L))

Check for
updat

Original Article

Development and validation of a Surveillance, Epidemiology, and
End Results (SEER)-based prognostic nomogram for predicting
survival in elderly patients with gastric cancer after surgery

Yujie Zhang'*, Chaoran Yu™**

'Department of Gastrointestinal Surgery, Tongji Hospital, Tongji Medical College in Huazhong University of Science and Technology, Wuhan,
China; *Fudan University Shanghai Cancer Center, Fudan University, Shanghai, China; *Department of Oncology, Shanghai Medical College, Fudan
University, Shanghai, China

Contributions: (I) Conception and design: All authors; (II) Administrative support: All authors; (III) Provision of study materials or patients: All
authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII)
Final approval of manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Yujie Zhang. Department of Gastrointestinal Surgery, Tongji Hospital, Tongji Medical College in Huazhong University of Science
and Technology, Wuhan, China. Email: yujiezhang@outlook.com.

Background: Elderly gastric cancer (ELGC) remains one of the intensively investigated topics during
the last decades. To establish a comprehensive nomogram for effective clinical practice and assessment is of
significance. This study is designed to develop a prognostic nomogram for ELGC both in overall survival (OS)
and cancer-specific survival (CSS).

Methods: The recruited cases were from the Surveillance, Epidemiology, and End Results (SEER) database
and input for the construction of nomogram.

Results: A total of 4,414 individuals were recruited for this study, of which 2,208 were randomly in
training group and 2,206 were in validation group. In univariate analysis of OS, significant variables (P<0.05)
included age, marital status, grade, American Joint Committee on Cancer (AJCC) tumor-node-metastasis
(TNM) stage, bone/brain/liver/lung metastasis and tumor size. In univariate analysis of CSS, significant
variables (P<0.05) included age, grade, AJCC TNM stage, bone/brain/liver/lung metastasis and tumor
size. In multivariate analysis of OS, sex, age, race, grade, TNM stage, lung metastasis and tumor size were
considered as the significant variables and subjected to the establishment of nomogram. In multivariable
analysis of CSS, age, grade, TNM, tumor size were considered as the significant variables and input to
the establishment of nomogram. Sex, age, race, grade, TNM stage, lung metastasis and tumor size were
included for the establishment of nomogram in OS while age, grade, TNM, tumor size were included to the
establishment of nomogram in CSS. C-index, decision curve analysis (DCA) and the area under the curve
(AUC) showed distinct value of newly established nomogram models. Both OS and CSS nomograms showed
higher statistic power over the AJCC stage.

Conclusions: This study established and validated novel nomogram models of OS and CSS for ELGC

based on population dataset.
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Introduction

Gastric cancer (GC) is the fifth most common malignancies
worldwide with approximately 783,000 deaths in 2018,
ranking third in deadly cancer (1-3). Both incidence and
mortality of GC are featured by geological, diet and infection
factors. Improved knowledge of prevention on Helicobacter
pylori infection and related risk factors of GC have
considerably reduced the overall incidence (4,5). However,
increasing incidence of GC in cardia has been noticed during
the past decades up to over 7-fold as many (1). Moreover,
several classification systems, such as Lauren classification
and an alternative one (papillary/tubular/mucinous/poorly
cohesive), do not fully demonstrate clinical utility (6).

Increasing notice of heterogeneity intrigues the genomic
exploration of GC, which is of essence to the full picture.
The Cancer Genome Atlas (TCGA) study revealed that,
comparing to classic tumor-node-metastasis (TINM)
classification from WHO system, GC could be divided
into four groups, including Epstein-Barr virus (EBV)
positive (recurrent PIK3CA mutation and extreme DNA
hypermethylation), microsatellite unstable (MSI, high
mutation rates), genomically stable and chromosomal
instability groups (6,7). Interestingly, TCGA indicates that
genomically stable GC are more enriched at an earlier age
(median age 59 years) whereas MSI tumors are found at
a relatively older age (median age 72 years) (7). Another
nation-wide investigation reports that age-specific trends
vary significantly between older and younger groups
across the United States (8). Incidence (per 100,000) drops
significantly from 19.8 to 12.8 in GC patients with age 60
to 84 while increases from 0.27 to 0.45 in GC with age 25
to 39 years (8). Our previous study reported an effective
prognostic nomogram for young GC (9). Only tumor
size and tumor site were included for the establishment
of nomogram in this study given the comparably limited
sample size (276 cases as training set) (9).

Elderly GC (ELGC) remains one of the intensively
investigated topics during the last decades. It is defined
as GC patients over 70 years (10-12). ELGC is more
correlated to intestinal type, expansive tumor growth and
synchronous multiplicity with comparable poor survival
outcome (11). Another study indicates that ELGC is more
likely to present advanced TNM stage and larger tumor
size with less odds in distant metastasis (12). Therefore, to
establish a comprehensive nomogram for effective clinical
practice and assessment is of significance. Noteworthy,
Roberto ez al. reported a prognostic nomogram for ELGC
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using 143 cases aged over 80 years (13). Given the shortage
of large sample size in GC, it is more reliable to conduct a
prognostic nomogram using public-available Surveillance,
Epidemiology, and End Results (SEER) database from the
National Cancer Institute (14-16). Therefore, in this study,
ELGC cases from SEER database were retrieved for the
establishment of nomogram. We present the following
article in accordance with the TRIPOD reporting checklist
(available at http://dx.doi.org/10.21037/jgo-20-536).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Input data from SEER database

All the ELGC cases were retrieved from the SEER database
(2004-2016) using ID 16595-Nov2019 (17). The criteria of
inclusion were as follow: (I) stomach confirmed in “Site and
morphology, site recode ICD-3/WHO 2008”; (II) age above
70 (including); (III) complete American Joint Committee on
Cancer (AJCC) TNM information; (IV) only one primary
tumor; (V) with surgery performed. Moreover, histologic
type ICD-O-3 was retrieved to not only adenocarcinoma
but other types of malignancies were covered, such as
mixed tumor (malignant NOS). Clinical information,
including age, sex and numerous variables were collected
for characterization and further univariate/multivariate
analysis. Total ELGC cases were randomized into training
and validation groups equally. Overall survival (OS) and
cancer-specific survival (CSS) were listed as primary and
secondary endpoints, respectively. Moreover, x-tile program
(Yale University, United States) was utilized for the optimal
cutoff value of consecutive variables, including age and
tumor size (18).

Statistical analysis

Univariate and multivariate analysis of all recorded clinical
variables was performed. Those variables with statistically
significance were extracted for the establishment of
nomogram model both in OS and CSS. Next, the validation
group was analyzed for assessment using the concordance
index (C-index) and calibration plot. Moreover, the predict
power of this nomogram was also assessed by ROC and
decision curve analysis (DCA) curves. All analysis was
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Patients confirmed as gastric cancer
above 70 (=70) (n=85,773)

\ 4

Patients with incomplete AJCC 7th stage (TNM)
were excluded (n=12,512)

Y

Patients without only one primary tumor were excluded (n=8,437)

\ 4

Patients without surgery were excluded (n=4,577)

\ 4

Patients with incomplete follow-up were excluded (n=4,414)

N

Training set (n=2,208) Validation set (n=2,206)

Figure 1 The inclusion flowchart of recruited ELGC patients.

ELGC, elderly gastric cancer.

Zhang and Yu. Nomogram for ELGC

performed by R software 3.6.0 (Vienna, Austria).

Results
Patient vecruitment and characterization of cases

A total of 4,414 individuals with complete TNM stage and
follow-up were recruited for this study, of which 2,208 were
randomly in training group and 2,206 were in validation
group (Figure 1). The cutoff value of age was 75 and
85 years (Figure 24,B,C). The cutoff value of tumor size was
25 and 47 mm (Figure 2D,E,F). Among the recruited cases,
2,495 were male and 1,919 were females. Four hundred
ninety-one individuals were elder than 86 years old (>86),
1,894 were younger than 75 years old (<75), 2,029 were
between 76-85 years old. There were 1,256 individuals in
T1, 700 in T2, 1,456 in T3 and 1,002 in T4. There were
2,413 individuals in NO, 783 in N1, 534 in N2 and 684
in N3. There were 4,075 individuals in distant metastasis
negative and 339 in distant metastasis positive. There were
only 8 positive individuals in bone metastasis, 36 in brain
metastasis, 126 in liver metastasis and 26 in lung metastasis.
Baseline variables were characterized between each group
without significant difference (Table I).
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Figure 2 Determination of best-cutoff points of age and tumor size variables by the X-tile software. (A) Identification of optimal cutoff

point using X-tile plot of training sets in age; (B) the cutoff points were displayed in histogram; (C) distinct prognosis among high/middle/

low subsets using a Kaplan-Meier plot (low subset = blue, middle subset = gray, high subset = magenta); (D) identification of optimal cutoff

point using X-tile plot of training sets in tumor size; (E) the cutoff points were displayed in histogram; (F) distinct prognosis among high/

middle/low subsets using a Kaplan-Meier plot (low subset = blue, middle subset = gray, high subset = magenta). CS, collaborative stage.
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Table 1 Baseline demographic and clinical characteristics of patients with elderly gastric cancer (ELGC)
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Variables Training cohort (n=2,208) Validation cohort (n=2,206) Total (n=4,414) P
Sex, n (%) 0.630
Male 1,256 (56.9) 1,239 (56.2) 2,495 (56.5)
Female 952 (43.1) 967 (43.8) 1,919 (43.5)
Age, n (%) 0.226
<75 years 945 (42.8) 949 (43.0) 1,894 (42.9)
76-85 years 1,034 (46.8) 995 (45.1) 2,029 (46.0)
>86 years 229 (10.4) 262 (11.9) 491 (11.1)
Marital status, n (%) 0.575
Unmarried 855 (38.7) 888 (40.3) 1,743 (39.5)
Married 1,245 (56.4) 1,215 (55.1) 2,460 (55.7)
Unknown 108 (4.9) 103 (4.7) 211 (4.8)
Race, n (%) 0.631
White 1,452 (65.8) 1,475 (66.9) 2,927 (66.3)
Other* 471 (21.3) 451 (20.4) 922 (20.9)
Black 274 (12.4) 264 (12.0) 538 (12.2)
Unknown 11 (0.5) 16 (0.7) 27 (0.6)
Grade, n (%) 0.816
I 231 (10.5) 243 (11.0) 474 (10.7)
Il 608 (27.5) 613 (27.8) 1,221 (27.7)
11l 1,054 (47.7) 1,059 (48.0) 2,113 (47.9)
\Y 66 (3.0) 56 (2.5) 122 (2.8)
Unknown 249 (11.3) 235 (10.7) 484 (11.0)
AJCC_stage, n (%) 0.797
| 827 (37.5) 803 (36.4) 1,630 (36.9)
I 535 (24.2) 544 (24.7) 1,079 (24.4)
M 670 (30.3) 692 (31.4) 1,362 (30.9)
Y 176 (8.0) 167 (7.6) 343 (7.8)
AJCC_T, n (%) 0.285
T1 641 (29.0) 615 (27.9) 1,256 (28.5)
T2 331 (15.0) 369 (16.7) 700 (15.9)
T3 745 (33.7) 711 (32.2) 1,456 (33.0)
T4 491 (22.2) 511 (23.2) 1,002 (22.7)

Table 1 (continued)
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Table 1 (continued)

Zhang and Yu. Nomogram for ELGC

Variables Training cohort (n=2,208) Validation cohort (n=2,206) Total (n=4,414) P

AJCC_N, n (%)

NO 1,219 (55.2)
N1 373 (16.9)
N2 260 (11.8)
N3 356 (16.1)

AJCC_M, n (%)
MO 2,035 (92.2)
M1 173 (7.8)

Bone metastasis, n (%)

No 2,184 (98.9)
Yes 5(0.2)
Unknown 19 (0.9)

Brain metastasis, n (%)

No 2,191 (99.2)
Yes 16 (0.7)
Unknown 1(0.0)

Liver metastasis, n (%)

No 2,126 (96.3)
Yes 70 (3.2)
Unknown 12 (0.5)

Lung metastasis, n (%)

No 2,179 (98.7)
Yes 13 (0.6)
Unknown 16 (0.7)

Tumor size, n (%)

<2.5cm 602 (27.3)
2.6-4.7 cm 558 (25.3)
>4.8 cm 805 (36.5)
Unknown 243 (11.0)

0.318
1,194 (54.1) 2,413 (54.7)
410 (18.6) 783 (17.7)
274 (12.4) 534 (12.1)
328 (14.9) 684 (15.5)
0.699
2,040 (92.5) 4,075 (92.3)
166 (7.5) 339 (7.7)
0.769
2,183 (99.0) 4,367 (98.9)
3(0.1) 8(0.2)
20 (0.9) 39 (0.9)
0.485
2,186 (99.1) 4,377 (99.2)
20 (0.9) 36 (0.8)
0(0.0) 1(0.0)
0.297
2,133 (96.7) 4,259 (96.5)
56 (2.5) 126 (2.9)
17 (0.8) 29 (0.7)
0.798
2,173 (98.5) 4,352 (98.6)
13 (0.6) 26 (0.6)
20 (0.9) 36 (0.8)
0.999
600 (27.2) 1,202 (27.2)
555 (25.2) 1,113 (25.2)
805 (36.5) 1,610 (36.5)
246 (11.2) 489 (11.1)

Other*: American Indian/AK Native, Asian/Pacific Islander.

Establishment of nomogram models

In univariate analysis of OS, significant variables (P<0.05)
included age, marital status, grade, AJCC TNM stage,
bone/brain/liver/lung metastasis and tumor size. In
univariate analysis of CSS, significant variables (P<0.05)

included age, grade, AJCC TNM stage, bone/brain/liver/
lung metastasis and tumor size (Table 2). However, to
fully identify potential variables that may contribute to
the final outcome, variables with P<0.2 were included for

multivariable analysis, separately (Tzble 3). In multivariate
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Table 2 Univariate cox regression analysis of overall survival and cancer-specific survival in the training cohort
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Overall survival

Cancer-specific survival

Variables
HR (95% Cl) P HR (95% Cl) P

Sex

Male Reference Reference

Female 0.919 (0.816-1.035) 0.163 0.944 (0.822-1.084) 0.413
Age

<75 years Reference Reference

76-85 years 1.251(1.101-1.421) <0.001* 1.165 (1.006-1.349) 0.042*

>86 years 2.095 (1.748-2.512) <0.001* 1.834 (1.479-2.273) <0.001*
Marital status

Unmarried Reference Reference

Married 0.886 (0.785-1.000) 0.049* 0.920 (0.799-1.059) 0.244

Unknown 0.589 (0.425-0.817) 0.002* 0.629 (0.433-0.914) 0.015*
Race

White Reference Reference

Other 0.892 (0.768-1.036) 0.133 0.939 (0.792-1.114) 0.47

Black 1.119 (0.938-1.334) 0.213 1.053 (0.854-1.299) 0.627

Unknown 2.979e-07 (0.000-Inf) 0.981 2.998e-07 (0.000-Inf) 0.984
Grade

| Reference Reference

Il 2.254 (1.680-3.024) <0.001* 3.468 (2.248-5.348) <0.001*

M 3.979 (3.007-5.263) <0.001* 7.201 (4.743-10.932) <0.001*

Y 3.546 (2.313-5.436) <0.001* 6.339 (3.651-11.009) <0.001*

Unknown 1.350 (0.950-1.917) 0.094 1.881 (1.140-3.103) 0.013*
AJCC_stage

| Reference Reference

I 1.770 (1.478-2.119) <0.001* 2.92 (2.294-3.717) <0.001*

M 4.332 (3.702-5.069) <0.001* 7.87 (6.344-9.762) <0.001*

\% 6.133 (4.979-7.555) <0.001* 11.67 (8.998-15.137) <0.001*
AJCC_T

T1 Reference Reference

T2 1.128 (0.891-1.429) 0.317 1.407 (1.028-1.925) 0.033*

T3 2.462 (2.080-2.914) <0.001* 3.903 (3.114-4.894) <0.001*

T4 4.458 (3.744-5.308) <0.001* 7.437 (5.910-9.358) <0.001*

Table 2 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.
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Table 2 (continued)

Zhang and Yu. Nomogram for ELGC

Overall survival

Cancer-specific survival

Variables
HR (95% Cl) P HR (95% Cl) P

AJCC_N

NO Reference Reference

N1 2.284 (1.945-2.683) <0.001* 3.253 (2.686-3.939) <0.001*

N2 2.762 (2.305-3.310) <0.001* 3.885 (3.146-4.797) <0.001*

N3 4.845 (4.166-5.634) <0.001* 7.084 (5.924-8.471) <0.001*
AJCC_M

MO Reference Reference

M1 3.032 (2.543-3.614) <0.001* 3.592 (2.969-4.345) <0.001*
Bone metastasis

No Reference Reference

Yes 4.608 (1.912-11.108) <0.001* 4.647 (1.737-12.429) 0.002

Unknown 1.519 (0.839-2.751) 0.168 2.044 (1.127-3.705) 0.019*
Brain metastasis

No Reference Reference

Yes 2.046 (1.13-3.706) 0.0182* 2.785 (1.536-5.049) <0.001*

Unknown 6.142e-06 (0.00-Inf) 0.982 6.081e-06 (0.000-Inf) 0.984
Liver metastasis

No Reference Reference

Yes 2.724 (2.095-3.543) <0.001* 3.381 (2.558-4.468) <0.001*

Unknown 1.650 (0.784-3.470) 0.187 2.171 (1.031-4.569) 0.041*
Lung metastasis

No Reference Reference

Yes 6.747 (3.897-11.682) <0.001* 5.096 (2.535-10.245) <0.001*

Unknown 1.430 (0.742-2.755) 0.286 1.919 (0.995-3.701) 0.052
Tumor size

<2.5cm Reference Reference

2.6-4.7 cm 1.761 (1.473-2.106) <0.001* 2.497 (1.980-3.149) <0.001*

>4.8 cm 2.444 (2.079-2.874) <0.001* 3.846 (3.111-4.754) <0.001*

Unknown 1.666 (1.333-2.082) <0.001* 2.462 (1.867-3.246) <0.001*

*, P<0.05. HR, hazard ratio; Cl, confidence interval.

analysis of OS (Figure 3), sex, age, race, grade, TNM stage,
lung metastasis and tumor size were considered as the
significant variables and subjected to the establishment of
nomogram (Figure 44). In multivariable analysis of CSS

© Journal of Gastrointestinal Oncology. All rights reserved.

(Figure 3B), age, grade, TNM, tumor size were considered
as the significant variables and input to the establishment
of nomogram (Figure 4B). In addition, specific scores of
each included variable were displayed (1able 4).
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Table 3 Multivariate cox regression analysis of overall survival and cancer-specific survival in the training cohort
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Overall survival

Cancer-specific survival

Variables
HR (95% CI) P HR (95% Cl) P

Sex

Male Reference - -

Female 0.873 (0.764-0.997) 0.045* - -
Age

<75 years Reference Reference

76-85 years 1.205 (1.059-1.372) 0.0047* 1.110 (0.957-1.288) 0.168

>86 years 2.390 (1.979-2.887) <0.001* 2.164 (1.731-2.705) <0.001*
Marital status

Unmarried Reference Reference

Married 0.879 (0.766-1.008) 0.065 0.935 (0.808-1.082) 0.369

Unknown 0.725 (0.519-1.014) 0.060 0.790 (0.540-1.157) 0.226
Race

White Reference - -

Other 0.765 (0.656-0.892) <0.001* - -

Black 1.085 (0.905-1.300) 0.378 - -

Unknown 2.569e-07 (0.000-Inf) 0.986 - -
Grade

| Reference Reference

Il 1.491 (1.103-2.015) 0.009* 1.928 (1.240-2.998) 0.004*

M 2.010 (1.495-2.704) <0.001* 2.823 (1.827-4.360) <0.001*

v 2.035 (1.308-3.165) 0.002* 2.783 (1.574-4.921) <0.001*

Unknown 1.096 (0.768-1.564) 0.613 1.396 (0.842-2.314) 0.196
AJCC_stage

| - - - -

I - - - -

M - - - -

v - - - -
AJCC_T

T1 Reference Reference

T2 1.058 (0.830-1.350) 0.648 1.221 (0.885-1.683) 0.224

T3 1.522 (1.250-1.853) <0.001* 1.990 (1.543-2.566) <0.001*

T4 2.135 (1.717-2.655) <0.001* 2.755 (2.094-3.625) <0.001*

Table 3 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.
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Table 3 (continued)

Zhang and Yu. Nomogram for ELGC

Overall survival

Cancer-specific survival

Variables
HR (95% CI) P HR (95% Cl) P

AJCC_N

NO Reference Reference

N1 1.568 (1.316-1.869) <0.001* 1.953 (1.587-2.404) <0.001*

N2 1.751 (1.432-2.141) <0.001* 2.057 (1.631-2.595) <0.001*

N3 2.682 (2.227-3.230) <0.001* 3.079 (2.485-3.816) <0.001*
AJCC_M

MO Reference Reference

M1 1.679 (1.313-2.146) <0.001* 1.831 (1.413-2.374) <0.001*
Bone metastasis

No Reference Reference

Yes 1.904 (0.770-4.708) 0.163 1.592 (0.580-4.370) 0.366

Unknown 5.868e-08 (0.000-Inf) 0.993 2.653e-07 (0-Inf) 0.987
Brain metastasis

No Reference Reference

Yes 6.173e+07 (0.000-Inf) 0.992 1.322e+07 (0-Inf) 0.986

Unknown 1.177e+01 (0.000-Inf) 1.000 7.717 (O-Inf) 0.999
Liver metastasis

No Reference Reference

Yes 1.244 (0.878-1.763) 0.219 1.399 (0.969-2.020) 0.073

Unknown 2.069 (0.584-7.328) 0.260 1.817 (0.509-6.483) 0.358
Lung metastasis

No Reference Reference

Yes 2.097 (1.157-3.801) 0.015* 1.434 (0.687-2.991) 0.337

Unknown 0.239 (0.057-0.999) 0.0499* 0.303 (0.075-1.227) 0.094
Tumor size

<2.5cm Reference Reference

2.6-4.7 cm 1.081 (0.894-1.307) 0.424 1.313 (1.029-1.677) 0.029*

>4.8 cm 1.108 (0.918-1.337) 0.285 1.397 (1.102-1.771) 0.006*

Unknown 1.324 (1.053-1.665) 0.016* 1.694 (1.275-2.252) <0.001*

*, P<0.05. HR, hazard ratio; Cl, confidence interval.

© Journal of Gastrointestinal Oncology. All rights reserved.
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A Subgroup
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Figure 3 Forest plot of all variables with hazard ratios in ELGC. *, P<0.05. HR, hazard ratio; CI, confidence interval; ELGC, elderly gastric cancer.
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Figure 4 Establishment of nomograms regarding both overall survival (OS) and cancer-specific survival (CSS). (A) Establishment of OS

nomogram; (B) establishment of CSS nomogram.
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Table 4 Scores of prognostic factors in the OS and CSS nomograms

Characteristic

OS nomogram

CSS nomogram

Sex
Male
Female
Age
<75 years
76-85 years
>86 years
Race
White
Other
Black
Unknown
Grade
I
I
M
1\
Unknown
AJCC_T
T1
T2
T3
T4
AJCC_N
NO
N1
N2
N3
AJCC_M
MO
M1
Lung metastasis
No
Yes
Unknown
Tumor size
<2.5cm
2.6-4.7 cm
>4.8 cm

Unknown

28
97

89
100

12
21
23

13
23

14
17
30

19

0
2
3

8

10
71

58
91
96
28

17
62
90

61
65
100

68

24
30
47

OS, overall survival; CSS, cancer-specific survival.

© Journal of Gastrointestinal Oncology. All rights reserved.

289

Validation of the established nomograms

Next, to validate the power of nomograms, C-index and
calibration plots were employed (Figures 5,6). Specifically,
the C-index of OS in the training set was 0.730 [95%
confidence interval (CI): 0.714-0.746] while in the
validation set was 0.735 (95% CI: 0.719-0.751). The
C-index of CSS in the training set was 0.765 (95% CI:
0.748-0.782) while in the validation set was 0.759 (95% CI:
0.742-0.776) (Tuble 5).

In DCA, nomograms of OS and CSS performed better
than AJCC TNM stage (Figure 7). In fact, the both OS and
CSS nomograms showed higher statistic power over the
AJCC stage (1uble 5, Figures 8,9).

Discussion

By now, this is the first study highlighting the potential
value of nomograms targeting ELGC with population
dataset. For consecutive variables like age and tumor size,
x-tile software was utilized for the optimal cutoff. There are
a few points that should be discussed prior to conclusion.

First, although univariate analysis of OS and CSS have
identified variables with significance (P<0.05), we believe a
proper extension of cutoff P value (P<0.2) is reasonable and
applicable. Second, sex and marital status are not included
at the nomograms of OS and CSS in this study. In fact, the
role of marital status in GC had been investigated (19). Qiu
et al. reported that unmarried GC tended to have higher
risk of cancer specific mortality (19). Our study showed no
significant role of marital status associated with ELGC,
indicating a possible close association of marital status to
young GC rather ELGC. Third, among all four classic
distant metastasis lesions, lung, brain, bone and liver,
only lung metastasis was identified as a contributor to OS
nomogram while none of distant metastatic lesions was
associated with CSS nomogram. A similar study focusing on
the nomograms of metastatic gastric adenocarcinoma with
palliative gastrectomy reported that metastasis was one of
the major contributors (20). However, distant lymph node
metastasis and visceral metastasis were mainly evaluated.
Our study complements the finding of previous study by
highlighting the role of lung metastasis in the prognosis
prediction of OS.

Similarly, there were numerous studies that focused on
the age of GC using nomograms (21). Zhou et al. reported
a prognostic nomogram to predict the OS of elderly GC
using SEER data resource. However, there are several
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Figure 5 Evaluation of calibration plots using OS nomogram model. (A) Evaluation of calibration plot based on OS of training dataset in
1-year; (B) evaluation of calibration plot based on OS of training dataset in 3-year; (C) evaluation of calibration plot based on OS of training
dataset in 5-year; (D) evaluation of calibration plot based on OS of validation dataset in 1-year; (E) evaluation of calibration plot based on

OS of validation dataset in 3-year; (F) evaluation of calibration plot based on OS of validation dataset in 5-year. OS, overall survival.

differences in between. First, the period of included
cases in Zhou er al. was between 2005 and 2014 while the
prognostic data of resources from our study were updated
to 2016. Second, the inclusion criteria were different with
only 1,445 cases in Zhou et al. results while we included
4,414 cases. The definition of ELGC was above 75 in
Zhou et al. while above 70 years old in our study. In fact,
we have solid evidence to support the definition (10-12).
Third, both OS and CSS study were included in our study
compared to Zhou et 4l., enhancing the distinct clinical

values of the nomogram models in our results. Moreover,

© Journal of Gastrointestinal Oncology. All rights reserved.

compared to the variables of nomogram in Zhou ez 4l., sex,
age, race, lung metastasis and tumor size also demonstrated
remarkable influences on nomogram of OS, especially age
itself. We believe the nomogram to predict the prognosis
of ELGC opens up an opportunity to notice the significant
role of age with much more subtle classification, such as
patients between 7075 years old, between 76-85 years old
and patients >86 years old.

The limitation of this study was, however, lack of another
independent clinical datasets to external validation. The

predictive power of newly established nomogram required
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Figure 6 Evaluation of calibration plots using CSS nomogram model. (A) Evaluation of calibration plot based on CSS of training dataset
in 1-year; (B) evaluation of calibration plot based on CSS of training dataset in 3-year; (C) evaluation of calibration plot based on CSS of
training dataset in 5-year; (D) evaluation of calibration plot based on CSS of validation dataset in 1-year; (E) evaluation of calibration plot
based on CSS of validation dataset in 3-year; (F) evaluation of calibration plot based on CSS of validation dataset in 5-year. CSS, cancer-

specific survival.

Table 5 C-indexes for the nomograms and AJCC stage in patients with ELGC

Training set Validation set
Survival
HR 95% Cl P HR 95% Cl P

oS

Nomogram 0.730 0.714-0.746 Reference 0.735 0.719-0.751 Reference

AJCC stage 0.698 0.681-0.715 <0.001 0.705 0.688-0.722 <0.001
CSs

Nomogram 0.765 0.748-0.782 Reference 0.759 0.742-0.776 Reference

AJCC stage 0.742 0.724-0.760 0.012 0.747 0.729-0.765 0.060

ELGC, elderly gastric cancer; OS, overall survival; HR, hazard ratio; Cl, confidence interval.
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Figure 7 Display of decision curve analysis (DCA) of nomograms models both for OS and CSS. (A) DCA in nomogram using OS training
dataset; (B) DCA in nomogram using OS validation set; (C) DCA in nomogram using CSS training set; (D) DCA in nomogram using CSS
validation set. Green: AJCC stage; red: nomogram. OS, overall survival; CSS, cancer-specific survival.
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Figure 8 Receiver operating characteristics curve (ROC) comparison of OS nomogram and AJCC TNM stage. (A) ROC of nomogram
using OS of train dataset in 1-year; (B) ROC of nomogram using OS of train dataset in 3-year; (C) ROC of nomogram using OS of train
dataset in 5-year; (D) ROC of nomogram using OS of validation dataset in 1-year; (E) ROC of nomogram using OS of validation dataset in
3-year; (F) ROC of nomogram using OS of validation dataset in 5-year. OS, overall survival.
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Figure 9 Receiver operating characteristics curve (ROC) comparison of CSS nomogram and AJCC TNM stage. (A) ROC of nomogram
using CSS of train dataset in 1-year; (B) ROC of nomogram using CSS of train dataset in 3-year; (C) ROC of nomogram using CSS of train
dataset in 5-year; (D) ROC of nomogram using CSS of validation dataset in 1-year; (E) ROC of nomogram using CSS of validation dataset

in 3-year; (F) ROC of nomogram using CSS of validation dataset in 5-year. CSS, cancer-specific survival.
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external validation and further refinement.

Conclusions

This study established and validated novel nomogram
models of OS and CSS for ELGC based on population
dataset.
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