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Abstract
AIM: To understand the clinicopathological and prog-
nostic features of gastric cancer in younger and older 
patients. 

METHODS: Between January 2002 and December 
2008, 1667 patients underwent curative gastric sur-
gery. For comparative purposes, the patients were di-
vided into two groups: younger patients who were less 
than 40 years old (112 patients), and older patients 
who were 40 years old and older (1555 patients). In 
both groups, propensity scoring methods were used to 
select patients with similar disease statuses. A total of 
224 matched cases, with 112 patients in each group, 
were included in the final analysis.

RESULTS: Compared to the older group, the younger 
group with gastric cancer had a significantly higher per-
centage of females (P = 0.007), poorly differentiated 

or signet ring cell carcinoma (P < 0.001), advanced T 
stage gastric cancer (P = 0.045), and advanced tumor-
node-metastasis stage cancer (P = 0.036). The older 
group with gastric cancer had more comorbidities (P 
< 0.001). With the exception of the number of lymph 
node dissection (P < 0.001) and retrieved lymph node 
(P = 0.010), there were no statistically significant dif-
ferences between the postoperative outcomes of the 
two groups. During the follow-up period, there were 
19 recurrences in the younger group and 11 recur-
rences in the older group. The overall five-year survival 
rates in the younger and older groups were 84.3% and 
89.6%, respectively (P = 0.172). There were no sig-
nificant differences (P = 0.238) in the overall survival 
of patients with advanced T stage gastric cancer in the 
two groups, with five-year survival rates of 70.8% in 
the younger group and 79.5% in the older group. With 
regard to the age-adjusted survival rate, there was sig-
nificant difference between the two groups (P = 0.225).

CONCLUSION: In spite of aggressive cancer patterns 
in the younger group with gastric cancer, the younger 
group did not have a worse prognosis than the older 
group in our study. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: In this study, propensity scoring methods 
were used to select patients with similar disease sta-
tuses. A total of 224 matched cases (112 patients in 
each group) were included in the analysis. The younger 
group with gastric cancer had more aggressive patterns 
than did the older group. The overall five-year survival 
rates between the younger and older groups were not 
significantly different. While there were more cases of 
aggressive cancer patterns in the younger group, early 
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diagnosis and curative resections improved the progno-
sis and patient survival; the younger group with gastric 
cancer did not show a worse prognosis than the older 
group.
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INTRODUCTION
Gastric cancer is one of  the most common digestive can-
cers in the world. In addition, gastric cancer is the fourth 
most common cancer, and the second leading cause of  
cancer-related death, with approximately 700000 deaths 
annually[1]. The prevalence of  gastric cancer remains high 
in some Asian countries, especially in South Korea and 
Japan. While the incidence of  advanced gastric cancer is 
decreasing in developed countries as a result of  recent 
developments in medical screening, routine screening 
does not include people younger than 40 years of  age, so 
gastric cancer in younger patients is a disturbing problem. 
In addition, gastric cancer is difficult to detect in younger 
patients who are asymptomatic, even in the advanced 
stages. The proportion of  patients with gastric cancer 
ranges from 6% to 15% in patients younger than 41 years 
of  age[2-4]. There is controversy about whether gastric 
cancer differs between younger and older patients. Sev-
eral reports have suggested that younger patients are of-
ten diagnosed with advanced-stage disease, and younger 
patients have been observed to have a markedly worse 
prognosis than their older counterparts[5-10]. However, 
another recent report showed the prognosis for younger 
patients with gastric cancer to be equal or better than that 
of  older patients[11-17].

The proportion of  younger patients with gastric 
cancer is smaller than that of  older patients. Therefore, 
most studies have used small cases series of  younger 
patients and large cases series of  older patients for their 
comparisons[2-15]. In this case-control study, matching was 
performed with the aim of  selecting subsets of  case and 
control groups with similar distributions of  observed co-
variates (operation date and type of  gastrectomy), thereby 
increasing the robustness of  this retrospective observa-
tional study by reducing the bias that can be introduced 
by unbalanced groups. We used propensity scoring 
methods to evaluate whether the prognosis for younger 
patients with gastric cancer is equal to or poorer than that 
of  older patients.

MATERIALS AND METHODS
Patients and data collection
From a prospectively collected gastric cancer database, 

we identified 1945 patients who underwent gastric sur-
gery between January 2002 and December 2008. Among 
them, 1667 patients who had no peritoneal seeding or 
distant liver metastasis underwent R0 resection. We de-
fined the younger group with gastric cancer as being less 
than 40 years old, which is similar to the cut-off  that has 
been used in previous reports[3,5-6,13-15,17-19]. We divided the 
1667 gastric cancer patients into two groups: younger 
patients who were less than 40 years old (112 patients), 
and older patients who were at least 40 years old (1555 
patients). To reduce potential confounders in this retro-
spective observational study, the values of  the propensity 
scores were used to adjust for differences between the 
two groups with regard to operation date and type of  
gastrectomy. A total of  224 matched cases, with 112 pa-
tients in each group, were included in the final analysis. 
The data were prospectively retrieved from operative and 
pathological reports, and follow-up data were obtained 
from the outpatient clinical database. Clinicopathologi-
cal characteristics, postoperative outcomes, postoperative 
morbidities and mortalities, and survival rates were ret-
rospectively compared between the two groups. The fol-
lowing data were obtained for each patient: age, gender, 
body mass index (BMI), comorbid disease, tumor size, 
histologic type, tumor location, tumor-node-metastasis 
(TNM) stage, and postoperative outcomes. Postoperative 
outcomes included operative time, hospital stay, type of  
gastrectomy, reconstruction, extent of  lymph node dis-
section, number of  retrieved lymph nodes, recurrence, 
and survival.

In this study, the gastric cancer stage was classified 
according to the 7th edition of  the American Joint Com-
mittee on Cancer staging criteria[20]. Standard lymph node 
dissection (D2) was performed according to the 2010 
Japanese gastric cancer treatment guidelines[21]. 

Adjuvant chemotherapy, follow-up protocol, and 
recurrence
Adjuvant chemotherapy was performed in patients with 
pathologically identified advanced gastric cancer who 
had provided their informed consent. Adjuvant chemo-
therapy was not performed for patients with stage I gas-
tric cancer, but adjuvant chemotherapy was performed 
for patients within stage ⅡA or higher gastric cancer. 
Follow-up results were obtained from patient hospital re-
cords and telephone calls, and recurrence was determined 
by endoscopy, computed tomography, and positron emis-
sion tomography. All patients who received follow-up 
were monitored postoperatively with routine blood tests, 
tumor markers (carcinoembryonic antigen and carbohy-
drate antigen 19-9), chest radiography, endoscopy, and 
computed tomography. In patients with early gastric can-
cer, follow-up studies were performed every six months 
for two years and annually for three years. For patients 
with advanced gastric cancer, follow-up studies were per-
formed every three months for the first year, every six 
months for the second year, and annually for following 
three years.

We classified recurrence patterns into four catego-
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ries[22]: locoregional, hematogenous, peritoneal, and dis-
tant lymph nodes. Locoregional recurrence was defined 
as the presence of  tumors in the adjacent organs, which 
includes gastric bed, anastomosis, gastric stump, and re-
gional lymph nodes. Hematogenous recurrence included 
recurrence in the liver, lung, bone, brain, or other distant 
sites. Peritoneal recurrence was defined as peritoneal 
seeding or ovarian metastases (Krukenberg’s tumor). Re-
currence in distant lymph nodes was defined as extraab-
dominal lymph nodes. 

Statistical analysis
To reduce bias, a propensity scoring approach was used 
to match the younger and older patients according to the 
operation date and type of  gastrectomy. Patients less than 
40 years of  age (case) were matched to patients at least 
40 years old (control) by using patient identifiers and op-
eration dates (± 15 d). Matching was performed to select 
subsets of  case and control groups with similar distribu-
tions of  the observed covariates operation date and type 
of  gastrectomy. The matching increased the robustness 

of  the retrospective observational design by reducing the 
bias that can be introduced from unbalanced groups. The 
data were summarized using frequencies and percentages 
for categorical variables and means and standard devia-
tions for continuous variables. After descriptive analyses 
were performed, a Fisher’s test was used to compare 
categorical variables between the groups, and a Mann-
Whitney U test was used to compare continuous variables 
between the groups. P values of  less than 0.05 were con-
sidered to be statistically significant. Survival curves were 
calculated using the Kaplan-Meier method. All statistical 
analyses were conducted using SPSS version 18.0 (SPSS, 
Chicago, IL).

RESULTS
Clinicopathological features between younger and older 
patients with gastric cancer
The proportion of  females in the younger group was 
greater than that in the older group (P = 0.007). The 
older group had more comorbidities than did the young-
er group (P < 0.001), and the younger group had more 
poorly differentiated or signet ring cell gastric carcinomas 
(P < 0.001). In addition, using the Lauren classification, 
a diffuse form of  cancer was found in 64.3% of  patients 
in the younger group (P < 0.001). Compared to the older 
group, the younger group had more aggressive T stage 
gastric cancer (P = 0.045) and more cases of  advanced 
TNM stage cancer (P = 0.036). There were no significant 
differences in the BMI, tumor size, tumor location, and 
N stage between the two groups (Table 1).

Postoperative outcomes and complications
Table 2 shows the postoperative outcomes of  the two 
groups; there were statistically significant differences in 
the extent of  lymph node dissection (P < 0.001) and the 
number of  retrieved lymph nodes (P = 0.010). There 
were no significant differences in operative time, hospital 
stay, operative method, type of  gastrectomy, type of  anas-
tomosis, or cancer-related organ resection. Complications 
in the younger group were found in 10 (8.9%) of  the 112 
patients, and one (0.9%) major complication required 
endoscopic control of  intraluminal bleeding. Nine minor 
complications in the younger group were treated with 
conservative management. In the older patients, there 
were 16 (14.3%) complications, 3 (2.7%) of  which were 
major; one patient required endoscopic control of  intra-
luminal bleeding, and two patients required re-operation 
to repair duodenal stump leakage. Other complications 
in older patients were also treated with conservative man-
agement. There were no statistically significant differ-
ences between the two groups in postoperative complica-
tions (P = 0.297).

Tumor recurrence and survival
The median follow-up period was 79.2 mo in the younger 
group and 80.3 mo in the older group. We performed 
adjuvant chemotherapy for patients within stage Ⅱ or 
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Table 1  Clinicopathological features of the patients

Clinicopathological 
feature

Younger patients 
(n  = 112)

Older patients 
(n  = 112)

P -value

Gender 0.007
   Male 49 70
   Female 63 42
BMI (mean ± SD, kg/m2) 22.4 ± 3.4 23.1 ± 2.7 0.086
Comorbidity < 0.001
   No 100 74
   Yes 12 38
Size of main lesion 
(mean ± SD, mm)

4.1 ± 3.1 3.9 ± 3.3 0.604

Histologic type < 0.001
   Well differentiated   7 29
   Moderate differentiated 19 34
   Poorly differentiated 70 41
   Signet ring cell 14   5
   Other   2   3
Lauren classification < 0.001
   Intestinal 18 58
   Diffuse 72 34
   Mixed 22 20
Tumor location 0.154
   Upper 15 15
   Middle 40 25
   Lower 55 70
   Whole   2   2
T stage1 0.045
   EGC 50 66
   AGC 62 46
N stage1 0.132
   N0 67 72
   N1 12 16
   N2 11 14
   N3 22 10
Stage1 0.036
   Ⅰ 57 75
   Ⅱ 21 11
   Ⅲ 34 26

1Based on the 7th edition of the American Joint Committee on Cancer 
classification. 
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Table 2  Postoperative outcomes
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older groups were 84.3% and 89.6%, respectively. There 
were no significant differences in the survival rates be-
tween the two groups (P = 0.172). In cases of  advanced 
T stage gastric cancer, the overall five-year survival rates 
were 70.8% in the younger group and 79.5% in the older 
group (P = 0.238) (Figure 1). There was no significant 
difference in the age-adjusted survival rate between the 
two groups (P = 0.225) (Figure 2).

DISCUSSION
Gastric cancer is generally considered to be an age-related 
disease, and more than half  of  gastric cancer patients 
are older than 60 years of  age. Gastric cancer rates have 
been consistently decreasing as a result of  recent medical 
screening systems. However, gastric cancer in younger 
group populations remains a serious problem in some 
countries, such as South Korea, where routine screening 
does not occur in people under 40 years of  age. There-
fore, in the absence of  gastrointestinal symptoms, gastric 
cancer is difficult to diagnoses in young people, even in 
the advanced stages of  the disease. This retrospective 
matched case-control study was performed to determine 
the clinicopathological and prognostic features of  gastric 
cancer in younger and older patients. 

Studies have generally been limited by a small num-
ber of  patients, the inclusion of  historical data, a lack of  
comparison with similar control groups, and a limited 
ability to account for disease survival. Thus, most studies 
have made comparisons between small cases series of  
younger patients and large cases series of  older patients 
with gastric cancer[2-15]. These unbalanced comparisons 
may generate biased and inconsistent results. Therefore, 
in this study, we matched the younger and older groups 
with increasing robustness to reduce the bias that can be 
caused by unbalanced groups. 

Many studies have shown interesting clinical differ-
ences between younger and older patients with gastric 
cancer. Most notably, the gender ratio is different be-

higher. In the 55 patients in the younger group with stage 
Ⅱ or higher cancer, 49 patients received with adjuvant 
chemotherapy; in the 37 older patients with stage Ⅱ or 
higher, 36 patients adjuvant chemotherapy. There was 
no significant difference in the use of  adjuvant chemo-
therapy between the two groups (P = 0.235). During the 
median follow-up period, tumor recurrences occurred in 
19 cases in the younger group and 11 cases in the older 
group. The median time to recurrence after surgery was 
17.8 mo in the younger group and 18.5 mo in the older 
group, but the difference between the groups was not 
statistically significant (P = 0.169). In the younger group, 
peritoneal recurrence was the most common recurrence 
pattern. However, in the older group, the most common 
recurrences were locoregional and hematogenous (Table 
3). The overall five-year survival rates in the younger and 

Postoperative outcomes Younger patients 
(n  = 112)

Older patients 
(n  = 112)

P -value

Operative time 
(min, mean ± SD)

207.3 ± 57.1 205.7 ± 56.7 0.832

Hospital stay (d, mean ± SD)   7.9 ± 2.6   10.1 ± 13.0 0.087
Operative method 0.268
   Laparoscopy   46   37
   Open   66   75
Type of gastrectomy 1.000
   Total   28   28
   Subtotal   84   84
Type of anastomosis 0.856
    B-Ⅰ   48   52
    B-Ⅱ   35   32
   R-Y   29   28
Lymph node dissection < 0.001
   D2   43   79
   Over D2   69   33
Number of retrieved lymph 
nodes (mean ± SD)

  41.4 ± 16.4   36.3 ± 13.2 0.010

Cancer-related combined resection 0.409
   No 107 103
   Yes (number of patients)     5     9
   Spleen1     4     6
   Pancreas1     0     3
   Liver1     0     1
   Adrenal gland1     0     1
   Small bowel1     1     0
   Ovary1     1     0
Median follow-up duration 
(mo, range)

79.2 (8.0-137.7) 80.3 (0.7-137.5) 0.523

Postoperative complications 0.297
   No 102   96
   Yes   10   16
   Wound problem     3     5
   Intra-abdominal bleeding     1     1
   Intra-luminal bleeding 3 (12) 4 (12)
   Ileus     1     1
   Duodenal stump leakage     0      22

   Acute pancreatitis     0     1
   Pulmonary disease     0     2
   Hepatic disease     1     0
   Dumping syndrome     1     0

1The number of resected organs is a combined number; 2Intra-luminal 
bleeding was treated endoscopically; duodenal stump leakage required re-
operation. 

Table 3  Tumor recurrence and patterns

Postoperative 
outcomes

Younger patients 
(n  = 112)

Older patients 
(n  = 112)

P -value

Median follow-up 
duration (mo, range)

79.2 (8.0-137.7) 80.3 (0.7-137.5) 0.523

Chemotherapy (stage 
Ⅱ or higher) n (%)

49/55 (89.1) 36/37 (97.3) 0.235

Tumor recurrence 0.169
   No 93 101
   Yes 19   11
Time to recurrence 
after surgery 
(mo, mean ± SD)

17.8 ± 9.8 18.5 ± 12.6 0.862

Recurrence patterns1

   Locoregional   6     5
   Hematogenous   6     5
   Peritoneal 10     3
   Distant lymph nodes   2     2

1Combined numbers.
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tween younger and older patients with gastric cancer, 
which means that gender-associated differences can be 
amplified in different age group. For example, younger 
groups are comprised of  more female patients than 
older groups[4,5,11,12,14,15], and in male patients, malignant 
neoplasms often occur in the stomach, esophagus, liver, 
colon, or rectum[23]. There is currently no widely accepted 
explanation for the reversal of  the male/female ratio 
in younger patients with gastric cancer. Several reports 
have suggested that the predominance of  females may 
be caused by hormonal factors, such as the amount of  
estrogen and the higher percentage of  estrogen receptor-
positive cells in younger females[15,24]. However, the rela-
tionship between hormones and the prognosis of  gastric 
cancer remains controversial. In our study, there was a 
significantly higher proportion of  females in the younger 
group compared to the older group (P = 0.007). 

Another interesting clinical difference between young-
er and older patients with gastric cancer is the histologic 
aggressiveness of  the cancer. Several studies have report-
ed similar clinicopathological features in younger patients 
with gastric cancer compared to older patients[2-6,11-14,23]. 
While there are some differences among the reports, 

younger patients with gastric cancer generally have more 
diffuse gastric cancer than older patients (following the 
Lauren classification); younger patients also tend to have 
a more poorly differentiated carcinoma or signet ring cell 
carcinoma, a more advanced T stage, a greater likelihood 
to have lymph node metastasis, and a greater proportion 
of  tumors in the body of  the stomach. These features 
include poorly differentiated diffuse adenocarcinomas, 
which are associated with genetic abnormalities[25-27]. Ge-
netic susceptibility is one major factor that is associated 
with the development of  gastric cancer. Diffuse types 
of  gastric cancer are reported to be common in younger 
groups that have a genetic predispositions, and these 
diffuse gastric cancers lead to a poorer prognosis, the 
intestinal type of  gastric cancer, which is associated with 
a better prognosis than diffuse types, is more common in 
older patients[28,29]. In younger compared to older patients, 
gastric cancer is significantly more likely to be located in 
the body of  the stomach[17]. In the present study, poorly 
differentiated and signet ring cell type cancers were more 
predominant in the younger group than in the older 
group (P < 0.001). Following the Lauren classification, 
the diffuse type was more prevalent in the younger group 
(P < 0.001). Although there were no significant differ-
ences in tumor location, there was a higher frequency 
of  tumors in the middle portion of  the stomach in the 
younger group compared to the older group. Tumor stag-
ing is a crucial factor for determining whether and how 
to perform surgery and tumor stage correlates closely 
with prognosis. As already noted, the younger group 
with gastric cancer had more aggressive T and N stages 
than did the older group. Although there were significant 
differences in the N stage, the T and TNM stages were 
more advanced in the younger group compared to the 
older group (P = 0.045 and P = 0.036, respectively).

The prognosis of  young patients with gastric cancer 
has been debated for years. Compared to older patients, 
younger patients have more aggressive patterns of  gastric 
cancer, and several reports have shown that younger pa-
tients with gastric cancer have worse prognoses than old-
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er patients[5-10]. However, another recent report showed 
the prognosis in the younger group to be equal to or bet-
ter than that of  the older group[11-17]. The good prognosis 
and improved survival rate that have recently been found 
in younger patients may be a result of  improved surgi-
cal techniques and extended lymph node dissections for 
gastric cancers with aggressive patterns of  the disease. In 
our study, more extensive lymph node dissections (over 
D2) were performed in the younger group with gastric 
cancer (P < 0.001), and more lymph nodes were retrieved 
in the younger group than in the older group. The overall 
five-year survival rates in the younger and older groups 
were 84.3% and 89.6%, respectively, but the difference 
was not statistically significant (P = 0.172). For advanced 
T stage gastric cancer, the overall five-year survival rates 
were 70.8% in the younger group and 79.5% in the older 
group, and the difference was also not statistically signifi-
cant (P = 0.238). After adjusting for age, there was no 
significant differences in the survival curve between the 
two groups (P = 0.225) (Figure 2).

In our study, tumor recurrence occurred in 19 cases 
in the younger group and 11 cases in the older group. 
Kong et al[17] reported that peritoneal metastasis occurred 
more often in younger patients than older patients with 
gastric cancer. Peritoneal metastasis is predominantly 
seen in gastric cancer with ascites, which is often poorly 
differentiated. The link to poorly differentiated gastric 
cancer may partially explain why peritoneal metastasis is 
more prevalent in younger patients. While there was no 
significant difference in tumor recurrence between the 
two groups (P = 0.169), there were more peritoneal me-
tastases in the younger group than in the older group.

The lower comorbidity and postoperative complica-
tion rates are advantages for young patients with gastric 
cancer. Comorbidity is an important factor that affects 
postoperative complications[30]. Yoo et al[31] reported that 
the presence of  postoperative complications such as 
leakage, are negative prognostic factors in patients with 
advanced gastric cancer. Therefore, in our study, a lower 
comorbidity and a lack of  major postoperative complica-
tions such as leakage, may have improved the prognosis 
in the younger group with gastric cancer, which may have 
counteracted the aggressive patterns of  gastric cancer 
that were present in the younger group.

A delay in gastric cancer diagnosis may be a factor in 
the poor prognosis that is observed in younger groups 
with gastric cancer. If  a younger patient has a suspicious 
lesion or a familial history of  gastric cancer, physicians 
should carefully observe this patient and perform regular 
endoscopic evaluations. Early diagnosis of  younger pa-
tients with gastric cancer will improve their surgical prog-
nosis.

In our case-control matched study, the younger group 
with gastric cancer had more advanced and aggressive 
patterns, which is consistent with previous studies. While 
the younger group with gastric cancer tended to have ag-
gressive patterns, early diagnosis and curative resection 
improved the prognosis of  the younger group with gas-
tric cancer.
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