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ABSTRACT

Objective: To investigate the recurrent patterns and factors involved in node-negative advanced gastric cancer after
curative resection.

Patients and Methods: Clinicopathological characteristics and prognostic outcomes of 310 patients who had lymph
node-negative advanced gastric adenocarcinoma and received curative resection between 2002 and 2006 were
retrospectively evaluated.

Results: Among the 300 patients, 15 (5.0%) had locoregional recurrence, 5 (1.7%) had lymph node recurrence, 27
(9.0%) had peritoneal seeding recurrence, and 21 (7.0%) had hematogenous metastasis. Using multivariate analysis, we
found that the maximum tumor diameter (P=0.014), histological type (P=0.001) and Borrmann type (P=0.033) were
independent factors predicting the locoregional recurrence. Lymph node recurrence was significantly affected by lymph
node dissection (P=0.029) and lymphovascular invasion (P=0.004). Clinicopathological factors predicting the peritoneal
seeding recurrence were the depth of invasion (P=0.001) and Borrmann type (P=0.002). In addition, lymphovascular
invasion (P=0.013) and histological type (P=0.001) were significantly associated with hematogenous metastasis.

Conclusion: Node-negative advanced gastric cancer has a high amount of peritoneal seeding and hematogenous

metastasis.
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INTRODUCTION

Although the survival rate of the patients with
gastric cancer has been improved nowadays because
of early detection, rational lymphadenectomy and
several therapeutic modalities!'!, gastric cancer still
remains the second leading cause of cancer mortality
in the world”!. The lymph node-negative gastric
cancer has a better prognosis than the node-positive
tumors, which might be explained by less aggressive
biological behavior in these tumors’®!. However,
although curative surgery can be performed for
advanced gastric cancers with negative node,
recurrence can still occur through several patterns of
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dissemination including locoregional, hematogenous,
and peritoneal seeding!*,

Currently, no effective therapy exists for the
recurrent gastric carcinoma which is vulnerably
resistant to chemotherapy”’!. For this reason,
estimation of the risk of recurrence in individual
patients is important in clinical practice for applying
adjuvant therapies after surgery, and also for planning
an adequate follow-up program. Many studies have
been devoted to investigating the prognostic factors of
gastric cancer®. However, clinicopathological
predictive factors for tumor recurrence and recurrence
patterns have not been well investigated in node-
negative advanced gastric adenocarcinoma after
curative resection.

In this paper, an investigation relating to a large
number of patients has been performed to find the
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recurrence patterns and factors associated with node-
negative advanced gastric cancer after curative
resection, and also to evaluate the prognosis and to
improve the treatment strategies.

PATIENTS AND METHODS
Patients’ Information

A total of 310 patients with lymph node-negative
advanced gastric adenocarcinoma who received a
curative resection between 2002 and 2006 were
enrolled in the study. The male-to-female ratio of the
310 patients was 1:1.31, and the mean age was 57.82
years (range, 25 to 77 years) at operation. Of the 310
cases, 24 underwent less than D2 Ilymph node
dissection, 180 underwent D2 lymph node dissection,
and 106 underwent more than D2 lymph node
dissection. The selection criteria of the patients for
this study are as follows: 1) the gastric tumor is
deeper than submucosal invasion, 2) a curative
resection has been performed, 3) an abdominal
computed tomography (CT) scan or sonogram, and
chest film have been performed to exclude distal
metastasis before operation, 4) lymph node metastasis
have not been observed, and 5) the patient medical
records are complete and available.

Lymph nodes were dissected from en bloc
specimens, and classification of the dissected lymph
nodes was verified by the surgeons who reviewed the
excised specimens after surgery based on the
classification (6th Edition) of the International Union
Against Cancer (UICC)!'”. The resected bloc
specimens and lymph nodes were stained with
hematoxylin and eosin, and examined by specialized
pathologists. All patients were periodically followed
up in inpatient or outpatient, or through mail or
telephone interviews with the patients and their
relatives. The last follow-up was Jan 1st, 2010. The
study protocol was approved by the Ethics Committee
of Central South University and China Medical
University.

The location of tumors was based on the
classification (6th Edition) of the AJCC!®. The
histological type and pN categories were also
classified according to the 6th Edition of the AJCC!'",
where the pN categories include pNO-3 (i.e. pNO: no
node involved; pN1: 1-6 nodes involved; pN2: 7-15
nodes involved; and pN3: >15 nodes involved).

Statistical Methods

All the data were analyzed with SPSS 13.0
statistics software(Chicago, IL, USA). Clinico-

pathological characters among different groups were
analyzed by chi-square tests or independent ¢ tests.
Logistic regression was used to select the independent
predictors for the occurrence of the recurrence.
Multivariate analysis was performed using the Cox
proportional hazards model selected in forward
stepwise. Hazard ratios and 95% confidence intervals
(95% CI) were calculated. The Kaplan-Meier method
and log rank test were adopted for the analysis of the
survival rate comparison. A P value of less than 0.05
was considered statistically significant.

RESULTS

Clinicopathological Characteristics of Advanced
Gastric Cancers

Of 310 cases, 300 were successfully followed up
with a total follow-up rate of 96.8% (the median
follow-up period was 67 months). The 5-year specific
survival rate of 300 cases was 75.7%. Of the 300
patients, 15(5.0%) patients had locoregional
recurrence, 5(1.7%) had lymph node recurrence,
27(9.0%) had peritoneal seeding recurrence, and
21(7.0%) had hematogenous metastasis including
lung, liver, bone, and brain metastasis(Table 1).
Multivariate of Risk Factors of
Recurrence

Analysis

Using univariate analysis, larger tumor diameter
(P=0.020), poorer differentiated tumors (P=0.018)
and more cases of Borrmann IV cancer (P=0.024)
were observed in patients with locoregional
recurrence compared to patients without locoregional
recurrence. In patients with lymph node recurrence,
more tumors occupied the total stomach (P=0.001),
there were poorer differentiated tumors (P=0.016),
and more lymphovascular invasion (P=0.016) were
found compared to cases without lymph node
recurrence. In addition, more D1 dissection was found
in patients with lymph node recurrence compared to
cases without lymph node recurrence (P=0.001). In
patients with peritoneal seeding recurrence, more
multiple tumors (P=0.027), larger tumor diameter
(P=0.028), deeper tumor invasion (P=0.001) and more
cases of Borrmann IV cancer (P=0.033) were noted
compared to patients without peritoneal seeding
recurrence. Moreover, more lymphovascular invasion
was observed in cases with hematogenous metastasis
(P=0.001), while interestingly, there was a higher
incidence rate of hematogenous metastasis in well-
differentiated tumors (P=0.001).

Using multivariate analysis, it was found that
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maximum tumor diameter(P=0.014), histological type
(P=0.001) and Borrmann type(P=0.033) were
independent factors involved in locoregional
recurrence(Table 2). Lymph node recurrence was
significantly affected by Ilymph node dissection
(P=0.029) and lymphovascular invasion(P=0.004,
Table 3). Clinicopathological factors predicting the

peritoneal seeding recurrence were the depth of
invasion(P=0.001) and Borrmann type(P=0.002,
Table 4). In addition, lymphovascular invasion
(P=0.013) and histological type(P=0.001) were
significantly associated with hematogenous metastasis
(Table 5).

Table 1. Clinicopathological Characteristics of recurrence gastric cancers

variable Locoregional Lymph node Peritoneal seeding Hematogenous
recurrence recurrence recurrence metastasis
(15 cases) (5 cases) (27 cases) (21 cases)

Age (year)

<65 9 2 13 9

265 6 3 14 12
Gender (n)

Male 7 4 14 7

Female 8 1 13 14
Tumor focus number (n)

Single 14 4 25 20

Multiple 1 1 2 1
Tumor location (n)

Lower stomach 9 2 13 10

Middle stomach 3 0 5 4

Upper stomach 2 1 9 6

Total stomach 1 2 0 1
Maximum tumor diameter (cm)

<2 0 0 1 1

2-4 3 2 7 9

>4 12 3 19 11
Lymph node dissection (n (%))

D1 3 2 1

D2 8 2 10 13

More than D2 6 0 15 7
Depth of invasion (pT stage)

Mp/ss (pT2) 9 2 7 8

Se (pT3) 6 2 17 13

Si (pT4) 0 1 3 0
Lymphovascular invasion

Negative 14 3 24 18

Positive 1 2 3 3
Histological type (n)

High differentiated 1 0 8 10

Middle differentiated 2 2

Poor differentiated 11 3 17 8
Borrmann type

I 0 0 0 1

11 2 1 5 4

111 5 3 9 10

1\% 8 1 13 6
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Table 2. Multivariate analysis of the factors involved in locoregional recurrence (n=15).

Characteristics SE Hazard ratio Hazard ratio(95% CI) P value
Maximum tumor diagmeter 0.153 1.455 1.078-1.963 0.014
Histological type 0.033 4.792 1.378-16.559 0.001
Borrmann type 0.201 1.279 1.042-2.016 0.033

Table 3. Multivariate analysis of the factors involved in lymph node recurrence (n=35).

Characteristics SE Hazard ratio Hazard ratio(95% CI) P value
Lymph node dissection 0.013 0.972 0.948-0.997 0.029
Lymphovascular invasion 0.562 5.025 1.669-15.127 0.004

Table 4. Multivariate analysis of the factors involved in peritoneal seeding recurrence (n=27)

Characteristics SE Hazard ratio Hazard ratio(95% CI) P value
Depth of invasion 0.516 8.914 3.240-24.519 0.001
Borrmann type 0.231 2.066 1.314-3.247 0.002
Table 5. Multivariate analysis fo the factors involved in hematogenous metastasis (n=21)
Characteristics SE Hazard ratio Hazard ratio(95% CI) P value
Lymphovascular invasion 0.459 1.094 1.045-1.145 0.013
0.633 4.792 1.387-16.559 0.001

Multivariate Analysis of Prognostic Factors

Overall, the 5-year survival rate was not
significantly different among the four groups with a
different recurrence type(P=0.204, Figure 1).
However, there was a significant difference in
prognosis between the patients with postoperative
recurrence and those without postoperative recurrence
(P=0.001, Figure 2). Multivariate analysis using the
Cox regression model, where the presence of
postoperative  recurrence with other potential
prognostic factors such as age, gender, tumor focus
number, tumor location, maximum tumor diameter,
lymph node dissection, depth of invasion, lympho-
vascular invasion, histological type, Borrmann type
and chemotherapy were included, identified
postoperative recurrence(P=0.010), maximum tumor
diameter(P=0.036), depth of invasion(P=0.002),
histological  type(P=0.029) and chemotherapy
(P=0.010) as independent prognostic factors for
advanced gastric cancers with negative nodes. In
addition, of all 300 cases, 46 cases received post-
operative chemotherapy. After x* test, it was found
that the cases who received post-operative

chemotherapy got little hematogenous metastasis or
lymph node recurrence compared to the patients who
did not received post-operative chemotherapy (P=0.01,
P=0.03). However, post-operative chemotherapy was
not observed as a significant factor which influenced
the locoregional recurrence and peritoneal seeding
recurrence.
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Figure 1. The 5-year survival rate was not significantly
different among the four groups with a different
recurrence type (P=0.204).
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Figure 2. Difference in prognosis between the patients with
postoperative recurrence and those without postoperative
recurrence (P=0.001)

DISCUSSION

Gastric cancer is one of the major causes of the
cancer death worldwide. Survival of the patients with
gastric cancer is still not optimistic, although the
5-year survival rate has been improved due to early

detection, rational lymphadenectomy and several
therapeutic modalities'''"'*). At present, the value of
programs to detect recurrence of a previously

operated gastric cancer is still a controversial subject.
It was acknowledged that lots of patients suffered
postoperative recurrence though they received
curative surgery. It is generally accepted that tumor
recurrence can occur through several major recurrent
routes including lymph node metastasis, hemato-
genous spreading, peritoneal seeding and locoregional
recurrence. Curative surgery has been performed for
advanced gastric cancers with negative nodes.
However, most of the studies have widely discussed
prognostic factors for node-negative gastric cancer
that has undergone curative resection, while recurrent
patterns and factors involved in gastric adeno-
carcinoma are still not well known!'*"*!,

Huang et al''® reported that node-negative
advanced gastric cancer has a high amount of
peritoneal seeding and locoregional recurrence after
analyzing the recurrent sites and correlation of
clinicopathological factors of 372 patients with lymph
node-negative  advanced gastric cancer who
underwent RO resection. In the present study,
peritoneal seeding recurrence and hematogenous
metastasis were predominant in node-negative
advanced gastric cancer. Moreover, Huang et al!'®
reported that the factors predicting the peritoneal
seeding was serosal exposure, lymphovascular
invasion, Lauren's diffuse type differentiation and

scirrhous stromal reaction. Serosal exposure, tumor
size, and microscopic infiltrating growth type were
considered as the influencing factors for locoregional
recurrence. Meanwhile, the cases with lympho-
vascular invasion were prone to hematogenous
spreading!'®). In our study, it was identified that
maximum tumor diameter, histological type and
Borrmann type were independent factors involved in
locoregional recurrence. Lymph node recurrence was
significantly affected by lymph node dissection and
lymphovascular invasion. Clinicopathological factors
which predicting peritoneal seeding recurrence were
the depth of invasion and Borrmann type. In addition,
lymphovascular invasion and hitological type were
associated with hematogenous metastasis. The
outcomes might give us some suggestions when we
recommend examinations in post-operative check-up
for the patients with node-negative gastric
adenocarcinoma after curative resection.

Interestingly, it was observed that well-
differentiated tumors were more prone to
hematogenous  metastasis compared to  poor
differentiated tumors. This finding is not consistent
with other studies''”"'®!. However, we have not found
the proper explanation for this phenomenon. More
clinical investigation and basic experiments
addressing this topic well be expected. In addition, it
was found that post-operative chemotherapy was the
positive factor for hematogenous metastasis and
lymph node recurrence. Using Cox regression
analysis, it was identified that postoperative
recurrence, maximum tumor diagmeter, depth of
invasion and histological type were independent
prognostic factors for advanced gastric cancer with
negative nodes. Lee et al'” reported that lympho-
vascular invasion and depth of cancer invasion were
two independent but correlated survival predictors for
node-negative gastric cancers after evaluating the
clinicopathologicaol data of 689 gastric cancer
patients who underwent curative resection.

In conclusion, this research demonstrated that the
most common recurrent site of node-negative gastric
cancer was peritoneal seeding and hematogenous
metastasis. We also found that each different
recurrence pattern had specific predictive factors that
affected the recurrence. Our findings will hopefully
improve the early detection of recurrence in patients
with node-negative gastric adenocarcinoma after
curative resection.
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