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Background: Gastric signet ring cell carcinoma (GSRCC) is a rare disease associated
with poor prognosis. A prognostic nomogram was developed and validated in this study
to assess GSRCC patients’ overall survival (OS).

Methods: Patients diagnosed with GSRCC from the Surveillance, Epidemiology, and End
Results (SEER) database (2004–2016) and the First Hospital of China Medical University
(CMU1h) were enrolled in this retrospective cohort study. Univariate and multivariate COX
analysis was used to determine independent prognostic factors to construct the prognostic
nomogram. Predictions were evaluated by the C-index and calibration curve. In addition, the
receiver operating characteristic (ROC) curve, decision curve analysis (DCA), and Kaplan-
Meier analysis were employed to assess the clinical utility of the survival prediction model.

Results: Patients were classified into two cohorts. We randomly divided patients in the
SEER database and CMU1h cohort into a training group (n=3068, 80%) and a validation
group (n=764, 20%). Age, race, T stage, N stage, M stage, therapy, and tumor size were
significantly associated with the prognosis of GSRCC patients. On this basis, a nomogram
was constructed, with a C-index in the training and the validation cohorts at 0.772 (95%
CI: 0.762–0.782) and 0.774 (95% CI: 0.752–0.796), respectively. The accuracy of the
generated nomogram was verified through calibration plots. Similarly, compared with the
traditional AJCC staging system, the results of the area under curve (AUC) calculated by
ROC, DCA, and Kaplan-Meier curves, demonstrated a good predictive value of the
constructed nomogram, compared to the traditional AJCC staging system.

Conclusion: In the present study, seven independent prognostic factors of GSRCC were
screened out. The established nomogram models based on seven variables provided a
visualization of each prognostic factor’s risk and assisted clinicians in predicting the 1-, 3-,
and 5-year OS of GSRCC.

Keywords: gastric signet ring cell carcinoma, Surveillance Epidemiology and End Results (SEER), nomogram,
prognosis, survival
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INTRODUCTION

Gastric cancer (GC) is a common malignancy, with a high
mortality rate among all cancer types (1). Although GC
incidence has declined in recent decades, GC from the diffuse
type has an increasing incidence (2). According to Lauren’s
classification, gastric signet ring cell carcinoma (GSRCC) is a
diffuse GC type. Morphologically, it is characterized by
prominent cytoplasmic mucin expression and an eccentrically
localized, crescent-shaped nucleus (3). Compared with other GC
types, GSRCC displays a unique biological behavior, usually at
the advanced tumor stage and exhibits higher resistance to
chemotherapy than non-SRCC (4). During the past decades,
significant progress has been made in the diagnosis and
treatment of GC, with the development of biologically targeted
therapies and chemo- and radiotherapy.

Nevertheless, radical tumor resection (R0 resection) is still the
optimal treatment (5). Due to the non-specific symptoms, such
as pain or vomiting, curative resection is not suitable for most
patients, resulting in a negative impact on GSRCC patients’
prognosis (6). Therefore, research on GC containing signet
ring cell components becomes essential.

As stated by the American Joint Committee on Cancer
(AJCC), the tumor lymph node metastasis (TNM) staging
system has been widely used to predict the prognosis of cancer
patients (7, 8). The 8th AJCC staging system for GC has been
assessed by several large centers, providing excellent results in
assessing the prognosis (9, 10). However, due to the association
of non-TNM predictors, such as age, gender, race, tumor size,
and treatment with GC patients’ survival, the AJCC staging
system might not be useful in evaluating individual patient’s
survival outcomes (11).

Nomograms are a novel, alternative model to evaluate patient
prognosis and a statistical tool used in the evaluation of several
cancer types (12, 13). Nomograms can estimate patients’ OS by
integrating a variety of predictors into a single graphic
representation. Compared with the traditional AJCC staging
system, nomograms are significantly better at predicting
individual risk. To the best of our knowledge, a prognostic
nomogram for GSRCC patients has neither been developed
nor validated.

Here, using the Surveillance, Epidemiology, and End Results
(SEER) database (2004–2016) and the First Hospital of China
Medical University (CMU1h) cohorts, a specific nomogram
model for predicting the survival probability of GSRCC
patients was developed and validated. We propose that our
new model might serve as a tool for clinicians to better
conduct risk assessments and improve patient management.
MATERIALS AND METHODS

Patients
We conducted a retrospective cohort study using the
Surveillance, Epidemiology, and End Results (SEER) database
of the National Cancer Institute (http://seer.cancer.gov/). The
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data of patients diagnosed from 2004 to 2016 were retrieved
from the SEER 18 database using SEER*Stat, version 8.3.6.
Patients diagnosed with GSRCC [histological diagnostic code
8390/3 in the International Classification of Diseases for
Oncology, 3rd Edition (ICD-O-3)] from 2004 to 2016 were
included in this study. Patients’ exclusion criteria were as
follows: missing data concerning patients’ age, sex, race, tumor
grade, AJCC stage, T stage, N stage, M stage, surgery,
chemoradiotherapy, tumor size, and survival information.
Patients with another primary tumor were also excluded. We
only included patients who underwent radical gastrectomy and
excluded patients who underwent other operations in the surgical
variables. Furthermore, we included patients diagnosed with
GSRCC between 2010 and 2019 from the First Hospital of
China Medical University (CMU1h) according to the above-
described criteria. The workflow of patient selection is shown in
Figure 1. This study was performed following the Declaration of
Helsinki and was approved by the institutional review board of
the First Hospital of China Medical University.

Clinical Variables
The following variables were selected as potential prognostic
factors at the time of diagnosis (continuous variables were
converted to categorical variables). Sixty was used as the cutoff
value of age in this study, and the X-tile program was used to
determine the cutoff point of tumor size: age (<60 years and ≥60
years), race (black, Caucasian, and others), gender (female,
male), grade (G1, G2, G3, and G4), tumor staging according to
the 8th Edition of AJCC System (stages I, II, III, IV, and
unknown), T stage (T1, T2, T3, T4, and TX), N (N0, N1, N2,
N3, and NX), M (M0, M1, and MX) stages, therapy (surgery plus
chemotherapy/radiotherapy, surgery only, chemotherapy/
radiotherapy only, none) and tumor size (<5 cm, ≥5 cm). OS
was calculated from the date of diagnosis to the date of death or
last follow-up. The median follow-up length was 16 [0–152.1]
months. We performed re-staging in all the patients according to
the 8th Edition of the AJCC Staging System.

Statistical Analysis
We used the “caret” package in R version 4.0.2 to randomly group
the patients, using 80% as the training cohort and the remaining
20% as the validation cohort. We performed univariate COX
proportional hazard regression analysis in a forward step-wise
manner in the training group. Significant variables in univariate
analysis (P<0.05) were carried into a multivariate COX analysis to
obtain the hazard ratio (HR) and corresponding 95% confidential
interval (CI) for every independent prognostic variable. Based on
the proportional conversion of each regression coefficient in the
multivariate analysis to a 0–100 point scale, we used the “rms”
package to draw a nomogram. We further verified the internal
and external accuracy of the nomogram. We used the Harrell
consistency index (C-index) and calibration curves to evaluate
the discrimination of the nomogram. Receiver operating
characteristics (ROC) curves and decision curve analysis (DCA)
were performed to show the nomogram’s clinical utility.
According to the risk score of each patient calculated by the
nomogram, we divided the patients into two different risk groups
March 2021 | Volume 11 | Article 603031
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(low and high). Kaplan-Meier plots were constructed to analyze
potential differences in patient overall survival between the high-
and low-risk groups. All statistical analyses were performed using
R software (version 4.0.2) (https://www.r-project.org/). A two-
tailed P<0.05 was considered statistically significant.
RESULTS

Patients Clinical Characterization
We identified 3,832 GSRCC cases from the SEER database and the
CMU1h cohort, of which 3,068 patients were used as the training
cohort, and the remaining 764 cases were used as the validation
cohort (Figure 1). From the entire cohort of the selected patients,
2061 (53.8%) were >60 years old, 2005 (52.3%) were female
patients, and 2295 (59.9%) were Caucasian, with the remaining
being black or other (American Indians/AK natives, Asian/Pacific
Islanders). The majority of patients exhibited poorly differentiated
tumors (grade III/IV). Concerning the AJCC staging, 1246
(32.6%) patients presented with stage IV tumors. As for TNM
staging, a portion of the patient was classified as T2 (35.7%), N0
(35.9%), or N1 (30.2%), and M0 (76.2%). In terms of treatment,
1911 (49.9%) patients had received radical surgery plus
chemotherapy or radiotherapy. A total of 2,062 (53.8%) patients
presented with tumors <5 cm at diagnosis. Table 1 presents the
patients’ clinicopathological characteristics.
Construction of the Nomogram
Age, race, AJCC stage, T stage, N stage, M stage, treatment
method, and tumor size were confirmed to be closely related to
the patient’s OS (P<0.05) in univariate and multivariate analysis
in the training cohort. Table 2 lists the risk ratio of each variable
to OS in the univariate and multivariate COX risk models. Since
the AJCC stage is a comprehensive variable for T, N, and M
stages, we did not include the variable AJCC staging in the
Frontiers in Oncology | www.frontiersin.org 3
nomogram. Based on the seven variables identified in the
previous multivariate COX proportional hazard model, we
established a nomogram to predict 1-, 3-, and 5-year OS in
patients with GSRCC (Figure 2). The score of each variable was
obtained by establishing a vertical upward line; the scores
obtained by each variable could then be summed to achieve
the total score. A vertical downward line denotes the specific
probability of 1-, 3-, and 5-year survival rates of GSRCC patients.
Nomogram Calibration and Validation
C-index and calibration curves of the nomogram were used to
validate our model-training cohort validation. The predicted C-
index by the nomogram concerning the training cohort was
higher than that of the AJCC staging system, 0.772 vs. 0.701 (95%
CI: 0.762–0.781 vs. 0.689–0.713, respectively) in the training
cohort and 0.774 vs. 0.699 (95% CI: 0.752–0.796 vs. 0.675–0.723,
respectively) in the validation cohort. Survival calibration plots
showed excellent consistency between the nomogram-predicted
survival probabilities and actual observation in the training
cohort and the validation cohort (Figure 3).
Comparison of the Nomogram and AJCC
Staging System
We established the ROC curve and calculated the corresponding
AUC to compare the nomogram and AJCC staging accuracy in
predicting patients’ overall survival. The 1-, 3-, and 5-year AUCs,
corresponding to the training cohort predicted by ROC analysis
of the nomogram, were 0.818, 0.839, and 0.835, respectively,
whereas the AUC values calculated from the AJCC staging
system were 0.740, 0.790, and 0.804 (Figures 4A–C). The 1-,
3-, and 5-year AUC predicted by the nomogram in the validation
cohort were 0.822, 0.852, and 0.855, respectively, higher than
0.750, 0.818, and 0.809 of the AJCC staging system (Figures 4D–
F). It means that the nomogram had superior predictive ability
than the AJCC staging system. In addition, as shown in Figure 5,
FIGURE 1 | Flowchart of patients identified in this study.
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the DCA showed good performance of the nomogram in clinical
use and is better than the traditional AJCC staging system.

Survival Analysis
We performed a survival analysis by Kaplan-Meier plots in the
training and validation cohort. Patients from the training cohort
exhibited OS ranging from 1 to 152.1 months, with a median of
17 months. Overall, 1-, 3-, and 5-year survival rates were 67.3%,
46.4%, and 41.9%, respectively. In the validation cohort, patients’
OS ranged from 1 to 152 months, with a median of 21 months.
Overall, 1-, 3-, and 5-year survival rates were 63.7%, 43.9%, and
38.4%, respectively. Subsequently, the patients were divided into
Frontiers in Oncology | www.frontiersin.org 4
high- and low-risk groups based on the nomogram’s median
score. Kaplan-Meier curves showed that the patients’ OS in the
high-risk group was lower than that of patients from the low-risk
group (Figure 6), supporting the use of our generated
nomogram in GRSCC patient stratification.
DISCUSSION

Gastric signet ring cell carcinoma (GSRCC) exhibits distinct
tumorigenic properties and epidemiological distribution
compared to other forms of gastric cancer (GC) (14, 15).
TABLE 2 | Risk factors affecting patients’ overall survival (OS), according to the
univariate and multivariate Cox analysis.

Variables No. of
patients

Univariate
analysis

Multivariate analysis

P value HR (95% CI) P value

Age <0.001
<60 1,413 Reference
≥60 1,655 1.41 (1.29–1.55) <0.001

Race <0.001
Black 403 Reference
White 1,845 0.89 (0.78–1.01) 0.09
Others 820 0.56 (0.48–0.66) <0.001

Sex 0.900
Female 1,610 – –

Male 1,458 – –

Grade 0.128
G1 8 – –

G2 82 – –

G3 2,882 – –

G4 96 – –

AJCC stage <0.001
I 828 Reference
II 485 1.85 (1.47–2.33) <0.001
III 682 2.63 (2.04–3.40) <0.001
IV 994 2.95 (2.18–3.99) <0.001
UKN stage 79 1.92 (1.31–2.83) <0.001

T stage <0.001
T1 597 Reference
T2 1,109 2.08 (1.75–2.47) <0.001
T3 763 2.77 (2.27–3.39) <0.001
T4 444 3.04 (2.51–3.67) <0.001
TX 155 1.77 (1.37–2.28) <0.001

N stage <0.001
N0 1,116 Reference
N1 920 1.49 (1.31–1.70) <0.001
N2 594 1.89 (1.63–2.19) <0.001
N3 332 2.10 (1.76–2.50) <0.001
NX 106 1.23 (0.96–1.57) 0.107

M stage <0.001
M0 2,359 Reference
M1 659 2.34 (2.08–2.64) <0.001
MX 50 2.05 (1.48–2.84) <0.001

Therapy <0.001
None 204 Reference
Surgery only 994 0.19 (0.15–0.23) <0.001
Chemo/Radio only 336 0.40 (0.33–0.49) <0.001

Surgery plus Chemo/Radio 1,534 0.11 (0.09–0.13) <0.001
Tumor size <0.001
<5cm 1,661 Reference
≥5cm 1,407 1.29 (1.17–1.43) <0.001
M
arch 2021 | V
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TABLE 1 | Baseline clinicopathological characteristics and treatment regimens of
patients.

Variables All patients,
n (%)

Training set,
n (%)

Validation set,
n (%)

Total 3,832 (100.0) 3,068 (80.0) 764 (20.0)
Age
<60 1,771 (46.2) 1,413 (46.1) 358 (46.9)
≥60 2,061 (53.8) 1,655 (53.9) 406 (53.1)

Race
Black 495 (12.9) 403 (13.1) 92 (12.0)
White 2,295 (59.9) 1,845 (60.1) 450 (58.9)
Others 1,042 (27.2) 820 (21.4) 222 (29.1)

Sex
Female 2,005 (52.3) 1,610 (52.5) 395 (51.7)
Male 1,827 (47.7) 1,458 (47.5) 369 (48.3)

Grade
G1 11 (0.2) 8 (0.2) 3 (0.3)
G2 104 (2.7) 82 (2.7) 22 (2.9)
G3 3,604 (94.1) 2,882 (93.9) 722 (94.5)
G4 113 (3.0) 96 (3.1) 17 (2.2)

AJCC stage
I 1,001 (26.2) 828 (27.0) 177 (23.2)
II 611 (16.0) 485 (15.8) 128 (16.8)
III 862 (22.6) 682 (22.2) 180 (23.6)
IV 1,246 (32.6) 994 (32.4) 256 (33.5)

Unknown stage 102 (2.7) 79 (2.8) 23 (3.0)
T stage
T1 727 (19.0) 597 (19.5) 130 (17.0)
T2 1,368 (35.7) 1,109 (36.1) 259 (33.9)
T3 982 (25.6) 763 (24.9) 219 (28.7)
T4 548 (14.3) 444 (14.5) 104 (13.6)
TX 207 (5.4) 155 (5.0) 52 (6.8)

N stage
N0 1,374 (35.9) 1,116 (36.4) 258 (33.8)
N1 1,159 (30.2) 920 (30.0) 239 (31.3)
N2 739 (19.3) 594 (19.4) 145 (19.0)
N3 422 (11.0) 332 (10.8) 90 (11.8)
NX 138 (3.6) 106 (3.5) 32 (4.2)

M stage
M0 2,921 (76.2) 2,359 (76.9) 562 (73.6)
M1 844 (22.0) 659 (21.5) 185 (24.2)
MX 67 (1.8) 50 (1.6) 17 (2.2)

Therapy
None 265 (6.9) 204 (6.6) 61 (8.8)
Surgery only 1,241 (32.4) 994 (32.4) 247 (32.3)
Chemo/Radio only 415 (10.8) 336 (11.0) 79 (10.3)
Surgery plus Chemo/

Radio
1,911 (49.9) 1,534 (50.0) 377 (49.3)

Tumor size
<5cm 2,062 (53.8) 1,661 (54.1) 401 (52.5)
≥5cm 1,770 (46.2) 1,407 (45.9) 363 (47.5)
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FIGURE 2 | Nomogram predicting 1-, 3-, and 5-year overall survival (OS) for patients with gastric signet ring cell carcinoma (GSRCC). The total points are calculated
by summing up the points for each factor. The total points correspond to the patient’s 1-, 3-, and 5-year survival probability.
A B

D

E F

C

FIGURE 3 | (A–C) Nomogram calibration plots to predict 1-, 3-, and 5-year overall survival (OS) in the training cohort. (D–F) Nomogram calibration plots to predict
1-, 3-, and 5-year OS in the validation cohort.
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The American Joint Committee on Cancer (AJCC) staging
system is currently used to determine GC patients’ prognosis.
However, current prediction models of GC monitoring are not
suitable to monitor GSRCC. Notably, the AJCC staging system
does not account for some significant clinicopathological
Frontiers in Oncology | www.frontiersin.org 6
characteristics, like age, gender, and treatment method related
to patients’ survival. In this respect, our generated nomogram
poses a significant advantage due to the possibility of integrating
variables that are available and quantifiable to provide prognostic
information (16). Although previous studies have compared the
A B

D E F

C

FIGURE 4 | (A–C) Nomogram and AJCC staging system ROC curves for predicting 1-, 3-, and 5-year OS in the training cohort. (D–F) Nomogram and AJCC
staging system ROC curves for predicting 1-, 3-, and 5-year OS in the validation cohort.
A B

D E F

C

FIGURE 5 | (A–C) Nomogram and AJCC staging system DCA analysis predicting 1-, 3-, and 5-year OS in the training cohort. (D–F) Nomogram and AJCC staging
system DCA analysis predicting 1-, 3-, and 5-year OS in the validation cohort.
March 2021 | Volume 11 | Article 603031

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Prognostic Nomogram for GSRCC
performance of nomograms to predict the prognosis of GC (17,
18), the nomogram we constructed can be better used to predict
the prognosis of GSRCC.

Nomograms have been successfully established to predict
the survival of patients with GC. A previous report described
the construction of a nomogram combined with five
clinicopathological features to predict the prognosis of GC with
hepatitis B virus infection, which demonstrated a significant
predictive value (19). Roberto et al. built a nomogram of
postoperative survival probability of GC patients based on age,
preoperative performance, lymph node invasion, presence of
residual tumors, and depth of tumor invasion (20). Clinical
data of patients undergoing radical gastrectomy (R0 resection)
in three centers plus SEER database-derived patient data were
retrospectively analyzed (21). The authors developed a simple
nomogram to assess individual survival probability after R0
resection of GC tumors. In the present study, a large cohort
was used to establish a novel nomogram for predicting the
prognosis of GSRCC.

Consistent with the AJCC staging system, our newly generated
nomogram showed a significant impact of infiltration depth and
the presence of lymph node and distant metastasis in the
prediction of survival outcome. In addition, age, race, whether a
radical operation, chemotherapy, or radiotherapy was performed,
and tumor size were identified as independent prognostic factors
in the context of GSRCC. Using these variables as independent
prognostic factors in the nomogram might increase the predictive
power of the model. It has been reported that the prognosis of
young GSRCC patients with low stage tumors, which underwent
radical surgery, is better than other GSRCC patients in terms of
survival (22). It is well established that older age has low survival
time because older people usually have more comorbidities (23).
On the contrary, younger patients have better physical and
psychological conditions, leading to a better prognosis (24). In
another study, compared with Asian races, black races had a
higher risk of death from GSRCC (25). Several studies have found
similar results. Wang et al. reported that Asian patients have better
overall survival than Caucasians and African Americans (26).
Frontiers in Oncology | www.frontiersin.org 7
Surgical resection (R0) remains the only curative modality for
localized gastric cancer (27). Furthermore, it was found that the
survival rate of GSRCC patients who received radiotherapy after
surgery was higher than that of patients who received surgery
alone (28). Perioperative chemotherapy or postoperative
(adjuvant) chemoradiotherapy can effectively improve patients’
overall survival rate (29, 30). Our results further support previous
findings of larger tumor size as an independent prognostic factor
negatively correlated with GSRCC patient survival. GSRCC
patients with larger tumors might have a higher probability of
invasive growth and lymph node metastasis (14, 31). In contrast,
we found no significant correlation between histological grade or
gender and patient survival. In the present study, approximately
97% of the samples were in the grade III/grade IV histological
classification. Although in most tumors, the histological grade is
one of the indicators that determine patients’ prognosis, since the
vast majority of GSRCC patients exhibit high histological grades,
histological grade failed to be a risk factor for determining patients’
prognosis in the present study. In addition, gender did not seem to
be one of the risk factors for predicting the prognosis of GSRCC,
consistent with the findings of Chon et al. (32).

The influence of the above factors on the prognosis of GSRCC
might impair the traditional AJCC staging system’s prediction
accuracy. Therefore, we developed a nomogram to predict the
survival of GSRCC patients based on multiple prognostic factors.
After internal and external verification, the nomogram showed
good individualized risk prediction and stratification capacity.
The C-index and calibration plots of the nomogram showed the
model’s good discrimination and calibration features. Compared
to the standard AJCC system, our nomogram performed better
at predicting 1-, 3-, and 5-year OS accurately. In addition, DCA
analysis revealed that our nomogram had better predictive ability
compared with the AJCC staging system.

Our newly developed nomogram identified treatment method,
tumor stage, and infiltration depth as the significant risk factors
affecting the prognosis of GSRCC patients. Compared with the
traditional AJCC staging system, the nomogram established based
on more clinicopathological information and treatment
A B

FIGURE 6 | Overall survival (OS) Kaplan-Meier curves for patients in the low- and high-risk groups. (A) training group; (B) validation group.
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conditions can more accurately evaluate and predict the prognosis
of GSRCC. Therefore, it is expected to help clinicians to better
identify risks for patients and make clinical decisions.

Despite the significant findings, we acknowledge the
limitations of our study. First, as a large-scale retrospective
study, patient selection might be affected by selection biases.
Second, we did not include potentially important information,
such as the specific location of the distant metastases and surgery
methods (33, 34). All the factors we included are known risk
factors, and there are many risk factors related to the prognosis
of GSRCC that should be studied further. Despite such
limitations, our prognostic nomogram was shown to be a
useful and instructive model that accurately predicts the
individual outcome of GSRCC patients.

CONCLUSION

In summary, we generated a nomogram based on seven
clinicopathological characteristics identified by univariate and
multivariate COX analyses. The proposed nomogram can
efficiently help clinicians predict the 1-, 3-, and 5-year OS of
GSRCC patients. Furthermore, this nomogram might help stratify
the risk and aid in clinical decision-making of GSRCC patients.
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