
Abstract. Background/Aim: The extent of lymph node (LN)
dissection is defined according to the type of gastrectomy
regardless of tumor location in recent Japanese gastric cancer
treatment guidelines. However, lymphatic flow from lower-
third stomach mainly drain to supra- and infra-pyloric nodes,
as well as to partially lesser curvature nodes along the
descending limb of the left gastric artery. In this study, we
evaluated the prognostic impact of LN dissection of right
paracardial (No. 1) and left greater curvature (No. 4sb) nodes
in gastric cancer of lower-third stomach (LGC). Patients and
Methods: A total of 239 patients with LGC who underwent
distal gastrectomy at our hospital were retrospectively
analyzed. The therapeutic value index (TVI) of each node was
calculated by multiplying the incidence of LN metastasis by
the 5-year survival rate of patients with metastasis to each
nodal station. Results: The incidence of No. 1 LN metastasis
was 4.5% (positive/negative; 5/110 cases, unknown or no
description; 129 cases). The 5-year survival rate of patients
with metastasis to the node was 0%, and consequently the TVI
of No. 1 LN station was “0”. Similarly, the TVI of No. 4sb was
found to be “0”. Conclusion: Survival benefit of dissection of
No. 1 and No. 4sb LNs was presumed to be extremely low,
suggesting that dissection of these two LNs could be omitted
in LGC patients when undergoing distal gastrectomy.

Gastric cancer (GC) is one of the most aggressive
malignancies and the fourth most lethal cancer worldwide (1).
Recent advancements in diagnostic tools and the increased
availability of medical examinations have resulted in the early
detection of GC, particularly in the East Asian countries, such

as Japan and Korea (2). Lymph node (LN) metastasis is a
crucial prognostic factor in GC (3). The standard treatment
strategy includes surgical resection of the primary lesion and
dissection of the regional LN, even in clinically node-negative
cases (4, 5). Therefore, the precise extent and level of LN
dissection are the main concerns of gastric surgeons.

The most recent Japanese Gastric Cancer Treatment
Guidelines (5) define the extent of LN dissection according
to the type of gastrectomy and also suggests that the level of
LN dissection (e.g., D1, D1+, or D2) should be modified
based on the tumor depth and clinical status of LN metastasis.
The guidelines equally define all perigastric node stations as
first-tier LNs, which are the most susceptible to metastasis.
Although the lymphatic tracts are generally accompanied by
vessels, the lymphatic fluid rarely flows from the primary
lesion to the distant nodes. In fact, tumor involvement of the
nodes distant from the primary lesions, such as pericardiac
LNs in cases of lower-third GC (LGCs) or peripyloric nodes
in cases of upper-third GCs has never been observed (6, 7).

In this study, we investigated the frequency of metastasis
at the right pericardiac (No. 1) and the left greater curvature
(No. 4sb) LN stations and determined the correlation
between metastasis and clinicopathological factors in patients
with LGCs. Moreover, we evaluated the survival benefit of
LN dissection for these nodes in patients with LGCs.

Patients and Methods
Patients. Patients with LGC who underwent distal gastrectomy and
regional LN dissection in the University of Yamanashi hospital from
January 2004 to May 2017 were recruited. Clinicopathological data
of patients were prospectively registered in our database. Patients
who underwent modified limited LN dissection, such as pylorus-
preserving gastrectomy and simple gastrectomy for far-advanced
GC with clinically apparent distant metastases, as well as those with
remnant stomach GCs were excluded.

Classification of LN station and range of LN dissection. The
classification of LN station and range of LN dissection was in
accordance with the Japanese Classification of Gastric Cancer, 15th
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Edition (8), and Gastric Cancer Treatment Guidelines 2018 (5),
respectively. Briefly, No. 1 LN station is defined as the region along
the upper branch of the left gastric artery and the right side of the
cardia; No. 4sb station is defined as the region along the left
gastroepiploic artery. Although these LNs belong to the upper-third
stomach, according to the guidelines, they should be dissected during
distal gastrectomy for GC. The frequencies of metastasis are expressed
as ratio of the pathologically positive nodes to the retrieved nodes.

Therapeutic value index of LN dissection. We determined the
therapeutic value index (TVI) of each LN station to evaluate the
survival benefits of lymphadenectomy. TVI was calculated for each
station individually as the ratio of LN metastasis (%) ×5-year
survival rate in cases of LN metastasis (%)/100. We determined that
LN dissection of stations with high TVI contributed to improved
prognosis, whereas that of stations with low TVI showed no
improvement in prognosis.

Statistical analyses. All continuous data are presented as
mean±standard error or median value. Statistical analyses were
conducted using chi-square test and Student’s t-test. The 5-year
survival rates were calculated using Kaplan–Meier method and
statistically analyzed using the log-rank test. All statistical analyses
were conducted with EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), which is a graphical user interface for R
(The R Foundation for Statistical Computing, Vienna, Austria) (9).

Results

Frequency of LN metastasis at No. 1 and No. 4sb stations in
patients with LGC and correlation with clinicopathological
features. Among the 721 patients with GC during the study
period, 239 patients underwent distal gastrectomy with regional
LN dissection. Table I shows patients’ clinicopathological
features. Twenty-two patients underwent gastrectomy after
failed endoscopic treatments, such as mucosal resection or
submucosal dissection, whereas 26 patients underwent
laparoscopy. The frequencies of metastasis were 4.5% and
2.2% for No. 1 and No. 4sb LNs, respectively, which were very
low compared with those for other perigastric LNs (Table IV).

Table II shows the correlation between No. 1 LN
metastasis and clinicopathological features. The No. 1 LN
metastasis significantly correlated with advanced T- and N-
stage of tumor (p=0.048 and p=0.003, respectively), with
lymphovascular invasion (p=0.016) as well as with large size
(p=0.019), peritoneal lavage cytology (CY1) (p=0.003), and
non-curative operation (p=0.045). Table III shows that No.
4sb LN metastasis significantly correlated lymphatic
invasion (p=0.016), and non-curative operation (p=0.022).
No. 1(+) and No. 4sb(+) cases had significantly greater total
numbers of metastatic nodes than No. 1(−) and No. 4sb(−)
cases (p<0.001 and p=0.004 respectively), which exhibited
the extremely aggressive behavior of the tumors.

TVI of lymphadenectomy for each LN station. Table IV
shows the TVI for each LN station. The 5-year survival rates

of patients with and without LN metastasis at No. 1 station
were 0% and 81.8%, respectively. Therefore, the calculated
TVI for LN dissection at the No. 1 station was 0, and
similarly TVI of No. 4sb station was also 0.

Discussion

Although the level of LN dissection (e.g., D1, D1+, or D2) is
modified based on the tumor depth and clinical status of LN
metastasis, the most recent Japanese Gastric Cancer Treatment
Guidelines (5) define the extent of LN dissection only by the
type of gastrectomy, regardless of tumor location. According
to the guidelines, both No. 1 and No. 4sb nodes, which are
distant from the primary tumors, should be dissected even for
patients with LGC who undergo distal gastrectomy.

LN metastasis spreads along the lymphatic routes from the
primary tumor. The peripheral lymphatic tissues are believed
to be differentiated and germinated from the venous
endothelial cells in the fetus (10); therefore, lymphatic
networks and drainage routes are considered to be closely
related to the venous system. Hence, lymphatic metastasis
could initially develop to extend into the surrounding nodes,
spread via the lymphatic routes along the venous return, and
ultimately disseminate systematically through the body (11).
With this perspective, lymphatic metastasis from primary LGC
mainly spreads along the right gastric, right gastroepiploic,
and left gastric vessels, which drain predominantly toward the
gastropancreatic fold (12). Thus, lymphatic metastasis rarely
develops in the nodes along the ascending branch of the left
gastric vessels (No. 1) or the left gastroepiploic vessels (No.
4sb), except when there is backflow due to lymphatic
obstruction by bulky metastases (13). In fact, lymphatic
metastasis has been rarely seen in the nodes along the upper-
third of the stomach in patients with LGC. These findings
prompted us to investigate the practical frequency of
metastasis at No. 1 and No. 4sb stations and to evaluate the
prognostic significance of LN dissection for these nodes.

The results of the present study clearly demonstrate that LN
metastases at both No. 1 and No. 4sb stations are extremely rare
and are correlated with far-advanced-stage cancer in patients
with LGC. Prognostic analysis using TVI revealed that LN
dissection for these nodes might provide prognostic information,
but might not provide a survival benefit. To date, various studies
on lymphatic flow around the stomach have been published.
Shida et al. reported that lymphatic flow initially headed to the
suprapylorus and infrapylorus or along the left gastric artery in
LGC and that the sentinel LNs of LGC should mainly be No.
6, No. 5, and No. 7 (14). Another study suggested that there was
almost no metastasis apart from that in the neighboring LNs in
the regional LN stations, particularly in early GC (15).
Therefore, limited gastrectomies, such as segmental gastrectomy
or local resection, have been performed sometimes with
sampling of adjacent LNs, based on the concept of sentinel node
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as experimental trials (16, 17). However, the cases of false
negative results in sentinel node navigation surgery cannot be
ignored (18). These findings indicate that at least regional LN
dissection should be performed in current clinical practice.

The present results may indicate that LN dissection in this
area can be omitted in patients with LGC, with the following
two possible advantages: (i) simplified surgical procedures

with a short operative duration and small volume of blood loss
and (ii) potentially decreased incidence of intraoperative and
postoperative complications. For example, the most recent
Japanese Gastric Cancer Treatment Guidelines (5) list
laparoscopic gastrectomy as a surgical option for patients with
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Table I. Clinicopathological features of patients with gastric cancer of
lower-third stomach.

Factor.                                                                     Number (%)

n                                                                                      239
Age (years)*                                                             69.1±11.0
Gender
   Male                                                                      167 (69.9)
   Female                                                                    72 (30.1)
Tumor size (mm)*                                                    38.1±22.3
T factor
   1                                                                             154 (64.4)
   2-4                                                                          85 (35.6)
LN metastasis
   Absent                                                                   159 (66.5)
   Present                                                                    80 (33.5)
Stage
   I                                                                             165 (69.0)
   II-IV                                                                       74 (31.0)
Lymphatic invasion
   Absent                                                                   123 (51.5)
   Present                                                                   116 (48.5)
Venous invasion
   Absent                                                                   147 (61.5)
   Present                                                                    92 (38.5)
Histopathological type
   Differentiated                                                        134 (56.1)
   Undifferentiated                                                    105 (43.9)
Macroscopic type
   Localized                                                               64 (26.8)
   Diffuse                                                                  175 (73.2)
CY
   CY0                                                                        85 (35.6)
   CY1                                                                          9 (3.8)
   CYX                                                                      145 (60.7)
Number of                                                                         
   LN dissection (median)                                        26 (0-97)
   LN metastasis (median)                                         0 (0-32)
   LN metastasis (mean)                                               1.86
Level of LN dissection (D)
   ≤D1+                                                                     141 (59.0)
   ≥D2                                                                        98 (41.0)
Peritoneal dissemination
   Absent                                                                   235 (98.3)
   Present                                                                      4 (1.7)
Residual tumor
   Absent (R0/1)                                                       238 (99.6)
   Present (R2)                                                             1 (0.4)

*Mean±standard deviation. LN, Lymph node; CY, peritoneal lavage
cytology.

Table II. Correlation between clinicopathological features and status of
No.1 lymph node metastasis.

Factor                                           No.1(+)            No.1(–)            p-Value
                                                      n (%)                n (%)

n                                                         5                     105                   
Age (years)
   <65                                           2 (40.0)           30 (28.6)             0.627
   ≥65                                            3 (60.0)           75 (71.4)               
Gender
   Male                                         4 (80.0)           73 (69.5)             1
   Female                                      1 (20.0)           32 (30.5)               
Tumor size (mm)
   <35                                            0 (0.0)            59 (56.2)             0.019
   ≥35                                           5 (100.0)          46 (43.8)               
T factor
   1                                                1 (20.0)           71 (67.6)             0.048
   2-4                                            4 (80.0)           34 (32.4)               
LN metastasis
   Absent                                       0 (0.0)            75 (71.4)             0.003
   Present                                     5 (100.0)          30 (28.6)               
Stage
   I                                                  0 (0.0)            78 (74.3)             0.002
   II-IV                                        5 (100.0)          27 (25.7)               
Lymphatic invasion
   Absent                                       0 (0.0)            61 (58.1)             0.016
   Present                                     5 (100.0)          44 (41.9)               
Venous invasion
   Absent                                       0 (0.0)            61 (58.1)             0.016
   Present                                     5 (100.0)          44 (41.9)               
Histopathological type
   Differentiated                           2 (40.0)           57 (54.3)             0.661
   Undifferentiated                       3 (60.0)           48 (45.7)               
Macroscopic type
   Localized                                   0 (0.0)            36 (34.3)             0.17
   Diffuse                                     5 (100.0)          69 (65.7)               
CY
   CY0                                          2 (40.0)           37 (97.4)             0.003
   CY1                                          3 (60.0)             1 (2.6)                 
Number of                                                                                         
   LN dissection1                      27 (23-97)         30 (4-75)             0.58
   LN metastasis1                        12 (6-32)           0 (0-12)           <0.001
   LN metastasis2                            17.0                  0.93               <0.001
Level of LN dissection (D)
   ≤D1+                                        1 (20.0)           57 (54.3)             0.187
   ≥D2                                           4 (80.0)           48 (45.7)               
Residual tumor
   Absent (R0/1)                          4 (80.0)         105 (100.0)           0.045
   Present (R2)                             1 (20.0)             0 (0.0)                 

1Data presented as median (range). 2Data presented as mean.
Statistically significant p-values are shown in bold. LN, Lymph node;
CY, peritoneal lavage cytology.



GC, and it is indeed a widely practiced procedure (19). The
operative duration of laparoscopy has been reported to be
longer than that of laparotomy (20, 21) and can be shortened
by omitting ineffective lymphadenectomy. Another more
important advantage is the possible preservation of remnant
stomach function. The vagal nerves run along the lesser
curvature and supply some anterior gastric branches from the

anterior vagal trunk and some posterior gastric branches from
the posterior celiac vagal trunk (22). Intraoperative injury to
these nerves and branches, which are involved in stomach
peristalsis and secretion (23, 24), results in peristaltic
dyskinesia and secretory dysfunction of the remnant stomach,
thereby causing deterioration of organ function postoperatively
(25). Therefore, omission of an unnecessary LN dissection
may improve the postoperative function of remnant stomach
digestion and/or absorption, although prospective clinical trials
should be conducted to prove this hypothesis.

There are several limitations in this study. First, the
number of cases examined was very small. Second, there
may be a selection bias for systematic LN dissection, such
as cases diagnosed as clinically node positive at No. 1 and/or
No. 4sb stations. Therefore, further prospective accumulation
of the cases and investigation are necessary to ascertain the
frequency of the LN metastases and to evaluate the survival
benefit of LN dissection.

Conclusion

The frequencies of LN metastases at No. 1 and No. 4sb
stations were rare in patients with LGC, and moreover, the
survival benefit of LN dissection was presumed to be
extremely low in these patients. In conclusion, LN dissection
along the upper-third-stomach could be omitted in patients
with lower-third-gastric cancer undergoing distal gastrectomy,
in order to preserve remnant gastric function.
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Table III. Correlation between clinicopathological features and status
of No.4sb lymph node metastasis.

Factor                                         No.4sb(+)         No.4sb(–)          p-Value

n                                                         2                      91                    
Age (years)
   <65                                           2 (40.0)           30 (28.6)             0.627
   ≥65                                            3 (60.0)           75 (71.4)               
Gender
   Male                                         1 (50.0)           66 (72.5)             0.483
   Female                                      1 (50.0)           25 (27.5)               
Tumor size (mm)
   <35                                            0 (0.0)            51 (56.0)             0.201
   ≥35                                           2 (100.0)          40 (44.0)               
T factor
   1                                                 0 (0.0)            64 (70.3)             0.095
   2-4                                           2 (100.0)          27 (29.7)               
LN metastasis
   Absent                                       0 (0.0)            66 (72.5)             0.082
   Present                                     2 (100.0)          25 (27.5)               
Stage
   I                                                  0 (0.0)            70 (76.9)             0.059
   II-IV                                        2 (100.0)          21 (23.1)               
Lymphatic invasion
   Absent                                       0 (0.0)            61 (58.1)             0.016
   Present                                     5 (100.0)          44 (41.9)               
Venous invasion
   Absent                                       0 (0.0)            60 (65.9)             0.123
   Present                                     2 (100.0)          31 (34.1)               
Histopathological type
   Differentiated                          2 (100.0)          52 (57.1)             0.508
   Undifferentiated                        0 (0.0)            39 (42.9)               
Macroscopic type
   Localized                                  1 (50.0)           22 (24.2)             0.435
   Diffuse                                      1 (50.0)           69 (75.8)               
CY
   CY0                                         2 (100.0)          28 (93.3)             1
   CY1                                           0 (0.0)              2 (6.7)                 
Number of                                                                                         
   LN dissection1                      26 (24-28)         28 (4-73)             0.791
   LN metastasis1                      12 (12-12)          0 (0-32)              0.004
   LN metastasis2                          12.00                 1.18               <0.001
Level of LN dissection (D)
   ≤D1+                                        1 (50.0)           55 (60.4)             1
   ≥D2                                           1 (50.0)           36 (39.6)               
Residual tumor
   Absent (R0/1)                          1 (50.0)          91 (100.0)            0.022
   Present (R2)                             1 (50.0)             0 (0.0)                 

1Data presented as median (range). 2Data presented as mean.
Statistically significant p-values are shown in bold. LN, Lymph node;
CY, peritoneal lavage cytology.

Table IV. Therapeutic value index (TVI) of each lymph node (LN) station.

LN         LN metastasis        Frequency of                 5-year             TVI
station    (positive/total)    LN metastasis (%)    survival rate (%)

1                     5/110                        4.5                             0                  0
3                    37/216                     17.1                           38.8               6.65
4sb                  2/93                         2.2                             0                  0
4d                  34/224                     15.2                           27.2               4.2
5                    15/108                     13.9                           37.8               5.25
6                    49/203                     24.1                           38.8               9.37
7,8,9              35/220                     15.9                           31.8               5.06
11p                  1/52                         1.9                             0                  0
12a                  2/42                         4.8                             0                  0
14v                  3/58                         5.2                             0                  0
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