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Abstract

Background The details of gastric cancer in young patients
remain unclear because of the low prevalence of the dis-
ease. This study aimed to clarify the clinicopathological
features and prognosis of gastric cancer in young patients.
Methods From January 2007 to January 2016, patients in
their 20s and 30s who were diagnosed with primary gastric
cancer at 4 hospitals were enrolled. Their clinical charac-
teristics and prognosis were evaluated.

Results The total number of patients was 72. The median
age was 36 years, and the ratio of males to females was
1:1. The dominant histological type was undifferentiated
type (66/72, 92%). Helicobacter pylori (H. pylori) was
positive in 81% (54/67). Although there were some
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asymptomatic patients in stages I-III, all stage IV patients
had some clinical symptoms at the diagnosis. The per-
centage of stage IV was significantly higher in patients in
their 20s than in those in their 30s (75% vs. 25%,
P < 0.001). The Kaplan—-Meier method showed that the
overall survival of patients in their 20s was significantly
lower than that of patients in their 30s (P = 0.037).
Conclusions A high rate of H. pylori infection was
revealed in young gastric cancer patients. The patients in
their 20s had a worse prognosis than those in their 30s. We
should consider examining the H. pylori infection status for
young patients as well as older patients to identify high-risk
populations.

Keywords Gastric cancer - Young patient - Helicobacter
pylori

Introduction

Gastric cancer is a major cause of cancer-related death
worldwide [1]. The incidence of gastric cancer is usually
predominant in patients 50-70 years of age [2], and is
relatively low in younger patients. Indeed, the incidence of
gastric cancer in patients < 40 years of age reportedly
ranges from 4.6 to 6.2% [3-5]. Furthermore, gastric cancer
in young patients is reported to have a poor prognosis
compared with that in elderly patients. Factors associated
with the poor prognosis of gastric cancer in the young
include an undifferentiated histology, unresectability, the
presence of lymphovascular invasion, and an advanced
stage at presentation [6, 7]. However, recent studies have
reported that the prognosis in young patients is comparable
to that in middle-aged patients with cancers at the same
stage [8, 9]. Thus, whether the prognosis of gastric cancer
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in young patients is better or worse than those in older
patients is controversial.

The details of gastric cancer in young patients have not
been fully clarified because the number of young patients
with gastric cancer is small, resulting in insufficient data.
Furthermore, the definition of “early onset” has varied in
each study, and most previous studies have investigated the
prognosis of gastric cancer in young patients who under-
went curative gastric surgery [9-11]. Given this back-
ground, we investigated in detail the clinicopathological
features and prognosis of gastric cancer in young patients
with any treatment or at any clinical stage in a large-scale
study.

Methods
Patients

This was a multicenter, retrospective, observational study.
In this study, young patients were defined as those
20-39 years of age. From January 2007 to January 2016,
patients in their 20s and 30s who had been diagnosed with
primary gastric cancer at Okayama university hospital,
Japanese Red Cross Society Himeji Hospital, Okayama
Saiseikai General Hospital, and Tsuyama Chuo Hospital
were enrolled in the present study. In all cases, the diag-
nosis was confirmed based on the results of a histological
evaluation of biopsy or resected specimens from a primary
gastric lesion.

The study procedures were implemented in accordance
with the Declaration of Helsinki. The study protocol was
approved by each hospital Ethics Committee, and informed
consent was acquired by the opt-out method.

Assessment of Helicobacter pylori (H. pylori)
infection status and endoscopic atrophy

The H. pylori infection status was examined by at least one
of the following methods: serum H. pylori IgG antibodies,
stool antigen test, a culture test, a histological examination,
urea breath testing (UBT), or rapid urease test (RUT). The
cut-off value of serum H. pylori IgG antibody was set at
10 U/mL, and the cutoff value for UBT was set at 2.5 %o.
When each of diagnostic examinations was negative, a
patient was diagnosed as H. pylori infection negative.
When any of diagnostic examinations was positive, a
patient was diagnosed as H. pylori infection positive. None
of endoscopic gastric atrophy was defined based on a
positive regular arrangement of collecting venules (RAC).
[12].
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Evaluations

Clinical parameters of all patients were retrospectively
recorded, including the age, body mass index, sex, family
history of cancer within the first degree, Eastern Cooper-
ative Oncology Group performance status (PS), symptoms
at the diagnosis, H. pylori infection status, histological type
of cancer, clinical stage (Union for International Cancer
Control 7th), macroscopic type, tumor location, degree of
endoscopic gastric atrophy based on the Kimura—Takemoto
classification [13] and the presence of nodular gastritis by
an endoscopic view [14], serum CEA and CA19-9 level,
and treatment strategy.

We investigated the clinical characteristics of gastric
cancer in young patients based on their background. We
then divided the patients into age groups of 20s and 30s,
and analyzed the difference in the details and overall sur-
vival (OS) rate between the two groups. Moreover, we
analyzed the clinicopathological characteristics and OS
rate in the patients at clinical stage IV.

Statistical analysis

Sequential data were expressed as the median and
interquartile range (IQR). Categorical data were compared
using a Chi-squared test or Fisher’s exact test. The OS rates
were determined using the Kaplan—Meier method. The
difference between survival curves was assessed using the
log-lank test. All statistical calculations were carried out
using the statistical software (JMP PRO, version 12; SAS
institute Inc., Cary, North Carolina, United States). Data
were considered to be statistically significant when
P < 0.05.

Results
Patient’s characteristics

Table 1 shows the clinical characteristics of all patients.
The total number of patients was 72. The median age was
36 years, and the ratio of males to females was almost 1:1.
The proportion of patients who were in their 30s was
higher than that of those in their 20s (78 vs. 22%). The
proportion of patients who had a family history of gastric
cancer within the first degree was 10%. Most of the patients
were PS 0-1, but 78% had some clinical symptoms at the
diagnosis. The histological type was mainly undifferenti-
ated type (92%). The predominant tumor location was in
the upper or middle third of the stomach.

The H. pylori infection status was examined in 67
patients (93%), and 81% (54/67) of patients who were
examined H. pylori infection were positive for an infection.
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Table 1 Patient characteristics

Table 1 continued

Total Total
(n="172) (n=172)
Median age, years (IQR) 36 (30-37) CEA level, n (%)
20s, n (%) 16 (22) < 5 ng/ml (negative) 63 (88)
30s, n (%) 56 (78) > 5 ng/ml (positive) 8 (11)
Body mass index, kg/mz, median (IQR) 20 (18-23) Unknown 1(1)
Sex, n (%) CA 19-9 level, n (%)
Male 35 (49) < 37 U/ml (negative) 57 (80)
Female 37 (51) > 37 U/ml (positive) 14 (19)
Family history of cancer within the 1st degree, n (%) Unknown 1 (D)
Gastric cancer 7 (10) Treatment strategy, n (%)
Others 34 Endoscopic resection 7 (10)
None 50 (69) Curative surgery with/without adjuvant 38 (53)
Unknown 12 (17) chemotherapy
Performance status, 7 Chemotherapy alone or with palliative surgery 25 (35)
0/1/2/3/4 27/41/3/0/1 Palliative surgery alone 1(D)
Symptoms at the diagnosis, n (%) Best supportive care 1D
Present 56 (78) IQR interquartile range, UICC Union for International Cancer Control
Epigastric pain 36 (50)
Anemia/bleeding 7.(10) Among the H. pylori-positive patients (n = 54), 35 patients
Dyspepsia/nausea/vomiting 5 were diagnosed based on a positive histological examina-
Anorexia/weight loss 3@ tion, 6 patients were diagnosed based on the detection of
Others 5 serum H. pylori IgG antibodies (> 10 U/mL), 6 patients
Absent 16 (22) were diagnosed based on a UBT (> 2.5 %o), 5 patients
Helicobacter pylori infection status (67 patients were assessed), n (%) were diagnosed based on a positive RUT, 1 patient was
Negative 13 (19) diagnosed based on a positive culture test, and 1 patient
Positive 54 (81) was diagnosed based on a positive stool antigen test and the
Degree of endoscopic atrophy, n (%) detection of serum H. pylori IgG antibodies (> 10 U/mL).
None 10 (14) Among the H. pylori-negative patients (n = 13), 6 patients
Closed 42 (58) were diagnosed based on a negative histological exami-
Open 17 (24) nation, 4 patients were diagnosed based on the detection of
Difficult to evaluate 3 (4) serum H. pylori IgG antibodies (< 3 U/mL), 1 patient was
Histological type of cancer, n (%) diagnosed based on the detection of serum H. pylori I1gG
Differentiated 6 (8) antibodies (< 10 U/mL), 1 patient was diagnosed based on
Undifferentiated 66 (92) a negative stool antigen test, and 1 patient was diagnosed
Clinical stage (UICC 7th), n based on a negative stool antigen test and the detection of
VIVII/IV 32/8/6/26 serum H. pylori IgG antibodies (< 3 U/mL).
Macroscopic type, n (%) Based on the endoscopic evaluation of atrophic gastritis,
31 (43) 10 patients (14%) had no gastric atrophy, 42 (58%) were
0—1/0—ITb/O—ITc/O—IIT 1/4/24/2 classified as closed type, and 17 (24%) were classified as
1 0 open type. Seven patients (9.7%) had nodular gastritis as
) 8 (11) comorbidity; all of whom were diagnosed with closed-type
3 19 (26) gastric atrophy. Among the H. pylori-positive patients
4 14 (19) (n = 54), 3 patients had no gastric atrophy, 35 patients had
Tumor location, 1 (%) closed-type gastric atrophy, 13 patients had open-type
Upper/middie third of the stomach 57 (79) gastric atrophy, and atrophic change was difficult to eval-
Lower third of the stomach 15 21) uate in 3 patients. Among the H. pylori-negative patients

(n = 13), 6 patients had no gastric atrophy, 5 patients had
closed-type gastric atrophy, and 2 patients had open-type
gastric atrophy.
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Table 2 The clinical

20s (n = 16) 30s (n = 56) P value
characteristics of patients in
their 20s and 30s Female, n (%) 8 (50) 29 (52) 1.0
Presence of symptoms, n (%) 15 (94) 41 (73) 0.10
PS 0-1, n (%) 13 (81) 55 (98) 0.032
Tumor location (lower third of the stomach), n (%) 5 @31 10 (18) 0.30
Undifferentiated-type cancer, n (%) 16 (100) 50 (89) 0.33
Helicobacter pylori positivity, n (%) 10 (63) 44 (79) 0.37
Family history of cancer within the st degree, n (%) 1 (6) 9 (16) 0.44
Gastric cancer 1 (6) 6 (11)
Colon cancer 0 1(1.8)
Breast cancer 0 1 (1.8)
Leukemia 0 1(1.8)
Open-type gastric atrophy, n (%) 2 (13) 15 (27) 0.33
Stage IV disease, n (%) 12 (75) 14 (25) < 0.001
CEA > 5.0 ng/ml, n (%) 5 (31) 3 (5.5) 0.012
CA 19-9 > 37U/ml, n (%) 7 (44) 7 (13) 0.011
Liver metastasis, n (%) 2 (13) 4 (7.1) 0.61
Peritoneal metastasis, n (%) 8 (50) 13 (23) 0.060
Bone metastasis, n (%) 3(19) 2 (3.6) 0.069

PS performance status

Regarding the levels of tumor marker associated with
gastric cancer, such as CEA or CA 19-9, the values were
normal in most cases. Various treatments were performed
according to the clinical stage. Only one patient received
the best supportive care due to a poor performance status.
Among 32 patients with cStage I, endoscopic resection
(ER) was performed in 7 patients, and surgical resection
(SR) was performed in 25 patients. The pathological
assessment after resection in ER group revealed stage IA in
all cases, and the patients were followed without additional
treatment. The stage of the SR group after surgery was
stage IA in 21 patients, and stage IB in 4 patients. Although
there were 6 patients with differentiated-type cancer in the
ER group, all of the patients in the SR group had undif-
ferentiated-type cancer.

Clinical characteristics and the OS rate in patients
in their 20s and 30s

Table 2 shows the clinical characteristics of patients in
their 20s and 30s. The proportion of stage IV disease was
significantly higher in the patients in their 20s than in those
in their 30s (75% vs. 25%, P < 0.001). Although the pro-
portion of PS 0-1 patients in their 20s was significantly
lower than that among patients in their 30s, 13 (81%)
patients in their 20s were PS 0-1. The proportion of patients
with high CEA and CA 19-9 levels was significantly higher
in the patients in their 20s than in those in their 30s (31%
vs. 5.5%, P=0.012; and 44% vs. 13%, P =0.011,
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respectively). Although the difference was not significant,
the proportions of peritoneal metastasis and bone metas-
tasis were higher in the patients in their 20s than in those in
their 30s. The OS rate was significantly worse in the
patients in their 20s than in those in their 30s (P = 0.037,
Fig. 1).

The symptoms at diagnosis according to the clinical
stage

Table 3 shows the symptoms at the diagnosis according to
the clinical stage. Sixteen (35%) patients in clinical stages
I-III had no symptoms. In contrast, all patients at clinical
stage IV had some symptoms at the diagnosis.

Clinicopathological characteristics and the OS rate
in the patients with stage IV disease

Table 4 shows the clinicopathological characteristics of the
patients with stage IV disease. The ratio of males to
females was almost 1:1. Most of the patients were PS 0-1.
The H. pylori infection status was examined in 21 patients
(81%), and 67% (14/21) of patients who were examined H.
pylori infection were positive for an infection. Eight
patients (31%) had no gastric atrophy, 13 patients (50%)
had closed-type gastric atrophy, and 4 patients (15%) had
open-type gastric atrophy. The histological type was
undifferentiated cancer in all patients, and the tumor was
predominantly located in the upper or middle third of the
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OS rate (%)
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Fig. 1 The survival curves for patients in their 20s and 30s. OS
overall survival

Table 3 The symptoms at the diagnosis according to the clinical
stage

Clinical stage

I-III (n = 46) IV (n = 26)
Symptoms at the diagnosis, n (%)
Present 30 (65) 26 (100)
Absent 16 (35) 0

stomach. Nineteen patients (73%) had peritoneum dis-
semination at the time of the diagnosis. Eighteen patients
(69%) were CEA negative, and 15 (58%) were CA 19-9
negative.  Twenty-four  patients (92%) received
chemotherapy. The median survival time (MST) of patients
with stage IV disease was 184 days (Fig. 2).

Discussion

The present study investigated the details of gastric cancer
in patients 20-39 years of age, and the following novelties
were clarified. The rate of H. pylori infection positivity was
81% (54/67) in young gastric cancer patients. Similar to
older gastric cancer patients, the incidence of H. pylori
infection was high even in young patients in the present
study. Although patients in their 20s had factors related to a
poor prognosis, the OS of the patients in their 20s was
significantly worse than that of the patients in their 30s.
There were some asymptomatic patients with stage [-III
disease, but all patients with stage IV disease had some
clinical symptoms.

Several studies have been reported on the H. pylori
infection rate in young patients with gastric cancer [15-17].

However, we bear in mind that a number of patients did not
have their H. pylori infection status examined in those
studies. In the present study, the H. pylori infection status
was investigated in most of the patients (93%). These data
allowed the relationship between gastric cancer and H.
pylori infection at a young age to be assessed. The H.
pylori infection rate was 81%, and was markedly higher
than that of healthy Japanese subjects of the same gener-
ation (about 15-30% in 2007-2011) [18]. And recently, the
morbidity rate of young age gastric cancer is decreasing in
Japan [19]. This might be influenced by decreased rate of
H. pylori infection in young age. Our data will help to
clarify the influence of H. pylori infection on carcinogen-
esis even in young patients.

The predominant histological type of gastric cancer in
older patients is considered to be differentiated type
[20, 21]. In contrast, previous studies have reported that
gastric cancer in young patients mainly tends to be undif-
ferentiated histological type [7, 8, 22, 23]. Another study
reported that gastric cancer of undifferentiated type in
young patients was associated with H. pylori infection and
antral lymphoid hyperplasia called “nodular gastritis”, and
these patients had a lower degree of corporal atrophy than
older gastric cancer patients [16]. Atrophic changes caused
by H. pylori infection determine the development of dif-
ferentiated-type gastric cancer, and the inflammation
induced by H. pylori infection promotes the development
of undifferentiated-type gastric cancer [24]. In the present
study, most of the cases of gastric cancer were undiffer-
entiated type, and the predominant tumor location was the
upper or middle third of the stomach. Although only 7
patients (9.7%) had nodular gastritis, more than half of the
patients in this study had gastric atrophy. The percentage of
H. pylori positivity was also high. Our study suggested that
H. pylori infection induced not only the inflammation but
also the atrophic change, which was closely associated with
the development of undifferentiated-type gastric cancer in
young patients [25], as well as the development of differ-
entiated-type gastric cancer in elderly patients.

Previous studies have reported on the prognosis of
young gastric cancer patients. It was shown that the dis-
ease-free survival and OS of young patients with gastric
cancer depended on the cancer stage at the diagnosis, as is
the case with middle-aged patients with gastric cancer [10].
Peritoneal metastasis due to undifferentiated-type cancer
was considered to be a poor prognostic factor [6, 26].
However, there have been no reports on the difference in
the prognosis between gastric cancer patients in their 20s
and 30s. In the present study, we investigated the differ-
ence in the clinicopathological features between gastric
cancer patients in their 20s and 30s. The incidence of
undifferentiated-type cancer was not significantly different
between the two age groups. However, the incidence of
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Table 4 The clinicopathological characteristics of patients with stage

IV disease

Total (n = 26)

Median age, years (IQR) 31 (27-36)
20s, n (%) 12 (46)
30s, n (%) 14 (54)

Body mass index, kg/mz, median (IQR) 20 (18-25)

Sex, n (%)

Male 14 (54)

Female 12 (46)

Family history within the 1st degree, n (%)

Gastric cancer 3(12)

None 19 (73)

Unknown 4 (15)

Performance status, n
0/1/2/3/4 1/22/2/0/1

Symptoms at the diagnosis, n (%)

Present 26 (100)
Epigastric pain 14 (54)
Anemia/bleeding 2(7)
Dyspepsia/nausea/vomiting 4 (15)
Anorexia/weight loss 3(12)
Others 3(12)

Absent 0

Helicobacter pylori infection status (21 patients were assessed), n (%)
Negative 7 (33)
Positive 14 (67)

Degree of endoscopic atrophy, n (%)

None 8 (31)

Closed 13 (50)

Open 4 (15)

Difficult to evaluate 14

Histological type, n (%)

Differentiated 0

Undifferentiated 26 (100)

Macroscopic type, n
0/1/2/3/4 0/0/1/15/10

Tumor location, n (%)

Upper/middle third of the stomach 21 (81)

Lower third of the stomach 5 (19)

CEA level, n (%)
< 5 ng/ml (negative) 18 (69)

> 5 ng/ml (positive) 8 (31

CA 19-9 level, n (%)
< 37 U/ml (negative) 15 (58)

> 37 U/ml (positive) 11 (42)

Metastatic site, n (%)

Liver 6 (23)

Peritoneum 19 (73)

Bone 5(19)
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Table 4 continued

Total (n = 26)

Treatment strategy, n (%)

Chemotherapy alone or with palliative surgery 24 (92)
Palliative surgery alone 14)
Best supportive care 14
IQR interquartile range
OS rate (%)
1.0
0.8
0.64 MST = 184 days
0.4 1
0.2 4
0.0 T T T T (days)
0 200 400 600 800

Fig. 2 The survival curves for patients with stage IV disease. OS
overall survival, MST median survival time

stage IV disease was markedly higher in the patients in
their 20s than in those in their 30s. This might be the main
factor influencing the difference in the prognosis between
the two age groups. We clarified that gastric cancer patients
in their 20s had a worse prognosis than those in their 30s,
possibly because younger patients tend not to visit a hos-
pital with slight symptoms and instead only go after pro-
gression has occurred.

We clarified that patients with some clinical symptoms
tended to be diagnosed with stage IV disease, which was in
line with the results of previous reports [6, 7]. Moreover,
all patients with stage IV disease had some symptoms and
the MST was very poor. There were some cases of older
patients with stage IV disease who showed no symptoms.
However, in Japan, many such cases are detected by
medical health checks. There is no medical health check
system for younger individuals in Japan. This is one of the
reasons why young gastric cancer patients were Symp-
tomatic and why their disease was detected at an advanced
stage. For rescuing those patients, we need to perform
esophagogastroduodenoscopy to the young generation with
no symptoms as gastric cancer screening. However, it must
be excessive. We need to identify young populations at
high risk of developing gastric cancer. Our data suggest
that H. pylori infection carries a high risk of gastric cancer,
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even in young populations. As such, an examination for H.
pylori infection might be useful for identifying high-risk
populations. Although there are no precise data available
on young generation, we believe that the eradication of H.
pylori in this population might help the risk of gastric
cancer development.

Concerning about the correlation with prognosis and H.
pylori status, it was reported that H. pylori-negative gastric
cancer had poor prognosis compared with H. pylori-posi-
tive patients [27, 28]. However, the subjects in these
studies were those after surgical resection. Moreover, the
correlation with prognosis and H. pylori status in young
gastric cancer patients was unknown. In our study, the
prognosis of H. pylori-positive patients was comparable
with that of H. pylori-negative patients by Kaplan—-Meier
method (data was not shown). Since the number of patients
in this study was not enough, further study is needed about
this issue.

Several limitations exist in the present study warrant
mention. First, this was a retrospective study and the
number of cases was small. However, we believe that this
study is valuable because this was a multicenter observa-
tional study for a low-prevalence disease conducted over
10 years. Second, patients > 40 years of age were not
included in this study, and we did not compare the clini-
copathological features of young patients with those of
older patients. Third, only one method for the diagnosis of
H. pylori infection was used in most cases. Five (38%) of
the H. pylori-negative patients (n = 13) had closed-type
gastric atrophy, and 2 (15%) had open-type gastric atrophy.
We should consider such cases to represent the insidious
disappearance of H. pylori. In addition, there were 3 H.
pylori-positive patients who had no gastric atrophy. The
number of young patients with H. pylori infection and
active gastritis was not insufficient; thus, endoscopic gas-
tric atrophy was not observed or appeared unclear in some
cases. Another diagnostic method was needed for these
cases. Thus, it is possible that false-negative or false-pos-
itive results existed, making the incidence of H. pylori
infection higher than we reported (81%).

In conclusion, we clarified the clinicopathological fea-
tures of gastric cancer in patients 20-39 years of age in a
multicenter study. The H. pylori infection rate was high, so
H. pylori might be associated with carcinogenesis even in
young patients. Patients in their 20s had factors related to a
worse prognosis, and the prognosis of the patients in their
20s was significantly worse than that of the patients in their
30s. Patients who had some symptoms tended to be diag-
nosed with stage IV disease, and their prognosis was poor.
To identify young populations at high risk of gastric can-
cer, examining the H. pylori infection status and its early
eradication might be recommended.
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