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Background and Aim. Gastric signet ring cell carcinoma (SRC) is a distinct subtype of gastric cancer. This study aims to analyze the
incidence-based mortality and survival trends in patients with gastric SRC over the past decades. Materials and Methods. The
patients from the Surveillance, Epidemiology, and End Results (SEER) database were recruited to explore the incidence-based
mortality and survival trends from 2000 to 2017. We further analyzed the differences in mortality and survival trends in these
patients by sex and stage. We also used joinpoint software to evaluate the trends in annual percentage change (APC) for statistical
significance. Results. 14916 patients were collected, including 7801 (52.3%) male and 7115 (47.7%) female. We identified a single
joinpoint at 2002. The overall incidence-based mortality of gastric SRC declined in America after 2002 (APC =-1.21, P <0.05). In
stratified analysis by sex and stage, the incidence-based mortality rate was higher in males than females. After 2002, the mortality
rate decreased significantly in male (APC=-1.68, P <0.05) and M0-stage patients (APC=-1.75, P <0.05). In survival trend
analysis, the 2-year relative survival improved in MO-stage gastric SRC, especially for males (APC = 1.14, P <0.05). As for M1-
stage patients, the 2-year relative survival significantly elevated in both male (APC=3.87, P <0.05) and female (APC=5.63,
P <0.05) patients. Conclusions. The incidence-based mortality of gastric SRC has declined, and survival has improved in America
over time. These optimistic trends may be attributed to cancer screening implementation and advances in novel treatments in the

past decades.

1. Introduction

Gastric signet ring cell carcinoma (SRC) is a unique his-
tological subtype of stomach adenocarcinoma. Based on the
WHO histological classification, SRC is a distinct adeno-
carcinoma with >50% scattered cancer cells including
intracytoplasmic mucin [1]. The typical morphology of SRC
contains plentiful mucin in the cytoplasm, pushing the
nucleus to the periphery [2]. Clinically, gastric SRC often
inflicts the younger females, who are more susceptible to
having distant metastasis, leading to poor survival outcomes
[3]. Gastric SRC usually has more aggressive biological
behavior than other subtypes of adenocarcinoma [4]. The
overall prevalence of gastric cancer has gradually decreased
in recent years, but the incidence of gastric SRC is still rising
[5], accounting for 35%-45% of gastric adenocarcinoma
cases recently [6].

Although the incidence trends of gastric SRC have been
reported in recent years [7], little is known about its mor-
tality trends. Evaluation of the mortality trends in gastric
SRC is crucial because changes in cancer screening and
lifestyle may well affect the death rate from cancer [8].

Moreover, the advent of novel therapies in recent years
has improved the survival of many cancer patients [9]. It is
still uncertain whether sex and tumor stage have influenced
the survival trends of this disease over years. It is important
to delineate the changing mortality and survival trends in
gastric SRC so that doctors can design more tailored
treatments for such patients.

The evidence of multiple risk factors for developing
gastric SRC indicates that the epidemiology and clinical
features of this disease may have changed in recent years. To
better understand the changing patterns, we utilized the
Surveillance, Epidemiology, and End Results (SEER)
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database to explore the changes in incidence-based mortality
and survival trends in patients with gastric SRC during the
span from 2000 to 2017. We focus on some clinical factors,
such as sex and stage. The findings from this study may
provide a comprehensive reflection on the changing epi-
demiology of gastric SRC over time.

2. Materials and Methods

2.1. Data Collection. We have utilized the SEER 18-registry
database (2000-2017) to extract the incidence-based mor-
tality and survival data, which was submitted in November
2019. The SEER 18 registries collect new cancer cases from
18 geographic regions [10]. These regions together cover
about 28% of the US population. We have selected the
primary site on the stomach. The ICD-O-3 histology code
8490/3 is recorded as signet ring cell carcinoma (SRC). The
patients have either one primary only or the first of more
primaries. The SEER database has its own individual
summary/historic staging system to depict the tumor ex-
tension, which includes in situ, localized, regional, distant,
and unstaged. In this study, localized and regional cancers
were designated as MO-stage gastric SRC, while distant
metastatic cancer represents M1-stage gastric SRC. Given
that cancer is a publicly reportable disease in America, all the
information extracted from the SEER database is exempt
from ethical review.

2.2. Data Analysis. We adopted the R software to analyze
our data. We focus on the following items: (I) the incidence-
based mortality of gastric SRC in each year; (II) the inci-
dence-based mortality changes over time for each sex of
gastric SRC patients; (III) the incidence-based mortality
changes over time for respective stage of gastric SRC pa-
tients; and (IV) the 2-year survival rate changes over time for
each stage of gastric SRC. The remarkable changes and
trends in the above items are assessed by joinpoint re-
gression analyses. The joinpoint software employs a statis-
tical algorithm to fit the optimal regression line reflecting the
incidence trend over time. It will also intellectually recognize
the best inflection points where rates change significantly.
The optimal number of joinpoints is set aside for ultimate
models. The annual percentage change (APC) can be figured
out for each spline. We have used age-adjusted rates to
reflect the joinpoint trends for statistical significance.

3. Results

3.1. Demographic Characteristics. A total of 14916 patients
with gastric SRC were selected from the SEER database
(2000-2017), including 7801 (52.3%) males and 7115 (47.7%)
females. Additionally, 8066 (54.08%) patients were MO-stage,
while 6850 (45.92%) patients were MI-stage. The clinical
characteristics of those patients are displayed in Table 1.

3.2. Incidence-Based Mortality for Entire Cohort. The inci-
dence-based mortality of gastric SRC initially increased from
2000 to 2002 but subsequently remained stable or decreased
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TaBLE 1: Characteristics of patients with gastric SRC (N =14916).

Sex, n (%)
Stage
Male Female Total, n (%)
MO-stage 4282 (54.89) 3784 (53.18) 8066 (54.08)
M1-stage 3519 (45.11) 3331 (46.82) 6850 (45.92)

Total, 1 (%) 7801 (52.3) 7115 (47.7) 14916 (100)

(Figure 1(a)). These changes are consistent with the results of
the joinpoint regression analysis. The incidence-based
mortality of gastric SRC rose until 2002, with an APC = 33.67
(P <0.05) (Figure 1(b)). Then the mortality rate gradually
decreased, with an APC=-1.21 (P <0.05). The declining
trend has statistical significance, indicating that the mor-
tality of gastric SRC has indeed abated since 2002.

3.3. Incidence-Based Mortality by Sex. We stratified the
gastric SRC patients by sex, analyzing their incidence-based
mortality trend over time. Overall, the age-adjusted mortality
rate was significantly higher in males than females during the
study period. As for males, the mortality rate increased from
2000 to 2003 and then gradually declined in the subsequent
years. As for females, the rate likewise rose from 2000 to 2002,
reached a peak in 2005 and then gradually declined
(Figure 2(a)). The joinpoint regression analysis also revealed a
significant sex difference in incidence-based mortality
changes. In the joinpoint analysis of males, the incidence-
based mortality rose by 30.77% annually from 2000 to 2002
and then steadily declined from 2002 to 2017, with an
APC=-1.68 (P <0.05) (Figure 2(b)). In the joinpoint analysis
of females, the incidence-based mortality significantly in-
creased by 37.37% annually from 2000 to 2002 and then
gradually decreased since 2002, with an APC=-0.67
(P>0.05) (Figure 2(b)). Generally, joinpoint analysis has
confirmed the significant downward trend of incidence-based
mortality in male gastric SRC patients after 2002.

3.4. Incidence-Based Mortality by Stage. With respect to
stage, the overall trend was rising sharply until 2002. Then the
MO-stage patients had a gradually decreasing trend after 2002.
Comparatively, the MI-stage patients showed a relatively
stable trend since 2002 (Figure 3(a)). The joinpoint analysis
revealed a common inflection point at 2002 for each stage of
patients. After 2002, the incidence-based mortality of MO-
stage patients significantly decreased (APC = -1.75, P < 0.05).
By contrast, the M1-stage patients did not change significantly
(APC=-0.61, P>0.05) (Figure 3(b)). These trends suggest
that the incidence-based mortality has been significantly
declining only in MO-stage gastric SRC patients after 2002.

3.5. Survival Trend for M0-Stage Gastric SRC. We have also
analyzed the 2-year relative survival trends in MO-stage
gastric SRC. Specifically, the 2-year survival for M0-stage
patients increased from 43.47% in 2000 to 50.42% in 2015.
Further, we analyzed the differential trends by sex. The
survival rate in males increased from 44.11% in 2000 to
47.39% in 2015. In parallel, the survival rate in females
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Incidence-based mortality of all gastric SRC patients
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FiGure 1: (a) The incidence-based mortality of gastric SRC over years. (b) Joinpoint analysis for the incidence-based mortality of gastric SRC

in 2000-2017.
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SRC by sex over time.

increased from 42.75% in 2000 to 53.95% in 2015
(Figure 4(a)). In joinpoint analysis by sex, the 2-year relative
survival increased significantly in males (APC=1.14,
P <0.05). However, the increase in this survival was not
significant in females (APC=0.7, P>0.05) (Figure 4(b)).
These trends indicate that 2-year relative survival has im-
proved in MO-stage gastric SRC, especially for male patients.

3.6. Survival Trend for M1-Stage Gastric SRC. With respect to
the 2-year relative survival trend in M1-stage gastric SRC,
this rate was also elevated during the study period. Despite

the fluctuations over years, the overall trend of survival is
upward for each sex. In 2000, only 7.83% of male patients
and 3.81% of female patients relatively survived 2 years. In
2015, the survival rate increased to 10.77% in male and 9.43%
in female (Figure 5(a)). In joinpoint analysis by sex, the 2-
year relative survival significantly elevated in both male
(APC=3.87, P<0.05) and female (APC=5.63, P<0.05)
patients (Figure 5(b)). Before 2005, this survival rate was
higher in males than in females, but this trend changed after
2005. The survival rate in males rose from 8.53% in 2005 to
10.77% in 2015. In parallel, 2-year relative survival rate in
females increased from 9.61% in 2005 to 14.05% in 2013.
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FIGURE 4: (a) The 2-year relative survival trends in MO-stage gastric SRC by sex. (b) Joinpoint analysis of the 2-year relative survival trend in

MO-stage gastric SRC by sex.

These results indicate that the 2-year survival has signifi-

cantly increased in the M1-stage gastric SRC patients over
time.

4. Discussion

Gastric SRC is a distinct cancer subtype with a slowly in-
creasing incidence [11]. In the context of changing epidemi-
ology in America, we have analyzed the incidence-based
mortality and survival trends in gastric SRC patients from 2000

to 2017. Our results demonstrate that the overall incidence-
based mortality of gastric SRC has declined in America after
2002. When analyzing the incidence-based mortality of gastric
SRC by sex and stage, we have found several distinct trends.
First, the mortality rate was higher in males than females.
Second, the mortality rate decreased significantly in males but
insignificantly in females. Third, the MO-stage patients had a
significantly reduced mortality rate, while the M1-stage pa-
tients had an insignificantly reduced mortality rate. The results
of joinpoint analyses have confirmed these trends.
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The 2—year relative survival of M1-stage gastric SRC by sex
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FIGURE 5: (a) The 2-year relative survival trends in M1-stage gastric SRC by sex. (b) Joinpoint analysis of the 2-year relative survival trend in

MI-stage gastric SRC by sex.

The overall incidence-based mortality from gastric SRC
has declined after 2002. Much of this decline may be at-
tributed to the recent advance in gastric cancer screening.
Screening methods include imaging examination, electronic
endoscopy, and magnetically controlled capsule endoscopy
(MCE) [12]. Advanced endoscopy allows for detection of
early-stage GC and curable premalignant lesions in the
stomach [13]. The novel biomarkers identified in recent
years may promote precision prevention and reduce mor-
tality [12]. Moreover, the development of gene diagnosis can
immediately affect the mortality rate of gastric cancer. The
molecular characterization of human epidermal growth
factor receptor 2 (HER2) expression in gastric cancer can
guide anti-HER2 targeted therapy [14]. These methods can
effectively reduce the overall mortality from GC.

The stratified analyses by sex produced similar results
with a joinpoint at 2002, after which the mortality rates
began declining. Although the incidence-based mortality is
significantly higher in males than females, the rate decreased
significantly in males rather than females. The faster
abatement of mortality in males than in females may be
owed to the higher attributable fraction in men. The results
of the INT-0116 study support this speculation. It revealed
that adjuvant radiochemotherapy significantly reduced the
relapse of gastric cancer in patients after radical surgery [15].
However, the subgroup analysis indicated that 71.2% of the
recruited patients were male. A recent study has analyzed the
sex difference in the incidence of gastric cancer [16]. It
demonstrated that the decline in gastric cancer incidence
was accompanied by a widening sex difference over time.
Men often had higher incidence of gastric cancer than
women [16]. The higher incidence in males may engender
higher mortality than in females. We also assessed the
variability of incidence-based mortality across M-stage.
Obviously, mortality is higher in M1-stage patients than in

MO-stage patients in most years. The joinpoint analysis
suggested that incidence-based mortality was declining only
in MO-stage gastric SRC patients after 2002. The gastric
endoscope techniques can detect and resect the tumor early,
which may prevent the tumor’s progression at an early stage
[10]. However, such a technological advance is inappropriate
for patients with distant metastasis. These findings em-
phasize the importance of gastric SRC screening with
routine techniques to detect this cancer at an early stage.

With respect to the survival trend in gastric SRC patients
over the past decades, we have found remarkable increases in
the 2-year relative survival of gastric SRC patients. The im-
proving survival may be attributed to the development of
perioperative chemotherapy or adjuvant chemoradiotherapy
in recent years [17]. A recent study indicated that advanced
stage gastric SRC receiving TEFOX chemotherapy had an
effective survival rate of 65%, and the median survival even
reached 14 months [18]. Additionally, clinical cancer care has
gradually shifted to multidisciplinary treatment in the past
years, which has significantly improved the survival for these
patients [19]. The significant survival improvement highlights
the rapid changes in clinical practice for gastric cancer.

We have analyzed the different survival trends between
males and females in MO-stage gastric SRC patients. The
results indicated that 2-year relative survival was higher in
females than in males during the study period but significantly
improved only in male patients. A recent meta-analysis in-
dicated that longer exposure to estrogen may alleviate the risk
of gastric cancer [20]. Estrogen may increase the expression of
trefoil factor proteins, which can inhibit oncogene expression
and further protect the mucous epithelia [21]. This evidence
may account for the higher relative survival in female patients.
Nevertheless, women still face many obstacles, such as cancer
screening, availability of healthcare, and social injustice [22].
These difficulties may lead to the insignificant survival



improvement over years in female gastric SRC patients. In
terms of the survival trend in M1-stage patients, our results
indicated that 2-year relative survival has significantly im-
proved both in male and female patients. Recent advances in
targeted therapy, such as trastuzumab deruxtecan (T-DXd),
have demonstrated significant survival benefits for HER-2
positive advanced gastric cancer [23]. More recently, immune
checkpoint inhibitors have revolutionized the therapy for
patients with advanced gastric cancer [24]. The phase II
KEYNOTE-059 trial first evaluated the safety and efficacy of
pembrolizumab in patients with metastatic gastric cancer [25].
This drug achieved higher objective response rates and longer
response duration in PD-L1" metastatic gastric cancer as a
third-line treatment. Evidently, novel therapeutic approaches
in the past decades have made a rich contribution to the
prolonged survival in patients with gastric SRC.

Some limitations should be concerned. Given the time
span of collected patients and different staging systems, some
inevitable bias may exist in our analysis [26]. Moreover, some
clinical variables, such as commodities, symptoms, and al-
cohol status, are not recorded in the SEER database. These
factors may also influence the incidence-based mortality and
survival trends of the patients. So, our results should be
interpreted with caution. In spite of these limitations, our
study still has several strengths. To our knowledge, this is the
first study to comprehensively analyze the incidence-based
mortality and survival trends in gastric SRC patients in
America over the past decades. Our study was based on the
high-quality SEER cancer registries with representative
population-based data. The incidence-based mortality
method has excluded the deaths from other cancers, allowing
more specific analyses than death certificate-based estimation
[19]. This method may more accurately reflect the real
mortality trends of gastric SRC in the United States.

5. Conclusions

According to the analysis of the SEER database, we have
found the declining incidence-based mortality of gastric SRC
ever since 2002. The mortality decrease is significant in males
and MO stage patients. The survival of gastric SRC patients
has improved significantly in the past decades. Such trends
can be interpreted by the change in cancer screening and the
advance in novel treatments.
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