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Abstract

Purpose In cases of carcinoma in the remnant stomach

(CRS), the lymphatic flow may be altered by the initial

surgery. In this study of CRS after gastrectomy, we

investigated how the regions of lymph node metastasis and

changes in lymphatic flow depend on initial disease status.

Method The study included 76 patients with CRS who

underwent gastrectomy between September 2002 and

November 2014. We analyzed and compared the clinico-

pathological factors and survival periods between patients

after distal gastrectomy for malignant disease (group M, 33

patients) and patients after distal gastrectomy for benign

disease (group B, 43 patients).

Results The depth of tumor invasion was more advanced

in group B (T1/T2/T3/T4: group M 18/1/7/7, group B 8/11/

8/16; P = 0.002). However, the degree of lymph node

metastasis did not differ significantly between the two

groups. The incidence of lymph node metastasis was high

at stations 2 (19 %), 4sa (17 %), 10 (25 %), 11p (19 %),

and 11d (27 %) in group M and 1 (14 %), 3 (23 %), and

4sb (15 %), and the mesojejunal lymph node (21 %) in

group B. Lymph node dissection was highly beneficial at

station 3, station 7, and the mesojejunum in both groups,

but not at stations 10 or 11d.

Conclusion As compared with group B, group M showed

higher incidences of lymph node metastasis in the greater

curvature, splenic hilum, and lymph nodes along the

splenic artery, suggesting the predominance of lymphatic

flows from the greater curvature to the splenic hilum and

from the remnant stomach to the splenic artery.
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Introduction

The incidence of carcinoma in the remnant stomach (CRS)

after distal gastrectomy has been reported to be between 1

and 5 % [1–3]. Although cases of CRS are commonly

reported in the literature, the prognosis of CRS has not

improved over the past two decades. Instead, the prognosis

of CRS (and particularly advanced CRS) remains poor in

comparison with the prognosis of primary gastric cancer

[4–6]. Moreover, a consensus is yet to be reached regarding

therapeutic methods for CRS, and the optimal ranges for

resection and lymph node dissection for CRS are unclear

[4, 7]. The major reason for the difficulty involved in

treating CRS is mainly the anatomical changes around the

stomach and celiac axis caused by the initial surgery.

In cases of CRS, it appears that changes in lymphatic

flow can occur as consequences of lymph node dissection,

vascular dissection, anastomosis, and gastrointestinal

adhesions from the initial surgery [8, 9]. For example,

metastasis to the mesojejunal lymph nodes has been

reported after Billroth II (B-II) reconstruction, and changes

to lymphatic flow due to gastrointestinal anastomosis have

been observed [4, 10]. However, it remains unclear how the

lymphatic flow changes in CRS. Recently, the number of
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cases of CRS after distal gastrectomy for malignant disease

(group M) has been increasing. Unlike in CRS after distal

gastrectomy for benign disease (group B), the lymph nodes

around the celiac artery are immediately dissected in group

M cases. Accordingly, changes in lymphatic flow may

follow different patterns in group B and group M cases.

Nevertheless, most studies of lymphatic flow have inves-

tigated group B patients. Indeed, no previous study has

reported the changes in lymphatic flow in patients in group

M, or the optimal range for lymph node dissection [4, 8, 9].

This study aimed to compare the regions of lymph node

metastases and lymphatic flow between cases in group B

and in group M.

Patients and methods

Patients

CRS was defined in accordance with the Japanese Classi-

fication of Gastric Carcinoma (English edition, ver. 3) [11],

and included all patients with gastric cancers that may have

occurred in the remnant stomach after gastric resection,

regardless of the disease at the time of the initial surgery,

the extent of resection, or the method of reconstruction. Of

the gastric cancer patients who underwent operations at our

hospital between September 2002 and November 2014, 89

matched this definition. Eleven of those patients were

excluded from the present study because they did not

undergo total gastrectomy: 7 underwent subtotal resection

of the residual stomach, 2 underwent local excision, and 2

underwent bypass surgery. In addition to those 11 patients,

2 patients who received pancreatoduodenectomy as their

initial surgery were also excluded. The 76 remaining

patients were included and analyzed in this study. The

initial surgery was distal gastrectomy in all 76 subjects.

Data collection

Patient information was extracted from data that had been

registered prospectively in an electronic medical records

system. The presence of postoperative complications was

defined as grade IIIa or higher according to the Clavien–

Dindo classification [12]. The region of the tumor was

classified as an anastomotic site or a non-anastomotic site,

and the circumference was identified as the region that was

predominantly occupied. The clinicopathological factors

and survival periods of the patients were compared

between the two initial disease states: malignant (group M)

and benign (group B). The regions of lymph node metas-

tases and the incidences at those regions were studied in

detail. The clinicopathological factors were also catego-

rized according to the Japanese Classification of Gastric

Carcinoma (English edition, ver. 3) [11]. The institutional

review board of the Shizuoka Cancer Center approved the

collection and analysis of the relevant data.

Statistical analysis

Statistical analysis was performed using the R statistical

programming language (version 3.1.1; R Foundation for

Statistical Computing, Vienna, Austria). P values of less

than 0.05 were considered to indicate statistical signifi-

cance. To test for significant differences between the two

groups, Fisher’s exact probability test and the Mann–

Whitney U test were used for nominal scales and contin-

uous variables, respectively. The Kaplan–Meier method

was used to estimate overall survival (OS) in each group,

and survival rates were compared using the log-rank test.

The frequency of lymph node metastasis was calculated

with the number of dissected cases as the denominator and

the number of positive cases of lymph node metastasis as

the numerator. The index of estimated benefit from lymph-

node dissection (IEBLD) was calculated for each lymph

node station [13]. This index was calculated by multiplying

the frequency of metastasis at the lymph node station by

the 5-year survival rate of the patients who experienced

metastasis at that station. The IEBLD was only calculated

for patients who underwent R0 resection.

Results

Patient and clinical characteristics

There were 33 patients (43.4 %) in group M and 43

patients (56.6 %) in group B. The patients’ background

characteristics are summarized in Table 1. There was no

difference in age or sex between the two groups. The time

interval that had elapsed between the previous gastrectomy

and the current diagnosis was markedly longer in group B

than in group M. Initial B-I and B-II reconstructions were

common in group M and group B, respectively. CRS

occurred more often at the anastomotic site in group B,

while it occurred more often at the non-anastomotic site in

group M. There was no significant difference in circum-

ferential tumor involvement between the two groups. There

were more symptomatic cases at the initial consultation in

group B, whereas there were more asymptomatic cases at

the initial consultation in group M.

Surgical characteristics and pathological findings

Table 2 shows the surgical findings and pathological

results. The operative duration was significantly longer in

group M; however, there was no significant difference
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between the amount of blood loss in the two groups. Fur-

thermore, there was no significant difference in the degree

of lymph node dissection or the combined resection rate of

other organs. The proportion of the patients who underwent

splenectomies was 39 % in group M and 56 % in group B.

Both groups had approximately the same rate of R0 exci-

sion (85 % in group M and 84 % in group B). The number

of dissected lymph nodes was markedly higher in group B.

Group M tended to exhibit a higher rate of postoperative

complications, but the difference between the groups was

not statistically significant. Anastomotic leaks and pan-

creatic fistulas tended to occur more often in group M.

Complications were observed in 15 of the 31 patients

(48 %) in whom splenectomy was performed.

In histopathological estimates, the incidence of deeper

invasion was higher in group B; however, there was no

significant difference in N or p stage between the two

groups. None of the patients with pT1 disease had lymph

node metastasis in either group.

Incidence of lymph node metastasis according

to the initial disease state

Table 3 shows the incidence of lymph node metastases in

each group. Higher incidences of lymph node metastasis

were observed at lymph node stations 2, 4sa, 7, 9, 10, 11p,

and 11d in group M, whereas higher incidences of metas-

tasis were observed at stations 1, 3, 4sb, 10, and 11d and

the mesojejunal lymph node in group B.

Figure 1 shows the incidences of metastasis at lymph

node stations where this incidence was C5 % and the

number of patients who underwent dissection was at least

10. In group B, high incidences of lymph node metastasis

were observed in the lesser curvature of the remnant

stomach, along the splenic artery, in the splenic hilum, and

at the mesojejunal lymph node. Three separate lymph flows

were observed in group B: from the lesser curvature to the

celiac artery, from the greater curvature to the splenic

hilum, and from the remnant stomach to the anastomotic

site. In group M, high incidences of lymph node metastasis

were observed in the greater curvature of the remnant

stomach, the splenic hilum, and lymph nodes along the

splenic artery. In group M, lymphatic flows from the

greater curvature of the remnant stomach to the splenic

hilum and from the remnant stomach to the splenic artery

had become predominant.

Survival outcomes and IEBLDs

The 5-year OS rate was 48.6 % in group M and 53.5 % in

group B. There was no significant difference in OS

between the two groups (P = 0.947).

Table 4 shows the IEBLDs for various lymph node

stations in the 64 patients who underwent R0 resection. The

median follow-up period for these patients was 1250 days

(range, 36–3, 977 days). Dissection was deemed beneficial

at stations 3 and 7 and the mesojejunal lymph nodes based

on their high IEBLDs, and also at stations 1, 2, 4sb, and

11p, but surprisingly not at stations 10 and 11d, despite the

high incidences of metastasis to these stations. This ten-

dency was observed in both group M and group B.

Discussion

In this investigation of clinicopathological factors based on

initial disease status, we observed that the operative dura-

tion was markedly longer, that early cancers were more

common, and that the number of harvested lymph nodes

Table 1 Patient characteristics

Group M Group B P value

Number of patients 33 43

Sex

Male 25 39 0.113

Female 8 4

Age (years)

Median 72 72 0.124

Range 50–86 61–86

Time interval (years) 12 42 \0.001

Range 1–30 20–63

Reconstruction method

Billroth I 23 9 \0.001

Billroth II 5 34

Roux-en-Y 5 0

Region of tumor

Anastomotic 5 31 \0.001

Non-anastomotic 28 12

Circumference

Lessa 16 15 0.075

Greb 1 9

Antc 7 4

Postd 5 11

Circe 4 4

Symptom

Presence 9 29 0.001

Absence 24 14

a Lesser curvature
b Greater curvature
c Anterior wall
d Posterior wall
e Circumferential involvement

Effects of initial disease status on lymph flow following gastrectomy ... 459

123



Table 2 Surgical findings and

pathological results for the

patients

Group M (n = 33) Group B (n = 43) P value

Operation time (min)

Median 273 235 0.033

Range 129–505 123–520

Bleeding (mL)

Median 547 404 0.586

Range 69–6622 78–1564

LN dissectiona

D1, D1? 21 24 0.638

D2 12 19

Combined resectionb 13 18 1

Spleen 13 18

Distal pancreas 3 3

Liver 5 1

Colon 1 4

R status 1

R0 28 36

R1/2 5 7

Number of dissected LNs

Median 12 27 \0.001

Range 3–35 2–66

Clinical stage

Early

Median 10 27 0.008

Range 3–35 6–48

Advanced

Median 19 25.5 0.051

Range 3–34 2–66

Morbiditiesc 13 8 0.069

Leakage 5 1

Pancreatic fistula 5 2

Intra-abdominal abscess 1 0

Intra-abdominal bleeding 1 2

Bile fistula 1 0

Ileus 0 2

Pneumonia 0 1

Histological type

Differentiated 12 17 0.816

Undifferentiated 21 26

Tumor depth

T1 (M/SM) 18 8 0.002

T2 (MP) 1 11

T3 (SS) 7 8

T4 (SE/SI) 7 16

Nodal status

N0 22 27 0.939

N1 5 6

N2 2 5

N3 4 5
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tended to be lower in group M than in group B. Patients in

group M also tended to have a higher incidence of com-

plications, which might be attributable to the different

levels of surgical difficulty involved in the cases included

in groups B and M. It has previously been reported that

surgeries for CRS are difficult [4, 15, 16]. In group M

patients, in addition to the lymph node dissection around

the celiac artery during the initial surgery, the omental

bursa and greater omentum were removed in some cases

[17]. Therefore, high degrees of adhesion were observed

around the remnant stomach. The high incidence of pan-

creatic fistulas in group M may be partly or wholly

explained by strong adhesions between the pancreas and

the remnant stomach at the time of initial surgery, and by

the presence of scarred tissue caused by the lymph node

dissection at the superior border of the pancreas. In

addition, the high rates of anastomotic leaks in group M

could be due to secondary pancreatic juice leaks. Ohashi

et al. observed high rates of pancreatic fistulas and anas-

tomotic leaks, and suggested that they could be linked to

the combined resection of other organs [5]. Of the 13

patients in their study who suffered complications, nine had

undergone combined resection, and those patients exhib-

ited similar complications to those stated above.

The lymph node count was significantly lower in group

M than in group B. This was expected because lymph node

dissection had already been performed during the initial

surgery in group M. In the current study, both groups

showed the same incidence of lymph node metastasis. In

previous reports, however, the incidence of lymph node

metastasis was higher in group B [6, 18–20]. This could be

explained by the fact that the number of remaining lymph

Table 2 continued
Group M (n = 33) Group B (n = 43) P value

Pathological stage

I 19 16 0.136

II 5 14

III 3 8

IV 6 5

Modified based on the extent of LN dissection for primary tumor according to the Japanese Gastric Cancer

Treatment Guidelines and the Japanese Classification of Gastric Carcinoma
a Lymph nodes dissected for D1: nos. 1, 2, 3, 4sa, 4sb, 7, (mesojejunum: J1); for D1?: those for D1?nos.

8a, 9, 11p; for D2: those for D1?nos. 8a, 9, 10, 11p, 11d, (mesojejunum: J2). The definitions refer to the

extent of lymph node dissection for primary gastric cancer [14]
b Including duplicate
c Clavien–Dindo classification grade IIIa or higher

Table 3 Incidences of lymph node metastasis at various lympth node stations in each group

Lymph node

station

Group M Group B

Number of

dissected

patients

Number of

metastatic

patients

Incidence of lymph

node metastasis (%)

Number of

dissected

patients

Number of

metastatic

patients

Incidence of lymph

node metastasis (%)

1 22 2 9.1 42 6 14.3

2 32 6 18.8 40 3 7.5

3 13 1 7.7 40 9 22.5

4sa 30 5 16.7 43 2 4.7

4sb 16 1 6.3 40 6 15.0

7 3 1 33.3 41 3 7.3

8a 8 0 0 29 1 3.4

9 7 2 28.6 34 2 5.9

10 12 3 25.0 19 3 15.8

11p 21 4 19.0 30 3 10

11d 15 4 26.7 22 3 13.6

Mesojejunum 4 0 0 24 5 20.8
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nodes was higher in group B. In group M, the incidence of

lymph node metastasis was 0 % (0/19) in patients with T1/

T2 disease and 78.6 % (11/14) in patients with T3/T4

disease. On the other hand, in group B, the incidence was

12.6 % (3/16) in patients with T1/T2 disease and 54.2 %

(13/24) in patients with T3/T4 disease. The incidence of

lymph node metastasis tended to increase sharply once the

tumor had invaded deeper than T3 in group M. This

observation may be explained by the higher biological

malignancy of group M advanced cancers with deeper

invasion [4, 5, 21].

There appeared to be three flows of lymph in group B:

from the lesser curvature to the celiac artery, from the

greater curvature to the splenic hilum, and from the rem-

nant stomach to the anastomotic site. Excluding the flow to

the anastomotic site, the lymphatic flows were similar to

those in the gastric cancers that normally occurred in the

upper third of the stomach. The lymphatic flows from the

greater curvature to the splenic hilum and from the remnant

stomach to the splenic artery appeared to be predominant in

group M. Previous studies have reported that the frequen-

cies of lymph node metastasis in the splenic hilum and

along the splenic artery are higher in CRSs than in primary

cancers at the upper third of the stomach [4, 22, 23]. These

reports have primarily been on benign initial disease. In our

study, we also observed higher rates of metastasis to sta-

tions 10 and 11 for CRS than for primary cancer of the

upper third of the stomach. Indeed, even patients in group

B were associated with higher rates of metastasis to sta-

tions 10 and 11 (15.8 and 11.5 %, respectively) than pri-

mary cancer of the upper third of the stomach (14.2 and

9.9 %, respectively). The rates of metastasis to stations 10

and 11 tended to be even higher in group M (25 and 22 %,

respectively).

It is well known that the site of lymph node metastasis is

largely related to the site of the tumor. The results of the

JCOG0110 trial, which examined the importance of

splenectomy in advanced primary gastric cancer, showed

that splenectomy could be omitted if the lesion was not a

greater curvature lesion [24]. We examined the influence of

circumferential location of the tumor (Table S1 in the

Electronic supplementary material, ESM). The incidence

Fig. 1 Rates of metastasis at lymph node stations where the

incidence of metastasis was [5 % and the number of cases that

required dissection was C10. The incidence of metastasis was

relatively high at stations 2, 4sa, 10, and 11 in group M, whereas it

was relatively high at station 3 and the mesojejunal lymph nodes in

group B. The flows of lymph from the greater curvature to the splenic

hilum and from the remnant stomach to the splenic artery were

predominant in group M. The flows of lymph from the lesser

curvature to the celiac artery and from the remnant stomach to the

anastomotic site were predominant for group B. Modified from [17]

with permission

Table 4 Indices of estimated benefit from lymph node dissection for

R0

Lymph node

station

Incidence of

lymph node

metastasis (%)

5-Year

survival

rate (%)

Index of estimated

benefit from lymph

node dissection

1 5.5 66.7 3.6

2 4.9 33.3 1.6

3 14.6 66.7 9.7

4sa 3.2 0 0

4sb 2.1 100 2.1

7 5.3 100 5.3

8a 0 0 0

9 5.6 50 0

10 4.3 0 0

11p 9.1 33.3 3

11d 10.3 0 0

Mesojejunum 12.5 50 6.3
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of station 10 lymph node metastasis was 40 % for greater

curvature tumors in group B, but 0 % for lesser curvature

tumors in group M. There is no question that the circum-

ferential location of the tumor strongly influences the site

of lymph node metastasis. However, even though tumors

located at the posterior wall and greater curvature tended to

be less common in group M (posterior wall: 1; greater

curvature: 5; total: 6/33) than in group B (posterior wall:

11; greater curvature: 9; total: 20/43), the incidences of

metastasis in the greater curvature, in the splenic hilum,

and along the splenic artery were higher in group M than in

group B. These results suggest that lymphatic flow is

strongly influenced by initial disease.

In the present study, the 5-year survival rate was 36 % for

patients with stage II disease and 33 % for patientswith stage

III disease. More than 20 years ago, Sasako et al. reported

5-year survival rates of 40 % for patients with stage II dis-

ease and 39 % for patients with stage III disease, rates that

are not especially different from our own [4]. Di Leo et al.

recently reported 5-year survival rates of 37.8 % for T2

disease and 33.1 % for T3–4 disease [25]. Together, these

findings indicate that, despite progress in intensive therapies,

the therapeutic outcomes for advanced CRS have hardly

changed at all over the past 20 years. In a comparison of a

more recent periodwith a prior period, Takahashi et al. found

a better survival rate in the more recent period [20]. These

findings do not show an improvement in therapeutic out-

comes, but they do indicate that better diagnostic abilities

have increased the number ofCRSs that are discovered early.

The importance of splenectomy in the treatment of CRS

remains unclear. Ohashi et al. observed that the incidence

of lymph node metastasis at the splenic hilum and along the

splenic artery was 26 % in group M. Considering the

potential effects of dissection, total gastrectomy involving

splenectomy has become a recommended procedure [5].

Our current study revealed that the lymphatic flow toward

the splenic hilum was predominant in group M. To perform

a complete lymph node dissection of the splenic hilum and

along the splenic artery, splenectomy must be performed.

However, the present study’s findings make it difficult to

claim that splenectomy is beneficial for advanced CRS (not

only in group B, but also in group M). Twenty years ago,

Kodera et al. reported an extremely low 5-year survival

rate for CRS with group 2 lymph-node metastasis [7].

Ohashi et al. reported a 5-year survival rate of 23 % for

advanced CRS with lymph-node metastasis [5]. In our

study, the 5-year survival rate of patients with lymph-node

metastasis was 18 %. The prognosis for CRS with lymph-

node metastasis is poor, and dissection provides insuffi-

cient benefits. The therapeutic results for advanced CRS

are nowhere near satisfactory. In addition to dissection,

novel attempts need to be verified, including neoadjuvant

chemotherapy and strong chemotherapy.

In group B, the incidence of mesojejunal lymph node

metastasis was high, followed by the incidence of metas-

tasis to station 3. The mesojejunal lymph node has been

included in the regional lymph nodes in the Japanese

Classification of Gastric Carcinoma (English edition ver.3)

[11]. However, solid evidence on the effects of mesojejunal

lymph node dissection is lucking. Di Leo et al. reported

that the 5-year survival rate for CRS with mesojejunal

lymph node metastasis after B-II reconstruction was

17.1 % [25]. Thorban et al. reported that the median sur-

vival period for patients with mesojejunal lymph node

metastasis was 13.2 months; therefore, their survival out-

come was reported to be poor [26]. The current study

showed that mesojejunal lymph node dissection was ben-

eficial, based on the high IEBLDs. Therefore, the meso-

jejunal lymph nodes should be dissected in patients who

undergo B-II reconstruction.

The limitations of this research include the retrospec-

tive, single-institution design of the study. Given the

small sample size, no statistically significant difference in

the frequencies of lymph node metastases could be

detected. However, a clear distinction was observed

between the areas where lymph node metastases occurred;

thus, the findings of this report appear promising. The

current study of CRS is the first to present the differences

in the pattern of lymph node metastasis between group B

and group M. Prospective research on CRS is difficult

because of the wide range of variations in the frequencies

of disease onset and background factors. We anticipate

that the analysis of a large-scale, nationwide registry

system could help to provide beneficial findings in the

future.

In conclusion, the results of this study suggest that the

lymphatic flows from the greater curvature to the splenic

hilum and from the remnant stomach to the splenic artery

were predominant in group M. Since lymph node dissec-

tion provides insufficient benefit in cases with metastasis to

the splenic hilum or along the splenic artery, aggressive

intensive care is probably necessary in such cases.
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