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Abstract

Background: The overall incidence and mortality of gastric cancer have steadily declined in the United States over the past few
decades, but it is still a serious disease burden for patients. Therefore, it is of great significance to evaluate the latest survival rate
of gastric cancer.

Methods: Based on the Surveillance, Epidemiology, and End Results database, this study analyzed the age-standardized relative
survival rates and survival trends of gastric cancer cases in 2007–2011 and 2012–2016 using period analysis, and the survival rate
2017–2021 was predicted using a generalized linear model based on the period analysis.

Results: During 2007–2016, the 5-year relative survival rate of patients with gastric cancer continued to rise, and the same
trend was observed in 2017–2021. The 5-year overall age-standardized relative survival rates in 2007–2011, 2012–2016, and
2017–2021 were 38.3%, 40.6%, and 42.9%, respectively. However, despite these favorable trends, the overall relative survival of
patients with gastric cancer remains at a low level. There were significant differences in the relative survival rates of patients with
gastric cancer in terms of age, sex, race, primary site, stage, and socioeconomic status. Notably, the survival rate of patients with
distant-stage gastric cancer remains very low (10%).

Conclusion:We found that the survival rate of patients with gastric cancer showed different degrees of improvement in each
subgroup. However, the overall relative survival rate of patients with gastric cancer remains low. Analyzing the changes of
patients with gastric cancer in the last 10 years will be helpful in predicting the changing trend of cancer in the future. It also
provides a scientific basis for relevant departments to formulate effective tumor prevention and control measures.
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Introduction

Gastric cancer (GC) is the fifth most common cancer
worldwide and the fourth leading cause of cancer death, with
an estimated 700,000 deaths in 2020.1 So far, although the
incidence and mortality of GC have been steadily declining in
many high-income countries, such as the United States, it
remains a health issue for which there is widespread global
concern.1,2 The incidence of GC is still high in East Asia and
Europe. Since GC is often asymptomatic before it progresses
to the advanced stage, it has a low early diagnosis rate. Most
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cases of GC are often diagnosed at an advanced stage.3 The
low survival rate indicates that the prognosis of patients with
GC is still poor.

The 5-year survival rate of patients with cancer is an
important indicator for evaluating the effects of cancer
treatment and monitoring the prognosis of patients with
cancer. In order to provide accurate and timely information,
estimates of the survival for patients with cancer should be as
up-to-date as possible. More importantly, such estimates
would accurately indicate the overall status and dynamic
trends of the long-term survival rate of patients with cancer in
a country or region, and allows determination of the under-
lying factors, which can motivate relevant departments to
perform intervention measures to improve the survival rates of
patients.

Due to the general delay in data registration and release of
tumor registry systems, it is difficult to obtain the latest data
reflecting the current survival situation of patients with can-
cer.4 Model-based period analysis can use existing data to
accurately estimate survival rates, analyze change trends, and
predict future survival rates.5 The present study used tumor
registry follow-up data up to 2016 based on data from 2007 to
2011 and 2012 to 2016 in model-based periodic analysis to
estimate survival rates and analyze trends during these two
periods. Five-year survival was also predicted for patients
during 2017–2021. This method has been widely used
worldwide to estimate the long-term survival of patients with
cancer.4,6-8

The purpose of this study was to determine the relative
survival rates and trends of patients with GC from 2007 to

2016, and to predict the survival rate during2017–2021 using a
model-based period analysis method.

Materials and Methods

Data Source

The data analyzed in this study was obtained from the Sur-
veillance, Epidemiology, and End Results (SEER) database,
which is a large, population-based data set that collects cancer
data from 18 registries across the country and currently covers
approximately 35% of the U.S. population.9 SEER*Stat
software (version 8.3.9) was used to extract the data of patients
diagnosed with GC from 2002 to 2016. The period of interest
in this study was 2007–2016. The flow chart of patient se-
lection was shown in Figure 1.

All the steps in this study follow the principles outlined in
the 1964 Helsinki Declaration and its subsequent amend-
ments. This study was exempted the informed consent and
review approval by the Institutional Research Committee of
School of Basic Medicine and Public Health of Jinan Uni-
versity, because the SEER data were public and all patient
information was de-identified.

Variable Selection

The variables included in this study were sex, age at diagnosis,
race, socioeconomic status, stage, primary site, year and
month of diagnosis, year and month of last follow-up, time of
follow-up and survival status. The year and month of

Figure 1. Flowchart of sample selection.
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diagnosis were extracted from the SEER database, and the
year and month of last follow-up are calculated by the year and
month of diagnosis, and the time of follow-up (month). Age
was divided into three groups: <40, 40–69, and ≥70 years old.
Race was divided into white, black, American Indian/Alaska
Native, Asian and Pacific Islander. Socioeconomic status is
classified into four groups according to the poverty rate of the
patient’s area: rich (<4.9%), low poverty (≥5.0% and <9.9%),
and middle poverty (≥10.0% and <19.9%) and high poverty
(≥20.0%).10 The classification criteria for primary site were
cardia, non-cardiac, and NOS, and for stage were localized,
regional, and distant.

Statistical Analysis

Descriptive statistics were used to summarize the socio-
demographic and clinical characteristics of each observation
period. Relative survival rate was calculated as the ratio of the
observed survival to the expected survival of the general
population with the same periods, sexes, and ages

Ri ¼ Sk

S*k

where Sk and S∗k represent the observed survival rate and
expected survival rate. When calculating the relative survival
rate at 5 years, k is 5. The expected survival rate was derived
from the life table stratified by age and calendar year released
by the Centers for Disease Control and Prevention of the
United States.11 The Ederer II method was used to calculate
the expected survival rates.12 In order to compare with esti-
mates from different periods, the relative survival rates were
age-standardized (standardized to the 2000 US population).

Period analysis was used to estimate the relative survival
rates during 2007–2011and 2012–2016. In addition, data from
2002 to 2006 were used to estimate survival rates for 2007–
2011.A generalized linear model13 was established to predict
the 5-year relative survival rate of patients diagnosed in 2017–
2021. The above analysis process was performed using the
PeriodR package of R software.

Results

The distribution of GC cases in the three periods is listed in
Table 1. From the SEER database, 85,742 GC cases were
included in the study from 2002 to 2016, of which 58,669
were in 2007–2016. Most patients were older than 40 years,
male, white, and had a primary site of gastric cardia. The
distribution of patients between the three stages was relatively
balanced, and most patients were from areas with medium
poverty and higher poverty. The number of cases in each
observation period was relatively stable in terms of age, sex,
race, stage, primary site, and socioeconomic status.

The age-standardized 5-year relative survival rates of GC
in terms of sex, race, primary site, stage, and socioeconomic

status are shown in Supplementary Material Table S1. The
change trends of all gastric cancer patients and between
different sexes are shown in Figure 2. According to the
results estimated by the period analysis, from 2007 to 2016,
the survival rate of patients with GC showed an upward
trend. The survival rates of male and female patients differed
significantly, with the relative survival rate being much
higher in females than males. The generalized linear model
predicted that the 5-year overall relative survival of patients
with GC during 2017–2021 was 42.9%. The 5-year relative
survival for male and female patients was 38.3% and 50.4%,
respectively.

The change trends of age-specific relative survival rate of
GC patients were shown in Figure 3. The survival rates of
patients of all ages increased over the last 10 years. The
survival rate of patients older than 70 and younger than
40 years old was low, and that of those aged 40–69 years was
relatively high. The generalized linear model predicted that
during 2017–2021, the 5-year relative survival rate for patients
younger than 40 years was 39.0%, and that of patients aged
40–69 years was 42.4%. The 5-year relative survival rate for
patients ≥70 years was 40.4%.

The change trends of 5-year relative survival rate of GC
patients with different races are shown in Figure 4. Asian and
Pacific Islander patients had the highest 5-year relative
survival rate among races, reaching 46.5% in 2012–2016.
Compared with 2012–2016, the survival rate of all races is
expected to increase in 2017–2021. The generalized linear
model predicted that during 2017–2021, the 5-year relative
survival rates of white, black, American Indian, and Asian
patients were 42.3%, 44.3%, 33.0%, and 46.7%,
respectively.

Figure 5 displays the change trends of 5-year relative
survival rate of GC patients with different socioeconomic
status. The 5-year relative survival rate of patients with GC in
2012–2016 was the highest among those from rich areas, and
lowest among patients from high-poverty areas. With the
decline of socioeconomic status, the survival rate of patients
with GC also had been declining. Patients in highly poor areas
showed a slight upward trend. The generalized linear model
predicted that from 2017 and 2021, the 5-year relative survival
rate of patients with GC from rich, low-poor, middle-poor, and
high-poor areas were 48.9%, 46.0%, 40.9%, and 35.1%,
respectively.

The change trends of 5-year relative survival rate of GC
patients with primary site are shown in Figure 6. There was a
significant difference in the survival rate between cardia and
non-cardiac sites, the survival rate of patients with cardia
cancer was much lower than that of non-cardia cancer. The 5-
year relative survival rate of patients at each primary site
continually increased over the last 10 years, and was predicted
to have the same trend during 2017–2021. The generalized
linear model predicted that the relative survival rates of pa-
tients with cardia and non-cardiac cancer was 31.0% and
48.7%, respectively.
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Table 1. Distribution of Gastric Cancer Cases from 2002 to 2016.

Variables 2002–2006 n (%) 2007–2011 n (%) 2012–2016 n (%) P-value

All 27,073 28,655 30,014
Age <.001
<40 1012 (3.7) 1071 (3.7) 1107 (3.7)
40–69 12,930 (47.8) 14,629 (51.1) 15,880 (52.9)
≥70 13,131 (48.5) 12,955 (45.2) 13,027 (43.4)
Sex .456
Male 16,387 (60.5) 17,395 (60.6) 18,318 (61.0)
Female 10,686 (39.5) 11,260 (39.3) 11,696 (39.0)
Race .069
White 19,686 (72.7) 20,675 (72.2) 21,547 (71.8)
Black 3496 (12.9) 3889 (13.6) 4032 (13.4)
American Indian/Alaska Native 228 (.8) 220 (.8) 271 (.9)
Asian and Pacific Islander 3663 (13.5) 3871 (13.5) 4164 (13.9)
Socioeconomic status .170
Rich 1154 (4.3) 1251 (4.4) 1318 (4.4)
Low poverty 8647 (31.9) 9102 (31.8) 9452 (31.5)
Medium poverty 15,101 (55.8) 15,852 (55.3) 16,660 (55.5)
High poverty 2171 (8.0) 2450 (8.5) 2584 (8.6)
Stage <.001
Localized 9075 (33.5) 10,152 (35.4) 10,970 (36.5)
Regional 9168 (33.9) 8768 (30.6) 8465 (28.2)
Distant 8830 (32.6) 9735 (34.0) 10,579 (35.2)
Primary site <.001
Cardia 6745 (24.9) 7734 (27.0) 8682 (28.9)
Non-cardia 15,407 (56.9) 15,871 (55.4) 16,148 (53.8)
NOS 4921 (18.2) 5050 (17.6) 5184 (17.3)

Note. Not all columns round to 100% due to rounding.
Abbreviation: NOS, not otherwise specified.

Figure 2. Trends of 5-year relative survival rate of all gastric cancer patients and between different sexes.
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The change trends of 5 - year relative survival rate of GC
patients with stage are shown in Figure 7. Compared with
distant-stage and regional-stage patients with GC, localized-
stage patients had the highest survival rate of more than 70%
in 2007–2016, which was also forecasted for 2017–2021.
However, the survival rate of distant patients was very low,
reaching just 10% in 2012–2016. The generalized linear
model predicted that the 5-year survival rates of localized,
regional, and distant patients in 2017–2021 were 77.7%,
37.4%, and 10.2%, respectively.

Discussion

The current study estimated the latest GC age-standardized
survival rates and changing trends and the results of the study
indicated that the survival rate of GC has only improved
moderately in recent years. Overall relative survival for GC
remains low.

Our research found that compared with 2007–2011, the 5-
year overall relative survival rate of patients with GC in-
creased during 2012–2016, and this trend was predicted to

Figure 4. Trends of 5-year relative survival rate in patients with gastric cancer of different races.

Figure 3. Trends of age-specific 5-year relative survival rate in patients with gastric cancer.
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continue during 2017–2021. This increasing tendency was
observed in all subgroups (including sex, race, age, stage,
primary site, and socioeconomic status). The main reasons
might be the improvement of the living conditions and health
awareness, the continuously deepening understanding of
pathogenesis, and the development of medical technologies
such as surgical methods and targeted therapy.

From 2002 to 2016, the proportion of male to female GC
cases registered in the SEER database was approximately 1.5:1,
which was similar to the results reported in the 2016 American

Cancer Statistics.14 The results also indicated that male patients
had a much lower 5-year survival rate than female patients. This
might be attributed to differences in lifestyle and diet habits
between sexes.15,16 Men are more inclined to high-calorie
eating habits and bad habits such as smoking and drinking
than women. Some studies have shown that greater exposure to
estrogen may be related to a reduced GC risk.17 GC incidence
increases after menopause, and estrogen replacement therapy
can significantly reduce the incidence and mortality of GC in
postmenopausal women.18-20

Figure 6. Trends of 5-year relative survival rate in patients with gastric cancer of different primary sites.

Figure 5. Trends of 5-year relative survival rate in patients with gastric cancer of different races.
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This study found that age was an important influencing
factor of GC. Elderly patients were comprised a larger pro-
portion of affected subjects. Interestingly, patients aged 40–69
had a higher survival rate than younger patients (<40 years
old). This may be because experts recommend regular GC
endoscopic screening for people older than 40 years with high-
risks of GC, so that they can detect lesions early and perform
timely effective treatment.21 Young people are less likely to
suffer from GC, and they do not give it enough attention; once
they are diagnosed with stomach cancer, the prognosis is
usually poor.

Unlike in other cancers, we observed a large difference in
survival rates between white and Asian patients with GC, the
survival rate of Asian patients was higher than that of patients
from other races. This result was consistent with previous
studies.22 Due to the relatively high prevalence and common
screening activities of GC in Asian countries, some immi-
grants from Asia may have completed screening before im-
migrating to the United States.23 At the same time, some Asian
Americans may also be more aware of the risk of GC, so they
are more likely to be proactive in GC screening, early de-
tection, and aggressive treatment.

The present study showed that the 5-year survival rate of
cardia cancer and non-cardia cancer has improved continu-
ously in the past 10 years, and cardia cancer has a poor
survival rate compared with non-cardia cancer cardia cancer.
Many existing studies around the world have found that the 5-
year survival rate of cardiac cancer is significantly lower than
that of gastric non-cardiac cancer.24-26 A Chinese-registered
study26 showed that the poor prognosis of GC was associated
with a significant increase in the proportion of male patients,
older age, advanced pathological stages and poor clinico-
pathological features at diagnosis compared with non-GC. A
study27 in Sweden from 1990 to 2013 showed that the

postoperative survival rates of cardiac cancer and non-cardiac
cancer in the two sub-sites were continuously improved in
23 years. The prognosis of these patients has improved sig-
nificantly, possibly due to better selection of surgical patients,
widespread introduction of multidisciplinary team meetings
and wider use of neoadjuvant chemotherapy.28,29 A study30 in
Florida showed that non-cardia cancer risk was highest among
Asians and Pacific Islanders, and lowest among whites. This is
also an important reason why the survival rate of white pa-
tients is lower than that of Asian patients.

In addition, the survival rate of patients with different
socioeconomic statuses improved in 2002–2016 and 2017–
2021. And with the deepening of poverty, the survival rate of
GC is gradually decreasing. People with disadvantaged so-
cioeconomic status may have poor survival outcomes due to
obstacles in medical and health care services, lack of social
assistance, inability to understand or a lack of medical in-
formation, and delayed medical treatment.31,32

GC survival is closely related to the stage of diagnosis. In
this study, the 5-year relative survival rate of the localize-stage
patients was 77.7%, while the 5-year relative survival rate of the
advanced (distant-stage) patients was 10.2%. Unfortunately,
most patients with GC are diagnosed at the advanced stage.
Early detection and treatment is the key to prolonging the
survival time of patients with GC. Gastroscopy screening can
detect precancerous lesions early and allow timely treatment,
which can effectively reduce the mortality of patients with
GC.33-35 Since the implementation of population-based GC
screening in Japan and South Korea, more patients have been
diagnosed early, improving the survival rate.36,37 Due to the
relatively low incidence in the United States, large-scale
screening is not cost-effective and population-based GC
screening is not currently recommended.23 However, screening
for groups with a high-risk of GC should be considered.

Figure 7. Trends of 5-year relative survival rate in patients with gastric cancer of different stages.
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Screening for GC in appropriate populations may increase
likelihood of early GC detection and a decreased death rate
from it. There is large amount of evidence that HP infection,
family history of GC, and first-generation immigrants from
high-incidence areas are associated with an increased GC risk,
and so individuals with these risk factors can be regarded as
being at high-risk.21,38 It is generally recommended that high-
risk groups undergo endoscopic monitoring every 2–3 years.
Since endoscopic screening of high-risk groups can further
stratify patients, it is necessary to establish a screening and
monitoring program for high-risk individuals.

Limitations

This study has some limitations: (1) the inherent limitations of
retrospective studies; (2) because the tumor staging changes
over time in the SEER database, the results of the analysis
must be viewed with caution; (3) the SEER database lacks
some potential important factors such as treatment method,
certain biological indicators, and behavioral habits and thus it
is difficult to evaluate their impacts on survival.

Conclusions

In summary, we found that the relative survival rate of patients
with GC continually improved during 2007–2016 and 2017–
2021, in various subgroups (age, sex, race, stage, primary site,
and socioeconomic status) have increased to varying degrees.
However, the relative survival rate of patients with GC re-
mains low. The changing trends of survival rates indicated that
the difference between socioeconomic statuses is gradually
increasing over time. Notably, the 5-year survival rate of GC in
the distant stage is very low. The prognoses of GC with
different sites is significantly different primary sites, with the
survival rate being much lower at the cardia site than at the
non-cardia site, which is worthy of further investigation.
Understanding the survival rate of GC over the past 10 years
not only helps to predict future trends, but also helps to better
design clinical programs and develop appropriate health
policies to improve the prognosis of gastric cancer.
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