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Abstract: In T1 gastric cancer (GC), lymph nodes metastasis (LNM) is considered as a significant prognostic predic-
tor and closely associated with following therapeutic approaches as well as distant metastasis (DM). This study 
aimed to not only seek risk factors of LNM and DM but also unpack the prognosis in T1 GC patients. We performed 
a retrospective study enrolling 5547 patients in T1 GC from the Surveillance, Epidemiology, and End Results (SEER) 
database. Univariate and multivariate logistic regression models were produced to recognize independent risk fac-
tors of LNM and DM. Cox regression analyses were performed to identify important prognostic factors of overall sur-
vival (OS). Cancer-specific cumulative incidence was plotted by cumulative incidence function. Three nomograms of 
LNM, DM and OS were established and validated by receiver operating characteristic (ROC) and calibration curves 
to evaluate discrimination and accuracy. Decision curve analysis (DCA), clinical impact curves (CIC) and subgroups 
based on risk scores were constructed to measure nomograms clinical utility. The area under the curve (AUC) of 
LNM nomogram and DM nomogram were 0.735 and 0.896, respectively. OS nomogram was constructed and the 
corresponding C-index was 0.797. In conclusion, our user-friendly nomograms, which aimed to predict LNM, DM and 
OS in T1 gastric cancer patients, have shown high efficiency of discrimination and accuracy. These useful and visual 
tools may have advantageous clinical utility to identify high-risk T1 gastric patients and help clinicians to draw up an 
individual therapeutic strategy.  
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Introduction

In the world, gastric cancer (GC) ranks sixth in 
cancer incidence but second in mortality [1]. In 
2020, there are 27,600 new diagnosed cases 
and 11,010 dead cases in USA [2]. T1 GC is 
defined as GC limited to the mucosa or sub- 
mucosa according to the 8th AJCC TNM stage 
system. The natural history of GC is nonhomo-
geneous and crucial to determine disease  
prognosis [3]. T1 GC progresses slowly [4] but 
lymph nodes metastasis (LNM) occurs to ap- 
proximately 20% of T1 GC patients [5]. As we 
understood, the occurrence of LNM or distant 
metastasis (DM) usually connected with the 
poor prognosis. Therefore, when thinking of 
treatment options and timing, we need to take 
the probability of LMM and DM into consider. 

According to different stage of GC, clinicians 
choose different therapeutic strategy, such as 

endoscopic therapy, gastrectomy, and systemic 
treatment [6, 7]. Several studies have shown 
endoscopic therapy is an effective mode with 
similar advantageous results compared to tra-
ditional surgical resection [8-10]. In addition, 
endoscopic therapy like endoscopic mucosal 
resection (EMR) and endoscopic submucosal 
dissection (ESD) [11] is associated with shorter 
hospitalization, fewer complications and better 
quality of life [12-14]. However, endoscopic 
therapy has its indication [15, 16], for T1N1-
3M0 GCs, this technique might not solve the 
problem of LNM. And for T1N0-3M1 GCs, sys-
temic treatment might be better according to 
Japanese gastric cancer treatment guidelines 
2018 (5th edition) [17].

Given the heterogeneity of T1 GCs and its to- 
tally different treatment, we decide to develop 
predictive models based on the Surveillance, 
Epidemiology, and End Results (SEER) program 
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to help clinicians make appropriate therapeutic 
strategy. Our study aims were to (1) calculate 
independent risk factors of LNM and DM am- 
ong T1 GCs, then plot relevant nomograms; (2) 
proceed survival analyses and construct an OS 
prognostic nomogram in T1 GCs; (3) assess 
clinical effects through subgroups. 

Materials and methods

Data sources and population selection

In present study, the data onto patients were 
extracted from the SEER program which was a 
public-use database and afforded relative au- 
thoritative information about cancer relevant 
records covering approximately 35% popula- 
tion of the United State, so no ethical approval 
was required for our study and the quality  
of data sources was guaranteed. A total of 
85,128 cases, diagnosed as T1 gastric cancer 
from 2004 to 2016, were obtained from the 
database. The exclusion criteria are as follows: 
(1) Age at diagnosis < 18; (2) Absence or am- 
biguity of important clinicopathological vari-
ables, such as race, grade, primary site, re- 
gional nodes examined, tumor size; (3) Incom- 
plete survival information; (4) Patients with  
gastric cancer in T0, T2-4, TX, NX or MX. Given 
the existing evidence that patients with distant 
metastasis were regarded as terminal stage 
and the situation of lymph nodes wasn’t the 
decisive factor of treatment, we divided the 

aggregate cases into two study groups. Group 
N (n = 4747) was the T1N0-3M0 gastric can- 
cer population to predict risk factors of LNM 
while group M (n = 5547) was the total T1 gas-
tric cancer population to predict DM. The flow 
chart of case inclusion and exclusion is repre-
sented in Figure 1. 

Variables and outcomes

Accordingly, 16 clinicopathological variables 
were obtained from SEER database, including 
year of diagnosis, age at diagnosis, race, sex, 
grade, histology, primary site, tumor size, re- 
gional nodes examined, AJCC 7th N stage, sur-
vival status, marital status, radiation, chemo-
therapy, surgery and follow-up time. Overall  
survival (OS) was explained as span from the 
diagnosis date to the last time of follow-up or 
the date of death for any reason. Cancer-
specific survival (CSS) was explained as span 
from diagnosis date until death only because  
of gastric cancer. For demographic variables, 
we registered year of diagnosis (2004-2008, 
2009-2012, 2013-2016), race (white, black, 
others), age at diagnosis (18-55, 56-65, 66-75, 
76+ years old) and marital status (married,  
others). Tumor covariates enrolled grade (well 
differentiated, moderately differentiated, poor-
ly differentiated, undifferentiated), histology 
was reclassified based on the International 
Classification of Diseases for Oncology, 3rd 
Edition (ICD-O-3) Hist/behav, malignant (ade-

Figure 1. Research flowchart.
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nocarcinoma: 8140, 8144, 8210, 8211, 8260, 
8261, 8263; signet ring cell carcinoma: 8490; 
others), primary site was defined by the Inter- 
national Classification of Diseases for Oncolo- 
gy (ICD-O-2) codes (cardia: C16.0-cardia; non-
cardia: C16.1-fundus, C16.2-body, C16.3-an- 
trum, C16.4-pylorus, C16.5-lesser curvature, 
C16.6-greater curvature, C16.7-overlapping le- 
sion), tumor size (1-9 mm, 10-19 mm, 20-29 
mm, 30+ mm), regional nodes examined (≤12, 
>12), AJCC 7th N stage (N0, non-N0: N1/2/3). 
Treatment related characteristics included 
radiation (Yes, No/Unknown), chemotherapy 
(Yes, No/Unknown) and surgery (Yes, No/
Unknown). Other covariates included survival 
status (alive, dead of cancer, dead of other 
cause) and follow-up time.

Construction of nomograms and evaluation

We produced univariate and multivariate logis-
tic regression models [18] to recognize inde-
pendent risk factors of lymph nodes metasta-
sis in group N and distant metastasis in group 
M. Cox regression analyses were performed to 
identify important prognostic factors of OS  
and CSS, respectively. Odd ratio (OR) and haz-
ard ratio (HR) were used to weigh the impact  
of each insignificant factor on LNM, DM and 
OS, respectively. Sub-distribution hazard ration 
(SHR) was applied to measure the effect of 
each prognostic variable on CSS. Overall sur-
vival curves were plotted by Kaplan-Meier 
method and cancer-specific cumulative inci-
dence was plotted by cumulative incidence 
function. Then, based on the results of multi-
variate binary logistic regression models, two 
nomograms were conducted to predict the risk 
factors of LNM and DM in T1 gastric cancer 
patients. Meanwhile, according to Cox propor-
tional hazard model, one prognostic nomogram 
was established to calculate the OS probability 
of gastric cancer patients. These nomograms 
[19] were validated by ROC and calibration 
curves to evaluate the discrimination and accu-
racy. The value of C-index is as same as that of 
AUC in logistic regression model. The maximum 
C-index is 1.0, indicating a perfect differentia-
tion ability, while 0.5 represents a random 
chance of the nomogram. Decision curve analy-
sis (DCA), as a tool to assess the clinical appli-
cation value of the nomogram [20], was con-
structed in this study to evaluate the net bene-
fits. Furthermore, we performed clinical impact 
curves to reveal the value of nomogram models 
more intuitively. Based on the risk scores, all 

cases were divided into low-, medium-, and 
high-risk subgroups to measure the utility of 
nomograms.

Statistical analysis

We operated all statistical analyses by R soft-
ware (version 4.0.0) and GraphPad Prism (ver-
sion 8.4.3). Using R packages and functions, 
curves (nomogram, Kaplan-Meier, ROC, cali- 
bration, DCA, and clinical impact curve) were 
plotted. A two-sided P-value < .05 was ac- 
counted statistically significant.

Results

Clinical characteristics of patients with T1 gas-
tric cancer

A total of 5547 eligible T1 gastric cancer pati- 
ents were enrolled from SEER program, retro-
spectively. Demographic and clinical character-
istics of patients are shown in Table 1. In the 
present study, we divided the total 5547 into 
two groups, group N (T1N0-3M0, n = 4747) and 
group M (T1N0-3M0-1, n = 5547). The inci-
dence of lymph node metastasis was 17.86%  
in group N and the occurrence of distant  
metastasis was 14.42% in group M. The medi-
um follow-up time was 38 months in group  
N (ranging from 13 to 76 months) and 30 
months in group M (ranging from 9 to 69 
months), respectively.

Risk factors of LNM and its nomogram

According to univariable and multivariable 
logistic regression models, we finally included 
five significant risk factors of LNM as follows: 
age at diagnosis, grade, primary site, tumor 
size and regional nodes examined (Table 2). As 
for age, the oldest patients had lower risk of 
LNM (OR = 0.59, 95% CI = 0.46-0.76, P < .001). 
Compared to well differentiated T1 gastric can-
cer, moderately differentiated (OR = 2.00, 95% 
CI = 1.45-2.82, P < .001), poorly differentiated 
(OR = 2.97, 95% CI = 2.15-4.17, P < .001) and 
undifferentiated (OR = 2.18, 95% CI = 1.15-
4.01, P = .014) patients all had higher risk of 
lymph nodes metastasis. Patients with non-
cardia gastric cancer had statistical lower risk 
of lymph nodes metastasis than those with  
cardia (OR = 0.75, 95% CI = 0.63-0.90, P = 
.002) gastric cancer. In terms of tumor size, an 
increasing LNM risk was detected in lager size 
patients, especially for size over 30 mm (OR = 
9.79, 95% CI = 6.83-14.54, P < .001). 
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Table 1. Clinicopathological variables of patients with T1 gastric cancer
Clinicopathological 
variables

Nt (%) Ne (%) Nne (%)
P

Mt (%) Me (%) Mne (%)
P

N = 4747 N = 848 N = 3899 N = 5547 N = 800 N = 4747
Year of diagnosis .086 .088
    2004-2008 1635 (34.4) 317 (37.4) 1318 (33.8) 1883 (33.9) 248 (31.0) 1635 (34.4)
    2009-2012 1562 (32.9) 277 (32.7) 1285 (33.0) 1853 (33.4) 291 (36.4) 1562 (32.9)
    2013-2016 1550 (32.7) 254 (30.0) 1296 (33.2) 1811 (32.6) 261 (32.6) 1550 (32.7)
Age at diagnosis < .001 < .001
    18-55 732 (15.4) 161 (19.0) 571 (14.6) 950 (17.1) 218 (27.3) 732 (15.4)
    56-65 1011 (21.3) 190 (22.4) 821 (21.1) 1220 (22.0) 209 (26.1) 1011 (21.3)
    66-75 1411 (29.7) 271 (32.0) 1140 (29.2) 1612 (29.1) 201 (25.1) 1411 (29.7)
    76+ 1593 (33.6) 226 (26.7) 1367 (35.1) 1765 (31.8) 172 (21.5) 1593 (33.6)
Race .797 < .001
    White 3099 (65.3) 562 (66.3) 2537 (65.1) 3696 (66.6) 597 (74.6) 3099 (65.3)
    Black 568 (12.0) 98 (11.6) 470 (12.1) 664 (12.0) 96 (12.0) 568 (12.0)
    Others 1080 (22.8) 188 (22.2) 892 (22.9) 1187 (21.4) 107 (13.4) 1080 (22.8)
Sex .005 < .001
    Female 1830 (38.6) 290 (34.2) 1540 (39.5) 2076 (37.4) 246 (30.8) 1830 (38.6)
    Male 2917 (61.4) 558 (65.8) 2359 (60.5) 3471 (62.6) 554 (69.2) 2917 (61.4)
Grade < .001 < .001
    Well differentiated 766 (16.1) 47 (5.5) 719 (18.4) 793 (14.3) 27 (3.4) 766 (16.1)
    Moderately differentiated 1774 (37.4) 283 (33.4) 1491 (38.2) 1994 (35.9) 220 (27.5) 1774 (37.4)
    Poorly differentiated 2113 (44.5) 500 (59.0) 1613 (41.4) 2646 (47.7) 533 (66.6) 2113 (44.5)
    Undifferentiated 94 (2.0) 18 (2.1) 76 (1.9) 114 (2.1) 20 (2.5) 94 (2.0)
Histology .023 .060
    Adenocarcinoma 3440 (72.5) 583 (68.8) 2857 (73.3) 4046 (72.9) 606 (75.8) 3440 (72.5)
    Signet ring cell carcinoma 699 (14.7) 146 (17.2) 553 (14.2) 792 (14.3) 93 (11.6) 699 (14.7)
    Others 608 (12.8) 119 (14.0) 489 (12.5) 709 (12.8) 101 (12.6) 608 (12.8)
Primary site .022 < .001
    Cardia 1497 (31.5) 296 (34.9) 1201 (30.8) 1926 (34.7) 429 (53.6) 1497 (31.5)
    Non-cardia 3250 (68.5) 552 (65.1) 2698 (69.2) 3621 (65.3) 371 (46.4) 3250 (68.5)
Tumor size (mm) < .001 < .001
    1-9 890 (18.7) 32 (3.8) 858 (22.0) 897 (16.2) 7 (0.9) 890 (18.7)
    10-19 1264 (26.6) 169 (19.9) 1095 (28.1) 1321 (23.8) 57 (7.1) 1264 (26.6)
    20-29 949 (20.0) 182 (21.5) 767 (19.7) 1040 (18.7) 91 (11.4) 949 (20.0)
    30+ 1644 (34.6) 465 (54.8) 1179 (30.2) 2289 (41.3) 645 (80.6) 1644 (34.6)
Regional nodes examined < .001 < .001
    ≤12 2761 (58.2) 357 (42.1) 2404 (61.7) 3530 (63.6) 2761 (58.2) 769 (96.1)
    >12 1986 (41.8) 491 (57.9) 1495 (38.3) 2017 (36.4) 1986 (41.8) 31 (3.9)
N stage NA < .001
    N0 NA NA NA 4309 (77.7) 410 (51.2) 3899 (82.1)
    Non-N0 (N1/2/3) NA NA NA 1238 (22.3) 390 (48.8) 848 (17.9)
Survival status < .001 < .001
    Alive 2929 (61.7) 448 (52.8) 2481 (63.6) 3013 (54.3) 84 (10.5) 2929 (61.7)
    Dead of cancer 1065 (22.4) 293 (34.6) 772 (19.8) 1744 (31.4) 679 (84.9) 1065 (22.4)
    Dead of other cause 753 (15.9) 107 (12.6) 646 (16.6) 790 (14.2) 37 (4.6) 753 (15.9)
Marital status .019 .205
    Married 2845 (59.9) 539 (63.6) 2306 (59.1) 3344 (60.3) 499 (62.4) 2845 (59.9)
    Others 1902 (40.1) 309 (36.4) 1593 (40.9) 2203 (39.7) 301 (37.6) 1902 (40.1)
Radiation < .001 < .001
    Yes 709 (14.9) 398 (46.9) 311 (8.0) 903 (16.3) 194 (24.2) 709 (14.9)
    None/Unknown 4038 (85.1) 450 (53.1) 3588 (92.0) 4644 (83.7) 606 (75.8) 4038 (85.1)
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Chemotherapy < .001 < .001
    Yes 968 (20.4) 512 (60.4) 456 (11.7) 1522 (27.4) 554 (69.2) 968 (20.4)
    None/Unknown 3779 (79.6) 336 (39.6) 3443 (88.3) 4025 (72.6) 246 (30.8) 3779 (79.6)
Surgery .554 < .001
    Yes 4020 (84.7) 712 (84.0) 3308 (84.8) 4092 (73.8) 72 (9.0) 4020 (84.7)
    None/Unknown 727 (15.3) 136 (16.0) 591 (15.2) 1455 (26.2) 728 (91.0) 727 (15.3)
Follow-up time (months) 38 (13-76) 30 (12-70) 40 (13-77) .004 30 (9-69) 7 (3-13) 38 (13-76) < .001
Note: Nt (%), total number of the cohort N; Ne (%), number of LNM events; Nne (%), number of non-LNM events; Mt (%), total number of the co-
hort M; Me (%), number of DM events; Mne (%), number of non-DM events. Abbreviation: LNM, lymph node metastasis; DM, distant metastasis.

Table 2. Logistic regression for the associated risk factors of LNM in T1N0-3M0 gastric cancer

Clinicopathological variables 
Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P
Age at diagnosis
    18-55 Reference Reference
    56-65 0.82 (0.65-1.04) .100 0.78 (0.61-1.01) .056
    66-75 0.84 (0.68-1.05) .127 0.83 (0.66-1.06) .134
    76+ 0.59 (0.47-0.73) < .001 0.59 (0.46-0.76) < .001
Race
    White Reference
    Black 0.94 (0.74-1.19) .615
    Others 0.95 (0.79-1.14) .592
Sex
    Female Reference Reference
    Male 1.26 (1.08-1.47) .004 1.15 (0.96-1.37) .127
Grade
    Well differentiated Reference Reference
    Moderately differentiated 2.90 (2.13-4.05) < .001 2.00 (1.45-2.82) < .001
    Poorly differentiated 4.74 (3.51-6.55) < .001 2.97 (2.15-4.17) < .001
    Undifferentiated 3.62 (1.96-6.46) < .001 2.18 (1.15-4.01) .014
Histology
    Adenocarcinoma Reference Reference
    Signet ring cell carcinoma 1.29 (1.05-1.58) .013 0.98 (0.77-1.24) .865
    Others 1.19 (0.95-1.48) .115 1.26 (0.98-1.61) .067
Primary site
    Cardia Reference Reference
    Non-cardia 0.83 (0.71-0.97) .020 0.75 (0.63-0.90) .002
Tumor size (mm)
    1-9 Reference Reference
    10-19 4.14 (2.85-6.20) < .001 3.54 (2.42-5.34) < .001
    20-29 6.36 (4.38-9.54) < .001 5.44 (3.72-8.22) < .001
    30+ 10.57 (7.43-15.58) < .001 9.79 (6.83-14.54) < .001
Regional nodes examined
    ≤12 Reference Reference
    >12 2.21 (1.90-2.57) < .001 2.11 (1.79-2.48) < .001
Marital status
    Married Reference Reference
    Others 0.83 (0.71-0.97) .017 0.96 (0.81-1.13) .612
Abbreviations: LNM, lymph node metastasis; 95% CI, 95% confidence intervals; OR, odd ratio.
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A nomogram was established to show the risk 
factors of LNM intuitively (Figure 2A). In addi-
tion, precise score of each factor in the nomo-
gram was displayed in Table 4. We could see 
that the tumor size took up the maximum pro-
portion. ROC (Figure 2B) demonstrated a great 
discrimination of nomogram with AUC of 0.735 
(95% CI = 0.717-0.752) and the calibration 
curve illustrated an effectively accuracy (Figure 
2C). Furthermore, decision curve analysis and 
clinical impact curve showed that threshold 
probabilities of 0-0.5 were the best benefit by 
nomogram in group N (Figure 2D, 2E).

Predictors of DM and its nomogram

Univariate and multivariate logistic regression 
for the presence of DM showed that seven vari-
ables - including age at diagnosis, grade, histol-
ogy, primary site, tumor size, regional nodes 
examined, N stage - were related to DM (Table 

3). The older patients were at lower risk to suf-
fer DM (aged at 56-65, OR = 0.55, 95% CI = 
0.42-0.73, P < .001; aged at 66-75, OR = 0.43, 
95% CI = 0.33-0.57, P < .001; aged at 76+, OR 
= 0.23, 95% CI = 0.18-0.30, P < .001). The DM 
always happened when the grade was poorly 
differentiated (OR = 3.75, 95% CI = 2.46-5.93, 
P < .001), undifferentiated (OR = 2.49, 95% CI 
= 1.20-5.15, P = .014), or moderately differen-
tiated (OR = 1.87, 95% CI = 1.21-2.98, P = 
.006). Compared with patients who didn’t have 
LNM, those suffered from LNM (N1/2/3, OR = 
3.10, 95% CI = 2.54-3.78, P < .001) were at a 
higher risk of distant metastasis. Furthermore, 
we analyzed the critical risk factors associated 
with the specific site of distant metastasis. 
Since the definite metastasis site was only 
recorded from 2010 and onward, patients from 
2010 to 2016 were enrolled. We screened 
1875 T1 GC patients with a clear record of  
distant metastasis site from 5547 patients. 

Figure 2. Nomogram (A), receiver operating characteristic curve (B), the calibration curve (C), decision curve analy-
sis (D), and the clinical impact curve (E) for forecasting LNM in T1N0-3M0 gastric cancer patients.



Identification of high-risk T1 gastric cancer patients by SEER

1469 Am J Cancer Res 2021;11(4):1463-1479

Among them, there were 21 cases of bone 
metastasis, 5 cases of brain metastasis, 31 
cases of lung metastasis, and 98 cases of liver 
metastasis. According to the theory of Events 
Per Variable (EPV) [21, 22], we can only analyze 
the risk factors of liver metastasis. Associated 
risk factors to liver metastasis were calculated 

with univariate and multivariate logistic regres-
sion (Supplementary Table 1), which revealed 
that grade, histology, tumor size, regional 
nodes examined, N stage were all independent 
risk factors. Larger tumors were more prone to 
liver metastases (size >30 mm, OR = 21.26, 
95% CI = 4.55-379.25, P = .003). Compared 

Table 3. Logistic regression for the associated risk factors of DM in T1 gastric cancer

Clinicopathological variables
Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P
Age at diagnosis
    18-55 Reference Reference
    56-65 0.69 (0.56-0.86) .001 0.55 (0.42-0.73) < .001
    66-75 0.48 (0.39-0.59) < .001 0.43 (0.33-0.57) < .001
    76+ 0.36 (0.29-0.45) < .001 0.23 (0.18-0.30) < .001
Race
    White Reference Reference
    Black 0.88 (0.69-1.10) .272 0.83 (0.62-1.10) .203
    Others 0.51 (0.41-0.64) < .001 0.85 (0.64-1.11) .234
Sex
    Female Reference Reference
    Male 1.41 (1.20-1.66) < .001 0.89 (0.73-1.10) .281
Grade
    Well differentiated Reference Reference
    Moderately differentiated 3.52 (2.38-5.41) < .001 1.87 (1.21-2.98) .006
    Poorly differentiated 7.16 (4.92-10.88) < .001 3.75 (2.46-5.93) < .001
    Undifferentiated 6.04 (3.23-11.15) < .001 2.49 (1.20-5.15) .014
Histology
    Adenocarcinoma Reference Reference
    Signet ring cell carcinoma 0.76 (0.60-0.95) .018 0.50 (0.37-0.67) < .001
    Others 0.94 (0.75-1.18) .613 0.98 (0.72-1.31) .879
Primary site
    Cardia Reference Reference
    Non-cardia 0.40 (0.34-0.46) < .001 0.59 (0.48-0.72) < .001
Tumor size (mm)
    1-9 Reference Reference
    10-19 5.73 (2.79-13.85) < .001 5.26 (2.52-12.86) < .001
    20-29 12.19 (6.05-29.11) < .001 9.46 (4.59-22.91) < .001
    30+ 49.88 (25.52-116.86) < .001 32.66 (16.37-77.51) < .001
Regional nodes examined
    ≤12 Reference Reference
    >12 0.06 (0.04-0.08) < .001 0.04 (0.03-0.06) < .001
Marital status
    Married Reference
    Others 0.90 (0.77-1.05) .192
N stage
    N0 Reference Reference
    Non-N0 (N1/2/3) 4.37 (3.74-5.12) < .001 3.10 (2.54-3.78) < .001
Abbreviations: DM, distant metastasis; 95% CI, 95% confidence intervals; OR, odd ratio.
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with non-adenocarcinoma, patients with ade-
nocarcinoma were more likely to develop liver 
metastases (signet ring cell carcinoma, OR = 
0.11, 95% CI = 0.03-0.30, P < .001; other type 
of histology, OR = 0.40, 95% CI = 0.16-0.90, P 
= .038). The risk factors of liver metastasis 
were almost the same as those of distant 
metastasis, which showed the credibility of our 
study. 

On the basis of independent risk factors, a 
nomogram was produced in M group to predict 
DM (Figure 3A). Each factor possessed a spe-
cific score in Table 4. Tumor size also account-
ed for the largest portion, followed by regional 
nodes examined, age at diagnosis, grade, N 
stage, histology, primary site. ROC analysis 
(Figure 3B) was conducted in order to ensure 
that the nomogram had brilliant efficacy. The 
nomogram for the prediction of DM had a near-
ly perfect AUC which was 0.896 (95% CI = 
0.885-0.907). The calibration curve did not elu-
cidate obvious deviation from reference line, 
which indicated an advantageous predictive 
accuracy (Figure 3C). Moreover, according to 
DCA and CIC, we discovered that the most  
beneficial threshold probabilities for forecast-
ing DM in group M were 0-0.8 (Figure 3D, 3E). 
And we also constructed the corresponding 
Nomogram (Supplementary Figure 1A), receiv-
er operating characteristic curve (Supplemen- 
tary Figure 1B), the calibration curve (Supple- 
mentary Figure 1C), decision curve analysis 
(Supplementary Figure 1D), and the clinical 
impact curve (Supplementary Figure 1E) for 
forecasting liver metastasis in T1NXM0-1 gas-
tric cancer patients. The AUC (0.896, 95% CI = 
0.885-0.907) was also excellent.

Survival analyses on LNM and DM

We used the Kaplan-Meier and Gray method to 
calculate the influence of LNM and DM on the 
survival. Overall survival was significantly con-
nected with LNM (HR = 1.38, 95% CI = 1.23-
1.55, P < .0001) and DM (HR = 6.32, 95% CI = 
5.70-7.00, P < .0001) according to Kaplan-
Meier curves (Figure 4A, 4B). In terms of can-
cer-specific death, LNM (SHR = 1.86, 95% CI = 
1.63-2.12, P < .0001) and DM (SHR = 8.24, 

Table 4. Nomogram score of significant fac-
tors in T1 gastric cancer

Clinicopathological variables
Nomogram score

LNM DM OS
Age at diagnosis
    18-55 24 42 0
    56-65 14 24 6
    66-75 16 17 25
    76+ 0 0 62
Race
    White 16
    Black 24
    Others 0
Sex
    Female 0
    Male 12
Grade
    Well differentiated 0 0 0
    Moderately differentiated 30 18 17
    Poorly differentiated 47 38 27
    Undifferentiated 35 26 28
Histology
    Adenocarcinoma 20
    Signet ring cell carcinoma 0
    Others 19
Primary site
    Cardia 13 16 17
    Non-cardia 0 0 0
Tumor size (mm)
    1-9 0 0 0
    10-19 55 48 13
    20-29 74 64 24
    30+ 100 100 37
Regional nodes examined
    ≤12 0 91 26
    >12 33 0 0
Marital status
    Married 0
    Others 12
Chemotherapy
    Yes 0
    None/Unknown 26
Surgery
    Yes 0
    None/Unknown 100
N stage
    N0 0 0
    N1 33 19
    N2 33 46
    N3 33 42

M stage
    M0 0
    M1 63
Abbreviations: LNM, Lymph nodes metastasis; DM, 
Distant metastasis; OS, Overall survival. 
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95% CI = 7.44-9.13, P < .0001) were also asso-
ciated with CSS (cancer-specific survival) using 
Gray method (Figure 4C, 4D). 

Construction of a prognostic nomogram in T1 
gastric cancer

Based on univariate and multivariate Cox pro-
portional hazard regression, we revealed prog-
nostic factors of overall survival. The prognos-
tic factors consisted of age at diagnosis, race, 
sex, grade, primary site, tumor size, regional 
nodes examined, marital status, chemothera-
py, surgery, N stage and M stage. We made a 
forest plot to display the results of multivariate 
Cox proportional hazard model more intuitively 
(Figure 5). Patients who were 66-75 years old 
(HR = 1.42, 95% CI = 1.24-1.63, P < .001) or 
76+ years old (HR = 2.36, 95% CI = 2.07-2.69, 
P < .001) would have higher risk of death com-
pared to those aged at 18-55. The probability 

of death increased in patients who suffered 
LNM (N1, HR = 1.31, 95% CI = 1.18-1.45, P < 
.001; N2, HR = 1.91, 95% CI = 1.45-2.52, P < 
.001; N3, HR = 1.78, 95% CI = 1.15-2.76, P = 
.01) or DM (HR = 2.41, 95% CI = 2.14-2.71, P < 
.001). 

Then, the study further researched indepen-
dent risk factors of gastric cancer-specific 
death (GCSD) in T1 patients by performing com-
peting risk model. Ten variables were included: 
age at diagnosis, race, grade, primary site, 
tumor size, regional nodes examined, chemo-
therapy, surgery, N stage and M stage (Table 5). 
In matters of age, the older patients (aged more 
than 76 years old, SHR = 1.40, 95% CI = 1.21-
1.63, P < .001) had higher risk of GCSD when 
compared to those younger. The worsen grade 
had a gradual rising risk of GCSD (moderately 
differentiated, SHR = 1.30, 95% CI = 1.05-
1.60, P = .014; poorly differentiated, SHR = 

Figure 3. Nomogram (A), receiver operating characteristic curve (B), the calibration curve (C), decision curve analy-
sis (D), and the clinical impact curve (E) for forecasting DM in T1NXM0-1 gastric cancer patients.
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1.59, 95% CI = 1.29-1.96, P < .001; undifferen-
tiated, SHR = 1.62, 95% CI = 1.12-2.33, P = 
.010) when well differentiated was regarded as 
reference. Consistently, the probability of GCSD 
increased in patients who suffered LNM (N1, 
SHR = 1.37, 95% CI = 1.20-1.55, P < .001; N2, 
SHR = 2.17, 95% CI = 1.62-2.90, P < .001; N3, 

SHR = 1.84, 95% CI = 1.22-2.77, P = .004) or 
DM (SHR = 2.24, 95% CI = 1.93-2.62, P < .001).

Based on the COX regression model, the 3-, 5- 
and 10-year OS prognostic nomogram has 
shown in Figure 6A. We can calculate the T1 GC 
patients’ probabilities of 3-, 5-, and 10-year OS 

Figure 4. Impact of lymph nodes metastasis on overall survival (A) and cancer-specific survival (C) in T1 gastric can-
cer. Effect of distant metastasis on overall survival (B) and cancer-specific survival (D) in T1 gastric cancer.
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by summing up each factor’s score. The C-index 
was 0.797 and the calibration curves illustrat-
ed brilliant agreement between the prediction 
and practical situation (Figure 6B-D). Addi- 
tionally, the DCA curves showed that the opti-
mal threshold probabilities were 0-0.6, 0-0.7, 
0-0.8 for forecasting the 3-, 5-, 10-year OS 
(Figure 6E-G), respectively.

Clinical effects

Finally, we used the interquartile range of the 
nomogram score to reclassify group N into 
three subgroups (low-, medium-, and high-risk). 
The score was 0-100, 101-160, 161+ for each 
subgroup. Occurrence of LNM amid three sub-
groups was statistically different (P < .001) 

Figure 5. Forest plot depicting the significance of multivariate Cox proportional hazard regression prognostic factors 
of OS in T1 gastric cancer.



Identification of high-risk T1 gastric cancer patients by SEER

1474 Am J Cancer Res 2021;11(4):1463-1479

Table 5. Competing risk regression analysis for risk factors of CSS in T1 gastric cancer

Clinicopathological variables
Univariate analysis Multivariate analysis

SHR (95% CI) P SHR (95% CI) P
Age at diagnosis
    18-55 Reference Reference
    56-65 0.89 (0.77-1.04) .150 0.97 (0.84-1.12) .700
    66-75 0.79 (0.69-0.92) .002 0.99 (0.85-1.15) .900
    76+ 1.22 (1.06-1.40) .004 1.40 (1.21-1.63) < .001
Race
    White Reference Reference
    Black 0.90 (0.77-1.04) .150 0.97 (0.82-1.14) .670
    Others 0.57 (0.50-0.65) < .001 0.86 (0.75-0.98) .023
Sex
    Female Reference Reference
    Male 1.30 (1.18-1.44) < .001 1.09 (0.98-1.21) .110
Grade
    Well differentiated Reference Reference
    Moderately differentiated 2.14 (1.75-2.62) < .001 1.30 (1.05-1.60) .014
    Poorly differentiated 3.06 (2.52-3.73) < .001 1.59 (1.29-1.96) < .001
    Undifferentiated 3.31 (2.35-4.66) < .001 1.62 (1.12-2.33) .010
Histology
    Adenocarcinoma Reference Reference
    Signet ring cell carcinoma 0.88 (0.77-1.02) .084 1.08 (0.93-1.25) .320
    Others 0.85 (0.73-0.99) .041 1.00 (0.85-1.18) .980
Primary site
    Cardia Reference Reference
    Non-cardia 0.52 (0.47-0.57) < .001 0.84 (0.75-0.94) .003
Tumor size (mm)
    1-9 Reference Reference
    10-19 1.71 (1.34-2.18) < .001 1.42 (1.10-1.82) .007
    20-29 2.87 (2.27-3.64) < .001 1.89 (1.48-2.43) < .001
    30+ 6.34 (5.10-7.87) < .001 2.22 (1.75-2.82) < .001
Regional nodes examined
    ≤12 Reference Reference
    >12 0.27 (0.24-0.31) < .001 0.71 (0.61-0.83) < .001
Marital status
    Married Reference
    Others 1.09 (0.99-1.20) .069
Radiation
    Yes Reference Reference
    None/Unknown 0.52 (0.46-0.57) < .001 1.02 (0.89-1.16) .800
Chemotherapy
    Yes Reference Reference
    None/Unknown 0.35 (0.32-0.38) < .001 1.18 (1.02-1.36) .025
Surgery
    Yes Reference Reference
    None/Unknown 9.38 (8.48-10.40) < .001 4.26 (3.65-4.97) < .001
N stage
    N0 Reference Reference
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(Figure 7A). In a similar way to reclassify group 
M, the incidence of DM among subgroups dem-
onstrated the statistical significance (P < .001) 

(Figure 7B). And the probability of OS also 
showed a significantly difference among these 
subgroups (P < .001) (Figure 7C).

    N1 2.25 (2.03-2.49) < .001 1.37 (1.20-1.55) < .001
    N2 2.31 (1.75-3.04) < .001 2.17 (1.62-2.90) < .001
    N3 3.88 (2.69-5.58) < .001 1.84 (1.22-2.77) .004
M stage 
    M0 Reference Reference
    M1 8.24 (7.44-9.13) < .001 2.24 (1.93-2.62) < .001
Abbreviations: CSS, cancer-specific survival; 95% CI, 95% confidence intervals; SHR, sub-distribution hazard ration.

Figure 6. Nomogram (A), the calibration curve (B-D) and decision curve analysis (E-G) for forecasting overall survival 
in T1 gastric cancer patients.
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Discussion

Because of various clinical features and prog-
noses, patients with T1 gastric cancer always 
need distinct treatments. In terms of T1 GCs 
without LNM, patients just need to accept 
endoscopy resection to remove the lesions. It 
can acquire similar beneficial prognosis com-
pared with radical surgery but decrease the 
occurrence of adverse effects. By contrast, T1 
GCs with LNM, making up 20.5% roughly [5], 
ought to accept radical surgical resection and 
undergo adjuvant chemotherapy. Unfortunate- 
ly, T1 GCs with DM lose the opportunity of sur- 
gical therapy and have to experience systemic 
therapy, such as palliative chemotherapy, mo- 

lecular targeted anti-tumor drugs and immuno-
therapy [6, 17]. In a word, it is important to  
forecast the probability of LNM and DM in T1 
GCs. Certainly, it is significant to calculate the 
probability of overall survival based on clinical 
features in T1 GCs, too.

We can see increasing related studies recent- 
ly, but there are still some disadvantages and 
limitations. First of all, although earlier rese- 
arches [23, 24] established models through 
regression methods, all of them didn’t possess 
the capacity of prediction since rendering mod-
els were difficult to exert in real world conve-
niently. We used the nomograms to display the 
prediction of lymph node metastasis, distant 

Figure 7. Stacked bar charts of clinical effect on LNM nomogram (A) and DM nomogram (B). Kaplan-Meier curve of 
clinical effect on OS nomogram (C).
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metastasis and overall survival intuitively and 
make further validation and clinical decision. 
Secondly, in the researches including nomo-
grams of T1 GC population [25-27], they were 
still lack of completeness and were not able to 
comprehensively reflect the prognosis of T1 
GCs in one dataset, which only study the prob-
ability of LNM or DM, ignoring the survival out-
comes of this population. Thirdly, the inclusion 
criteria seem to be confused. For instance, sev-
eral studies used the whole data of T1 GCs 
directly [28, 29]. Nonetheless, they all had pre-
dictive results of lymph node metastasis, it is 
lack of rigor, because only nonmetastatic GC 
patients have a clinical value in forecasting 
lymph node metastasis.

Base on these, we reclassified the included 
cases into N group (T1N0-3M0 GCs for LNM) 
and M group (T1N0-3M0-1 GCs for DM and OS). 
Not only the risk factors of LNM and DM but 
also the prognostic predictors of OS for T1 GCs 
were all constructed, with the parallel nomo-
grams plotted too. These nomograms were fur-
ther examined by several methods such as 
ROC, calibration curve, DCA and CIC. LNM 
nomogram involves five factors: age at diagno-
sis, grade, primary site, tumor size and reginal 
nodes examined while DM nomogram involves 
seven factors: age at diagnosis, histology, 
grade, primary site, tumor size, reginal nodes 
examined and N stage. 3-, 5- and 10-year OS 
nomogram includes twelve predictors: age at 
diagnosis, race, sex, grade, primary site, tumor 
size, reginal nodes examined, marital status, 
chemotherapy, surgery, N stage and M stage. 
Furthermore, we analyzed the critical risk fac-
tors associated to the specific site of distant 
metastasis. Due to data limitations, we can 
only analyze liver metastasis. Nomogram of 
liver metastasis involves five factors: histology, 
grade, tumor size, reginal nodes examined and 
N stage, which was almost consistent with the 
risk factors of DM.

All these nomograms illustrated great discrimi-
nation and accuracy. AUC of the LNM and DM 
nomograms were 0.735 and 0.896, respective-
ly. And C-index of OS nomogram was 0.797. 
Good clinical utility could be seen in the corre-
sponding proper threshold probability. More- 
over, we forged low-, medium- and high-risk 
subgroups according to interquartile scores of 
nomograms along with plotted stacked bar 
charts and K-M survival curve to show the abil-
ity of nomograms discrimination intuitively. 

In term of the LNM nomogram, we discovered 
that tumor size and grade took up the largest 
portion of nomogram scores, which was con- 
sistent with prior studies [26, 29]. The larger 
tumor size was, the more probability of occur-
rence of LNM was. Compared with well differ- 
entiated gastric cancer, the probability of LNM 
in the poorly differentiated and undifferentiat-
ed cancer were 2.97 and 2.18 (both P < .05). 
Unlike Jiang et al’s argument that younger age 
increased risk of LNM [30], we didn’t find a sig-
nificant relationship between age and lymph 
node metastasis. In term of DM nomogram, 
tumor size accounted for the largest percent-
age of nomogram scores. We already have 
seen this parameter confirmed as a significant 
prognostic factor in solid cancers [31-33]. In- 
terestingly, we found that there was an inverse 
association of distant metastasis with age in 
T1 GC population. Above all, the relationship 
between age and LNM or DM will need a fur- 
ther study, which indicates our next efforts.  
For OS nomogram, the largest proportion in 
nomogram were surgery and age at diagnosis. 
It is not surprising that for T1 GCs who did not 
have surgery, the risk for death would in- 
crease. Consistent with our study, previous 
studies [23, 34] reported age as one indepen-
dent prognostic predictor affecting the prog- 
nosis of GC. The OS for elderly patients was 
shorter when compared with younger patients. 

In present study, we screened 5,547 eligible 
cases from SEER database and analyzed the 
cases relying on suitable statistical methods. 
What’s more, we concluded these convincing 
inferences. Our study yet has some shortcom-
ings - this retrospective analysis is lack of the 
specific site of distant metastasis and some 
critical risk factors such as the infection of HP, 
the detection of key molecules like Her-2. 
Additionally, all of these models were not vali-
dated by external cohort, which remained con-
tinuously improved on the basis of future’s 
application. We hope this article can be an in- 
spiration and provide reference for clinical tri-
als to obtain more clinical cohort data from 
large centers to verify our models. So as to pro-
mote the progress of individualized treatment.

Conclusion

In conclusion, we established corresponding 
nomograms of LNM, DM and OS of T1 gastric 
cancer population depending on independent 
risk factors through logistic and COX regres- 
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sion analyses. Furthermore, all these nomo-
grams were verified to acquire reliable ability  
of discrimination and accuracy. Besides, they 
also had brilliant profit in clinical utility. We 
hope that our results can assist doctors in  
making individual clinical decisions for T1 GC 
patients and promote the process of individ- 
ualized therapy.
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Supplementary Table 1. Logistic regression for the associated risk factors of liver metastasis in T1 
gastric cancer

Clinicopathological variables
Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P
Age at diagnosis
    18-55 Reference
    56-65 1.74 (0.91-3.47) .100
    66-75 1.04 (0.55-2.08) .899
    76+ 0.91 (0.48-1.79) .771
Race
    White Reference
    Black 1.27 (0.76-2.07) .346
    Others 0.45 (0.25-0.78) .006
Sex
    Female Reference
    Male 1.65 (1.08-2.56) .022
Grade
    Well differentiated Reference Reference
    Moderately differentiated 5.97 (1.79-37.03) .015 3.58 (1.02-22.64) .089
    Poorly differentiated 7.77 (2.41-47.57) .005 7.57 (2.22-47.50) .006
    Undifferentiated 8.81 (1.42-68.50) .019 11.69 (1.60-104.48) .016
Histology
    Adenocarcinoma Reference Reference
    Signet ring cell carcinoma 0.12 (0.03-0.32) < .001 0.11 (0.03-0.30) < .001
    Others 0.50 (0.21-1.02) .082 0.40 (0.16-0.90) .038
Tumor size (mm)
    1-9 Reference Reference
    10-19 2.60 (0.38-50.96) .394 2.12 (0.31-42.05) .505
    20-29 4.48 (0.72-86.16) .172 3.01 (0.47-58.48) .319
    30+ 40.17 (8.88-709.74) < .001 21.26 (4.55-379.25) .003
Regional nodes examined
    ≤12 Reference Reference
    >12 0.04 (0.04-0.08) < .001 0.05 (0.01-0.12) < .001
Marital status
    Married Reference
    Others 0.95 (0.63-1.43) .805
N stage
    N0 Reference Reference
    Non-N0 (N1/2/3) 2.49 (1.65-3.75) < .001 2.01 (1.27-3.18) .003
Abbreviations: 95% CI, 95% confidence intervals; OR, odd ratio.
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Supplementary Figure 1. Nomogram (A), receiver operating characteristic curve (B), the calibration curve (C), deci-
sion curve analysis (D), and the clinical impact curve (E) for forecasting liver metastasis in T1NXM0-1 gastric cancer 
patients.


