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Abstract: Objective To explore the predictive value of log odds of positive lymph nodes (LODDS) for survival outcomes in stage

| - 1l gastric signet ring cell carcinoma patients, thus constructing and verifying a LODDS-based nomogram. Methods Clinical
data of 680 cases from the Surveillance, Epidemiology, and End Results (SEER) Program and 62 patients with stage | - Il gastric
signet ring cell carcinoma from Yixing People’s Hospital Affiliated to Jiangsu University were retrospectively collected from 2013 to
2017 as the training set and validation set, respectively. The X-tile software was applied to identify best cut off values of LODDS.
The Kaplan-Meier method was applied to plot survival curves according to LODDS categories, and the prognostic performance of
LODDS was evaluated by receiver operating characteristic (ROC)curve analysis. The Cox regression analysis was used to identify
independent risk factors for prognosis of stage | - Il gastric signet ring cell carcinoma patients, which were further used to establish
a LODDS-based nomogram. Results LODDS was associated with gender, and N stage in training set (P<0.05), while LODDS was
related with N stage and chemotherapy status in validation set (£<0.05). According to overall survival (OS) and cancer specific
survival (CSS) in both training and validation sets, low LODDS group had the best survival outcomes, followed by the medium
LODDS group, while high LODDS group had the worst survival outcomes (P<0.05). Additionally, high T stage, receiving
chemotherapy and high LODDS were independent risk factors for prognosis of stage | - Il gastric signet ring cell carcinoma
patients. The LODDS-based nomogram was further constructed, and the area under the curve (AUC)for predicting 3-year CSS was
0.765 and 0.809 in internal and external validation, respectively. Meanwhile, calibration curve showed the good predictive value of
this nomogram. Conclusion High LODDS can be served as an independent risk factor in stage | - Il gastric signet ring cell
carcinoma patients. The LODDS-based nomogram shows good predictive values for survival of these patients.
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Gastric cancer has a high incidence and mortality rate
[1-3]. Signet ring cell gastric cancer accounts for
approximately 9.9% of gastric cancer cases, commonly
occurs in young women, and most patients with gastric
signet ring cell carcinoma (GSRCC) present with
metastasis at the time of initial diagnosis, leading to a poor
prognosis [4-6]. Lymph node metastasis is a typical
characteristic of its early metastasis. In recent years, an
increasing number of studies have focused on exploring
novel biomarkers associated with lymph node metastasis.
The positive lymph node ratio (LNR) is an independent
prognostic factor affecting the survival of gastric cancer
patients [7], and a higher LNR is associated with a greater
risk of death [8]. The prognostic value of LNR is superior
to that of other biomarkers [9]. However, studies have
shown that the log odds of positive lymph nodes (LODDS)
demonstrate predictive value superior to other lymph node
classification systems in patients undergoing radical
resection for pancreatic ductal adenocarcinoma [10]. Due
to the rarity of early-stage GSRCC, research has been
largely limited to small-sample clinical studies, and there
is currently a lack of studies on LODDS in early-stage
GSRCC. This study aims to investigate the prognostic
value of LODDS for survival in patients with stage I-II
GSRCC [according to the comprehensive tumor-node-

metastasis (TNM) staging system] and to construct and
validate a LODDS-based nomogram, providing a powerful
tool for prognosis prediction.

1 Data and Methods
1.1 Data Collection

This study was conducted based on previous research
foundations [11]. A total of 680 patients with stage I-II
GSRCC from 2013 to 2017 were collected from the
Surveillance, Epidemiology, and End Results (SEER)
database in the United States as the training set.
Simultaneously, 62 patients with stage I-II GSRCC from
the Affiliated Yixing Hospital of Jiangsu University
(Yixing database) during the same period were collected
as the validation set (Figure 1). The inclusion criteria were:
(1) primary tumor site in the stomach; (2) pathological type
of GSRCC; (3) TNM stage I or II. The exclusion criteria
were: (1) non-primary malignant tumors; (2) lack of
clinicopathological information.

The calculation formula for LODDS was: LODDS =
lg [(number of positive lymph nodes+0.5) / (number of
lymph nodes resected — number of positive lymph
nodes+0.5)]. The clinical information collected included age,
gender, T stage, N stage, and chemotherapy status.
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1.2 Ethics and Follow-up

The data for the training set were obtained from the
SEER database, which is a public database. The data were
publicly accessed in 2022 (https://seerdataaccess.cancer.
gov/seer-data-access). The data for the validation set were
obtained from the Affiliated Yixing Hospital of Jiangsu
University, and approval was obtained from the hospital's
ethics committee (Approval Number: 2023-140). Informed
consent was waived due to the retrospective nature of the
data collection. The survival endpoints in this study
included cancer-specific survival (CSS) and overall
survival (OS). The survival status of patients in the
validation set was confirmed through telephone follow-up.

1.3 Statistical Analysis

SPSS 21.0 and R 4.3.1 software packages were used
for statistical analysis. The cut-off values for the study

variable LODDS were determined using X-tile software
(Figure 2). Based on the LODDS cut-off values, patients
with stage [-II GSRCC in the training set and validation
set were divided into three groups: -2.29 to < -1.47 as the
low LODDS group, -1.47 to < -0.72 as the medium
LODDS group, and -0.72 to 0.70 as the high LODDS
group. The ¥* test was used to analyze the correlation
between LODDS and the clinical characteristics of patients
with stage I-II GSRCC. The Kaplan-Meier method was
used to analyze the predictive effect of LODDS on CSS
and OS in patients with stage [-II GSRCC. Cox regression
analysis was used to identify independent risk factors for
CSS and OS in patients with stage I-II GSRCC. These
independent risk factors were then used to construct a
nomogram. Receiver operating characteristic (ROC)
curves and calibration curves were used for internal and
external validation. A P-value <0.05 was considered
statistically significant.
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Fig.1 Flowchart of the research process
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Fig.2 Acquisition of the optimal cut-off value of LODDS
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2 Results

2.1 Clinicopathological ~Characteristics of
Patients with Stage I-II Gastric SRCC in
Different LODDS Groups

In the training set, patients with stage I-II GSRCC
included 321 cases in the low LODDS group, 280 cases in
the medium LODDS group, and 79 cases in the high
LODDS group. In the validation set, patients with stage -
IT GSRCC included 23 cases in the low LODDS group, 33
cases in the medium LODDS group, and 6 cases in the high
LODDS group. In the training set, LODDS was correlated
with both sex and N stage (P<0.05). In the validation set,
LODDS was correlated with N stage and chemotherapy

status (P<0.05). See Table 1.

2.2 Survival Prognosis of Patients with Stage I-
I GSRCC in Different LODDS Groups

In the training set, the OS of patients in the low
LODDS group was superior to that of patients in the
medium LODDS group and the high LODDS group
(P<0.05) (Figure 3A). Additionally, patients in the high
LODDS group had the worst CSS, followed by patients in
the medium LODDS group, while patients in the low
LODDS group had relatively better CSS (P<0.05) (Figure
3B). A similar phenomenon was observed in the validation
set (Figure 3C, 3D).

Tab.1 Association between clinical variables and LODDS in stage I-Il GSRCC

Testing set Validation set
Indicators Low group  Mid group  High group y Low group  Mid group  High group )
(n=321) (n=280) (n1=79) x*value P value (n=23) (n1=33) (n=6) y*value P value
Gender 8.030 0.018 0.081 0.960
Male 142(44.23)  156(55.71) 41(51.89) 14(60.86) 20(60.60) 4(66.66)
Female 179(55.77)  124(44.29) 38(48.11) 9(39.14) 13(39.40) 2(33.34)
Age 5.169 0.075 0.196* 0.907
<60 years 171(53.27)  131(46.78) 32(40.50) 9(39.14) 14(42.42) 2(33.34)
>60 years 150(46.73)  149(53.22) 47(59.50) 14(60.86) 19(57.58) 4(66.66)
T stage 1.705° 0.013 2.033° 0.288
T1 119(37.07)  101(36.07) 27(34.17) 17(73.91) 18(54.54) 4(66.66)
T2 54(16.82) 61(21.78) 22(27.84) 1(4.34) 2(6.06) 1(16.67)
T3 101(31.46) 97(34.68) 27(34.17) 4(17.41) 13(39.40) 1(16.67)
T4 47(14.65) 21(7.51) 3(3.82) 1(4.34) 0 0
N stage 244.672°>  <0.001 28.767°  <0.001
NO 318(99.06)  180(64.28) 18(22.78) 23(100.00)  22(66.66) 0
N1 3(0.94) 88(31.42) 39(49.36) 0 10(30.30) 2(33.33)
N2 0 12(4.30) 18(22.78) 0 1(3.04) 2(33.33)
N3 0 0 4(5.28) 0 0 2(33.34)
Chemotherapy 3.015 0.221 6.204* 0.047
No 139(43.30)  111(39.64) 26(32.91) 12(52.17) 10(30.30) 0
Yes 182(56.70)  169(60.36) 53(67.09) 11(47.83) 23(69.70) 6(100.00)
Note: ? uses Fisher's exact probability method; ® uses the rank sum test.
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Note: A, OS curve in the testing set; B, CSS curve in the testing set; C, OS curve in the validation set; D, CSS curve in the validation set.

Fig.3 Kaplan-Meier survival curves of LODDS
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2.3 Independent Risk Factors and Relative
Contribution in Patients with Stage I-I1I
GSRCC

First, univariate Cox regression analysis was
performed. Subsequently, significant clinical indicators
were further included in multivariate Cox regression
analysis, including age, sex, T stage, N stage,
chemotherapy status, and LODDS. Multivariate Cox
regression analysis showed that higher T stage, undergoing
chemotherapy, and high LODDS were independent risk
factors for patients with stage [-II GSRCC (P<0.05). See
Table 2, Figure 4A, and Figure 4B.

2.4 Construction and Validation of a LODDS-
Based Nomogram

Independent risk factors were further used to
construct a nomogram for predicting CSS, including T
stage, chemotherapy status, and LODDS (Figure 4A).
Internal and external validation were performed. In the
internal validation, the area under the curve (AUC) values
for 2-year and 3-year CSS were 0.779 and 0.765,
respectively. In the external validation, the AUC values for
predicting 2-year and 3-year CSS were 0.789 and 0.809,
respectively (Figure 4B, 4C). Meanwhile, the calibration
curves also demonstrated the good predictive performance
of the LODDS-based nomogram (Figure 4D, 4E).

Tab.2 Univariate and multivariate Cox analyses of CSS
in stage I-II GSRCC

Indicators Univariate Multivariate
HR(95%CI) P value HR(95%CI) P value

Age

<60 years 1 1
1.446 1315

60 years 1.067-1961) 017 (0.064-1.703) 0084

Gender

Male 1 1
0.710 0.837

Female 0525-0961)  °027 (06121143 0263

T stage

TI 1 <0.001 1 <0.001
1546 1.819

T2 0926-2580)  °0% (10383188 0037
3.645 4722

3 2426-5477) 0001 58627790y <0001
3.270 6.428

¥ (1.947-5.490) 0001 3587 17533y <0001

N stage

NO 1 <0.001 1 0.173
2439 1311

NI (1.759-3381) 0001 g g661.085) 02
1.462 1.145

N2 ©712-3002) 03 (0.509-2.576) 0743
3.758 3.739

N3 (1.192-11.846) 2% (102613627 0046

Chemotherapy

No 1 1
1527 0.635

Y (.104-2112) 001 (0436-0924)y 0018

LODDS

Low | <0.001 1 <0.001

A 1.860 1.805

1 (1307-2648) 2001 (1 :10669) 0003

High 4475 <0.001 4.489 <0.001

(2.973-6.736)

(2.703-7.452)
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Note: A, Nomogram incorporating LODDS; B, ROC curve for internal validation; C, ROC curve for external validation; D, Calibration curve for internal

validation; E, Calibration curve for external validation.

Fig.4 Construction and validation of the nomogram for CSS

3 Discussion

In recent years, the incidence of gastric cancer has
been increasing year by year [12-13]. Among them,

GSRCC is the most malignant subtype of gastric cancer,
characterized by typical pathological features where the
nucleus is pushed to one side by a large amount of
intracellular mucus, resembling a signet ring [14-17].
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Signet ring cell gastric cancer is highly aggressive and
metastatic. Most patients are already at an advanced stage
at the time of diagnosis, losing the opportunity for surgical
treatment and having a poor prognosis. Therefore,
screening for novel biomarkers for GSRCC is particularly
critical, especially for early-stage stage I-1I GSRCC. This
study collected data from 680 patients with stage I-II
GSRCC from the SEER database and 62 patients from the
Affiliated Yixing Hospital of Jiangsu University. It was
found that LODDS could effectively predict the survival
of patients with stage I-II GSRCC. Low LODDS indicated
better survival, followed by medium LODDS, while high
LODDS indicated poorer survival. Furthermore, the
authors constructed a nomogram based on LODDS and
performed internal and external validation. The AUC
values for 3-year CSS were 0.765 and 0.809 in internal and
external validation, respectively. Additionally, the
calibration curves indicated that the nomogram had good
predictive performance.

Lymph node-related novel biomarkers have been a
research hotspot in recent years and have been explored
extensively in malignant tumors other than gastric cancer.
Lochowski et al. [18] found that in patients with N2 stage
non-small cell lung cancer, LNR > 0.26 was an
independent poor prognostic factor. Ke et al [19]
suggested that postoperative patients with non-metastatic
cervical cancer and LNR < 10% could benefit from
adjuvant radiotherapy to improve survival, while
concurrent chemoradiotherapy was recommended for
patients with LNR between 10% and 30%. Khomiak et al.
[20] discovered in their study on gallbladder cancer that
patients with high LNR expression had poorer survival
outcomes. Liu et al. [21] collected data from the SEER
database and the First Affiliated Hospital of Dalian
Medical University and found that age, T stage, and
LODDS were associated with the survival of ovarian clear
cell carcinoma. Gao ef al. [22] reported that LODDS is a
powerful novel biomarker for predicting survival in
patients with small cell lung cancer. In patients with
advanced colorectal cancer receiving neoadjuvant therapy,
LODDS was also found to predict prognosis [23]. These
findings all indicate that lymph node-based classification
systems hold certain value in predicting the prognosis of
malignant tumors. This study analyzed early-stage
GSRCC using the SEER database and data from a Chinese
hospital and found that LODDS could serve as an
independent prognostic factor for stage I-II GSRCC.
Further wvalidation in a prognostic prediction model
demonstrated its clinical utility.

Of course, this study also has limitations. The
retrospective validation using the SEER database and data
from the Affiliated Yixing Hospital of Jiangsu University
did not specify the details of chemotherapy drugs or
treatment courses, which to some extent affects the study
results. Future studies should incorporate multi-center
validation to improve the stability of the results.
Nevertheless, this study confirms that LODDS has
prognostic value for patients with stage I-IIl GSRCC and
is expected to provide new insights for the diagnosis and
treatment of this patient population.
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Abstract: Objective To explore the predictive value of log odds of positive lymph nodes (LODDS) for survival
outcomes in stage | — I gastric signet ring cell carcinoma patients, thus constructing and verifying a LODDS -based
nomogram. Methods Clinical data of 680 cases from the Surveillance, Epidemiology, and End Results (SEER)
Program and 62 patients with stage I —II gastric signet ring cell carcinoma from Yixing People’s Hospital Affiliated to
Jiangsu University were retrospectively collected from 2013 to 2017 as the training set and validation set, respectively.
The X-tile software was applied to identify best cut off values of LODDS. The Kaplan-Meier method was applied to plot
survival curves according to LODDS categories, and the prognostic performance of LODDS was evaluated by receiver
operating characteristic (ROC) curve analysis. The Cox regression analysis was used to identify independent risk factors

for prognosis of stage | — Il gastric signet ring cell carcinoma patients, which were further used to establish a LODDS-
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based nomogram. Results LODDS was associated with gender and N stage in training set (P<0.05), while LODDS was
related with N stage and chemotherapy status in validation set (P<0.05). According to overall survival (OS) and cancer
specific survival (CSS) in both training and validation sets, low LODDS group had the best survival outcomes, followed
by the medium LODDS group, while high LODDS group had the worst survival outcomes (P<0.05). Additionally, high T
stage, not receiving chemotherapy and high LODDS were independent risk factors for prognosis of stage [ -1 gastric
signet ring cell carcinoma patients. The LODDS-based nomogram was further constructed, and the area under the curve
(AUC) for predicting 3 -year CSS was 0.765 and 0.809 in internal and external validation, respectively. Meanwhile,
calibration curve showed the good predictive value of this nomogram. Conclusion High LODDS can be served as an
independent risk factor in stage [ — I gastric signet ring cell carcinoma patients. The LODDS-based nomogram shows
good predictive values for survival of these patients.

Keywords: Gastric tumor; Signet ring cell carcinoma; Gastric cancer, stage | = Il ; Log odds of positive lymph nodes;
Nomogram; T stage; Prognosis
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Fig.1

Flowchart of the research process
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