonstrated a low
mortality for D2 resections (5%), but, although pro-
spective, it was not a randomized trial. In randomized
clinical trials from Holland®” and the UK®Y, with 711
and 400 patients respectively, D2 patients had a higher
operative mortality rate than D1 patients (10% vs. 4%
and 13% vs. 6.5% respectively; P = 0.04). Accordingly,
they also experienced more complications (P < 0.001).
These unfavorable early postoperative outcomes have
proven able to nullify any possible survival benefit of
D2 lymphadenectomy. Subset analysis has clearly dem-
onstrated that increased morbidity rate in the D2 arm of
these studies was mainly due to caudal pancreatectomy
and concomitant splenectomy, routinely performed dur-
ing total gastrectomy™!#42, The possible reasons for the
adverse effects of pancreaticosplenectomy include sub-
clinical leakage of pancreatic juice, vascular impairment
of the stomach remnant following proximal ligature of
the arterial pedicles, and extensive clearance of tissue
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and lymph nodes in the gastric bed™!. A large Norwe-
gian trial first found a significantly higher complication
rate with the use of splenectomy (42% vs. 27%)“. In
a review of more than 300 patients, the 4-year survival
rate was adversely affected by the use of “prophylactic”
splenectomy!#, The obligatory resection of the spleen
and distal pancreas during total gastrectomy was speci-
fied in randomized controlled European trials (Dutch
and MRC UK trials) protocols for D2 total gastrectomy,
and was very strongly associated with mortality(364!],
Many authors have emphasized that pancreatic resec-
tion should be done in gastric cancer cases with local
involvement and that splenectomies be reserved only
for proximal gastric cancer™!®. Recently, Biffi et al.**!
analyzed 250 gastric cancer patients in a single center
to demonstrate that D2 gastrectomy with routine pres-
ervation of the spleen and pancreas can be considered
a safe treatment for gastric cancer in Western patients,
at least in experienced centers. In the Japan Clinical
Oncology Group Study 9501, the hospital mortality
was reported that only 0.80% which is significantly low
compared with that reported in the West!¥l. In that study,
pancreatectomy was avoided whenever possible (4.2%
of all patients), while splenectomy accompanied total
gastrectomy in many cases (36.5% of all patients). In
actuality, pancreatectomy is not performed as a standard
procedure in Japan or in the West because the assessed
increased morbidity is well known. Maruyama et al.*¢!
have shown that pancreatectomy does not constitute a
more radical procedure because the lymph nodes are not
located within the pancreatic parenchyma but only at the
pancreatic surface.

Another key factor which can affect the morbidity and
mortality of D2 lymphadenectomy is the level of surgi-
cal skill. D2 lymphadenectomy is the standard treat-
ment of curable gastric cancer in Japan. Although two
randomized controlled European trials that compared
the less extensive D1 dissection with the D2 procedure
failed to show a survival benefit for the patients with
D2 dissection, lack of experience with the surgical
procedure and with postoperative care were thought to
account for the poor outcome of the patients who un-
derwent D2 lymphadenectomy!®2!. It has been shown
that surgical morbidity and mortality rates has been de-
creased after the performance of 200 D2 procedures.
This implies that the 11 surgeons in the Dutch study
were in the learning period throughout the trial. Conse-
quently, they could not detect a learning curve for any
of the participating surgeons™! who did only an average
of one curative D2 resection per year!. In 2006, a ran-
domized trial in Taiwan showed a significant benefit in
overall survival for a D2 or D3 procedure in comparison
to a D1 dissection with no increase in operative mortal-
ity"*?7]. Furthermore, Sasako et al.*® demonstrated that
the hospital mortality of extended D2 or D2 plus para-
aortic nodal dissection was only 0.8% in Japan, whereas
the mortality rates in patients treated with D2 gastrec-
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tomy reached 10% or higher®#!, The excessive number
of early deaths in these studies may have obscured any
potential difference in long-term survival between pa-
tients undergoing D1 and D2 gastrectomies. The Dutch
trial was conducted in 80 hospitals, including small
community hospitals, by 11 surgeons who had little ex-
perience with D2 gastrectomy before the study began.
The limited experience of the surgeons kept them from
performing the procedure safely and effectively, and the
small volume of cases limited the ability of the hospitals
to manage major surgical complications. By contrast,
in the Taiwan trial comparing the D1 gastrectomy with
the D2 or a more extensive gastrectomy, all the surgeons
had performed at least 80 D2 procedures before partici-
pating in the study, and there were no deaths in either
grouptl,

Recently, body mass index (BMI) has been consid-
ered a significant factor leading to technical difficulties
in D2 lymphadenectomy despite some authors maintain-
ing the opposing opinion®®*4. The incidence of the over-
weight and of the obese is steadily increasing in the gen-
eral population and compared to the Japanese, the US
and European populations have a much higher average
BMIP>38, Interestingly, Tsujinaka et al.’*] demonstrated
that BMI had a direct effect on surgical complications
other than the indirect effects related to operation time
and blood loss. The presence of a large amount of vis-
cera may disturb drainage of exudates and coagula, and
excess fatty tissue may become necrotic more easily as a
result of surgical manipulation. In addition, the demarca-
tion between pancreas and adipose tissue in overweight
individuals may be obscured during surgery, owing to
greater fat deposition!®. Collectively, these factors may
contribute to the increased occurrence of abdominal ab-
scess and pancreatic fistula in overweight patients with
surgery.

D2 lymphadenectomy decreases the stage
migration

The number of metastatic lymph nodes, which is the
most important predictor of survival for gastric cancer
patients following curative resection(®-*l, was identi-
fied to be significantly associated with the number of
total harvested lymph nodes!®>%l, Theoretically, the
greater the number of dissected lymph nodes, the more
credible the curative resection is. Conversely, if fewer
lymph nodes are dissected, the lymphadenectomy is
regarded as insufficient. Schwarz et al.l'"! reported that
higher lymph node counts resulted in the better survival
of gastric cancer patients after curative resection. The
current UICC/AJCC manual requires that a minimum
of 15 lymph nodes should be examined for accurate as-
signment of the lymph node metastatic category™”. This
implies that D1 lymph node dissection, which is limited
to the perigastric lymph nodes, might not guarantee an

accurate staging/®®l. When a quantitative classification,
based on the number of metastatic lymph nodes was
used, in accordance with the UICC/AJCC 5™ edition
TNM system, the phenomenon of stage migration, the
so-called Will Rogers phenomenon, was observed in
10% to 15% of gastric cancer patients!® . However, a
different study maintained that the number of metastatic
lymph nodes could not increase further when more than
15 lymph nodes were harvested*”). Stage migration, due
to inappropriately understaging the disease, was sug-
gested to be a dominant factor in early-stage gastric can-
cer survival when fewer than 10-15 lymph nodes were
dissected in order to assign an N category!®-’!l, Bando et
al.”! reported that stage migration of lymph node me-
tastases, which could be produced from an anatomical
location based classification of metastatic lymph nodes,
was significantly associated with the extent of lymph
node dissection. Sano et al.®! reported that patients who
underwent D2 lymphadenectomy in Japan had an aver-
age of 54 nodes evaluated. This is in comparison to the
findings in the United States, where, in the retrospective
study by Wanebo et al.”¥), more than 1/3 of patients had
no nodes reported in the pathologic specimen. Schwarz
et al.l""l reported that D2 lymphadenectomy could pro-
duce significantly superior survival results in N3 gastric
cancer with more than 40 total lymph nodes harvested or
with more than 20 negative lymph nodes obtained. This
must be explained by mechanisms which are most likely
different from stage migration. D2 lymphadenectomy
improving the survival of gastric cancer patients is not
only due to decreased the stage migration, but also to the
inherent therapeutic benefit’,

D2 lymphadenectomy for early gastric cancer

Early gastric cancer is defined as adenocarcinoma of the
stomach in which the depth of invasion is limited to the
mucosa and/or submucosa, regardless of the status of
lymph node metastasist’*!. Although the characteristics
of early gastric cancer with lymph node metastasis have
been reported in many institutionst’®’’), the controversy
remains as to the appropriate gastric resection and extent
of lymph node dissection for early gastric cancer. Borie
et al.’" analyzed the clinicopathological and follow-up
data of 332 early gastric cancer patients and demon-
strated that 10% of patients had multiple cancers, which
might be prohibitive in achieving a safe margin of re-
section. Although the incidence of nodal metastasis in
early gastric cancer is 10% to 20%U*#1], the incidence of
second tier lymph node involvement was reported from
10% to 19% in early gastric cancer patients who had
positive lymph nodes®>%!. Many reports have concluded
that radical lymphadenectomy is necessary because
early gastric cancer does metastasize to second tier
lymph nodes®*%]. The most widely applied treatment
for early gastric cancer in Japan and in some European
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countries has been total or subtotal gastrectomy with D2
lymphadenectomy. However, other investigators have
demonstrated that hematogenous spread is the major
mode of recurrence in early gastric cancer patients with
second tier positive lymph nodes following curative gas-
trectomyB28%, Therefore, there is not a consensus as to
whether D2 lymphadenectomies are essential for early
gastric cancer.

Borie et al.’! analyzed 332 patients with early gastric
cancer following curative surgery and concluded that the
rate of lymph node involvement correlated significantly
with submucosal invasion and lack of histologic differ-
entiation. Although extended lymphadenectomy in these
early gastric cancer patients does not alter prognosis,
lymphdenectomy in early gastric cancer is important in
identifying the high-risk population for whom prognosis
is worse.

Conclusion

The D2 lymphadenectomy is considered a safe and stan-
dard treatment for resectable gastric cancer. Surgeons
much experienced with D2 procedures can control and
significantly lower the incidence rate of morbidity and
mortality. D2 lymphadenectomy can provide both more
accurate nodal staging and better prognosis for gastric
cancer patients, compared to D1 lymphadenectomies. In
addition, D2 lymphadenectomy should be strongly rec-
ommended for some early gastric cancer patients who
present with submucosal involvement or with undiffer-
entiated adenocarcinoma.

References

1 Parkin DM. International variation. Oncogene 2004;
23: 6329-6340.

2 Ferlay J, Bray F, Pisani P, et al. GLOBOCAN 2002: can-
cer incidence. Mortality and prevalence worldwide.
IARC cancer base no. 5, version 2.0, Lyon (France):
2004 IARC Press.

3 Dahlberg M, Glimelius B, Pahlman L. Improved survival
and reduction in local failure rates after preoperative
radiotherapy: evidence for the generalizability of the
results of Swedish Rectal Cancer Trial. Ann Surg 1999;
229: 493-497.

4 Sano T, Sasako M, Yamamoto S, et al. Gastric cancer
surgery: morbidity and mortality results from a pro-
spective randomized controlled trial comparing D2
and extended para-aortic lymphadenectomy-Japan
Clinical Oncology Group study 9501. J Clin Oncol
2004; 22: 2767-2773.

5 Kulig J, Popiela T, Kolodziejczyk P, et al. Standard D2
versus extended D2 (D2+) lymphadenectomy for gas-
tric cancer: an interim safety analysis of a multicenter,
randomized, clinical trial. Am J Surg 2007; 193:
10-15.

6 Yonemura Y, Wu CC, Fukushima N, et al. Operative
morbidity and mortality after D2 and D4 extended
dissection for advanced gastric cancer: a prospective
randomized trial conducted by Asian surgeons. Hepa-
togastroenterology 2006; 53: 389-394.

7 McCulloch P, Niita ME, Kazi H, et al. Gastrectomy with

@ Springer

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

extended lymphadenectomy for primary treatment of
gastric cancer. BrJ Surg 2005; 92: 5-13.

Bonenkamp JJ, Hermans J, Sasako M, et al. Extended
lymph-node dissection for gastric cancer. N Engl J
Med 1999; 340: 908-914.

Hartgrink HH, van de Velde CJ, Putter H, et al. Extend-
ed lymph node dissection for gastric cancer: who may
benefit? Final results of the randomized Dutch gastric
cancer group trial. J Clin Oncol 2004; 22: 2069-2077.
Marubini E, Bozzetti F, Miceli R, et al. Lymphadenecto-
my in gastric cancer: prognostic role and therapeutic
implications. Eur J Surg Oncol 2002; 28: 406-412.
Schwarz RE, Smith DD. Clinical impact of lymphad-
enectomy extent in resectable gastric cancer of ad-
vanced stage. Ann Surg Oncol 2007; 14: 317-328.
Kajitani T. The general rules for the gastric cancer
study in surgery and pathology. Part 1 clinical classifi-
cation. Jpn J Surg 1981; 11: 127-139.

Sasako M, McCulloch P, Kinoshita T, et al. New meth-
od to evaluate the therapeutic value of lymph node
dissection for gastric cancer. Br J Surg 1995; 82:
346-351.

Nakajima T. Gastric cancer treatment guidelines in Ja-
pan. Gastric Cancer 2002; 5: 1-5.

de Aretxabala X, Konishi K, Yonemura Y, et al. Node
dissection in gastric cancer. Br J Surg 1987; 74:
770-773.

Maruyama K, Okabayashi K, Kinoshita T. Progress in
gastric cancer surgery in Japan and its limits of radi-
cality. World J Surg 1987; 11: 418-425.

Sasako M, McCulloch P, Kinoshita T, et al. New meth-
od to evaluate the therapeutic value of lymph node
dissection for gastric cancer. Br J Surg 1995; 82:
346-351.

Cuschieri A, Weeden S, Fielding J, et al. Patient survival
after D1 and D2 resections for gastric cancer: long-
term results of the MRC randomized surgical trial.
Surgical Co-operative Group. Br J Cancer 1999; 79:
1522-1530.

Wu CW, Hsiung CA, Lo SS, et al. Randomized clinical
trial of morbidity after D1 and D3 surgery for gastric
cancer. Br ) Surg 2004; 91: 283-287.

Sierra A, Regueira FM, Herndndez-Lizoain JL, et al.
Role of the extended lymphadenectomy in gastric
cancer surgery: experience in a single institution. Ann
Surg Oncol 2003; 10: 219-226.

Degiuli M, Sasako M, Calgaro M, et al. Morbidity and
mortality after D1 and D2 gastrectomy for cancer:
interim analysis of the Italian Gastric Cancer Study
Group (IGCSG) randomised surgical trial. Eur J Surg
Oncol 2004; 30: 303-308.

Griffith JP, Sue-Ling HM, Martin |, et al. Preservation of
the spleen improves survival after radical surgery for
gastric cancer. Gut 1995; 36: 684-690.

Roukos DH, Lorenz M, Encke A. Evidence of survival
benefit of extended (D2) lymphadenectomy in Western
patients with gastric cancer based on a new concept: a
prospective long-term follow-up study. Surgery 1998;
123:573-578.

Bozzetti F, Marubini E, Bonfanti G, et al. Subtotal ver-
sus total gastrectomy for gastric cancer: five-year
survival rates in a multicenter randomized Italian trial.
Italian Gastrointestinal Tumor Study Group. Ann Surg
1999; 230: 170-178.

Hartgrink HH, van de Velde CJ, Putter H, et al. Extend-
ed lymph node dissection for gastric cancer: who may
benefit? Final results of the randomized Dutch gastric
cancer group trial. J Clin Oncol 2004; 22: 2069-2077.
Macdonald JS, Smalley SR, Benedetti J, et al. Chemora-
diotherapy after surgery compared with surgery alone
for adenocarcinoma of the stomach or gastroesopha-



Clin Oncol Cancer Res (2009) 6: 162-168

167

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

geal junction. N Engl J Med 2001; 345: 725-730.

Wu CW, Hsiung CA, Lo SS, et al. Nodal dissection for
patients with gastric cancer: a randomised controlled
trial. Lancet Oncol 2006; 7: 309-315.

Sasako M, Sano T, Yamamoto S, et al. D2 lymphad-
enectomy alone or with para-aortic nodal dissection
for gastric cancer. N Engl J Med 2008; 359: 453-462.
Yonemura Y, Wu CC, Fukushima N, et al. Randomized
clinical trial of D2 and extended paraaortic lymph-
adenectomy in patients with gastric cancer. Int J Clin
Oncol 2008; 13: 132-137.

Gunderson LL, Sosin H. Adenocarcinoma of the stom-
ach: areas of failure in a re-operation series (second
or symptomatic look) clinicopathologic correlation and
implications for adjuvant therapy. Int J Radiat Oncol
Biol Phys 1982; 8: 1-11.

Nashimoto A, Nakajima T, Furukawa H, et al.. Ran-
domized trial of adjuvant chemotherapy with mitomy-
cin, Fluorouracil, and Cytosine arabinoside followed
by oral Fluorouracil in serosa-negative gastric cancer:
Japan Clinical Oncology Group 9206-1. J Clin Oncol
2003; 21: 2282-2287.

Yoshikawa T, Tsuburaya A, Kobayashi O, et al. Is D2
lymph node dissection necessary for early gastric can-
cer? Ann Surg Oncol 2002; 9: 401-405.

Lustosa SA, Saconato H, Atallah AN, et al. Impact of
extended lymphadenectomy on morbidity, mortality,
recurrence and 5-year survival after gastrectomy for
cancer: meta-analysis of randomized clinical trials.
Acta Cir Bras 2008; 23: 520-530.

Robertson CS, Chung SC, Woods SD, et al. A prospec-
tive randomized trial comparing R1 subtotal gastrec-
tomy with R3 total gastrectomy for antral cancer. Ann
Surg 1994; 220: 176-182.

Bonenkamp JJ, Songun I, Hermans J, et al. Randomised
comparison of morbidity after D1 and D2 dissection
for gastric cancer in 996 Dutch patients. Lancet 1995;
345: 745-748.

Viste A, Haugstvedt T, Eide GE, et al. Postoperative
complications and mortality after surgery for gastric
cancer. Ann Surg 1988; 207: 7-13.

Marujama K, Okabayashi K, Kinoshita T. Progress in
gastric cancer surgery in Japan and its limits of radi-
cality. World J Surg 1987; 11: 418-425.

Smith JW, Shiou MH, Kelsey L, et al. Morbidity of radi-
cal lymphadenectomy in the curative resection of gas-
tric carcinoma. Arch Surg 1991; 126: 1469-1473.
Sue-Ling HM, Johnston D, Martin IG, et al. Gastric
cancer: a curable disease in Britain. BMJ 1993; 307:
591-596.

Siewert JR, Boettcher K, Roder JD, et al. Prognostic rel-
evance of systematic lymph node dissection in gastric
carcinoma. BrJ Surg 1993; 80: 1015-1018.

Cuschieri A, Fayers P, Fielding J, et al. Postoperative
morbidity and mortality after D1 and D2 resections
for gastric cancer: preliminary results of the MRC ran-
domized controlled surgical trial. Lancet 1996; 347:
995-999.

Sasako M. Risk factors for surgical treatment in
the Dutch Gastric Cancer Trial. Br J Surg 1997; 84:
1567-1571.

Viste A, Haugstvedt T, Eide GE, et al. Postoperative
complications and mortality after surgery for gastric
cancer. Ann Surg 1988; 207: 7-13.

Maehara Y, Moriguchi S, Yoshida M, et al. Splenectomy
does not correlate with length of survival in patients
undergoing curative total gastrectomy for gastric car-
cinoma. Univariate and multivariate analyses. Cancer
1991; 67: 3006-3009.

Biffi R, Chiappa A, Luca F, et al. Extended lymph node
dissection without routine spleno-pancreatectomy for

46

47

48

49

50

51

52

54

55

56

57

58

59

60

61

62

63

64

65

treatment of gastric cancer: low morbidity and mor-
tality rates in a single center series of 250 patients. J
Surg Oncol 2006; 93: 394-400.

Maruyama K, Sasako M, Kinoshita T, et al. Pancreas-
preserving total gastrectomy for proximal gastric can-
cer. World J Surg 1995; 19: 532-536.

Wu CW, Hsieh MC, Lo SS, et al. Morbidity and mortality
after radical gastrectomy for patients with carcinoma
of the stomach. ] Am Coll Surg 1995; 181: 26-32.
McCulloch P. D1 versus D2 dissection for gastric can-
cer (Author’s Reply). Lancet 1995; 345: 1516-1517.
Sue-Ling HM, Johnston D. D1 versus D2 dissection for
gastric cancer. Lancet 1995; 345: 1515-1516.

Kodera Y, Ito S, Yamamura Y, et al. Obesity and out-
come of distal gastrectomy with D2 lymphadenectomy
for carcinoma. Hepatogastroenterology 2004; 51:
1225-1228.

Inagawa S, Adachi S, Oda T, et al. Effect of fat volume
on postoperative complications and survival rate after
D2 dissection for gastric cancer. Gastric Cancer 2000;
3: 141-144.

Dhar DK, Kubota H, Tachibana M, et al. Body mass
index determines the success of lymph node dissec-
tion and predicts the outcome of gastric carcinoma
patients. Oncology 2000; 59: 18-23.

Barry JD, Blackshaw GR, Edwards P, et al. Western body
mass indices need not compromise outcomes after
modified D2 gastrectomy for carcinoma. Gastric Can-
cer 2003; 6: 80-85.

Moriwaki Y, Kunisaki C, Kobayashi S, et al. Does body
mass index (BMI) influence morbidity and long-term
survival in gastric cancer patients after gastrectomy?
Hepatogastroenterology 2003; 50: 284-288.

Seidell JC, Flegal KM. Assessing obesity: classification
and epidemiology. Br Med Bull 1997; 53: 238-252.
Yanai M, Kon A, Kumasaka K, et al. Body mass index
variations by age and sex, and prevalence of over-
weight in Japanese adults. Int ] Obes Relat Metab Dis-
ord 1997; 21: 484-488.

Baba S, Pan WH, Ueshima H, et al. Blood pressure lev-
els, related factors, and hypertension control status
of Japanese and Americans. ] Hum Hypertens 1991; 5:
317-332.

Williamson DF. Descriptive epidemiology of body
weight and weight change in U.S. adults. Ann Intern
Med 1993; 119: 646-649.

Tsujinaka T, Sasako M, Yamamoto S, et al. Influence of
overweight on surgical complications for gastric can-
cer: results from a randomized control trial comparing
D2 and extended para-aortic D3 lymphadenectomy
(JCOG9501). Ann Surg Oncol 2007; 14: 355-361.
Yang YM, Tian XD, Zhuang Y, et al. Risk factors of
pancreatic leakage after pancreaticoduodenectomy.
World J Gastroenterol 2005; 11: 2456-2461.

Yokota T, Kunii Y, Teshima S, et al. Significant prog-
nostic factors in patients with early gastric cancer. Int
Surg 2000; 85: 286-290.

Pan W, Ishii H, Ebihara Y, et al. Prognostic use of
growth characteristics of early gastric cancer and
expression patterns of apoptotic, cell proliferation,
and cell adhesion proteins. J Surg Oncol 2003; 82:
104-110.

Okusa T, Nakane Y, Boku T, et al. Quantitative analysis
of nodal involvement with respect to survival rate after
curative gastrectomy for carcinoma. Surg Gynecol Ob-
stet 1990; 170: 488-494.

Katai H, Yoshimura K, Maruyama K, et al. Evalua-
tion of the New International Union Against Cancer
TNM staging for gastric carcinoma. Cancer 2000; 88:
1796-1800.

Shen JY, Kim S, Cheong JH, et al. The impact of to-

@ Springer



168

Clin Oncol Cancer Res (2009) 6: 162-168

66

67

68

69

70

71

72

73

74

75

76

77

78

tal retrieved lymph nodes on staging and survival of
patients with pT3 gastric cancer. Cancer 2007; 110:
745-751.

Smith DD, Schwarz RR, Schwarz RE. Impact of total
lymph node count on staging and survival after gas-
trectomy for gastric cancer: data from a large US-pop-
ulation database. J Clin Oncol 2005; 23: 7114-7124.
Karpeh MS, Leon L, Klimstra D, et al. Lymph node
staging in gastric cancer: is location more important
than number? An analysis of 1,038 patients. Ann Surg
2000; 232: 362-371.

Bouvier AM, Haas O, Piard F, et al. How many nodes
must be examined to accurately stage gastric carcino-
mas? Results from a population based study. Cancer
2002; 94: 2862-2866.

de Manzoni G, Verlato G, Roviello F, et al. The new
classification of lymph node metastasis stage migra-
tion problems in gastric cancer patients. Br J Cancer
2002; 87: 171-174.

Inoue K, Nakane Y, liyama H, et al. The superiority of
ratio-based lymph node staging in gastric carcinoma.
Ann Surg Oncol 2002; 9: 27-34.

Borie F, Plaisant N, Millat B, et al. Appropriate gastric
resection with lymph node dissection for early gastric
cancer. Ann Surg Oncol 2004; 11: 512-517.

Bando E, Yonemura Y, Taniguchi K, et al. OQutcome of
ratio of lymph node metastasis in gastric carcinoma.
Ann Surg Oncol 2002; 9: 775-784.

Wanebo HJ, Kennedy BJ, Winchester DP, et al. Gastric
carcinoma: does lymph node dissection alter survival?
J Am Coll Surg 1996; 183: 616-624.

Siewert JR, Bottcher K, Stein HJ, et al. Relevant prog-
nostic factors in gastric cancer: ten-year results of the
German Gastric Cancer Study. Ann Surg 1998; 228:
449-461.

Kajitani T. The general rules for the gastric cancer
study in surgery and pathology. Part I. Clinical classi-
fication. Jpn J Surg 1981; 11: 127-139.

Adachi Y, Oshiro T, Mori M, et al. Prediction of early
and late recurrence after curative resection for gastric
carcinoma. Cancer 1996; 77: 2445-2448.

Kunisaki C, Kobayashi S, Kido Y, et al. Clinicopatho-
logical evaluation of recurrence and fatal cases of re-
sected early gastric cancer. Jpn J Cancer Clin 1996; 42:
1441-1445.

Ranaldi R, Santinelli A, Verdolini R, et al. Long-term

@ Springer

79

80

81

82

83

84

85

86

87

88

89

90

91

follow-up in early gastric cancer: evaluation of prog-
nostic factors. J Pathol 1995; 177: 343-351.

Guadagni S, Reed PI, Johnston BJ, et al. Early gastric
cancer: follow-up after gastrectomy in 159 patients.
BrJ Surg 1993; 80: 325-328.

Kim JP, Hur YS, Yang HK. Lymph node metastasis as
a significant prognostic factor in early gastric cancer:
analysis of 1,136 early gastric cancers. Ann Surg On-
col 1995; 2: 308-313.

Hanazaki K, Wakabayashi M, Sodeyama H, et al. Sur-
gical outcome in early gastric cancer with lymph
node metastasis. Hepatogastroenterology 1997; 44:
907-911.

Sowa M, Kato Y, Nishimura M, et al. Surgical approach
to early gastric cancer with lymph node metastasis.
World J Surg 1989; 13: 630-635.

Habu H, Takeshita K, Sunagawa M, et al. Lymph node
metastasis in early gastric cancer. Int Surg 1986; 71:
244-247.

Isozaki H, Okajima K, Ichinona T, et al. Distant lymph
node metastasis of early gastric cancer. Surg Today
1997; 27: 600-605.

Baba H, Maehara Y, Takeuchi H, et al. Effect of lymph
node dissection on the prognosis in patients with
node-negative early gastric cancer. Surgery 1995;
117: 165-169.

Endo M, Habu H. Clinical studies of early gastric can-
cer. Hepatogastroenterology 1990; 37: 408-410.
Maehara Y, Orita H, Okuyama T, et al. Predictors of
lymph node metastasis in early gastric cancer. Br J
Surg 1992; 79: 245-247.

Inoue K, Tobe T, Kan N, et al. Problems in the defini-
tion and treatment of early gastric cancer. Br J Surg
1991; 78: 818-821.

Isozaki H, Tanaka N, Okajima K. General and specific
prognostic factors of early gastric carcinoma treated
with curative surgery. Hepatogastroenterology 1999;
46: 1800-1808.

Sano T, Sasako M, Kinoshita T, et al. Recurrence of
early gastric cancer. Follow-up of 1475 patients and
review of the Japanese literature. Cancer 1993; 72:
3174-3178.

Borie F, Millat B, Fingerhut A, et al. Lymphatic involve-
ment in early gastric cancer: prevalence and prognosis
in France. Arch Surg 2000; 135: 1218-1223.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


