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Abstract

Background Significance of splenic hilar node dissection with splenectomy is now denied for advanced gastric

cancer of upper one-third of the stomach without invasion to the greater curvature by the Japan Clinical Oncology

Group 0110, a pivotal randomized study from Japan. However, a question remains for tumors which involve the

greater curvature, as this study excluded such tumors.

Methods We retrospectively analyzed 421 consecutive patients with gastric cancer who underwent curative total

gastrectomy with splenectomy from 1992 to 2009. The survival curves, state of lymph node (LN) metastasis, and

index of the estimated benefit from LN dissection of each station were evaluated according to the tumor location.

Results The incidence of No. 10 metastasis was 9.3 % (39/421), with 15.9 % in patients with tumors involving the

greater curvature (Gre group, n = 132) and 6.2 % in those without (non-Gre group, n = 289) (P = 0.032). The

5-year overall survival (OS) of patients with and without No. 10 metastasis was 35.4 and 43.1 % (P = 0.135) in the

Gre group and 32.8 and 66.5 % (P = 0.0006) in the non-Gre group, respectively. The index of No. 10 LN dissection

was 5.6 and 2.0 in the Gre and non-Gre groups, respectively. In the Gre group, the index was relatively higher in

patients aged\ 65 years, within pT3, and with Borrmann type 4 tumors.

Conclusions Splenectomy may have a survival benefit when a tumor shows involvement with the greater curvature,

especially in relatively young patients and those without serosal exposure.

Introduction

In Japan, total gastrectomy with simultaneous splenectomy

has been performed for complete removal of the splenic

hilar lymph nodes (LNs), which constitute the No. 10

station according to the classification of the Japanese

Gastric Cancer Association (JGCA) [1], in the treatment of

advanced proximal gastric cancer. This procedure, termed

D2 total gastrectomy, has been also recommended in the

2010 guideline of the JGCA [2]. The incidence of No. 10

metastasis in patients with advanced proximal gastric

cancer is reportedly 10–26 % [3, 4]; however, some pub-

lications have noted its association with high morbidity and

mortality, and no significant survival benefit [5–8]. Espe-

cially in Western countries, splenectomy for D2 dissection

is not commonly performed based on the results of two

large randomized trials conducted in European countries

[9, 10].

However, some researchers have insisted on the survival

benefit of splenectomy. Kosuga et al. performed a retro-

spective analysis and found that patients with tumors

localized on the greater curvature may obtain a survival

benefit by undergoing splenectomy [11]. It seems probable

that a subpopulation of patients benefits from splenectomy;

if so, identification of the most suitable candidates is
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important. As suggested by other authors [4, 12], tumor

location is likely to be a pivotal clinical factor in this issue.

The Japan Clinical Oncology Group (JCOG) conducted a

phase-III randomized clinical trial (JCOG 0110) comparing

splenectomy versus non-splenectomy in 505 patients with

tumors not involving the greater curvature [13]. The results

of the JCOG 0110 were recently presented at a congress

and showed the non-inferiority of spleen preservation to

splenectomy in terms of overall survival (OS) [14].

Regardless of the results of the JCOG 0110, clinical

questions concerning tumors involving the greater curva-

ture remain.

In our institution, total gastrectomy with splenectomy

has long been a standard therapy for proximal advanced

gastric cancer. The current retrospective analysis was

conducted to assess the survival benefit of this surgery

using our clinical database, including long-term outcomes.

A subgroup analysis according to tumor location was also

performed to identify the most appropriate candidates for

this surgery.

Materials and methods

Patients

We retrospectively reviewed the clinical records of 421

patients with proximal gastric cancer who underwent R0

total gastrectomy with simultaneous splenectomy (D2)

from 1992 to 2009 at the National Cancer Center Hospital

East in Japan. Patients with remnant gastric cancer, double

cancer, and intraoperatively confirmed metastasis to para-

aortic LNs were excluded.

Surgical procedure and follow-up

Standard Japanese D2 total gastrectomy with splenectomy

was performed by surgeons experienced in laparotomy.

The pancreas was basically preserved, leaving the splenic

artery and vein as distal as possible to maintain vessel

communication with the pancreas tail. Simultaneous pan-

creas resection was undertaken only when direct invasion

from the primary tumor or metastatic LNs was recognized.

Since 2007, S-1 has been the standard postoperative

chemotherapy regimen based on the results of the ACTS-

GC trial in Japan [15]; therefore, postoperative adjuvant

chemotherapy was carried out when the final tumor stage

was consistent with the ACTS-GC criteria. Outpatient

follow-up involved physical examination, blood tests

including tumor marker evaluation, and chest/abdominal

computed tomography scans every 3 months for the first

2 years and then every 6 months until at least 5 years

postoperatively.

Clinical parameters

We reviewed the following clinical and pathological factors:

sex, age, maximum tumor size, macroscopic type according

to the Borrmann classification, tumor location, morbidity

and mortality rates, length of postoperative hospital stay,

histological type, pathological T and N factors, and stage.

Definition of tumor’s cross-sectional circumferential loca-

tion followed JGCA classification [1], in which the stomach

wall is divided into four equal parts. Pathological and sur-

gical reports were reviewed to decide circumferential loca-

tion of the tumors. JGCA classification of gastric cancer was

also used to describe tumor progression and histological

grading. Histopathological diagnosis was performed by

experienced pathologists. Postoperative complications were

classified using the Clavien–Dindo grading system [16], and

grade III or higher represented morbidity.

Incidence of LN metastasis, long-term outcomes,

and index of estimated benefit of LN dissection

The incidence of LN metastasis was determined using the

final pathological reports. The number of regional LNs was

categorized according to the JGCA classification [1]. We

evaluated the OS curve, which was further stratified by

several clinical factors. Finally, we evaluated the index of

the estimated benefit of LN dissection of each station,

which was calculated by multiplying the incidence of

metastasis to a station by the 5-year survival rate of patients

with metastasis to this station [17].

Statistics

All statistical analyses were performed using JMP version

11 (SAS Institute, Cary, NC). The Chi-squared test and

Student’s t test were used for statistical analysis. Survival

curves were constructed by the Kaplan–Meier method, and

the log-rank test was used to assess survival differences. All

P values of\ 0.05 were considered statistically significant.

Results

Clinicopathological characteristics

The patients’ clinicopathological characteristics are sum-

marized in Table 1. The patients were divided into two

groups: those with gastric cancer involving a cross-sec-

tional quarter part of the greater curvature site (Gre group,

n = 132) and those with gastric cancer not involving Gre

(non-Gre group, n = 289). The Gre group included larger

tumors, deeper invasion to the wall, and more LN metas-

tases, resulting in more advanced stages. The incidence of
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type 4 tumors was much higher in the Gre than non-Gre

group (42.4 vs. 4.5 %, respectively; P\ 0.001), and the

incidence of histologically undifferentiated tumors was

also higher (70.8 vs. 46.4 %, respectively; P\ 0.001).

Pancreaticosplenectomy was performed in 14 patients in

the Gre group (10.6 %) and 26 in the non-Gre group

(9.0 %) with no significant difference (P = 0.59). The

incidence of adjuvant chemotherapy was not different

between the two groups.

Morbidity and mortality

Among all patients (n = 421), the incidence of pancreatic

fistulas or related peritoneal abscesses was 19.7 %, and that

of anastomotic leakage was 5.9 %. Grade III or higher

postoperative complications occurred in 111 (26.4 %)

patients, 16 (14.4 %) of whom underwent simultaneous

pancreatic resection. Two (0.47 %) patients died of post-

operative intra-abdominal bleeding and severe pneumonia,

respectively. The median length of the postoperative hos-

pital stay was 21 days (range 7–181 days).

LN metastasis

The overall incidence of No. 10 metastasis was 9.3 % (39/

421); 15.9 % (21/132) in the Gre group and 6.2 % (18/289)

in the non-Gre group, with a significant difference

[P = 0.032, 95 % confidence interval (95 % CI)

1.46–5.55, OR = 2.85]. The incidence of metastasis to

regional LN stations in both groups is shown in Fig. 1.

Metastasis was generally more often recognized in the

lesser curvature (Nos. 1, 3, and 7), but in the Gre group, the

rate of metastasis to No. 10 was similar to that of other

important stations (Nos. 2, 4s, 6, and 7).

Survival outcomes and index of estimated benefit

of LN dissection

The 5-year OS in the Gre group was 41.9 %, and that in the

non-Gre group was 64.5 %. There was a significant dif-

ference in the 5-year OS (P\ 0.001, 95 % CI 1.48–2.63,

HR = 1.98) (Fig. 2). Survival rates were stratified

according to pathological stage; the 5-year OS rates in the

Gre and non-Gre groups were 100.0 and 71.8 % for stage

IB, 50.9 and 70.0 % for stage IIA, 52.3 and 76.7 % for

stage IIB, 50.0 and 68.3 % for stage IIIA, 26.6 and 46.9 %

for stage IIIB, and 27.1 and 29.4 % for stage IIIC,

respectively. Overall, the 5-year OS rates with and without

No. 10 metastasis were 34.2 and 59.6 %, respectively

(P = 0.0001, 95 % CI 1.36–3.17, HR = 2.12) (Fig. 3a). In

the non-Gre group, the 5-year OS rates with and without

No. 10 metastasis were 32.8 and 66.5 %, respectively, with

a significant difference (P = 0.0006, 95 % CI 1.43–4.82,

Table 1 Comparison of clinicopathological factors between patients with (Gre) and without (non-Gre) tumors involving the greater curvature

Gre (n = 132) non-Gre (n = 289) P value

Sex n.s

Male/female 89/43 217/72

Mean age in years 59.8 62.4 0.0244

Tumor size \0.001

C10 cm 58 (43.9 %) 25 (8.8 %)

\10 cm 74 (56.1 %) 264 (91.35 %)

Borrmann type \0.001

Type 4 56 (42.4 %) 13 (4.5 %)

Other 76 (57.6 %) 276 (95.5 %)

Pathological depth of invasion 0.0002

T2(MP)/T3(SS)/T4a(SE)/T4b(SI) 7/48/61/11 37/99/106/6

Pathological nodal stage 0.0019

N1/2/3a/3b 17/19/38/16 61/59/46/18

Histological type \0.001

Differentiated 38 (29.2 %) 150 (53.6 %)

Undifferentiated 92 (70.8 %) 130 (46.4 %)

Stage 0.0016

I/IIA/IIB/IIIA/IIIB/IIIC 7/18/26/17/28/36 55/49/49/45/45/45

Postoperative chemotherapy 23 (20.2 %) 37 (14.3 %) n.s

Pathological stage and T and N numbers were defined using the JGCA classification

n.s Not statistically significant
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HR = 2.75) (Fig. 3b). In the Gre group, however, these

rates were 35.4 and 43.1 %, respectively, with no signifi-

cant difference (P = 0.135) (Fig. 3b). The calculated index

of the estimated benefit of LN dissection of each station is

shown in Fig. 1. In the Gre group, the index of No. 10 was

5.6, which was lower than that of Nos. 1, 3, and 4d, but

similar to that of Nos. 2, 4s, 7, and 11. In the non-Gre

group, the index of No. 10 was 2.0, which was relatively

lower than that of other LN stations.

Index according to clinical factors in patients

with No. 10 metastasis in Gre group

Because the index was relatively high in the Gre group

(5.6), it was further analyzed according to various clini-

copathological factors. The results are shown in Table 2.

The indices of patients aged\ 65 years (8.2), with Bor-

rmann type 4 tumors (7.1), and with stage pT2 to pT3

disease (10.0) were relatively high. Regarding Borrmann

type 4, No. 10 metastasis was recorded in eight patients

(14.2 %), and the depth of tumor invasion in those patients

were pT2 in 2, pT3 in 3, and pT4 in 3.

Discussion

The survival benefit of splenectomy has long been debated,

and both positive and negative opinions have been pub-

lished. A Korean group reported that splenectomy had no

survival benefit when metastatic LNs existed at the splenic

hilum or along the splenic artery [18]. A Chinese group

reported that No. 10 metastasis is a predictor of a worse

Fig.. 2 Survival curve for patients with gastric carcinoma involving

the greater curvature (Gre) and not involving the greater curvature

(non-Gre). Survival between the two groups was significantly

different (P\ 0.001, HR = 1.98)

Fig. 1 Incidence of lymph node (LN) metastasis and index in the

Gre and non-Gre groups. a In the Gre group, the incidence and index

of station No. 10 was similar to those of Nos. 2, 4s, 6, and 7. b In the

non-Gre group, the incidence and index of station No. 10 were

relatively lower than those of other LN stations. 1 Right paracardial

LNs, 2 left paracardial LNs, 3 LNs along the lesser curvature, 4s LNs

along the short gastric or right gastroepiploic vessels, 4d LNs along

the right gastroepiploic vessels, 5 Suprapyloric LNs, 6 Infrapyloric

LNs, 7 LNs along the left gastric artery, 8a LNs along the common

hepatic artery, 9 LNs around the celiac artery, 10 LNs at the splenic

hilum, 11 LNs along the splenic artery, 12a LNs in the hepatoduo-

denal ligament (along the hepatic artery)
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prognosis and that there was no significant difference in

survival between R0 resection and R1–2 resection when

No. 10 metastasis was present [19]. They also assumed that

No. 10 LN metastasis is basically associated with more

extensive spread of cancer, including to the para-aortic

LNs, so performance of surgical resection with an expec-

tation of long survival is questionable. The JCOG 0110

outcomes have provided clear insight, but questions con-

cerning tumors involving the greater curvature remain.

The theoretical basis of splenectomy for removal of No.

10 LNs has been previously explored using lymphangiog-

raphy. Maruyama et al. demonstrated that lymphatic flow

progressed from the upper greater curvature to the splenic

hilum, finally extending around the celiac trunk along the

splenic artery [20]. Additionally, splenectomy is expected

to have an effect by en-bloc resection of neighboring adi-

pose tissue adjacent to the primary lesion, such as the

splenogastric ligament. Based on such viewpoints, many

researchers began to debate this issue by dividing their

patient populations into those with cancer that did and did

not involve the greater curvature. As expected, the inci-

dence of No. 10 metastasis was higher in the Gre group in

the current study, which is also consistent with previous

reports [4, 6, 11, 12]. Moreover, the prognosis in the Gre

group was significantly worse with more advanced stages

than in the non-Gre group. This might indicate the

aggressive oncological behavior of this subpopulation,

although the difference probably also involved the fact that

the Gre group included tumors involving the entire gastric

wall circumference, such as Borrmann type 4. The overall

prognosis was much worse in patients with than without

No. 10 metastasis. As others have suggested, this indicates

that metastasis to No. 10 is a pivotal predictor of a poor

prognosis. Interestingly, only a small difference in the

survival rate between patients with and without No. 10

metastasis was noted in the Gre group. This result is con-

sistent with those reported by Ikeguchi et al. [21] and

Aoyagi et al. [22]. Because of the retrospective nature of

our study, we cannot determine whether splenectomy

increased the survival rate. However, we believe that the

effectiveness of splenectomy can be estimated using the

index calculated in this study.

Although this index is not an absolute parameter, the

benefits of LN dissection among various LN stations can be

Table 2 Incidence of No. 10 metastasis, 5-year overall survival, and

index in patients with gastric cancer involving the greater curvature

Clinicopathological

factor

Incidence of No. 10

metastasis (%) (n)

5-year OS

(%)

Index

Age in years

C65 17.3 (9/52) 0.0 0.0

\65 15.0 (12/80) 54.5 8.2

Borrmann type

Type 4 14.2 (8/56) 50.0 7.1

Other 17.1 (13/76) 23.1 4.0

Tumor size

C10 cm 17.2 (10/58) 30.0 5.2

\10 cm 14.9 (11/74) 41.7 6.2

Depth of invasion

CT4 16.7 (12/72) 10.4 1.7

\T4 15.0 (9/60) 66.7 10.0

Histological type

Differentiated 13.1 (5/38) 40.0 5.2

Undifferentiated 17.4 (16/92) 35.9 6.2

Index of estimated benefit obtained from dissecting a particular node

station, which is calculated by multiplying the incidence of metastasis

to the site (%) by the 5-year survival rate of patients with metastasis

to the site

OS overall survival, T4 tumor exposed on surface of membrane serosa

or invading adjacent structures

Fig.. 3 a Survival curve for all patients with and without No. 10

metastasis. Patients with No. 10 metastasis had lower survival rates

(P = 0.0001, HR = 2.12). b Survival curve for patients in the non-

Gre group with and without No. 10 metastasis. There was a

significant difference between the two groups (P = 0.0006,

HR = 2.75). c Survival curve for patients in the Gre group with

and without No. 10 metastasis. There was no significant difference

(P = 0.135)
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estimated. Indeed, the index of No. 10 in the Gre group

(5.6) was more than twice that in the non-Gre group (2.0).

This index in the Gre group was smaller than that of No. 1

or 3 (perigastric on lesser curvature) but almost equal to

that of No. 4s (perigastric on upper greater curvature), No.

7 (trunk of left gastric artery), and No. 11 (along splenic

artery). Thus, No. 10 LN dissection might have contributed

to survival similarly to dissection of other stations in this

subpopulation of patients. In previous reports, Nashimoto

et al. [23] and Kunisaki et al. [6] reported the index of No.

10 as 4.2 and 2.4, respectively, although they evaluated all

patients regardless of tumor location.

Local control by splenectomy may provide a limited

oncological effect because this kind of cancer potentially

exhibits very aggressive oncological behavior. Clinically, it

is important to estimate which patient subpopulation is

likely to benefit from splenectomy. Although the number of

patient subsets was small in the current study, the index

analysis indicated that relatively young patients and those

with no serosal infiltration or with Borrmann type 4 tumors

may benefit from splenectomy when the tumor involves the

greater curvature. If serosal exposure exists, the prognosis

may be controlled by peritoneal recurrence; therefore, local

control by splenectomy may have little impact. Multidis-

ciplinary therapy including perioperative chemotherapy

should be considered in such cases. Borrmann type 4 is

generally thought to be a poor prognostic indicator;

therefore, why the index in this subgroup was relatively

high remains unclear. In our series, around 60 % of type 4

tumors with positive No. 10 LNs were within T3, which

might have affected this result. However, interestingly,

Kosuga et al. [11] also reported that the index was rela-

tively high in the subgroup of patients with Borrmann type

4 tumors (12.9). Some researchers have insisted that

curative resection would lead to a relatively favorable

prognosis despite the presence of a type 4 tumor [24, 25],

particularly when serosal exposure is absent [24]. Further

investigation of more patients is required to resolve this

issue.

Many authors have stated that high morbidity and

mortality rates are a disadvantage of splenectomy.

Although the calculations of morbidity differ among vari-

ous papers, previous publications have reported compli-

cation rates of 20–45 % and mortality rates of 3–12 % [5,

7, 26, 27]. JCOG 0110 trial also showed significantly

higher morbidity among patients undergoing splenectomy

than spleen preservation (30.3 vs. 16.1 %, respectively)

[28]. In the present study, the morbidity rate in patients

with grade III and higher was almost identical (26.4 %) to

that in other reports, but the mortality rate was low

(0.47 %). This may be because our institution is one of the

highest-volume cancer centers and routinely manages

postoperative complications. The potential risks of

splenectomy should always be sufficiently explained to

patients, especially in institutions with less experience.

Our study has several limitations. This was a retro-

spective study performed at a single institution, and we did

not compare splenectomy and non-splenectomy. Our

results suggest that a subpopulation of patients may benefit

from splenectomy, but this should be further investigated in

a randomized study. We should also consider whether

spleen-preserving splenic hilar dissection may replace

splenectomy.

In conclusion, the present study confirmed that

splenectomy should be omitted in patients with tumors not

involving the greater curvature, but that it may have a

survival benefit in patients with tumors involving the

greater curvature, especially in relatively young patients

and those without serosal exposure.
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