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Impact of Age on Clinicopathological Features and Survival of 
Patients with Noncardia Gastric Adenocarcinoma
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Purpose: Gastric cancer often occurs in the elderly but is uncommon in young individuals. Whether young patients have different clinical 
behaviors and outcomes from those of older patients remain unclear.
Materials and Methods: We identified 1,366 cases of newly diagnosed noncardia gastric adenocarcinoma from the Kaiser Permanente 
Northern California Cancer Registry between 2000 and 2010. We then compared the clinicopathological features and survival among
the different age groups.
Results: The male : female ratio differed significantly between the younger and older patient groups (0.84 in age <50 years vs. 1.52>60 
years, P<0.01). More younger patients were Hispanic (54% patients <40 years vs. 19% patients ≥70 years, P<0.0001), while more 
older patients were Caucasian (49% patients ≥70 years vs. 15% patients <40 years; P<0.0001). The diffuse/mixed histological type 
was more prevalent in younger patients (70% patients <40 years vs. 27% patients ≥70 years; P<0.0001), whereas the intestinal 
type was more frequent in older patients (71% in patients ≥70 years vs. 30% in patients <40 years; P<0.0001). Poorly differentiated 
adenocarcinoma was more common in the younger patients (80% in patients <40 years vs. 60% in patients ≥70 years; P=0.016). 
Survival rates at 1, 2, and 5 years gradually declined with increasing age (overall P=0.0002). 
Conclusions: Young patients with gastric cancer had more aggressive disease but higher overall survival rates than older patients. Young-
er Hispanic patients and older Caucasian patients were more likely to be diagnosed with gastric cancer. These differences may be due to
biological predisposition and/or environmental exposure.
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Introduction

Gastric cancer remains the second most common cause of can-

cer-related death worldwide. In the United States, approximately 

21,600 patients are diagnosed and 10,990 patients die annually.1 The 

development of gastric cancer is thought to result from a combina-

tion of genetic predisposition, environmental exposure, and socio-

economic factors.2 

Gastric cancer is most commonly diagnosed in individuals 65 

to 74 years of age.3 However, a small proportion of patients are 

diagnosed at ＜40 years of age. Studies have suggested that younger 

patients may have distinct disease characteristics.4,5 In particular, 

younger patients may be more likely to be female5,6 and have a 

higher incidence of diffuse histologic type, advanced grade, and 

metastatic disease at diagnosis.7-9 Younger patients have a higher 

prevalence of a positive family history.10

Most studies investigating the impact of age on gastric cancer 

have been conducted internationally, particularly in Asian coun-

tries, while only a few studies have been performed in the USA.7-11 

These studies have several limitations, including the inability to ac-

cess patient-level data in those studies using large national registries, 
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heterogeneous study populations, and varying access to care that 

may have a substantial impact on survival. In addition, most studies 

did not differentiate between cardia and noncardia gastric adenocar-

cinoma, which are known to be biologically distinct diseases.12 The 

age cutoff for defining young or old patients has differed signifi-

cantly among studies.6,7,9 Furthermore, findings comparing prognosis 

between younger and older patients have been inconsistent.13,14 Some 

studies showed that young patients had worse survival rates due to 

more aggressive disease at presentation and delayed diagnosis.8,15 

Other studies demonstrated that, when matched for stage, younger 

patients did not have worse outcomes.7,16

Overall, whether young patients with gastric cancer have distinct 

disease patterns and differences in survival rates remains poorly 

understood. In this study, we investigated the impact of age on the 

clinicopathological features and survival of patients with gastric 

cancer in an integrated health care delivery system in the USA. We 

hope to better define age-specific patterns of gastric cancer and 

possible associated risk factors. This in turn will help health care 

providers personalize care for patients with gastric cancer in each 

age group to improve survival rates.

Materials and Methods

This was a retrospective cohort study of patients from the Kaiser 

Permanente Northern California (KPNC) cancer registry who were 

newly diagnosed with noncardia gastric adenocarcinoma between 

2000 and 2010. KPNC is a large integrated health care delivery 

system that provides care for approximately 3.2 million members 

annually in Northern California, comprising one third of insured 

adults in the area. The population is racially and ethnically diverse, 

which closely approximates the general population in Northern 

California.17,18

Subjects were identified using International Classification of 

Diseases diagnostic codes and Surveillance, Epidemiology, and 

End Results (SEER) site recodes from the KPNC cancer registry. 

Study subjects were required to have a KPNC membership for a 

minimum of 12 months prior to the diagnosis of gastric cancer to 

ensure the availability of adequate baseline data.

Demographics, including age at diagnosis, gender, race/ethnicity 

(non-Hispanic Caucasian, Asian, African-origin, and Hispanic) 

and tumor-related information, were extracted from the KPNC 

cancer registry or obtained and validated by individual medical 

record review (M.C.B. and D.L). All cases of noncardia gastric 

adenocarcinoma were pathologically confirmed. Cases of gastric 

cancer of the cardia (C160) were excluded. Disease information, 

including primary tumor location, grade, and stage, were obtained. 

The primary tumor location was further classified as follows: fun-

dus (C161), body (C162, C165, and C166), antrum/pylorus (C163 

and C164), overlapping lesions (C168), and not specified (C169). 

Grade was defined as well differentiated, moderately differentiated, 

poorly differentiated/undifferentiated, and unknown. Stage at pre-

sentation was categorized as in situ/localized, regional, metastatic, 

or unknown. Histological type was categorized based on Lauren 

classification as intestinal, diffuse/mixed, or indeterminate.19

Treatment modalities, including surgery, chemotherapy, and ra-

diation, were obtained. Only surgeries with curative intent, such as 

partial or total gastrectomy and polypectomy, were included. Mor-

tality data was obtained from the California state mortality files and 

virtual data warehouse mortality files. Survival time was measured 

in days from the date of diagnosis of gastric cancer to the date of 

death. For non-deaths, overall survival was censored at December 

31, 2011.

Major comorbidities including coronary artery disease, hyper-

tension, chronic obstructive pulmonary disease, and diabetes mel-

litus were included as confounding factors. History of Helicobacter 

pylori infection was confirmed by serology and from pathology 

reports.

Subjects were divided into five age groups as follows: ＜40 

years, 40 to 49 years, 50 to 59 years, 60 to 69 years, and ≥70 years. 

Demographic (gender and race/ethnicity), clinicopathological fea-

tures, and survival were compared among the different age groups. 

The annual incidence rates of noncardia gastric cancer per 100,000 

persons between 2000 and 2010, according to age group were then 

calculated.

Demographic and clinicopathological features were compared 

between different age groups using the chi-square or Fisher exact 

test for categorical variables as appropriate. MULTTEST was used 

to compare the age groups in pairs and control for multiple com-

parisons. The annual incidence rates of noncardia gastric adeno-

carcinoma were calculated by age group between 2000 and 2010. 

The Cochran-Armitage trend test was performed to demonstrate 

changes in the incidence rates of noncardia gastric adenocarcinoma 

over time according to age.

Kaplan-Meier analysis was used to compare 1-, 2-, and 5-year 

survival rates among the different age groups. The log-rank test 

was used to assess differences in survival rates. Statistical analysis 

was performed using SAS (SAS Institute, Cary, NC, USA). P-val-

ues ＜0.05 were considered statistically significant.
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Table 1. Clinicopathological features of noncardia gastric adenocarcinoma according to age

 

Age group (yr)

P-value‡ 

<40 40~49 50~59 60~69 ≥70
Reference 

Patients  (n=1,366) 46 (3) 112 (8) 194 (14) 313 (23) 701 (51)
Age at diagnosis  (yr) 34.1±4.1 45.1±2.7 55.1±2.7 64.8±2.9 79.1±6.1
Gender 0.003
    Male 24 (52) 48 (43)† 102 (53) 191 (61) 421 (60)
    Female 22 (48) 64 (57)† 92 (47) 122 (39) 280 (40)
Race <0.0001
    Caucasian 7 (15)† 26 (23)† 61 (31)† 123 (39)* 345 (49)
    African origin 4 (9) 9 (8) 26 (13) 47 (15) 95 (14)
    Asian 10 (22) 29 (26) 54 (28)* 72 (23) 126 (18)
    Hispanic 25 (54)† 48 (43)† 53 (27) 71 (23) 135 (19)
Lauren classification <0.0001
    Intestinal 14 (30)† 35 (31)† 78 (40)† 178 (57)† 498 (71)
    Diffuse/mixed 32 (70)† 74 (66)† 111 (57)† 131 (42)† 192 (27)
    Indeterminate 0 (0) 3 (3) 5 (3) 4 (1) 11 (2)
Tumor site 0.17
    Fundus 1 (2) 6 (5) 10 (5) 13 (4) 42 (6)
    Body 10 (22) 36 (32) 62 (32) 101 (32) 216 (31)
    Antrum/pylorus 14 (30) 30 (27) 67 (35) 109 (35) 250 (36)
    Overlapping lesions 13 (28) 25 (22) 24 (12) 38 (12) 101 (14)
    Not specified 8 (17) 15 (13) 31 (16) 52 (17) 92 (13)
Grade <0.0001
    Well differentiated 0 (0) 0 (0) 4 (2) 10 (3) 26 (4)
    Moderately differentiated 2 (4)† 5 (4)† 19 (10)† 59 (19) 172 (25)
    Poorly differentiated/undifferentiated 37 (80)* 89 (79)† 139 (72)† 202 (65) 418 (60)
    Unknown 7 (15) 18 (16) 32 (16) 42 (13) 85 (12)
Stage <0.0001
    In situ/locally invasive 6 (13) 13 (12)† 31 (16)* 53 (17)* 172 (25)
    Regionally invasive 15 (33) 32 (29) 57 (29) 117 (37) 216 (31)
    Metastasis 24 (52) 66 (59)† 100 (52)† 137 (44) 258 (37)
    Unknown 1 (2) 1 (1)* 6 (3) 6 (2)† 55 (8)
Helicobacter pylori testing 
    Tested 34 (74)* 84 (75)† 129 (66)† 194 (62)† 361 (51) <0.0001
    Results 0.11
        Positive 30 (88) 66 (79) 101 (78) 140 (72) 257 (71)
        Negative 4 (12) 18 (21) 28 (22) 54 (28) 104 (29)
Comorbidities
    Diabetes mellitus 1 (2)† 9 (8)† 34 (18)* 83 (27) 184 (26) <0.0001
    Hypertension 3 (7)† 17 (15)† 80 (41)† 185 (59)† 541 (77) <0.0001
    Coronary artery disease 0 (0)† 2 (2)† 10 (5)† 40 (13)† 176 (25) <0.0001
    Chronic obstructive pulmonary disease 3 (7)† 12 (11)† 36 (19)† 73 (23)† 229 (33) <0.0001

Values are presented as number (%) or mean±standard deviation. *P<0.05 compared with the ≥70 years group; †P<0.01 compared with the ≥70 
years group. ‡Chi-square test.



Age Differences in Gastric Cancer

241

This study was approved by the Kaiser Foundation Research 

Institute’s institutional review board.

Results

1. Demographic and clinicopathological characteristics

Between 2000 and 2010, a total of 1,378 cases of newly diag-

nosed noncardia gastric adenocarcinoma were identified. Twelve 

cases were excluded owing to missing information, resulting in a 

study population of 1,366. Demographic and clinicopathological 

features of the study population are compared according to age, 

as presented in Table 1. Subjects were 25 to 101 years old. For all 

individuals, the mean and median ages at the time of diagnosis 

were 68 and 70 years, respectively. The age distribution of the study 

population is shown in Table 1.

In terms of gender, there was a significantly higher percentage 

of females only in the 40 to 49 year age group compared to pa-

tients ≥70 years (57% vs. 40%, P=0.003). There was a significantly 

higher proportion of Hispanics among the younger subjects (54% 

in patients ＜40 years vs. 19% in patients ≥70 years, P＜0.0001). 

In contrast, there were more Caucasians in the older groups (49% 

in patients ≥70 years vs. 15% in patients ＜40 years; P＜0.0001) 

(Table 1).

With regard to Lauren classification, the diffuse/mixed histolog-

ical type was more prevalent in younger subjects (70% of patients 

＜40 years and 66% of patients 40~49 years vs. 42% of patients 

60~69 years and 27% of patients ≥70 years; P＜0.0001). In con-

trast, the intestinal type was more frequent in the older groups (71% 

of patients ≥70 years and 57% of patients 60~69 years vs. 31% of 

patients 40~49 years and 30% of patients ＜40 years; P＜0.0001). 

There were no statistically significant differences in tumor location. 

Moderately differentiated adenocarcinoma was more prevalent in 

older subjects (25% of patients ≥70 years vs. 4% of patients ＜40 

years, P=0.003). In contrast, poorly differentiated adenocarcinoma 

was more common in the younger subjects (80% of patients ＜40 

years vs. 60% of patients ≥70 years, P=0.02). In addition, there was 

a higher prevalence of metastatic disease in the younger subjects 

(37% of patients ≥70 years vs. 59% of patients 40~49 years; P

＜0.0001).

Although a higher proportion of younger subjects were tested 

for H. pylori infection (P＜0.0001), the percentages of H. pylori 

infection did not differ statistically among the age groups. With re-

gard to major co-morbidities, the prevalence of diabetes, hyperten-

sion, coronary artery disease, and chronic obstructive pulmonary 

disorder was significantly higher in the older age groups.

2. Incidence

The annual incidence of noncardia gastric adenocarcinoma by 

age group from 2000 to 2010 is shown in Fig. 1. The incidence 

rates were significantly higher in the older age groups (60~69 years 

and ≥70 years) than the younger age groups (＜60 years). A trend 

analysis showed that the incidences decreased in the older age 

groups (60~69 years, P=0.0008; and ≥70 years, P=0.0002) during 

the study period but remained relatively stable in the younger age 

groups.

3. Treatment

Treatment type according to age group is summarized in Table 

2. The rates of surgical intervention were 39% to 56%. The rate of 

surgery was significantly higher in the 60 to 69 years group than in 

the ≥70 years group (56% vs. 47%, P=0.026). The percentage of 

subjects who received chemotherapy was significantly higher in all 

age groups than that in the ≥70 years group (P＜0.0001). The rate 

of radiation therapy was similar in most age groups but was lower 

in ≥70 years. The percentage of subjects who did not undergo any 

treatment or had unknown treatment status was highest in the ≥70 

years group.

4. Survival

Survival rates over 5 years from all-cause mortality are shown 

in Fig. 2. Survival rates gradually declined with increasing age 

(P=0.0002) with the exception of the 40 to 49 years group, which 

had lower survival. One-year survival rates were 57.6% for the ＜40 

years group vs. 39.4% for the ≥70 years group (Table 3). Five-

Fig. 1. Annual incidence of noncardia gastric adenocarcinoma between 
2000 and 2010 at Kaiser Permanente Northern California, according to 
age group. Trend analysis: <40, P=0.62; 40~49, P=0.49; 50~59, P=0.71; 
60~69, P=0.0008; ≥70, P=0.0002.
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year survival rates were 20.2% for the ＜40 years group vs. 15% for 

the ≥70 years group. Although patients with gastric cancer in the 

younger age groups had more aggressive disease, their overall sur-

vival rates were non-inferior to those of patients ≥70 years.

Table 3 also displays the survival rates stratified by stage, an 

important prognostic factor. For in situ/locally invasive tumors, 

survival declined with increasing age. For regionally invasive dis-

ease, the survival rates were lower in the ＜40 years group at 2 and 

5 years. For metastatic disease, survival decreased with increasing 

age with the exception of the 40 to 49 years group, which had the 

lowest survival. 

Discussion

Within Kaiser Permanente’s health care delivery system in 

Northern California, we identified several differences in the de-

mographic and clinicopathological features of noncardia gastric 

adenocarcinoma between young and old subjects. Consistent with 

previous studies, we found that younger subjects with gastric cancer 

more commonly had diffuse histological type, advanced grade, and 

metastatic disease at the time of diagnosis compared with older 

subjects.4,9 Although subjects ＜60 years had more aggressive tumor 

Fig. 2. Five-year survival rates according to age group (all-cause mor-
tality).
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Table 2. Therapy according to age group among patients with noncardia gastric adenocarcinoma 

Age group (yr)
P-value‡

<40 40~49 50~59 60~69 ≥70 Reference 

Patients (n=1,366) 46 (3) 112 (8) 194 (14) 313 (23) 701 (51)

Treatment 

   Surgery 18 (39) 54 (48) 97 (50) 176 (56)* 329 (47) 0.048

   Chemotherapy 31 (67)† 84 (75)† 123 (63)† 174 (56)† 178 (25) <0.0001

   Radiation 10 (22) 28 (25)† 39 (20)† 69 (22)† 76 (11) <0.0001

   Untreated/unknown 8 (17)† 15 (13)† 43 (22)† 61 (19)† 278 (40) <0.0001

Values are presented as number (%). *P<0.05 compared with the ≥70 years group; †P<0.01 compared with the ≥70 years group. ‡Chi-square test.

Table 3. Survival rates at 1, 2, and 5 years survival (all-cause 
mortality) after treatment for noncardia gastric adenocarcinoma 
according to stage 

Age group 
(yr)

Survival rate (%)
P-value* 

1-Year 2-Year 5-Year 

Overall <40 57.6 33.7 20.2 0.0002

40~49 42.2 24.3 20.0

50~59 50.0 36.1 23.3

60~69 45.5 33.3 21.3

≥70 39.4 25.5 15.0

In situ/locally invasive <40 100.0 83.3 83.3 <0.0001

40~49 92.3 72.7 72.7

50~59 86.9 86.9 66.7

60~69 82.4 73.6 65.4

≥70 66.5 53.6 37.3

Regionally invasive <40 85.7 43.3 8.7 0.0008

40~49 71.2 50.9 43.5

50~59 80.0 61.1 36.2

60~69 62.4 45.2 25.5

≥70 54.9 33.2 16.3

Metastasis <40 28.0 11.3 11.3 0.0003

40~49 18.0 1.6 0.0

50~59 22.1 8.3 3.3

60~69 18.7 8.6 2.3

≥70 13.5 3.5 1.5

*Log rank test.
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biology on presentation, overall younger age was not associated 

with worse survival with the exception of the 40 to 49 years group, 

which had the worst survival among the subjects ＜70 years.

Studies have reported conflicting results regarding survival rates 

of younger patients with gastric cancer. A recent Japanese study 

found that patients ≤40 years had significantly lower overall sur-

vival than patients ＞40 years. The poorer survival in the young 

patient groups was thought to be secondary to aggressive tumor bi-

ology and advanced stage. However, among those who underwent 

curative resection, patients ≤40 years had similar 5-year survival 

rates than those ＞40 years.6 Similarly, a USA study at Harbor-

The University of California, Los Angeles Medical Center found 

that patients ≤35 years had lower curative surgery rates and worse 

postoperative outcomes compared with patients ＞35 years.8 The 

worse survival rates in younger patients were attributed to their 

more aggressive tumor biology. In contrast, a large population-

based study from the USA using the SEER registry showed that 

although a higher proportion of young patients had more advanced 

stage and higher histological grades, the 5-year survival rates strati-

fied by stage were better in young patients than in older patients.7

Taken together, these studies suggested that multiple age-related 

factors can influence gastric cancer survival. Young patients tend to 

have more aggressive tumor biology, likely due to genetic predis-

position, which at least partially contributes to their more advanced 

stage at the time of diagnosis compared with older patients. Sec-

ondly, clinical suspicion for malignancy in younger patients is gen-

erally lower than in older patients, which may lead to a significantly 

delay in diagnosis and treatment of gastric cancer until it reaches a 

more advanced stage. On the other hand, young patients are gen-

erally healthier and have fewer comorbidities than older patients, 

because of which they can receive more aggressive treatment, such 

as surgery, chemotherapy, and radiation therapy.14,20 Our findings 

that young patients, despite having more aggressive histology and 

advanced stage, had overall improved survival rates than older pa-

tients support this assumption.

The incidences decreased in the older age groups during the 

study period but remained relatively stable in the younger groups. 

Recent epidemiological studies using the USA National Cancer In-

stitute SEER registry showed that the incidence of noncardia gastric 

adenocarcinoma decreased in all of the race groups except for Cau-

casians 25 to 39 years, among whom it increased.11 Reasons for this 

discrepant trend remain unknown. One speculative explanation was 

that the eradication of H. pylori may have unmasked other possible 

carcinogenic processes. For example, a change in gastric microbial 

flora may increase the exposure to other carcinogenic agents such 

as the Epstein-Barr virus, and the effect may be more profound in 

younger patients.21,22 The widespread use of acid inhibitors may also 

play a role in initiating precancerous changes in gastric mucosa, 

although additional investigations are needed to verify this hypoth-

esis.11

The distinctive age-related features of gastric cancer likely re-

flect the underlying differences in the pathogenesis and molecular 

biology of gastric cancer.23-25 In young patients, the development of 

gastric cancer is more likely influenced by genetic predisposition. 

Not surprisingly, a high prevalence of positive family history has 

been observed in other studies among patients who were diagnosed 

with gastric cancer at a younger age.10 Therefore, clinicians should 

be more vigilant when a positive family history of gastric cancer 

exists in a young patient who presents with suspicious symptoms 

and signs, particularly in Hispanics (see discussion below).15 In 

contrast, gastric cancer in older individuals may be more strongly 

associated with long-term exposure to environmental factors such 

as H. pylori infection or dietary exposure to carcinogens. For ex-

ample, the intestinal histological type is more common in elderly 

subjects, which is known to develop through a cascade of events 

from chronic gastritis to intestinal metaplasia to adenocarcinoma.

Similar to other studies, we noted a higher female predomi-

nance among younger subjects and a lower prevalence among 

older subjects. Reasons for this discrepancy remain unknown but 

hormonal differences may play a role. Interestingly, a recent meta-

analysis26 found that longer years of fertility and hormone replace-

ment therapy were associated with a decreased cancer risk, sug-

gesting that longer exposure to estrogen with increasing age may 

actually be protective. 

We found that Hispanics were significantly younger at diagnosis 

compared with other racial groups. This difference has also been 

observed in other USA studies.20,27-29 A study using the National 

Cancer Database found that Hispanics were more likely to be 

younger (＜50 years) at diagnosis than Caucasians and African 

Americans.27 Similarly, a study examining survival rates of meta-

static gastric cancer using SEER registries found that 19% of His-

panic patients were diagnosed at ＜45 years compared to 5.5% of 

Caucasians.20 At the regional level, a study using patients from the 

Los Angeles County Cancer Surveillance Program also found that 

Hispanics were youngest at diagnosis and Caucasians were oldest 

at diagnosis.28 Another retrospective study of patients treated over 

a 15-year period at a single comprehensive cancer center in Texas 

found that Hispanics were significantly younger at diagnosis than 

non-Hispanics.29 It is likely that the higher incidence of H. pylori 

infection led to a higher rate of gastric cancer in young Hispanic 
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subjects. However, H. pylori infection is unlikely to be the sole 

cause, since African-Americans also have a higher prevalence of 

H. pylori infection but a later onset of gastric cancer.29,30 It remains 

possible that a difference in genetic predisposition exists between 

Hispanics and other racial groups. Other environmental factors, 

particularly dietary habits, may also be responsible and warrant 

further investigation.

Our study had several strengths. In contrast to large population-

based studies, we were able to obtain most variables from electronic 

medical records, databases, and registries, and when necessary 

perform individual chart reviews to obtain or validate subject-level 

data such as histological type, history of H. pylori infection, treat-

ment received, and comorbidities. In addition, all of our patients 

were insured and had relatively equal access to care, which allowed 

us to focus on specific variables that influence disease behaviors 

and outcomes in gastric cancer.

Our study had a few limitations. First, it did not include the 

uninsured population or patients who received health care in a fee-

for-service or non-integrated setting. The outcomes of patients 

with gastric cancer in these health care settings are likely different, 

particularly due to variability in access to care. Second, we were 

unable to obtain information on variables such as family history, 

smoking history, and environmental factors such as migration pat-

terns or dietary habits for all study subjects, which may be impor-

tant predictors for gastric cancer. Third, compared with those in 

large registry-based studies, our study population was small, which 

limits our capacity to detect more age-related differences in gastric 

cancer.

In conclusion, here we identified significant age-specific differ-

ences in the demographic features, clinicopathological features, and 

survival rates among subjects with noncardia gastric adenocarcino-

ma. We found that young subjects were more likely to have aggres-

sive disease, although their overall survival rates were non-inferior 

compared with subjects ≥70 years. Age at diagnosis was signifi-

cantly younger in Hispanics compared with other racial groups. 

Since gastric cancer survival remains poor, further investigations of 

the genetic, molecular, and environmental factors underlying these 

age-related differences will provide important new insights and 

ultimately improve patient survival.
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