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Large tumor size is a poo
r prognostic factor of
gastric cancer with signet ring cell
Results from the surveillance, epidemiology, and end results
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Abstract
There has been a steady increase in the incidence of signet ring cell (SRC) carcinoma, a distinct histological type with cells containing
abundant intracytoplasmic mucin. We aimed to analyze the clinicopathological characteristics and prognostic value of patients with
SRC gastric cancer (GC) who underwent gastrectomy.
Clinical data of 10,312 GC patients who underwent D2 radical gastrectomy were obtained from the Surveillance, Epidemiology,

and End Results database and were retrospectively analyzed. X-tile plots were constructed to illustrate the optimal cut-off points
using the minimum P-value from the log-rank Chi-squared test. The Kaplan–Meier method was used for the analysis of the overall
cumulative probability of survival. Their differences were evaluated using the log-rank test. The Cox multiple factors analysis was
performed using the logistic regression method.
In total, 946 (9.17%) SRC GC patients with pT1a-4bN0-3bM0 stage cancer were recruited. The optimal cut-off point for size was

49mm. The 3-year overall survival (OS) rates of the SRC GC, large-size, and small-size groups were 35.89%, 30.63%, and 44.96%,
respectively (P< .05). Cox multivariate analysis showed that tumor size (odds ratio [OR]=2.032), T3 category (OR=1.324), T4a
category (OR=1.945), and T4b category (OR=2.163) were independent hazard prognostic factors.
SRC GC has a distinct biological behavior, presents as a large-sized tumor (≥49mm), and is associated with worse outcomes.

SRC GC patients have 2.032 times risk of mortality. SRC patients with larger tumors are at higher risk for infiltrative growth, lymph
node metastasis, and distant metastasis.

Abbreviations: B = coefficient for the constant, CI = confidence interval, Exp(B) = odds ratio, GC = gastric cancer, LN = lymph
node, OR = odds ratio, OS = overall survival, SD= standard deviation, SE= standard error, SEER = Surveillance, Epidemiology, and
End Results, Sig. = significance, SRC = signet ring cell, TNM = tumor node metastasis.
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1. Introduction

Gastric cancer (GC) can be classified histologically into various
types.[1] Although the incidence ofGChas decreased, the incidence
of signet ring cell (SRC) carcinoma remained high.[2] SRC is a
distinct histological type with cells containing abundant intra-
cytoplasmic mucin,[3] and its characteristic ring appearance is due
to its mucin-rich cytoplasm and crescent-shaped nucleus. Accord-
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ing to the Japanese Classification System,[4] SRCs of the stomach
are classified as undifferentiated. However, according to Lauren
classification, SRCs of the stomach are classified as diffuse.[5]

In theory, patientswithpositive lymphnodes (LNs) haveaworse
outcome. Several GC patients with node-positive disease die as a
result of postoperative recurrence and metastasis.[6–8] However,
only a few studies have reportedon the clinicopathological features
and prognosis of patients who developed SRCof the stomachwith
positive LNs.Most of themhad the following limitations: the study
used a small sample size, multivariate analysis was not conducted,
and the study was restricted to a specific patient group.
To address the abovementioned concern, we aimed to

investigate the clinicopathological characteristics and prognostic
value of SRC in patients with gastric cancer using the clinical data
of gastric cancer patients from the Surveillance, Epidemiology,
and End Results (SEER) database.
2. Methods

2.1. Ethics

Ethics committee of Fujian Provincial Hospital reviewed and
approved this study. Data of this study were searched from SEER
database. This study followed SEER Research Data Agreement
and we have got approval from SEER

∗
Stat (approval number:

15081-Nov2017) for accessing and using data in SEER database.
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2.2. Patients

A total of 10,312 GC patients were recruited from the SEER
database between 2004 and 2011. Among them, 946 patients with
SRC GC who underwent resection were identified. A detailed
descriptionof theassociationsbetween lymphnodemetastasis status
and clinicopathological characteristics are presented in Table 1.
Patients with the following characteristics were included:

presence of GC, SRC confirmed by histopathology, baseline
health status suitable for surgery, and with no prior history of any
type of adjunctive therapy. In contrast, patients with the following
characteristics were excluded: those with a history of cancer or
with another type of cancer, thosewith a history of or concomitant
gastrectomy for benign disease, patients with a history of receiving
chemotherapy or radiotherapy, those with esophageal involve-
ment, distant metastatic disease, multiple primary malignancies,
remnant GC, and those who died within 30 days after surgery.
2.3. Clinicopathological characteristics

The clinicopathological findings, including depth of tumor
invasion and LN metastases, were utilized to stage tumors
according to the National Comprehensive Cancer Network
guidelines, 8th edition. LNs were dissected and described
according to the Japanese Classification of Gastric Carcinoma,
which was also used to classify the location, histological type, and
lymphatic invasion of tumors.
2.4. Statistical analysis

The associations between tumor size and clinicopathological
features were analyzed using a Chi-square test. Risk factors for
survival outcomes were identified by Kaplan–Meier analysis and
Cox regression models. Only those variables that were considered
Table 1

Demographics and clinicopathological characteristics of patients wi

Characteristic Small-sized tumor group (N=345, 36.47%)

Age (mean±SD; years) 64.70±13.44
Tumor size 31.03±10.60
Gender
Female 186 53.91%
Male 159 46.09%

Grade
I category 3 0.87%
II category 12 3.48%
III category 306 88.70%
IV category 24 6.96%

T stage
T1a category 14 4.06%
T1b category 30 8.70%
T2 category 57 16.52%
T3 category 133 38.55%
T4a category 93 26.96%
T4b category 18 5.22%

N stage
N0 category 143 41.45%
N1 category 107 31.01%
N2 category 68 19.71%
N3a category 27 7.83%

SD= standard deviation.
∗
P< .05: with significant difference.

2

significant in theunivariateanalysiswere included in themultivariate
model. The primary endpoint of this study was cause-specific
survival. Deaths attributed to gastric cancer were treated as events,
while other reasons associatedwithdeathor survivalweredefinedas
censored events. All analyses were performed using the R survival
package (Version 3.2.1, Comprehensive RArchiveNetwork, The R
Foundation for Statistical Computing, Wirtschaftsuniversität Wien
Welthandelsplatz 1 1020 Vienna, Austria) and SPSS (Version 22.0,
IBMCorporation, 1NewOrchardRoad.Armonk,NY). Prism5 for
Windows (Version 5.01, GraphPad Software, Northside Dr. Suite
560, SanDiego,CA)wasused todraft theKaplan–Meier curve.AP-
value of <.05 was considered as significant.

3. Results

3.1. Identification of size cut-off points

Using a minimum P-value from the log-rank Chi-square test, the
X-tile plot illustrated that the optimal cut-off point for tumor size
in SRC GC patients categorized as pT1a-4bN0-3bM0 was 49
mm. Based on this, the patients were divided into 2 groups, the
small-sized tumor group and the large-sized tumor group, with
the strongest discriminatory capacity.

3.2. Clinicopathological characteristics

A total of 946 SRC GC patients categorized as pT1a-4bN0-
3bM0, which accounted for 9.17% (946/10,312) of all GC
patients, were eligible for final analysis. Approximately 462
(48.84%) deaths were reported in a median follow-up of 27.69
months (range: 1–47 months). A detailed description of the
associations between tumor size and clinicopathological charac-
teristics are presented in Table 1. Compared with small-sized
SRC, large-sized SRC frequently occurred in patients within the
T4 category (50.74% vs 32.18%) (P< .05).
th gastric signet ring cell carcinoma.

Large-sized tumor group (N=601, 63.53%) P-value

63.93±13.71 .781
54.88±24.94 .000

∗

.495
309 51.41%
292 48.59%

.540
3 0.50%
28 4.66%
518 86.19%
52 8.65%

.000
∗

5 0.83%
25 4.16%
40 6.66%
226 37.60%
226 37.60%
79 13.14%

.000
∗

182 30.28%
131 21.80%
171 28.45%
117 19.47%
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3.3. Survival analysis

The survival distribution was built using the linear combination
of the estimated regression coefficients derived from tumor size
(Fig. 1A). The 3-year overall survival (OS) rate of SRC GC cases
was 35.89%. The survival curve of the 2 groups is shown in
Fig. 1B, which demonstrated that the large-sized tumor group
had poorer prognosis than the small-sized tumor group (44.96%
vs 30.63%, P< .05).

3.4. Cox multivariate analysis

Results of Cox multivariate analysis showed that tumor size
(OR=2.032), T3 category (OR=1.324), T4a category (OR=
1.945), and T4b category (OR=2.163) were independent hazard
prognostic factors for SRC GC (all P< .05). No significant
Figure 1. Overall survival rates of SRC gastric cancer patients. The distribution
regression coefficients derived from tumor size (A). The survival curve of the 2 grou
poorer prognoses than those in the small-sized tumor group (44.96% vs 30.63%, P

3

difference was found between the 2 groups in terms of age, sex,
and grade (all P< .05, Table 2, Fig. 2).

4. Discussion

Currently, the treatments for SRC GC remain controversial. To
our knowledge, this was the first study to systematically assess the
clinical significance of tumor size in the detection of SRC GC
using data from the SEER database, which covers a broad
geographic area. Over the last 2 decades, the incidence of SRC
increased from 6% to 20%. In this study, SRC accounted for
9.17% of all GC cases, consistent with reports of previous studies
from France and the United States.[9,10]

We evaluated the data of 946 patients with SRC GC included
in the SEER database. The X-tile plot cut-off for tumor size was
of survival status was created using the linear combination of the estimated
ps is shown in B, which indicated that those in the large-sized tumor group had
< .05). P-values were calculated using the log-rank test. SRC=signet ring cell.

http://www.md-journal.com


Table 2

Multiple COX analysis for gastric cancer patients with D2 resection.

95.0% CI used for Exp(B)
B SE Wald Sig. Exp(B) Lower Upper

Age �0.060 0.095 0.399 0.527 0.942 0.781 1.135
Sex 0.178 0.106 2.805 0.094 1.195 0.970 1.471
Tumor size 0.031 0.004 68.795 0.000

∗
2.032 1.624 3.039

Grade
I category 1 (reference)
II category 1.026 1.031 0.991 0.319 2.791 0.370 21.051
III category 1.279 1.005 1.621 0.203 3.593 0.502 25.736
IV category 1.685 1.015 2.756 0.097 5.392 0.738 39.425

T stage
T1a category 1 (reference)
T1b category 1.260 0.732 2.965 0.085 1.527 0.840 2.807
T2 category 1.488 0.746 3.976 0.176 1.429 0.926 3.126
T3 category 1.741 0.715 5.931 0.015

∗
1.701 1.405 3.139

T4a category 1.938 0.715 7.341 0.007
∗

1.945 1.709 3.218
T4b category 2.413 0.723 11.143 0.001

∗
2.163 1.708 4.027

N stage
N0 category 1 (reference)
N1 category �0.249 0.133 3.493 0.062 0.780 0.600 1.012
N2 category 0.140 0.127 1.221 0.269 1.151 0.897 1.476
N3a category 0.281 0.143 3.855 0.049

∗
1.324 1.001 1.752

B= coefficient for the constant, CI= confidence interval, SE= standard error, Sig.= significance.
∗
P< .05: with significant difference.
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49mm. This value was used to divide patients into 2 groups
comprising those with tumors larger (n=601; large-sized tumor
group) and smaller than this cut-off (n=345; small-sized tumor
group).
The tumor load was associated with tumor size. Consistent

with reports of previous studies, a larger tumor size was strongly
associated with a greater invasion depth, worse histological
grade, peritoneal and neural metastases, more advanced
Borrmann-type GC, and a higher incidence of lymph node
metastases.[11–16] According to the clinical baseline, patients with
SRC pN(+) GC were more frequently categorized as T4 (50.74%
vs 32.18%) and larger tumor sizes than patients with node-
negative disease (all P< .05). These findings add weight to the
above conclusion.
Figure 2. Independent prognostic factors were determined by multiple Cox
regression analysis. Multivariate analysis showed that tumor size (OR=2.032),
T3 category (OR=1.324), T4a category (OR=1.945), and T4b category (OR=
2.163) (all P< .05) were independent hazard prognostic factors for SRC gastric
cancer. OR=odds ratio, SRC=signet ring cell.

4

Patients with SRC GC who presented with a larger tumor size
had a poorer prognosis. In this study, the 3-year OS for the large-
sized tumor group (≥49mm) was inferior to that of the small-
sized tumor group (<49mm) (44.96% vs 30.63%, P< .05). This
finding indicates that patients with SRC GC who have larger
tumors are at a higher risk of infiltrative growth, lymph node
metastasis, and distant metastasis characterized by peritoneal
dissemination, all of which are associated with a poor
prognosis.[17–20] Neoadjuvant therapy should be administered
regardless of the T and N staging because SRC GC has a distinct
biological behavior, presents as a large-sized tumor (≥49mm),
and is associated with worse outcomes. Therefore, the results of
this study have important implications for the clinical manage-
ment of SRC GC, including the type of surgical treatment, use of
conversion therapy, and follow-up strategy.
In addition to prognosis, the GC tumor size is associated with

LN metastasis according to several recent studies.[16,21–24] For
example, a Cox proportional hazards model was used to divide
GC patients into 2 subgroups (tumor sizes of�10 vs>10cm).[25]

In addition, tumor size is also associated with poorer survival. A
study including 1697 patients identified tumor size as an
independent prognostic factor in patients with advanced gastric
cancer, as a statistically significant difference in the survival rate
was observed depending on the tumor size (�6 vs >6cm).[26]

These results are similar to our findings. Moreover, a study by
Thibault showed that the prognosis of early gastric SRC
carcinoma was better than that of non-SRC carcinoma, whereas
the prognosis of advanced stage SRC gastric carcinoma
(especially T3 disease) was worse than that of non-SRC
carcinoma. It is possible that infiltration is obvious in an
advanced case of SRC carcinoma, and that lymph node
metastasis is more likely to occur. Accordingly, patients differed
markedly with respect to the likelihood of LN metastases. A
multivariate analysis further verified that the tumor size (OR=
2.032) was an independent prognostic factor for SRC GC. Based
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on our data, greater attention should be paid to patients with
GC who present with large-sized tumors, as they face a higher
risk of LN metastasis.
This study had a few inherent limitations. First, this was a

retrospective study and was subject to the limitations of the study
design. In the future, a prospective study design will be necessary.
Moreover, the study data were obtained from the SEER database
between 2004 and 2011, during which period not all stage 3 and
many stage 2 patients were recommended to receive neoadjuvant
therapy. Clinically, it is difficult to determine lymph node
metastasis preoperatively, and it is difficult to diagnose T2 and T3
SRC GC via imaging. Therefore, the TNM stages of many cases
were defined via postoperative pathology. Second, the SEER
database does not contain detailed information about the therapy
administered to each patient. We note that advances have been
made in the palliative treatment of GC. Additionally, the diverse
and multi-sequential chemotherapy received by patients led to
research bias. Third, this study had a small sample size. After
stratification by tumor size, each subgroup contained an
inadequate number of samples. This likely weakened the
statistical power of our analysis. Finally, the accuracy of survival
benefits may have been exaggerated because of the absence of
treatment for tumor metastases and the lack of data on the
burden of tumor metastasis.
5. Conclusions

In conclusion, our results indicate that a distinct feature of SRC
GC is the presence of a large-sized tumor (≥49mm), which is
associated with a worse outcome. SRC GC patients with large-
sized tumors had a 2.032 times risk of mortality. In addition, SRC
patients with larger tumors are at higher risk for infiltrative
growth, lymph node metastasis, and distant metastasis.
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