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Abstract

Background: The survival outcomes of younger patients with gastric cancer (GC)
have remained controversial. This study explores the clinicopathological characteris-
tics, survival outcomes, and genetic alterations of younger and older patients with GC.
Methods: Patients with GC were identified from the China National Cancer
Center Gastric Cancer Database (NCCGCDB) during 1998-2018. Survival analy-
sis was conducted using Kaplan-Meier estimates and Cox proportional hazards
models. Sequencing datasets were enrolled from The Cancer Genome Atlas
(TCGA) and Memorial Sloan-Kettering Cancer Center (MSKCC) databases.
Results: A total of 1146 younger (<40 years of age) and 16,988 older (>40 years
of age) cases were included in the study. Younger patients had more poorly dif-
ferentiated lesions than older patients (53.7% vs. 33.8%, respectively; p < 0.0001),
and were more often pTNM stage IV (19.5% vs. 11.8%, respectively; p < 0.001).
The 5-year overall survival (OS) of patients from the NCCGCDB increased from
1998 to 2018. Younger patients with pTNM stage III had a lower survival rate
than older patients (p = 0.014), while no differences by age were observed at other
stages. The mutation frequency of the LRP1B, GNAS, APC, and KMT2D genes
was higher for older than younger patients (p < 0.05 for all genes). While not sig-
nificantly different, younger patients from the TCGA and MSKCC databases were
more likely to have CDH1, RHOA, and CTNNBI gene mutations.

Conclusions: A stable proportion and improved survival of younger patients
were reported using NCCGCDB data. Younger patients with pTNM stage III
had lower rates of survival than older patients. Distinct molecular characteristics
were identified in younger GC patients which may partly explain the histopathol-
ogy and prognosis specific to this subpopulation.
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1 | INTRODUCTION

Gastric cancer (GC) remains one of the most frequent
digestive cancers and is the fourth leading cause of all
cancer-related death worldwide." More than 40% of GC
cases and deaths occur in China, with an age-standardized
5-year survival rate of 35.1%.>* GC onset typically begins
in patients ages 50-70 years, with younger patients only
accounting for 2.0%-6.2% of cases.™® Although GC inci-
dence has declined in the general population, concern has
been raised about stable or increasing GC rates among
younger patients over the past few decades.””

GC in younger patients is associated with specific char-
acteristics including female predominance, poorly differ-
entiated lesions, and advanced-stage diagnosis.w'13 There
are conflicting results on the survival outcomes of younger
GC patients.'*'* While some studies report that they have
a longer survival time than older patients,'®"! some stud-
ies show no difference in survival,'>!* and others indicate
that younger adults with GC have lower survival rates.'*'
The increased incidence of GC in younger patients may be
the result of its distinct pathology, with particular genetic
alterations playing a critical role in disease progression
and prognosis among different age groups.'®!” However,
information about the mutation profiles of younger GC
patients is limited, and a comprehensive molecular pro-
file of this patient population is necessary to better under-
stand the molecular pathology of this disease.

This study sought to explore the clinicopathological
characteristics and survival outcomes of younger and
older patients in the China National Cancer Center Gastric
Cancer Database (NCCGCDB) over the past 20 years, and
create a reference for a larger population-based study in
China. Genetic alterations of younger patients were com-
prehensively investigated using the cBioPortal for Cancer
Genomics database, informing the development of preci-
sion treatment for this subpopulation.

2 | METHODS

2.1 | Data source and patient selection

The study population was described in detail in previ-
ous studies.’® In brief, all histologically confirmed in-
cident cases of GC diagnosed between 1998 and 2018

were identified from the NCCGCDB. The NCCGCDB is a
clinical gastric cancer database that was sourced from the
China National Cancer Center. As a single large-volume
cohort, the NCCGCDB includes more than 18,000 patients
from all regions of China that received a cancer diagnosis
in the past 20 years. Enrollment criteria included age be-
tween 18 and 85 years, residence in China, and no cancer
prior to GC diagnosis. All GC cases that met the inclusion
criteria were divided into a younger (<40 years of age) and
an older age group (>40 years of age). The age cutoff for
the younger group was created to remain consistent with
most prior studies.'* Clinical data abstracted from the
NCCGCDB included patient demographics, clinicopatho-
logical characteristics, and survival variables. GC stage was
assessed according to the eighth edition of the American
Joint Committee on Cancer (AJCC) TNM staging system.
The primary endpoints of the study were overall survival
(0OS) and progression-free survival (PFS). Based on the
time of histological diagnosis, changing trends of younger
and older GC patients with GC were investigated dur-
ing four consecutive time periods: 1998 to 2003 (period
1), 2003 to 2008 (period 2), 2008 to 2013 (period 3), and
2013 to 2018 (period 4). To further evaluate mutational
differences between younger and older patients with gas-
tric cancer, high-volume genetic resources were obtained
from the online cBioPortal for Cancer Genomics (http://
www.cbioportal.org/)."**! Eight gastric adenocarcinoma
datasets from the TCGA and MSKCC databases met the
inclusion criteria, and a total of 1098 GC cases with clear
clinical data and genetic mutation information using
next-generation sequencing (NGS) were included in the
comparative analysis.

2.2 | Statistical analysis

A bar chart was plotted to evaluate the variation in tumor
stage among younger and older patients from 1998 to
2018. Chi-square analysis was performed to compare
categorical variables between the two groups, while the
Student's t-test was used to evaluate continuous variables.
The Kaplan-Meier method was used to calculate OS and
PFS for the younger and older age groups, while the log-
rank test estimated the relevant survival discrepancy.
Associations between risk factors and OS were investi-
gated using univariate and multivariate Cox proportional
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hazard regression analysis, while the corresponding haz-
ard ratio (HR) and 95% CI were generated. Covariates in-
cluded in the final models were determined using stepwise
selection with a minimized Akaike information criterion
(AIC). The significance levels for adding and remov-
ing variables were 0.05 and 0.10, respectively. Statistical
significance was set at two-sided p values < 0.05, and all
analyses in the study were conducted using SAS software
v9.4 (SAS Institute, Inc.).

3 | RESULTS
3.1 | Demographic and
clinicopathological features

A total of 1146 (6.3%) younger cases and 16,988 (93.7%)
older cases from 1998 to 2018 were included in the study.
Of all GC patients, 2035 were diagnosed in period 1,
3859 in period 2, 6054 in period 3, and 6150 in period 4
(Table 1). There were significant differences in gender,
smoking, alcohol history, BMI, primary tumor location,
differentiation, and pTNM stage between the younger and
older groups (all p < 0.01). Distinct demographic dispari-
ties were found within the age groups of patients seen at
the China National Cancer Center. Younger patients were
predominantly female (50.1% vs. 21.6% for the older age
group; p < 0.0001). Conversely, the older age group had
a higher percentage of smokers (21.1% vs. 42.4% for the
younger age group; p < 0.0001), alcohol drinkers (20.9%
versus 34.5% for the younger age group; p < 0.0001), and
overweight/obesity (BMI > 23) (36.1% vs. 53.4% for the
younger age group; p < 0.0001).

GC tumors in younger patients were more often dis-
tally located (77.2% vs. 53.5% for the older age group;
p < 0.0001), Borrmann IV (8.4% vs. 5.8% for the older age
group; p < 0.05), poorly differentiated (53.7% vs. 33.8% for
the older age group; p < 0.0001), and pTNM stage IV (19.5%
vs. 11.8% for the older age group; p < 0.001). Older patients
more often had tumors with negative surgical margins
than younger patients, but this was not statistically signif-
icant during any time periods (all p > 0.05). Of patients in
periods 3 and 4, younger GC patients were more likely to
present with diffuse classification (p < 0.0001), and have
lymphatic and vascular invasion (p = 0.043, p = 0.0008,
p = 0.031, p = 0.0006, respectively). In periods 1, 3, and 4,
younger GC patients also demonstrated better acceptance
of multimodality treatment (32.5% vs. 24.2%, p = 0.014;
41.8% vs. 31.8%, p < 0.001; 43.8% vs. 35.3%, p = 0.0016, for
younger and older patients, respectively).

Changes in the clinicopathological features of younger
GC patients over the past 20 years were also investigated.
The median proportion of patients in the younger group
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was 6.2% (range 5.5%-8.2%). Linear regression showed no
change in the proportion of younger patients in periods 2 to
4 (p = 0.053). The proportion of HER2 scores of 0(—) and
1(+) increased from period 3 to period 4 (22.7% to 35.3% for
a HER2 score of 0(—) and 24.2% to 31.5% for a HER2 score
of 1(+)), while scores of 2(++) and 3(+++) decreased (6.8%
to 5.6% and 3.0% to 2.1%, respectively). The percentage of
pTNM tumor stages I and II in the younger group increased
gradually with time (from 10.2% in period 1 to 22.7% in pe-
riod 4 and from 6.0% in period 1 to 10.0% in period 4), while
GC in pTNM stages III and IV decreased (from 51.2% in
period 1 to 37.7% in period 4, and from 24.1% in period 1 to
15.9% in period 4, respectively) (Figure 1). The percentages
of younger patients undergoing surgery and those receiv-
ing multimodality treatment increased from periods 1 to 4
(1.8% to 16.2% and 32.5% to 42.8%, respectively). There was
a significant decline in positive surgical margins among
younger patients over the 20-year time period (from 6.6% in
period 1 to 2.1% in period 4).

3.2 | OS and PFS of younger patients
with GC

The changing trends of OS and PFS in younger and older
age groups are shown in Table 2 and Figure 2. A noticeable
rise in GC survival was demonstrated at the Cancer Center
over the 20-year time period. The 5-year OS in younger
and older group increased from 44.4% (95%CIL: 28.2%—
60.7%) to 86.0% (95%CI: 81.7%-90.4%) and from 40.4%
(95%CI: 36.0%-44.8%) to 86.3% (95%Cl: 85.2%-87.4%),
respectively. After stratifying by pTNM stage, the increase
in survival of younger cases was pronounced in stages III
and IV (from 31.3% in period 1 to 83.6% in period 4 and
from 0% in period 1 to 55.5% in period 4, respectively).
Moreover, the 5-year PFS of younger patients increased
from 17.1% (95% CI: 8.3%-26.0%) in period 1 to 65.5% (95%
CI: 58.4%-72.6%) in period 4, with an obvious dominance
of pTNM stage III (8.1%— 62%).

The Kaplan-Meier curves for OS in the younger and
older groups are shown in Figure 3. The analysis showed
that younger patients with stage III GC had a worse sur-
vival outcome (p = 0.0095) while those with stage I had a
better prognosis (p = 0.03). However, no significant differ-
ences were found by age for stages I and IV (p = 0.60 and
p = 0.37, respectively).

3.3 | Prognostic factors in univariate and
multivariate analyses

Univariate and multivariate analyses were performed
to investigate significant factors impacting survival
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outcomes in younger GC patients. GC survival was sig-
nificantly different based on the following parameters: the
period of diagnosis, drinking consumption, overweight/
obesity (BMI1>23, <27.4), weight loss >10%, H. pylori infec-
tion, distal tumor location, Borrmann IV, Linitis plastica,
poor differentiation, pTNM stage II, III, and IV, vascular
invasion, and surgical margin (all p < 0.05) (Table 3).
Among younger patients, prognosis factors only involved
diagnosis period 4 (p < 0.0001), distal tumor location
(p = 0.0007), Linitis plastica (p = 0.024), pTNM stage III
(p < 0.0001), pTNM stage IV (p < 0.0001), and surgical
margin (p = 0.011) (Table S1).

In the univariate analysis, older GC patients had bet-
ter survival outcomes than younger patients (HR = 0.80,
95% CI: 0.71-0.90, p = 0.0001). After stratification by
pTNM stage, younger patients had a better stage I prog-
nosis (p = 0.04) and a worse stage 111 prognosis (p < 0.01)
than older patients (Table S2). However, multivariate
analysis demonstrated that younger age was not an in-
dependent factor for poor survival outcomes (p = 0.20).
In subdivided pTNM stages, younger patients with stage
III tumors had worse survival outcomes (p = 0.014),
but there were no statistically significant differences by
age for stages I, II, and IV (p = 0.074, 0.59, and 0.76,
respectively).

3.4 | Genetic alterations of younger
patients with GC

A high-volume analysis of the relationship between ge-
netic alterations and age groups was performed using
TCGA and MSKCC data (Figure 4 and Figure S1). GC
tissues from older patients had more LRPIB (30% vs. 9%,
p <0.05), KMT2D (13% vs. 0%, p < 0.05), APC (13% vs. 2%,
p < 0.05), and GNAS mutations (11% vs. 1%, p < 0.05) than

[OpenAccess]

W Stage IV

FIGURE 1 Changing trends of the
proportion of younger and older groups by
period and pTNM tumor stage

m I
i B i lB
0.0%. ..

Younger Older groupOlder groupOlder groupOlder group
group in in period 1 in period 2 in period 3 in period 4

H Unknown

GC tissues from younger patients. While not significant,
younger patients had more CDHI (17% vs. 9%), RHOA (7%
vs. 5%), and CTNNBI mutations (9% vs. 6%) than older pa-
tients. Of the eight pooled gastric adenocarcinoma data-
sets, high-TMB was closely associated with older age at
diagnosis (p < 0.0001) (Figure S2).

4 | DISCUSSION

This study provides a comprehensive analysis of younger
GC patients at both the clinical and molecular levels. A
primary finding was the stable proportion and signifi-
cant survival rate of younger patients seen in the China
National Cancer Center from 1988 to 2018. Younger age
was an independent prognostic factor for poor survival of
pTNM stage III patients, while there were no differences
by age in the survival rates of patients with stages I, II,
or IV. The higher mutation frequency of LRPIB, KMT2D,
APC, and GNAS genes in older GC patients may partially
explain the age differences in histopathology and disease

prognosis.
This study 1is consistent with prior stud-
ies, 0121314152223 in dicating distinct clinical features

among younger patients, including a higher proportion of
females, poor tumor differentiation, and advanced tumor
stage at diagnosis. While the mechanism for female pre-
dominance among younger patients remains unclear,
some studies have suggested that hormonal factors may
play a role.*** In addition to H. pylori infection®® and
some genetic distinctions,”” non-specific symptoms and
a delay in diagnosis were other possible explanations
for the advanced-stage disease observed among younger
patients.?*%

The 5-year survival increased by 41.6% and 45.9%
among younger and older GC patients, respectively, which
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TABLE 2 The 5-year overall and progression-free survival rates by cancer stages (bidirectional cohort 1998-2018)

pTNM stage I,
%(95% CI)

pTNM stage II,
%(95% CI)

PTNM stage III,
%(95% CI)

pTNM stage

Survival analysis Total, %(95% Cl1) 1V, %(95% Cl)

Total
Overall survival
Total (n = 13,533)
Younger (n = 837)
Older (n = 12,696)
Progression-free survival
Total (n = 12,728)
Younger (n = 856)
Older (n = 11,872)
Period 1
Overall survival
Total (n = 511)
Younger (n = 36)

Older (n = 475)
Progression-free survival
Total (n = 794)
Younger (n = 70)
Older (n = 724)
Period 2
Overall survival
Total (n = 2801)
Younger (n = 178)

Older (n = 2623)
Progression-free survival
Total (n = 2561)
Younger (n = 176)
Older (n = 2385)
Period 3
Overall survival
Total (n = 5211)
Younger (n = 331)
Older (n = 4880)
Progression-free survival
Total (n = 4635)
Younger (n = 318)
Older (n = 4317)
Period 4
Overall survival
Total (n = 5010)
Younger (n = 292)

Older (n = 4718)

68.1 (67.2-68.9)
61.8 (58.2-65.4)
68.5 (67.6-69.4)

53.4 (52.4-54.3)
46.0 (42.4-49.6)
53.9 (53.0-54.9)

40.7 (36.4-45.0)
44.4 (28.2-60.7)

40.4 (36.0-44.8)

26.5(23.4-29.5)
17.1 (8.3-26.0)
27.4 (24.1-30.6)

60.7 (58.9-62.5)
56.7 (49.5-64.0)

60.9 (59.1-62.8)

47.3 (45.4-49.2)
46.0 (38.7-53.4)
47.4 (45.4-49.4)

63.8 (62.5-65.1)
52.9 (47.5-58.2)
64.6 (63.2-65.9)

50.1 (48.6-51.5)
39.6 (34.2-45.0)
50.9 (49.4-52.3)

86.3 (85.2-87.3)
86.0 (81.7-90.4)

86.3 (85.2-87.4)

96.6 (95.8-97.3)
99.5 (98.5-100.0)
96.3 (95.5-97.1)

90.4 (89.1-91.7)
95.6 (92.4-98.8)
89.9 (88.6-91.3)

94.0 (88.9-99.1)

100.0
(100.0-100.0)

93.3(87.7-99.0)

79.8 (71.9-87.7)
88.9 (68.3-100.0)
78.9 (70.5-87.3)

93.9(91.7-96.2)

100.0
(100.0-100.0)

93.4(90.9-95.8)

87.8 (84.5-91.0)
94.3 (86.6-100.0)
87.1 (83.6-90.6)

96.6 (95.5-97.7)
98.6 (95.7-100.0)
96.4 (95.3-97.6)

91.3 (89.4-93.2)
96.4 (91.6-100.0)
90.9 (88.9-92.9)

98.7 (98.0-99.4)

100.0
(100.0-100.0)

98.6(97.9-99.3)

85.1 (83.3-86.8)
80.6 (71.6-89.5)
85.3 (83.5-87.0)

75.4 (73.2-77.5)

63.1 (52.2-74.1)
76.0 (73.9-78.2)

78.3 (61.4-95.1)

100.0 (100.0-100.0)

75.0 (56.0-94.0)

42.4(25.6-59.3)
16.7 (0.0-46.5)
48.2(29.3-67.0)

77.2 (72.0-82.4)
66.7 (46.5-86.8)

78.2 (72.8-83.5)

67.9 (62.0-73.7)
52.2 (31.7-72.6)
69.5 (63.5-75.5)

83.3(80.8-85.7)
80.0 (66.8-93.2)
83.4(80.9-85.8)

74.4 (71.4-77.5)
71.9 (56.3-87.5)
74.5 (71.5-77.6)

94.1 (92.3-95.9)
96.9 (90.8-100.0)

94.0 (92.1-95.8)

61.8 (60.4-63.2)
55.1 (49.0-61.2)
62.3 (60.8-63.7)

46.8 (45.4-48.2)
36.3 (30.7-42.0)
47.5 (46.0-49.0)

32.4(26.9-37.8)
31.3 (8.5-54.0)

32.5 (26.8-38.1)

21.7 (17.9-25.4)
8.1 (0.0-16.9)
22.8 (18.8-26.8)

57.5 (54.9-60.1)
45.7 (34.0-5.74)

58.2 (55.5-60.8)

45.4 (42.7-48.0)
37.3 (26.4-48.3)
45.9 (43.1-48.6)

58.3 (56.2-60.5)
49.2 (40.2-58.1)
58.9 (56.7-61.1)

43.7 (41.4-45.9)
31.7 (23.5-39.9)
44.5 (42.2-46.9)

83.5 (81.5-85.5)
83.6 (75.8-91.4)

83.5 (81.4-85.6)

19.0 (16.3-21.8)
16.2 (8.4-24.0)
19.4 (16.5-22.4)

8.5 (6.6-10.4)
8.7 (3.6-13.8)
8.4 (6.3-10.4)

4.8 (0.0-10.2)
0.0 (0.0-0.0)

5.4 (0.0-11.3)

2.2(0.0-5.1)
0.0 (0.0-0.0)
2.4(0.0-5.7)

12.2 (8.0-16.3)
16.7 (3.3-30.0)

11.5(7.2-15.9)

9.8 (6.1-13.4)
16.1 (3.2-29.1)
8.9 (5.2-12.6)

9.4 (6.9-11.9)
6.7 (0.4-13.0)
9.8 (7.0-12.5)

4.3 (2.6-6.0)
5.9 (0.3-11.5)
4.1(2.4-5.9)

53.0 (47.0-59.0)
55.5(37.5-73.5)

52.8 (46.5-59.1)

(Continues)
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TABLE 2 (Continued)
pTNM stage I, pTNM stage II, PTNM stage III, pTNM stage
Survival analysis Total, %(95% C1) %(95% C1) %(95% Cl) %(95% CI) 1V, %(95% C1)
Progression-free survival
Total (n = 4738) 69.8 (67.9-71.7) 92.2 (89.4-94.9) 84.8 (81.9-87.7) 66.5 (63.3-69.6) 6.8 (0.3-13.4)
Younger (n = 292) 65.5(58.4-72.6) 95.3 (88.6-100.0) 80.3 (60.7-99.9) 62.0 (50.9-73.1) 0.0 (0.0-0.0)
Older (n = 4446) 70.1 (68.1-72.0) 91.9 (89.0-94.9) 85.0 (82.1-87.9) 66.8 (63.5-70.0) 7.7 (0.4-15.1)
(A) (B)
100 g 100
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FIGURE 2 Survival trends between younger and older groups during 20 years. (A) The 5-year overall survival. (B) The 5-year

progression-free survival

correlates with the increasing trends of pTNM stages I
and II diagnosis, surgery, and multimodality treatment.
In China, GC survival trends may be attributed to an im-
provement in the quality of clinical services, including
better access to primary healthcare, greater availability of
diagnostic facilities, and more effective treatment.* Since
2015, screening and early detection programs for GC have
expanded to 31 provinces in China.*® Fortunately, the GC
detection rate hasincreased steadily as a result of the large-
scale application of upper gastrointestinal endoscopy.™
Widespread decision making by multi-disciplinary teams
(MDT)* and the emergence of individual multimodal
therapies® have also helped to improve GC prognosis.
There is still disagreement about the survival outcomes
of younger patients. Some studies indicate that younger
patients have worse outcomes,'*!®> while others have
shown no age differences in survival rates.'>'* Findings
from the current study indicated that younger patients
with pTNM stage III had a worse prognosis than older
patients, while there was no age-specific difference in the
prognosis of patients with other GC stages. Thus, it is pos-
sible that differences in prognosis between the younger
and older groups are related to cancer stage distribution.
The higher proportion of younger patients receiving mul-
timodality treatment may reflect a better tolerance for GC,

while more advanced stage and aggressive tumors may
contribute to poorer survival outcomes in this subpopu-
lation.'* Reduced organ function and an increased risk of
comorbidities may also impact age-specific GC progno-
sis.** In addition, while the genomic profiles of younger
patients are not yet known, a strong association between
particular gene mutations and GC prognosis has been
shown in different age groups.'®"’

The present study showed differences in the preva-
lence of several gene mutations between younger and
older GC patients, indicating that there is a specific mu-
tational spectrum across age groups. A higher prevalence
of mutations in LRP1B, a unique low-density lipoprotein
receptor (LDLR) that binds and internalizes ligands, was
identified in older patients.*®> The function of LRPIB in
carcinogenesis remains controversial.*** Several studies
have indicated that LRP1B is a tumor suppressor and show
that impaired LRP1B expression promotes carcinoma cell
proliferation, migration, and invasion.””*® However, the
latest update from the Network of Cancer Genes (NCG 6.0)
listed LRPIB as a potentially false-positive tumor suppres-
sor.*® Zhou et al.* demonstrated that LRP1B was also a re-
currently mutated driver gene that is strongly associated
with the development of GC. Further analysis is required
to investigate the pathobiological property of LRP1Bin GC.
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FIGURE 3 Kaplan-Meier survival curves of gastric cancer patients between YG and OG. (A) Kaplan-Meier survival curves of patients

in pTNM stage I. (B) Kaplan-Meier survival curves of patients in pTNM stage II. (C) Kaplan-Meier survival curves of patients in pTNM

stage III. (D) Kaplan-Meier survival curves of patients in pTNM stage IV

Older patients in this study also had a higher likeli-
hood of GNAS mutations than younger patients. GNAS is
situated on chromosome 20q13.3 and encodes the alpha
subunit of the stimulatory G-protein.”* One study has
shown that GNAS mutations activate the Wnt and ERK1/2
MAPK pathways through the autonomous synthesis of cy-
clic adenosine monophosphate (CAMP) and promote in-
testinal tumorigenesis.* Additional studies have shown
that GNAS mutations occur frequently in gastric adeno-
carcinoma.**** Consistent with the current study, Esser
et al.*’ found that GNAS expression was more prevalent in
well- and moderately differentiated GC, which potentially
correlated with older age. While the underlying mecha-
nism remains unclear, GNAS mutations may affect the
progression of GC through activation of protein kinase A
(PKA), MAPK, and Wnt signaling.44

As shown previously,**® the current study found
that older patients had a higher prevalence of APC
mutations than younger patients. Long considered a
canonical tumor suppressor, APC can inhibit excessive
tumor cell proliferation by regulating Wnt signaling.*’

APC mutation was common in GC, particularly in well-
differentiated adenocarcinoma.*®** Zhan et al.*® pro-
posed that a strong synergy between APC alterations
and MEK inhibitors enhances the signaling output of
the Wnt cascades. Gerner et al.”* found that mutant
APC was associated with elevated nitric oxide synthase 2
and the dysregulation of polyamine metabolism. These
data suggest that APC mutations may contribute to GC
oncogenesis. In addition, a recent study demonstrated
a significant association between high APC expression
and poor GC prognosis.>® This could be the result of
disrupted Wnt cascades, metabolic dysregulation, or an-
other unknown mechanism.

KMT2D was among the most frequently mutated genes
in different types of cancer, including GC.**>® By encoding
histone methyltransferase, KMT2D is critically involved
in the epigenetic and transcriptional regulation of cer-
tain tumor-associated genes.” Lv et al.>® suggested that
KMT2D may induce prostate carcinogenesis and metasta-
sis by activating LIFR and KLF4. Xiong et al.*® later con-
firmed that KMT2D might play a role in cell proliferation
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TABLE 3 Univariate and multivariate survival analysis of predictors associated with overall survival of patients with gastric cancer

(bidirectional cohort 1998-2018)

Prognostic factors

Period of diagnosis
Period 1 (1998-2003)
Period 2 (2004-2008)
Period 3 (2009-2013)
Period 4 (2014-2018)

Gender
Male
Female

Smoking history
No
Yes
Unknown

Drinking history
No
Yes
Unknown

BMI (kg/m?) at diagnosis
<18.5
18.5-22.9
23-27.4
227.5
Unknown

Weight loss
None
<10%
>10%

Unknown

H. pylori infection
Negative
Positive
Unknown

Primary tumor location
Proximal
Distal
Overlapping lesions
Unknown

Lauren classification
Intestinal
Diffuse
Mixed
Unknown

Borrmann classification

Univariate analysis

Hazard ratio

1.00
0.54
0.42
0.18

1.00
1.06

1.00
0.90
1.06

1.00
0.88
1.06

1.17
1.00
0.80
0.75
1.51

1.00
1.38
2.14
1.82

1.00
1.64
3.09

1.00
0.87
1.56
1.20

1.00
1.83
1.36
3.75

95% CI

0.48-0.61
0.42-0.53
0.16-0.21

0.99-1.14

0.84-0.96
0.89-1.25

0.82-0.94
0.89-1.25

1.04-1.32

0.74-0.85
0.68-0.83
1.31-1.74

1.28-1.48
1.95-2.35
1.67-1.99

1.32-2.05
2.62-3.66

0.81-0.92
1.36-1.78
1.02-1.40

1.58-2.12
1.14-1.61
3.33-4.23

p Value

<0.0001
<0.0001
<0.0001

0.091

0.0009
0.54

0.0001
0.52

0.0080

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001

<0.0001
<0.0001
0.026

<0.0001
0.0005
<0.0001

Multivariate analysis

Hazard ratio

1.00
0.55
0.60
0.24

1.00
0.93
0.86

1.05
1.00
0.93
0.94
1.14

1.00
1.05
1.22
1.07

1.00
1.29
1.54

1.00
0.93
1.10
0.65

1.00
1.17
0.97
1.09

95% CI

0.49-0.62
0.53-0.69
0.20-0.28

0.87-1.00
0.70-1.07

0.93-1.19

0.86-1.00
0.85-1.05
0.96-1.35

0.97-1.13
1.11-1.35
0.97-1.19

1.03-1.61
1.30-1.83

0.87-1.00
0.96-1.27
0.53-0.80

0.99-1.38
0.81-1.15
0.93-1.27

p Value

<0.0001
<0.0001
<0.0001

0.045
0.18

0.42

0.036
0.25
0.14

0.22
<0.0001
0.16

0.024
<0.0001

0.038
0.18
<0.0001

0.069
0.70
0.30
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TABLE 3 (Continued)

Univariate analysis Multivariate analysis
Prognostic factors Hazard ratio 95% CI p Value Hazard ratio 95% CI p Value
Borrmann I 1.00 1.00
Borrmann II 0.94 0.83-1.07 0.37 0.90 0.79-1.02 0.089
Borrmann IIT 1.17 1.03-1.33 0.019 0.97 0.85-1.11 0.68
Borrmann IV 2.48 2.13-2.88 <0.0001 1.40 1.19-1.65 <0.0001
Mixed 0.42 0.25-0.70 0.0009 0.97 0.57-1.63 0.90
Unknown 2.50 2.21-2.84 <0.0001 1.06 0.93-1.21 0.42
Linitis plastica
No 1.00 1.00
Yes 2.33 1.84-2.94 <0.0001 1.29 1.01-1.64 0.044
Unknown 1.51 1.33-1.71 <0.0001 0.85 0.72-0.99 0.042
Differentiation
Well 1.00 1.00
Moderate 3.10 2.03-4.74 <0.0001 1.45 0.94-2.22 0.090
Poor 4.48 2.94-6.83 <0.0001 1.56 1.02-2.40 0.041
Undifferentiated 0.001 0.001-999.999 0.91 0.000 0.000-999.999 0.90
Unknown 9.73 6.39-14.81 <0.0001 1.59 1.02-2.48 0.042
HER?2 score
0(-) 1.00 1.00
1(+) 0.84 0.74-0.96 0.0082 0.96 0.85-1.09 0.54
2(++) 0.71 0.59-0.84 0.0001 0.90 0.75-1.08 0.27
3(+++4) 1.05 0.85-1.29 0.68 1.08 0.87-1.33 0.51
Unknown 241 2.20-2.64 <0.0001 1.21 1.06-1.37 0.0042
Pathologic T-stage
TO + Tis 2.67 1.17-6.08 0.020 1.38 0.19-10.14 0.75
T1 1.00 1.00
T2 2.72 2.10-3.51 <0.0001 1.44 1.07-1.95 0.017
T3 7.01 5.70-8.62 <0.0001 2.10 1.51-2.92 <0.0001
T4 11.29 9.24-13.80 <0.0001 2.55 1.82-3.57 <0.0001
X 19.07 15.58-23.33 <0.0001 2.50 1.72-3.62 <0.0001
Pathologic N-stage
NO 1.00 1.00
N1 2.28 1.98-2.63 <0.0001 1.27 1.09-1.49 0.0020
N2 3.52 3.09-4.00 <0.0001 1.74 1.48-2.04 <0.0001
N3 6.85 6.11-7.67 <0.0001 2.82 2.41-3.29 <0.0001
NX 8.72 7.79-9.75 <0.0001 1.74 1.35-2.26 <0.0001
Pathologic M-stage
MO 1.00
M1 5.76 5.34-6.22 <0.0001
MX 1.98 1.78-2.20 <0.0001
pTNM stage
0 2.53 1.04-6.19 0.042 1.76 0.20-15.49 0.61
I 1.00 1.00
II 3.70 2.99-4.57 <0.0001 1.69 1.23-2.32 0.0012

(Continues)
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TABLE 3 (Continued)
Univariate analysis Multivariate analysis
Prognostic factors Hazard ratio 95% CI p Value Hazard ratio 95% CI p Value
I1I 10.42 8.66-12.54 <0.0001 1.85 1.29-2.66 0.0009
v 39.04 32.23-47.29 <0.0001 5.04 3.42-7.42 <0.0001
Unknown 13.19 10.88-15.99 <0.0001 1.80 1.21-2.68 0.0036
Lymphatic invasion
No 1.00
Yes 1.76 1.62-1.92 <0.0001
Unknown 3.73 3.47-4.00 <0.0001
Vascular invasion
No 1.00 1.00
Yes 1.77 1.63-1.92 <0.0001 1.17 1.07-1.28 0.0006
Unknown 3.74 3.48-4.01 <0.0001 1.17 1.00-1.38 0.054
Nerve invasion
No 1.00
Yes 1.06 0.96-1.16 0.23
Unknown 3.15 2.95-3.37 <0.0001
Therapeutic regimen
Surgery only 1.00 1.00
Multimodality treatment 3.73 3.04-4.58 <0.0001 1.09 0.88-1.34 0.44
Unknown 5.67 4.64-6.93 <0.0001 1.28 1.04-1.57 0.022
Surgical margin
Negative 1.00 1.00
Positive 2.47 2.08-2.94 <0.0001 1.24 1.04-1.48 0.015
Unknown 3.10 2.91-3.30 <0.0001 1.28 1.10-1.50 0.0020
Age group
Younger group (<40 years) 1.00 1.00
Older group (=40 years) 0.80 0.71-0.90 0.0001 0.92 0.82-1.04 0.20

Note: The final model was built using stepwise selection with minimized AIC, and the covariates included in the final models were selected using the stepwise
selection method, with a significance level for adding variables of 0.05 and a significance level for removing variables of 0.10.

and apoptosis during GC by down-regulating PTEN and
up-regulating LIFR and KLF4. However, recent studies
have also found that KMT2D can inhibit the development
of medulloblastoma,”’ lung tumors,”® and lymphoma,59
by activating particular pro-apoptotic genes or repressing
genes related to cell growth and survival. These results
suggest that KMT2D may have distinct functions and bio-
logical effects in different types of cancer. Several studies
have also indicated that KMT2D mutations were substan-
tially higher in older patients than younger patients,’®' a
finding also shown in the current study. More research is
necessary to elucidate the underlying function of KMT2D
in GC patients of different ages.

This study has several strengths. First, clinicopatho-
logical characteristics and survival trends of younger GC
patients diagnosed from 1998 to 2018 were comprehen-
sively described using NCCGCDB data and might serve as
a reference for a large population-based study in China.
Second, this study is the first to show distinct mutations
to particular genes, including LRP1B, GNAS, APC, and
KMT2D, among younger and older patients, which may
in part explain age-specific differences in GC progres-
sion and survival at the molecular level. A major limita-
tion of this study was the insufficient sequencing sample
size, particularly for pTNM subtype analysis. As a result,
the possibility might not be ruled out for some of the
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FIGURE 4 Comparison of mutation frequencies between younger and older groups from the TCGA and MSKCC databases

significant findings. In addition, there are likely to be re-
gional and racial disparities among younger patients from
China and western counties that could affect the clinico-
pathological and molecular properties of GC. Thus, some
findings from the TCGA and MSKCC databases may not
be strongly generalizable to China, and the high-volume
sequencing analysis using data from younger Chinese GC
patients may require further evaluation. Finally, some
variables, including tumor markers, neoadjuvant therapy,
and adjuvant therapy, will need to be compared between
younger and older patients.

In summary, this study found a stable proportion of
young GC patients in the China National Cancer Center
database and showed a significant improvement in
their survival rate from 1998 to 2018. Multivariate anal-
ysis suggested that younger patients with pTNM stage
III had poorer survival outcomes than older patients,
while there were no age-specific differences in survival
for patients with other tumor stages. Distinct genetic
alterations were further identified in younger patients,
thus improving the option for precise and personalized
treatment for this subpopulation. Additional large-scale
studies are warranted to investigate other molecular
characteristics and related mechanisms among younger
GC patients.

ACKNOWLEDGMENTS
This work was supported in part by the National Key R&D
Program of China (No. 2017YFC0908300).

CONFLICT OF INTEREST

All authors have completed the ICMJE uniform disclo-
sure form (available at http://dx.doi.org/10.21037/atm-
20-2554a). The authors have no conflict of interest to
declare.

AUTHORS' CONTRIBUTIONS

Yingtai Chen and Dongbing Zhao were involved in con-
ception and design. Dongbing Zhao, Yingtai Chen, and
Yawei Zhang were involved in administrative support.
Penghui Niu, Huang Huang, and Lulu Zhao were in-
volved in provision of study materials or patients Tongbo
Wang, Xiaojie Zhang, and Wanqing Wang were involved
in collection and assembly of data. Lulu Zhao, Penghui
Niu, and Chunguang Guo were involved in data analysis
and interpretation. All authors were involved in manu-
script writing and final approval of manuscript.

ETHICAL STATEMENT

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved. This study was approved by the ethics commit-
tee of National Cancer Center/National Clinical Research
Center for Cancer/Cancer Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College (No.
17-156/1412).

DATA AVAILABILITY STATEMENT
All data generated during this study are included in this
published article and its supplementary files.

ORCID

Lulu Zhao ‘© https://orcid.org/0000-0001-8344-0498
Tongbo Wang ‘© https://orcid.org/0000-0003-2113-3681
Yawei Zhang (@ https://orcid.org/0000-0002-9762-7752
Yingtai Chen © https://orcid.org/0000-0002-4342-4335

REFERENCES

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality


https://orcid.org/0000-0001-8344-0498
https://orcid.org/0000-0001-8344-0498
https://orcid.org/0000-0003-2113-3681
https://orcid.org/0000-0003-2113-3681
https://orcid.org/0000-0002-9762-7752
https://orcid.org/0000-0002-9762-7752
https://orcid.org/0000-0002-4342-4335
https://orcid.org/0000-0002-4342-4335

3072 .
—I—Wl LEY_Cancer Medicine _

10.
11.

12.

13.
14.

15.

16.

17.

18.

NIU ET AL.

worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-249.

Chen W, Zheng R, Baade PD, et al. Cancer statistics in China,
2015. CA Cancer J Clin. 2016;66(2):115-132.

ZengH,ZhengR, GuoY, etal. Cancer survivalin China, 2003-2005:
a population-based study. Int J Cancer. 2015;136(8):1921-1930.
Zeng H, Chen W, Zheng R, et al. Changing cancer survival
in China during 2003-15: a pooled analysis of 17 population-
based cancer registries. Lancet Glob Health. 2018;6(5):€555
-e567.

Camargo MC, Anderson WF, King JB, et al. Divergent trends
for gastric cancer incidence by anatomical subsite in US adults.
Gut. 2011;60(12):1644-1649.

Kulig J, Popiela T, Kolodziejczyk P, et al. Clinicopathological
profile and long-term outcome in young adults with gastric
cancer: multicenter evaluation of 214 patients. Langenbecks
Arch Surg. 2008;393(1):37-43.

Yin J, Song JN, Bai ZG, et al. Gastric cancer mortality trends
in China (2006-2013) reveal increasing mortality in young sub-
jects. Anticancer Res. 2017;37(8):4671-4679.

Islami F, DeSantis CE, Jemal A. Incidence trends of esopha-
geal and gastric cancer subtypes by race, ethnicity, and age
in the United States, 1997-2014. Clin Gastroenterol Hepatol.
2019;17(3):429-439.

Anderson WF, Camargo MC, Fraumeni JF Jr, et al. Age-specific
trends in incidence of noncardia gastric cancer in US adults.
JAMA. 2010;303(17):1723-1728.

Zhou F, Shi J, Fang C, Zou X, Huang Q. Gastric carcinomas
in young (younger than 40 years) Chinese patients: clinicopa-
thology, family history, and postresection survival. Medicine
(Baltimore). 2016;95(9).€2873.

Bautista MC, Jiang SF, Armstrong MA, Postlethwaite D, Li
D. Impact of age on clinicopathological features and survival
of patients with noncardia gastric adenocarcinoma. J Gastric
Cancer. 2014;14(4):238-245.

Liu S, Feng F, Xu G, et al. Clinicopathological features and
prognosis of gastric cancer in young patients. BMC Cancer.
2016;16:478.

Tekesin K, Emin Gunes M, Tural D, et al. Clinicopathological
characteristics, prognosis and survival outcome of gastric
cancer in young patients: a large cohort retrospective study. J
BUON. 2019;24(2):672-678.

Tavares A, Gandra A, Viveiros F, Cidade C, Maciel J. Analysis
of clinicopathologic characteristics and prognosis of gas-
tric cancer in young and older patients. Pathol Oncol Res.
2013;19(1):111-117.

Saito H, Takaya S, Fukumoto Y, Osaki T, Tatebe S, Ikeguchi M.
Clinicopathologic characteristics and prognosis of gastric can-
cer in young patients. Yonago Acta Med. 2012;55(3):57-61.

Wu CW, Chen MH, Huang KH, et al. The clinicopathologi-
cal characteristics and genetic alterations between younger
and older gastric cancer patients with curative surgery. Aging
(Albany NY). 2020;12(18):18137-18150.

Seo JY, Jin EH, Jo HJ, et al. Clinicopathologic and molecular
features associated with patient age in gastric cancer. World J
Gastroenterol. 2015;21(22):6905-6913.

Zhao L, Huang H, Zhao D, et al. Clinicopathological charac-
teristics and prognosis of proximal and distal gastric cancer
during 1997-2017 in China National Cancer Center. J Oncol.
2019;2019:9784039-9784013.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Zhao LL, Huang H, Wang Y, et al. Lifestyle factors and
long-term survival of gastric cancer patients: a large bidi-
rectional cohort study from China. World J Gastroenterol.
2020;26(14):1613-1627.

Smith AW, Bellizzi KM, Keegan TH, et al. Health-related
quality of life of adolescent and young adult patients with
cancer in the United States: the adolescent and young adult
health outcomes and patient experience study. J Clin Oncol.
2013;31(17):2136-2145.

GaoJ, Aksoy BA, Dogrusoz U, et al. Integrative analysis of com-
plex cancer genomics and clinical profiles using the cBioPortal.
Sci Signal. 2013;6(269):pl1.

Song M, Kang D, Yang JJ, et al. Age and sex interactions in
gastric cancer incidence and mortality trends in Korea. Gastric
Cancer. 2015;18(3):580-589.

Dhobi MA, Wani KA, Parray FQ, et al. Gastric cancer in young
patients. Int J Surg Oncol 2013;2013:981654

Di Domenico M, Castoria G, Bilancio A, et al. Estradiol acti-
vation of human colon carcinoma-derived Caco-2 cell growth.
Cancer Res. 1996;56(19):4516-4521.

Wang Z, Butler LM, Wu AH, et al. Reproductive factors, hor-
mone use and gastric cancer risk: the Singapore Chinese health
study. Int J Cancer. 2016;138(12):2837-2845.

Hirahashi M, Yao T, Matsumoto T, et al. Intramucosal gastric
adenocarcinoma of poorly differentiated type in the young is
characterized by Helicobacter pylori infection and antral lym-
phoid hyperplasia. Mod Pathol. 2007;20(1):29-34.

Gurzu S, Kadar Z, Sugimura H, et al. Gastric cancer in young vs
old Romanian patients: immunoprofile with emphasis on maspin
and mena protein reactivity. APMIS. 2015;123(3):223-233.

Koea JB, Karpeh MS, Brennan MF. Gastric cancer in young
patients: demographic, clinicopathological, and prognostic fac-
tors in 92 patients. Ann Surg Oncol. 2000;7(5):346-351.

Chung HW, Noh SH, Lim JB. Analysis of demographic char-
acteristics in 3242 young age gastric cancer patients in Korea.
World J Gastroenterol. 2010;16(2):256-263.

Zou XN. Epidemic trend, screening, and early detection and
treatment of cancer in Chinese population. Cancer Biol Med.
2017;14(1):50-59.

LiuK, Yang K, Zhang W, et al. Changes of esophagogastric junc-
tional adenocarcinoma and gastroesophageal reflux disease
among surgical patients during 1988-2012: a single-institution,
high-volume experience in China. Ann Surg. 2016;263(1):88-95.
Blazeby JM, Wilson L, Metcalfe C, Nicklin J, English R,
Donovan JL. Analysis of clinical decision-making in multi-
disciplinary cancer teams. Ann Oncol. 2006;17(3):457-460.
Giampieri R, Del Prete M, Cantini L, et al. Optimal man-
agement of resected gastric cancer. Cancer Manag Res.
2018;10:1605-1618.

Joharatnam-Hogan N, Shiu KK, Khan K. Challenges in the
treatment of gastric cancer in the older patient. Cancer Treat
Rev. 2020;85:101980.

Go GW, Mani A. Low-density lipoprotein receptor (LDLR)
family orchestrates cholesterol homeostasis. Yale J Biol Med.
2012:85(1):19-28.

Yasufuku I, Saigo C, Kito Y, Yoshida K, Takeuchi T. Prognostic
significance of LDL receptor-related protein 1B in patients with
gastric cancer. J Mol Histol. 2021;52(2):165-172.



NIU ET AL.

.. 3073
Cancer Medicine ___-WI LEYJ—

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Wang Z, Sun P, Gao C, et al. Down-regulation of LRP1B in colon
cancer promoted the growth and migration of cancer cells. Exp
Cell Res. 2017;357(1):1-8.

Repana D, Nulsen J, Dressler L, et al. The network of cancer
genes (NCG): a comprehensive catalogue of known and can-
didate cancer genes from cancer sequencing screens. Genome
Biol. 2019;20(1):1.

Zhou J, Zhao W, Wu J, et al. Neoantigens derived from recur-
rently mutated genes as potential immunotherapy targets for
gastric cancer. Biomed Res Int. 2019;2019:8103142-8103111.
Esser D, Holze N, Haag J, et al. Interpreting whole genome and
exome sequencing data of individual gastric cancer samples.
BMC Genomics. 2017;18(1):517.

Wilson CH, McIntyre RE, Arends MJ, et al. The activating mu-
tation R201C in GNAS promotes intestinal tumourigenesis
in Apc(min/+) mice through activation of Wnt and ERK1/2
MAPK pathways. Oncogene. 2010;29(32):4567-4575.

Nomura R, Saito T, Mitomi H, et al. GNAS mutation as an alter-
native mechanism of activation of the Wnt/p-catenin signaling
pathway in gastric adenocarcinoma of the fundic gland type.
Hum Pathol. 2014;45(12):2488-2496.

Matsubara A, Sekine S, Kushima R, et al. Frequent GNAS and
KRAS mutations in pyloric gland adenoma of the stomach and
duodenum. J Pathol. 2013;229(4):579-587.

Alakus H, Babicky ML, Ghosh P, et al. Genome-wide muta-
tional landscape of mucinous carcinomatosis peritonei of ap-
pendiceal origin. Genome Med. 2014;6(5):43.

Wang F, Cheng H, Zhang X, et al. Comparative genomic signa-
tures in young and old Chinese patients with colorectal cancer.
Cancer Med. 2021;10(13):4375-4386.

Lieu CH, Golemis EA, Serebriiskii IG, et al. Comprehensive
genomic landscapes in early and later onset colorectal cancer.
Clin Cancer Res. 2019;25(19):5852-5858.

Ghatak S, Chakraborty P, Sarkar SR, Chowdhury B, Bhaumik
A, Kumar NS. Novel APC gene mutations associated with pro-
tein alteration in diffuse type gastric cancer. BMC Med Genet.
2017;18(1):61.

Nakatsuru S, Yanagisawa A, Ichii S, et al. Somatic mutation of
the APC gene in gastric cancer: frequent mutations in very well
differentiated adenocarcinoma and signet-ring cell carcinoma.
Hum Mol Genet. 1992;1(8):559-563.

Sano T, Tsujino T, Yoshida K, et al. Frequent loss of heterozy-
gosity on chromosomes 1q, 5q, and 17p in human gastric carci-
nomas. Cancer Res. 1991;51(11):2926-2931.

Zhan T, Ambrosi G, Wandmacher AM, et al. MEK inhibitors
activate Wnt signalling and induce stem cell plasticity in col-
orectal cancer. Nat Commun. 2019;10(1):2197.

Gerner EW, Bruckheimer E, Cohen A. Cancer pharmacopre-
vention: targeting polyamine metabolism to manage risk fac-
tors for colon cancer. J Biol Chem. 2018;293(48):18770-18778.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Du WB, Lin CH, Chen WB. High expression of APC is an un-
favorable prognostic biomarker in T4 gastric cancer patients.
World J Gastroenterol. 2019;25(31):4452-4467.

Hanna CW, Taudt A, HuangJ, et al. MLL2 conveys transcription-
independent H3K4 trimethylation in oocytes. Nat Struct Mol
Biol. 2018;25(1):73-82.

Toska E, Osmanbeyoglu HU, Castel P, et al. PI3K pathway reg-
ulates ER-dependent transcription in breast cancer through the
epigenetic regulator KMT2D. Science. 2017;355(6331):1324-1330.
LvS,Ji L, Chen B, et al. Histone methyltransferase KMT2D sus-
tains prostate carcinogenesis and metastasis via epigenetically
activating LIFR and KLF4. Oncogene. 2018;37(10):1354-1368.
Xiong W, Deng Z, Tang Y, Deng Z, Li M. Downregulation of
KMT2D suppresses proliferation and induces apoptosis of gas-
tric cancer. Biochem Biophys Res Commun. 2018;504(1):129-136.
Dhar SS, Zhao D, Lin T, et al. MLL4 is required to maintain
broad H3K4me3 peaks and super-enhancers at tumor suppres-
sor genes. Mol Cell. 2018;70(5):825-841.¢6.

Alam H, Tang M, Maitituoheti M, et al. KMT2D deficiency
impairs super-enhancers to confer a glycolytic vulnerability in
lung cancer. Cancer Cell. 2020;37(4):599-617.€7.

Ortega-Molina A, Boss IW, Canela A, et al. The histone lysine
methyltransferase KMT2D sustains a gene expression pro-
gram that represses B cell lymphoma development. Nat Med.
2015;21(10):1199-1208.

Ramis-Zaldivar JE, Gonzalez-Farré B, Balagué O, et al. Distinct
molecular profile of IRF4-rearranged large B-cell lymphoma.
Blood. 2020;135(4):274-286.

Ma D, Jiang YZ, Xiao Y, et al. Integrated molecular profiling of
young and elderly patients with triple-negative breast cancer
indicates different biological bases and clinical management
strategies. Cancer. 2020;126(14):3209-3218.

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Niu P, Huang H, Zhao L,
et al. Clinicopathological characteristics, survival
outcomes, and genetic alterations of younger patients

with gastric cancer: Results from the China National

Cancer Center and cBioPortal datasets. Cancer Med.
2022;11:3057-3073. doi: 10.1002/cam4.4669



https://doi.org/10.1002/cam4.4669

	Clinicopathological characteristics, survival outcomes, and genetic alterations of younger patients with gastric cancer: Results from the China National Cancer Center and cBioPortal datasets
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Data source and patient selection
	2.2|Statistical analysis

	3|RESULTS
	3.1|Demographic and clinicopathological features
	3.2|OS and PFS of younger patients with GC
	3.3|Prognostic factors in univariate and multivariate analyses
	3.4|Genetic alterations of younger patients with GC

	4|DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHORS' CONTRIBUTIONS
	ETHICAL STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


