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Purpose: To establish a pragmatic prognostic nomogram for predicting the survival of
elderly patients undergoing gastrectomy for gastric adenocarcinoma.

Patients and Methods: Data of elderly patients undergoing gastrectomy for gastric adeno-
carcinoma between 2004 and 2015 were obtained from the Surveillance, Epidemiology, and
End Results database. Prognostic factors were identified by the Kaplan-Meier method and the
Cox proportional hazards model. Based on these factors, we developed a nomogram to predict
the overall survival (OS) and gastric cancer-specific survival (GCSS). Concordance index (C-
index) and calibration curve are employed to assess the predictive accuracy of the model.
Decision curve analysis (DCA) and receiver operating characteristic curve (ROC) analysis are
applied to further appraise the clinical utility of the model.

Results: A total of 8401 cases were incorporated into this research. After univariate
and multivariate analyses, nine prognostic factors of OS were identified, including age
(P < 0.001), race (P < 0.001), marital status (P < 0.001), tumor site (P < 0.001), tumor
size (P = 0.024), differentiation (P < 0.001), T stage (P < 0.001), N stage (P < 0.001), and M
stage (P < 0.001); ten prognostic factors of GCSS were identified, including age (P < 0.001),
race (P < 0.001), tumor site (P < 0.001), tumor size (P = 0.002), differentiation (P < 0.001), T
stage (P < 0.001), N stage (P < 0.001), M stage (P < 0.001), radiotherapy (P < 0.001) and
chemotherapy (P < 0.001). The C-index of the constructed nomogram for OS was 0.708
(95% CI: 0.701-0.715) while for GCSS was 0.745 (95% CI: 0.737-0.753). The calibration
curves of the nomogram predictions and actual observations displayed good agreement for
the 3- and 5-year OS and GCSS probabilities. The results of DCA and the area under the
curve calculated by ROC analysis showed that the developed model was superior than TNM
stage.

Conclusion: The nomogram we established could accurately predict the prognosis of
individual elderly patients who underwent gastrectomy for gastric adenocarcinoma.
Keywords: gastric adenocarcinoma, elderly, gastrectomy, survival, nomogram

Introduction

Gastric cancer is a malignant neoplasm occurring in the gastric mucosal epithelium,
and its morbidity and mortality are at the forefront of malignant tumors. The latest
epidemiological data demonstrate that the mortality of gastric cancer ranks fourth
and the incidence ranks fifth among malignant tumors in the world.' The incidence
and mortality rate for gastric cancer are particularly high in East Asia regions
containing China, Japan, Korea and Mongolia, but low in North America,
Northern Europe and Africa.' Owing to a large population in China, more than
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478,508 new gastric cancer cases and 373,789 cancer-
related deaths occur every year.” Approximately 26,259
people are diagnosed with gastric cancer, and approxi-
mately 11,413 will die from it in the United States each
year.?

Even though the prevalence of gastric cancer has been
steadily declined because of the promotion of Helicobacter
pylori (H. pylori) detection and eradication and the popu-
larity of refrigerators, the incidence rate of gastric cancer
climbs with age, especially among elderly people.*® With
the extension of people’s average life expectancy and the
aging of the global population, the absolute number of
elderly gastric cancer patients is increasing annually.’
Gastrectomy and standard lymphadenectomy are still the
most effective treatment methods for gastric cancer.
However, the efficacy of gastrectomy for elderly gastric
cancer patients is not very clear at present, and few reports
have investigated the long-term prognosis of elderly
patients underwent gastrectomy.® ' Therefore, it is neces-
sary to conduct a comprehensive investigation and in-
depth analysis of the prognosis of these patients, which
is helpful for treatment selection and the improvement of
efficacy.

A nomogram can intuitively and accurately
display the complex long-term prognosis prediction for-
mula with multiple variables and could be utilized to
calculate the individual survival probability of cancerous
person.'' Hence, nomograms have great value in clinical
practice and have gradually received increasing attention
from doctors and patients. Our goals were to investigate
the long-term survival of elderly gastric cancer patients
after gastrectomy through large-sample data derived
from national Surveillance, Epidemiology, and End
Results (SEER) database and to screen out the prognos-
tic factors affecting survival. Based on our findings, we
established a practical nomogram prognostic prediction
model to individually predict the survival of elderly
gastric cancer cases and to provide a reference for

clinical treatment decision-making.

Materials and Methods

Source

Our research data came from the National Cancer Institute
SEER database. This database involves 18 registered agen-
cies covering about one third of the US population. It
gathers data on the prevalence and mortality of cancer,
including tumor characteristics, treatment and population-

based variables.'? Because the SEER database is available
for the public and provides anonymous patient informa-
tion, the approved consent was exempt from local ethics
committee.

Study Population

We extracted data from 2004 to 2015 through SEER*Stat
software. The eligibility criteria were as follows: patients
aged 65 years or older; patients only suffered from gastric
cancer or had two or more primary cancers but gastric
cancer was the first; underwent gastrectomy; pathologi-
cally diagnosed with gastric adenocarcinoma; and com-
The
exclusion criteria included the following: patients younger

plete clinicopathological and follow-up data.
than 65 years; patients not only suffered from gastric
cancer or gastric cancer was not the first of 2 or more
primary cancers; the pathological diagnosis was non-ade-
nocarcinoma (including squamous cell carcinoma, adenos-
quamous carcinoma, neuroendocrine carcinoma and so
on); patients did not undergo surgery or only underwent
local excision (including endoscopic mucosal resection,
endoscopic submucosal dissection and so on); and patients
without complete information on marital status, race,
tumor site, tumor size, differentiation, TNM stage, surgical
type, survival state, death reason and those with follow-up
<1 month.

Informations obtained from SEER database included
the demographics of the patients (sex, age, race, marital
status), clinicopathological characteristics of cancer (tumor
size, tumor site, differentiation, TNM stage, radiotherapy
and chemotherapy status) and survival data (survival
months, survival status, death reason). Age was partitioned
into three groups: 65-74, 75-84, and > 85, which repre-
senting young-old, old-old, and oldest-old."* Race was
categorized into three groups: black, white, and others
(Asian Americans, Pacific Islanders, Alaska native,
American Indian, and so on). Marital status was divided
into three groups: married, divorced, and others (single,
unmarried, widowed, or domestic partner). The primary
tumor site was classified into the following groups: cardia,
gastric fundus, gastric body, antrum, pylorus, gastric lesser
and greater curvatures, and overlapping lesion. Tumor size
was classified as three groups: <2 cm, 2-5 cm, and > 5 cm.
Tumor differentiation was divided into well, moderately,
poorly, and undifferentiated. TNM stage was defined
according to the 6th stage version of the American Joint
Committee on Cancer (AJCC).
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OS was defined as the time from operation to death for
any reason. GCSS referred to the time from operation to
death from gastric cancer.

Statistical Analysis

We used IBM SPSS Statistics ver. 22.0 software (IBM
Corporation, Armonk, NY) to analyze the data. Kaplan—
Meier method and Log rank test was used for survival
analysis. Cox proportional hazards regression model was
used to make univariate and multivariate analyses to dis-
tinguish prognostic factors. R software (version 3.4.4) was
employed to develop a nomogram.'* The maximum score
was set to 100 for each factor. Concordance index (C-
index) was used to evaluate the accuracy of nomogram.
Calibration curves were drawn to compare the nomogram
predicted and actual observed survival probabilities. The
result was tested using 1000 bootstrap resamples. Decision
curve analysis (DCA) was used to assess the clinical utility
of the nomogram by quantifying the net benefit under
different threshold probabilities. The receiver operating
characteristic (ROC) curve and the area under the curve
(AUC) were calculated and analyzed with MedCalc (ver-
sion 19.1.7). A P value <0.05 for two-sided was identified
as statistically significant.

Result

Demographic Characteristics

8401 patients were finally included in our study in line
with the inclusion and exclusion criteria. Details of the
study flow are provided in Figure 1. Patients characteris-
tics of demography is displayed in Table 1. Most patients
were white (5515; 65.6%), male (5113; 60.9%), and mar-
ried (5164; 65.6%). Of those, 51.1% (4294) were between
the ages of 65 and 74 years, 38.7% (3251) were between
the ages of 75 and 84 years, and 10.2% (856) were older
than 85 years. The most frequently affected site was the
gastric antrum (2705; 32.2%), followed by the cardia
(2014; 23.9%), lesser curvature of the stomach (1099;
13.1%), body of the stomach (858; 10.2%), overlapping
lesion of the stomach (613; 7.5%), greater curvature of the
stomach (456; 5.4%), pylorus (381; 4.5%), and fundus of
the stomach (275; 3.2%). Most patients (3753; 44.7%) had
tumors between 2 and 5 cm in diameter, 2989 (35.6%)
patients had tumors greater than 5 cm and 1659 patients
(19.7%) had tumors smaller than or equal to 2 cm. Most
cases were poorly differentiated (5090; 60.6%), followed

by moderately differentiated (2656; 31.6%), well

differentiated (488; 5.8%), and undifferentiated (167,
2%). With regard to T stage, T2 was the most prominent
(4034; 48%), followed by T1 (2003; 23.8%), T3 (1839;
21.9%), and T4 (525; 6.3%). For N stage, NO had the
highest number of patients (3547; 42.2%), followed by
N1 (3144; 37.4%), N2 (1233; 14.7%), and N3 (477,
5.7%). Majority of the patients were classified as MO
(7724; 91.9%). A total of 2296 (27.3%) and 3428
(40.8%) patients received radiation therapy and che-
motherapy, respectively.

Survival Analysis

The follow-up time scope was 2 to 155 months. The mean
follow-up was 40 months. A total of 5367 deaths occurred,
including 3973 deaths from gastric cancer. After surgery,
the 5-year OS and GCSS rates were 38.7% and 48.5%
(Figure 2).

Regarding OS, univariate analysis showed that age,
race, marital status, tumor site, tumor size, differentia-
tion, T stage, N stage, and M stage were prognostic
factors for OS (all P<0.001); while multivariate analyses
showed that age (P<0.001), race (P<0.001), marital sta-
tus (P<0.001), site  (P<0.001), tumor
(P=0.024), differentiation  (P<0.001), T  stage
(P<0.001), N stage (P<0.001), and M stage (P<0.001)
were still independent prognostic factors for OS. The

tumor size

detailed results are listed in Table 2.

In terms of GCSS, univariate analysis showed that age,
race, marital status, tumor site, tumor size, differentiation,
T stage, N stage, M stage, radiotherapy, and chemotherapy
were prognostic factors (all P<0.001); while multivariate
analyses showed that age (P<0.001), race (P<0.001),
tumor site (P<0.001), tumor size (P=0.002), differentiation
(P<0.001), T stage (P<0.001), N stage (P<0.001), M stage
(P<0.001), radiotherapy (P<0.001), and chemotherapy
(P<0.001) were still independent prognostic factors for
GCSS, except for marital status (P=0.052). The detailed
results are listed in Table 3.

Nomogram Construction and Validation

Based on the above identified independent prognostic
factors, we constructed a nomogram to predict survival
for elderly patients undergoing gastrectomy for gastric
adenocarcinoma (Figure 3). In essence, the nomogram is
a visualization of the Cox regression equation. On the
top of the nomogram, the point axis were rated scale
from 0 to 100. The identified independent prognostic
factors had their own evaluation criteria according to
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Patients histologically diagnosed with gastric

cancer from 2004 to 2015
(n =75,140)
Not only one primary or not
first of 2 or more primary
Y cancers

Patients with primary gastric cancer (n =14,597)

(n =60,543)
> Not adenocarcinoma
(n =10,155)

A 4

Patients with gastric adenocarcinoma

(n =50,388)
> Age less than 65
v (n=21,133)
Elderly patients with gastric
adenocarcinoma
(n =29.255)
No surgery (n =15,986)
- Unknown if surgery (n
JV =261)
Patients who underwent Local destructive surgery
gastrectomy screened for analysis
(n=12,210)
Exclusion:
Unknown race (n =27),
Unknown marital status (n =414),
Unknown location (n=995)
Unknown tumor size (n =1,192),
> Unknown differentiation (n =280),
Tx(n=31), Nx(n=31), Mx(n=80),
Unknown surgical type(n=19),
Survival follow-up<1 month
(n =629),
¥ Cause of death unknown (n=111)

Patients included in final analysis
(n =8,401)

Figure | The flow diagram of the selection process for elderly patients with gastric adenocarcinoma undergoing radical gastrectomy.

the weights of their regression coefficients. First, a line intersection point represents the score under the value
perpendicular to the point axis should be made at the of the independent variable. Then, the corresponding
point value of each independent variable. The individual scores of all prognostic factors can be
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Table | Patient Characteristics for 3-Year and 5-Year OS and GCSS of Elderly Patients with Gastric Adenocarcinoma After
Gastrectomy

Characteristics n Percentage OS (%) GCSS (%)
Total 8401 100 3-Year 5-Year 3-Year 5-Year
Sex
Male 5113 60.9 48.1+0.7 37.1+0.7 55.1+ 0.7 47.0+0.8
Female 3288 39.1 51.1+0.9 41.1£0.9 56.9+0.9 50.6%1.0
Age
65-74 4294 51.1 52.6+0.8 43.6+0.8 57.8+0.8 50.8+0.8
75-84 3251 387 48.0+0.9 36.0+0.9 54.9+0.9 46.5+1.0
>85 856 10.2 37.7x1.7 24.8+1.6 49.7£1.9 44.0+1.9
Race
White 5515 65.6 46.9+0.7 35.9+0.7 53.6+0.7 45.7+0.8
Black 921 1.0 46.3%1.7 36.6x1.7 55.0+1.8 47.7x1.9
Other 1965 234 57.5+1.2 47.9+1.2 62.6x1.2 56.3+1.2
Marital status
Married 5164 61.5 51.5+0.7 40.8+0.7 57.3+x0.7 49.4+0.8
Divorced 657 7.8 46.5£2.0 37.9+2.1 55.3+2.1 49.0+2.2
Other 2580 30.7 45.6£1.0 34.6%1.0 53.1l.1 46.4+1.1
Site
Cardia 2014 23.9 44.4£1.2 33.3%1.2 50.3+1.2 41.1£1.3
Fundus 275 32 45.1+3.1 36.643.1 52.4+3.2 46.8+3.3
Body 858 10.2 54.9+1.8 44.1£1.9 61.5+1.8 53.8%1.9
Antrum 2705 322 51.3x1.0 41.6x1.0 58.6x1.0 52.7%1.1
Pylorus 381 45 44.6£2.6 34.612.6 51.3+2.7 43.6+2.8
Lesser curvature 1099 13.1 54.5%1.6 43.3x1.6 61.5%1.6 53.5%1.7
Greater curvature 456 5.4 52.5+2.4 42.1%2.5 58.4+2.8 52.1%£2.6
Overlapping lesion 613 7.5 40.9+2.1 29.3+2.0 45.7+ 2.1 37.7+£2.2
Size
<2 cm 1659 19.7 71.6x1.2 60.9+1.3 79.2%1.1 74.2+1.2
>2, <5 cm 3753 44.7 48.9+0.8 37.1+0.9 56.2+0.9 47.3+0.9
>5cm 2989 35.6 37.5+0.9 28.6+0.9 42.5£1.0 35.7+1.0
Differentiation
Well 488 5.8 69.5+2.2 61.8+2.4 79.3+1.9 74.0+2.2
Moderate 2656 31.6 58.1+1.0 45.7+1.1 69.4+0.9 57.8%1.1
Poor 5090 60.6 43.1£0.7 33.110.7 52.2+0.7 41.6+0.8
Undifferentiated 167 20 38.8+4.0 28.8+4.0 42.4+4.1 34.0+4.3
T stage
TI 2003 23.8 77%1.0 66.311.2 86.1+0.8 80.8+1.0
T2 4034 48.0 48.7+0.8 36.7£0.8 55.6+0.8 46.7£0.9
T3 1839 21.9 28.6x1.1 20.6x1.0 32.6%1.2 25.7x1.2
T4 525 6.3 19.5£1.8 12.7£1.5 22.7+1.9 16.4+1.8
N stage
NO 3547 422 69.9+0.8 57.9+0.9 78.6+0.7 72.3+0.8
NI 3144 374 42.3+0.9 32.04£0.9 48.1£1.0 39.7%1.0
N2 1233 14.7 22.0+1.2 13.1£1.1 25.5+1.4 16.8+1.3
N3 477 5.7 12.6£1.6 5.0+1.2 14.1£1.8 7215
M stage
MO 7724 91.9 52.5+0.6 41.4+0.6 59.5+0.6 51.8+0.6
Ml 677 8.1 12.7+1.3 8.0+1.2 14.6£1.5 9.8+1.3
Radiation
No 6105 727 49.7+0.7 39.4+0.7 57.0+0.7 50.2+0.7
Yes 2296 27.3 48.1£1.1 36.9+%1.1 53.0%1.1 44.2+1.2
(Continued)
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Table | (Continued).

Characteristics n Percentage OS (%) GCSS (%)
Total 8401 100 3-Year 5-Year 3-Year 5-Year
Chemotherapy
No 4973 59.2 51.0+0.7 40.8+0.7 59.5+0.7 53.2+0.8
Yes 3428 40.8 46.7+0.9 35.5+0.9 50.7+0.9 41.7£1.0

Abbreviations: OS, overall survival; GCSS, gastric cancer-specific survival.

summed to obtain the total score, and the corresponding
points can be found on the total point score axis.
Finally, a vertical line can be drawn on the value point
of the total score axis directly to the survival probability
axis, and the intersection point is the patient’s 3-year or
S5-year OS or GCSS probability. The C-indices of our
nomogram were 0.708 (95% CI: 0.701-0.715) for OS
and 0.745 (95% CI: 0.737-0.753) for GCSS. The cali-
bration curves for the 3- and 5-year OS and GCSS
probabilities showed good agreement between the
nomogram predictions and the actual observations,
which are shown in Figures 4 and 5. To further evaluate
the clinical utility of the nomogram, DCA curves
showed the established nomogram performed well com-
pared with traditional TNM staging system, which are
shown in Figure 6. The results of AUC calculated by
ROC analysis showed that the developed model was
better than the TNM stage, which are shown in
Figure 7 and Table 4.

Discussion
Gastric cancer remains one of the most important tumors
worldwide with high mortality.! Gastrectomy is still the

100y,
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Figure 2 OS and GCSS curves of all elderly patients with gastric adenocarcinoma
undergoing radical gastrectomy.
Abbreviations: OS, overall survival; GCSS, gastric cancer-specific survival.

main modality for the treatment of gastric cancer.’
Recently, with the ageing population and increasing life
expectancy, the incidence and absolute number of gastric
cancer in the elderly population continues to increase.'> It
is an urgent task to investigate the long-term survival of
elderly gastric cancer patients underwent gastrectomy and
to establish
However, large sample studies concentrated on on these

relevant prognosis prediction models.
issues are still lacking. Relevant prognosis prediction mod-
els are even rare. Hence, we searched the SEER database
to screen out 8401 elderly gastric cancer cases data and
built a pragmatic nomogram to predict the survival rates of
elderly cases undergoing gastrectomy.

The TNM stage, which is created to codify the ana-
tomic extent of cancer to assist in making treatment deci-
sions and predicting survival, is by far the most commonly
used classification for gastric patients.'® However, it
should be pointed out that the survival prediction based
on TNM staging is calculated for the patient population
but not for individual cancer patients. Actually, gastric
cancer is a highly heterogeneous malignant tumor, and
the prognosis of gastric cancer patients in the same TNM
stage scope is not exactly the same or may even vary
greatly in clinical practice. In the context of precision
medicine, more accurate individualized prognosis predic-
tions of gastric cancer have more important clinical guid-
ing significance.'” Therefore, prognosis prediction for an
individual gastric cancer patient cannot be precisely deter-
mined by TNM stage grouping alone and should include
additional prognostic factors, such as clinical information
about the patient, pathological information related to the
tumor or even the molecular biological characteristics of
the tumor, to better guide the prognosis evaluation and
treatment choice. In this study, through multivariate Cox
survival analysis and statistical modeling, we established a
nomogram combining TNM stage with patient demo-
graphic variables (age, race, and marital status) and clin-
icopathological variables tumor  size,

(tumor  site,

differentiation, radiation therapy and chemotherapy) that
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Table 2 Univariate and Multivariate Cox Regression Analyses Estimating the Risk Factors for OS of Elderly Patients with Gastric

Adenocarcinoma After Gastrectomy

Characteristics Univariate Multivariate
HR 95% CI P HR 95% CI P
Sex 0.080
Male Ref
Female 0.952 0.901-1.006 0.081
Age <0.001 <0.001
65-74 Ref Ref
75-84 1.290 1.218-1.366 <0.001 1.425 1.343-1.511 0.030
>85 1.769 1.625-1.926 <0.001 2.088 1.909-2.284 0.046
Race <0.001 <0.001
White Ref Ref
Black 1.003 0.922-1.092 <0.939 1.034 0.948-1.129 <0.001
Other 0.738 0.690-0.790 <0.001 0.779 0.727-0.836 <0.001
Marital status <0.001 <0.001
Married Ref Ref
Divorced 1112 1.004-1.232 <0.041 1.172 1.057-1.299 <0.001
Other 1.235 1.165—-1.308 <0.001 1.152 1.084—1.224 0.785
Site <0.001 <0.001
Cardia Ref Ref
Fundus 0.994 0.854-1.157 0.936 0.870 0.747-1.014 <0.001
Body 0.801 0.723-0.887 <0.001 0.719 0.648-0.798 0.169
Antrum 0.859 0.800-0.923 <0.001 0.750 0.695-0.809 0.288
Pylorus 0.998 0.874-1.140 0.977 0.802 0.700-0.919 0.601
Lesser curvature 0.816 0.744-0.895 <0.001 0.702 0.638-0.773 0.631
Greater curvature 0.824 0.725-0.937 0.003 0.770 0.676-0.877 0.133
Overlapping lesion I.161 1.042-1.294 0.007 0.772 0.689-0.864 0.980
Size <0.001 0.024
<2 cm Ref Ref
>2, <5 cm 1.845 1.699-2.004 <0.001 1.132 1.034-1.238 0.007
>5cm 2.395 2.203-2.605 <0.001 .17 1.014-1.230 0.025
Differentiation <0.001 <0.001
Well Ref Ref
Moderate 1.398 1.216-1.607 <0.001 0.975 0.846—1.125 0.073
Poor 1.989 1.738-2.276 <0.001 1.148 0.998-1.320 0.053
Undifferentiated 2.245 1.791-2.814 <0.001 1.251 0.994-1.573 0.056
T stage <0.001 <0.001
TI Ref Ref
T2 2.199 2.032-2.380 <0.001 1.576 1.440—1.724 <0.001
T3 3.596 3.296-3.923 <0.001 2.029 1.831-2.250 <0.001
T4 4.881 4.347-5.479 <0.001 2.660 2.332-3.034 <0.001
N stage <0.001 <0.001
NO Ref Ref
NI 1.964 1.843-2.093 <0.001 1.507 1.406—1.615 <0.001
N2 3.438 3.179-3.718 <0.001 2.465 2.259-2.691 <0.001
N3 4717 4.236-5.253 <0.001 3.180 2.825-3.581 <0.001
M stage <0.001 <0.001
MO Ref Ref
Ml 2912 2.673-3.171 <0.001 1.915 1.753-2.092 <0.001
Radiation 0.200
No Ref
Yes 0.962 0.906—1.021 0.200
(Continued)
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Table 2 (Continued).

Characteristics Univariate Multivariate
HR 95% CI P HR 95% CI P
Chemotherapy 0.245
No Ref
Yes 1.033 0.978-1.091 0.244

Abbreviations: OS, overall survival; GCSS, gastric cancer-specific survival; Ref, reference.

Table 3 Univariate and Multivariate Cox Regression Analyses Estimating the Risk Factors for GCSS of Elderly Patients with Gastric
Adenocarcinoma After Gastrectomy

Characteristics Univariate Multivariate
HR 95% CI P HR 95% ClI P
Sex 0.219
Male Ref
Female 0.961 0.901-1.024 0.219
Age <0.001 <0.001
65-74 Ref Ref
75-84 1.156 1.082-1.235 <0.001 1.202 1.122-1.288 <0.001
>85 1.345 1.212-1.493 <0.001 1.428 1.278-1.596 <0.001
Race <0.001 <0.001
White Ref Ref
Black 0.949 0.858—-1.050 0.307 1.037 0.936—1.150 0.486
Other 0.750 0.694-0.812 <0.001 0.798 0.736-0.865 <0.001
Marital status 0.001 0.052
Married Ref Ref
Divorced 1.038 0.920-1.170 0.544 1.075 0.953-1.214 0.240
Other 1.142 1.067-1.223 <0.001 1.088 1.013-1.168 0.021
Site <0.001 <0.001
Cardia Ref Ref
Fundus 0.900 0.752-1.077 0.249 0.770 0.643-0.923 <0.005
Body 0.749 0.665-0.843 <0.001 0.651 0.577-0.735 <0.001
Antrum 0.770 0.709-0.837 <0.001 0.666 0.609-0.727 <0.001
Pylorus 0.982 0.844-1.143 0.813 0.765 0.656-0.893 0.001
Lesser curvature 0.730 0.655-0.814 <0.001 0.604 0.540-0.676 <0.001
Greater curvature 0.800 0.690-0.927 0.003 701.000 0.603-0.814 <0.001
Overlapping lesion 1.146 1.014-1.294 0.029 0.689 0.607-0.783 <0.001
Size <0.001 0.002
<2 cm Ref Ref
>2, <5 cm 2.388 2.143-2.661 <0.001 1.214 1.082-1.363 0.001
>5 cm 3418 3.067-3.810 <0.001 1.235 1.094-1.395 0.001
Differentiation <0.001 <0.001
Well Ref Ref
Moderate 1.672 1.386-2.018 <0.001 1.017 0.840-1.230 0.865
Poor 2.792 2.329-3.348 <0.001 1.336 1.109-1.609 0.002
Undifferentiated 3.417 2.617-4.462 <0.001 1.590 1.213-2.084 0.001
T stage <0.001 <0.001
Tl Ref Ref
T2 3.493 3.120-3.910 <0.001 2.306 2.034-2.615 <0.001
T3 6.434 5.717-7.241 <0.001 3.243 2.828-3.720 <0.001
T4 8.929 7.741-10.299 <0.001 4.251 3.614-5.000 <0.001
(Continued)
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Table 3 (Continued).
Characteristics Univariate Multivariate
HR 95% CI P HR 95% CI P
N stage <0.001 <0.001
NO Ref Ref
NI 2.799 2.584-3.033 <0.001 2.133 1.953-2.331 <0.001
N2 5.183 4.725-5.686 <0.001 3.554 3.201-3.947 <0.001
N3 7.262 6.447-8.181 <0.001 4.534 3.967-5.183 <0.001
M stage <0.001 <0.001
MO Ref Ref
MI 3.457 3.159-3.784 <0.001 1.969 1.791-2.166 <0.001
Radiation 0.024 <0.001
No Ref Ref
Yes 1.082 1.011-1.158 0.024 0.855 0.784-0.933 <0.001
Chemotherapy <0.001 <0.001
No Ref Ref
Yes 1.243 1.167-1.323 <0.001 0.693 0.638-0.752 <0.001

Abbreviations: OS, overall survival; GCSS, gastric cancer-specific survival; Ref, reference.

could provide more precise prognostic prediction for indi-
vidual elderly patients receiving gastrectomy for gastric
adenocarcinoma.

Age and race were independent prognostic factors
for elderly patients with gastric cancer undergoing gas-
trectomy. Our study showed that older age at diagnosis
and white and black ethnic backgrounds were associated
with poor OS and GCSS. Song et al, identifying 10,092
patients in the SEER database, analyzed the effect of
age on the survival outcome after gastrectomy, and the
results showed that compared to young patients, elderly
patients had a lower survival rate after gastrectomy, and
the risk of death increased with increasing age.’
Alshehri et al analysed the prognosis of 2005 gastric
cancer cases following surgical treatment between 2002
and 2007 and drawn the conclusion that older age is a
adverse prognostic factor for both OS and relapse-free
survival.'"® The unfavourable prognosis of elderly
patients may be explained by poor tolerance to radical
surgery and inability to complete perioperative
chemotherapy.'® Furthermore, elderly patients could be
incline to die of non-gastric cancer diseases, for instance
of cerebrovascular disease, cardiovascular disease and
other chronic comorbidity diseases.”® Our study also
found that the prognosis of gastric cancer patients in
the Asian population was better than that of white and
black populations, which is in line with the reports of
some previous researches.”’’*> Employing the National

Cancer Database, Tee’s study showed that the five-year

OS for Asians was significantly better than that for
whites and blacks, with rates of 49.5%, 30.8% and
32.5%, respectively.?’ The possible reason is that
Asian American patients have a greater number of
retrieved lymph nodes (17, 15 and 16), a decreased
lymph node ratio (0.03, 0.05 and 0.09) and a lower
90-day postoperative mortality rate (4.2%, 8.6% and
7.3%) than whites and blacks.”' Jin et al analyzed the
S-year OS of patients with gastric cancer in SEER from
2000 to 2012 by race and found that all Asian popula-
tions, including Chinese, Japanese, Korean, Vietnamese,
Filipino, South Asian, had higher rates than non-
Hispanic whites (42.2%, 45.4%, 43.4%, 36.8%, 36.4%,
35.7% and 29.8%, respectively).22 The favorable survi-
val of Asian patients is possibly attributable to socio-
demographic factors, such as higher socioeconomic
status, better insurance, younger age composition and
tumor characteristics, such as early stage at diagnosis
and better anatomic location. However, the real reason
for the better prognosis of Asian American gastric can-
cer patients remains elusive, and further fundamental
researches are needed to elucidate the potential biologi-
cal mechanisms involved in this result.

Tumor size and site could affect the survival of gastric
cancer. We found that the the prognosis of gastric cancer
patients gradually deteriorates with the increase of tumor
diameter, which validated the clinical perception. Zhou et al
showed that the 5-year OS of small tumor was significantly
better than that of large, with a cutoff of 4.9 cm (44.96%
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Figure 3 (A) Nomogram for predicting the 3-year and 5-year OS rates of elderly patients undergoing radical gastrectomy. (B) Nomogram for predicting the 3-year and 5-
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Abbreviations: GC, great curvature; LC, lesser curvature; OL, overlapping lesion; OS, overall survival; GCSS, gastric cancer-specific survival.
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nomogram for predicting the 5-year OS rates of elderly patients undergoing radical gastrectomy.

Abbreviation: OS, overall survival.

and 30.63%, respectively, P <0.05).> This is most likely
because larger tumor size indicate the larger the tumor
burden and the greater the chances of infiltrative growth
and metastasis to lymphatic channels and vessels. In fact, in
many solid tumors, such as lung cancer, liver cancer, and
breast cancer, tumor size is the criterion for T staging due to
its effect on prognosis. Liang et al pointed out that tumor

size can also affect the prognosis of hollow organ tumors

such as gastric cancer and should be incorporated into T
staging to better predict prognosis.* Furthermore, our study
displayed that the survival of cardiac cancer was worse than
that of non-cardiac cancer, which suggested that the site of
gastric cancer was related to prognosis. Xue et al conducted
a meta-analysis to compare the prognosis of proximal and
distal gastric cancer patients who underwent gastrectomy,

and the results showed that the prognosis of proximal
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Abbreviation: GCSS, gastric cancer-specific survival.

gastric cancer patients was inferior than those of distal
gastric cancer patients.”> Although distal gastric cancer is
still the main site of gastric cancer, it is clear that the
incidence of cardiac cancer is increasing year by year.?
Compared with adenocarcinoma of the gastric antrum, car-
diac cancer is more aggressive in biological behavior, which
suggests that the heterogeneity and clonal evolution process
may be different from those of cancers originating from
other parts of the stomach.?’

Tumor differentiation is an important prognostic factor
of gastric cancer. Our results suggest that tumor differen-
tiation affects not only OS but also GCSS in elderly
patients with gastric cancer. The differentiation of tumors
reflects the malignant degree of the biological behavior of
the tumor itself. In effect, tumor differentiation is an
independent prognostic factor in many malignant neo-
plasms, such as lung cancer, breast cancer, and esophageal

cancer.”®*° Even in some tumors, tumor differentiation
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has been included as a reference factor for staging. For
example, tumor differentiation, which is more important
than the tumor site and only second to the TNM factor, has
been incorporated into the 8th edition of the TNM staging
of esophageal cancer as a key factor for the substaging of
stage 0-I1.%

It is widely agreed that surgery combined with che-
motherapy and/or radiotherapy should be adopted for gas-
tric cancer patients staged IB disease or above to improve
the long-term survival rate. Multiple RCT studies have
demonstrated that multiple therapies significantly improve

0 20 40 60 80 100
1-specificity

Figure 7 Receiver operating characteristic (ROC) curves of the two nomograms
for elderly patients undergoing radical gastrectomy. (A) ROC curve for OS; (B)
ROC curve for GCSS.

survival over surgery alone, including adjuvant chemora-
diotherapy (used in two US intergroup trials, INT 0116
and CALGB 80101),°>"*% perioperative chemotherapy
(preoperative + postoperative chemotherapy; MAGIC and
FLOT trials),**** and adjuvant chemotherapy alone (used
in East Asia, ACTS-GC and CLASSIC trials).*>*°

However, our study shows that chemotherapy and

Table 4 Comparison of AUC Between the Nomogram and TNM Stage

Characteristics os GCSS
AUC 95% ClI P AUC 95% CI P
Nomogram 0.752 0.743-0.761 <0.001 0.782 0.773-0.791 <0.001
TNM stage 0.715 0.705-0.725 0.767 0.758-0.776
Abbreviations: AUC, area under the curve; OS, overall survival; GCSS, gastric cancer-specific survival.
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radiotherapy can improve GCSS but not OS. We suppose
that the possible reasons were that early gastric cancer
cases were mixed in the cohort, the follow-up time was
relatively short, and the overall survival of elderly patients
was affected by preoperative comorbidity and postopera-
tive complications.

In addition, we found that marital status can affect OS
but not GCSS for elderly patients underwent gastrectomy
for gastric cancer. Zhang et al analyzed 16,910 gastric
cancer patients using SEER data, the results showed that
unmarried patients had worse 5-year OS (24.61% vs
32.09%, P<0.001) and GCSS rates (32.79% vs 37.74%,
P<0.001) than married patients.’’” Marital status can also
affect survival in other malignancies, such as lung cancer,
breast cancer, and colorectal cancer.*®* The possible rea-
son is that married patients with cancer have better psycho-
social support, have less tension and anxiety, are more
likely to be suitable for surgery, chemotherapy and radio-
therapy, and can complete the planned course of treatment.

It should be pointed out that our research has some
shortcomings. First, the SEER database cannot offer more
detailed data about patients’ comorbidities, performance
status, nutrition score, and cardiopulmonary function,
which are often associated with prognosis. Second, speci-
fic information on treatment, such as the mode of surgical
resection (open or laparoscopic; proximal gastrectomy,
distal gastrectomy, or total gastrectomy), dissection range
of lymph nodes (including DO, D1 and D2), radiotherapy
target, technique, dosage, and methods for segmentation,
and chemotherapeutic drugs (including dose, cycles, and
regimens), cannot be obtained, and this information is
related to the prognosis. Third, the patient’s recurrence
information and the treatment after recurrence were not
available to provide a complete picture of the whole
course of disease, so a more comprehensive and detailed
survival analysis could not be carried out. Finally, our
research is a retrospective study with patient selection
bias and lacks external validation, so the findings need to
be confirmed by prospective data.

Conclusion

We found that for elderly patients undergoing gastrectomy
for gastric adenocarcinoma, age, race, tumor site, tumor
size, differentiation, T stage, N stage, and M stage were
independent prognostic factors for both OS and GCSS,
while marital status only affected OS and radiotherapy
and chemotherapy only affected GCSS. The nomogram
developed based on these factors performed well in

forecasting the 3- and 5-year OS and GCSS probabilities
of individual patients.
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