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Abstract

The prognostic determinants for gastric signet ring cell carcinoma (GSRC) remain inadequately
characterized. This study aimed to predict survival outcomes in GSRC patients by developing
and validating a model incorporating the neutrophil-lymphocyte ratio (NLR). We
retrospectively analyzed 147 GSRC patients treated at the Department of Surgical Oncology,
Neimenggu Baogang Hospital, Inner Mongolia Medical University. Using Cox proportional
hazards regression, a predictive model was constructed, and its accuracy was assessed via ROC
curves. Our analysis revealed that patients with NLR < 2.8 had significantly improved overall
survival (OS) (P < .001, (Figure 1a)) and lower rates of tumor recurrence (P = .036, (Figure
1b)) compared to those with NLR > 2.8. Multivariate analysis confirmed that NLR < 2.8 (HR:
2.625, 95% CI: 1.505-5.3166, P = .003), larger tumor size (HR: 3.024, 95% CI: 1.521-4.186,
P = .005), and tumor metastasis (HR: 3.303, 95% CI: 1.25-4.525, P = .012) independently
predicted both OS and tumor recurrence. Incorporating NLR enhanced model performance
(AUC: 0.826 vs. 0.798 without NLR), highlighting its prognostic relevance. These findings
suggest that elevated NLR is an independent indicator of poor prognosis post-surgery and may
assist clinicians in selecting optimal therapeutic strategies for high-risk GSRC patients.
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Introduction

Gastric cancer (GC) remains a leading global health
challenge due to its high incidence and mortality rates [1,
2]. Among its subtypes, gastric signet ring cell carcinoma
(GSRCQ), characterized by abundant mucin within tumor
cells, exhibits particularly aggressive behavior and poor
survival outcomes. Although the overall incidence of GC
has declined over recent decades, GSRC cases continue to
rise [3-7].

Emerging evidence has underscored the role of systemic
inflammation in cancer progression, encompassing tumor
initiation, growth, invasion, and metastasis. Consequently,
various inflammation- and immune-based prognostic
indices—including  lymphocyte  counts, platelet—
lymphocyte ratios, and neutrophil-lymphocyte ratios
(NLR)—have been evaluated
including GSRC, as potential predictors of recurrence and
survival [8—10]. Cancer-driven systemic inflammation
metastasis, and

in multiple cancers,

may facilitate tumor proliferation,
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angiogenesis [11, 12]. Among these markers, NLR is
widely recognized as an accessible indicator of systemic
inflammatory status and has shown prognostic value
across diverse malignancies [13—-15]. Nevertheless,
current indices may not fully capture the interplay between
host immunity and tumor-induced inflammation, and
reliable, cost-effective biomarkers are needed to guide
treatment decisions in GSRC.

Prior studies indicate that elevated preoperative NLR
correlates with worse outcomes in GSRC patients
receiving surgery or chemotherapy. Building on these
findings, the present study aimed to assess the prognostic
significance of NLR in GSRC patients undergoing
curative resection and to evaluate the predictive capacity
of models with versus without NLR.

Materials and Methods

Study population

This retrospective cohort included 147 patients with
histologically confirmed GSRC treated between January
1, 2015, and July 30, 2019. The study protocol was
approved by the Regional Ethical Review Board of the
Department of Surgical Oncology, Neimenggu Baogang
Hospital, Inner Mongolia Medical University, and
conducted according to the Declaration of Helsinki.
Written informed consent was obtained from all
participants. Eligible patients were aged 18—79 years, had
an Eastern Cooperative Oncology Group performance
status evaluated [16], and underwent primary surgical
resection. Exclusion criteria included prior chemotherapy
or immunotherapy, concurrent malignancies, uncontrolled
comorbidities, or psychiatric conditions impeding
compliance.

Baseline assessment

Patient evaluation included medical history, physical
examination, electrocardiography, abdominal and pelvic
computed tomography (and thoracic imaging when
indicated), serum biochemistry, complete blood counts,
and urinalysis.

Treatment procedures

All patients underwent surgical resection; 98 patients
received adjuvant chemotherapy. Prior lines of palliative
chemotherapy were recorded. Adverse events were graded
according to NCI-CTCAE v4.0, and tumor response was
assessed using RECIST criteria (www.cancer.gov/).

Outcome measures

Overall survival (OS) was defined from the date of surgery
to death from any cause or last follow-up. Tumor
recurrence was measured from surgery to progression,
death, or last follow-up, whichever occurred first.

Statistical analysis

Continuous variables are reported as mean + standard
deviation and compared using two-tailed unpaired t-tests,
while categorical variables were compared using ¥ or
Fisher’s exact tests. ROC curves were used to assess NLR
predictive performance [17]. Kaplan—-Meier methodology
estimated survival curves [18], with standard deviations
calculated wusing the Greenwood formula. Cox
proportional hazards regression was applied to evaluate
tumor recurrence and OS [19], with univariate analysis
followed by multivariate modeling. Hazard ratios (HRs)
with 95% confidence intervals (Cls) were reported; HR >1
indicated increased risk, and CIs excluding 1 were
considered statistically significant (P < 0.05). Analyses
were performed using SPSS v15.0 (SPSS Inc., Chicago,
IL).

Results and Discussion

Patient characteristics

Among the 147 GSRC patients, lymph node metastasis
was observed in 66.3%. The majority were <60 years old,
had poorly differentiated tumors, tumor sizes >2 cm, and
tumors primarily located in the middle or lower stomach.
T-stage distribution showed predominance in T1 (36.3%)
and T3 (54.1%). Detailed clinicopathological features are
presented in Table 1.

Table 1. Demographics and clinical characteristics of all patients.

Variable NLR>2.8 (N=110) NLR<2.8 (N=37) P values
Age 52.3+10.5 55.4+12.3 258
Gender
Female 35 11 786
Male 85 26
ECOG-PS .504
1 97 29
2 13 8
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TNM staging .002
I-1I 90 12
III 20 25
Treatment group 137
Adjuvant chemotherapy 87 30
No chemotherapy 23 7
Estimated blood loss (mL) 1198.6+863.3 1253.4+943.3 335
Tumor size (cm) 2.38+3.05 2.41+3.25 385
Primary site
Upper 45 11 749
Middle 35 10
Lower 25 16
Lymph node metastasis .595
Yes 34 7
No 76 30
No. site of metastasis 736
<2 79 18
>2 31 19
Survival analysis according to NLR P=0.036
Our analysis demonstrated that patients with NLR < 2.8 ibis < :ts:::
experienced significantly improved overall survival (OS)
(P<.001, (Figure 1a)) and longer time to tumor recurrence = 80
(TTR) (P=.036, (Figure 1b)) compared with those whose g 60
NLR exceeded 2.8. These findings indicate that a lower g
NLR (< 2.8) serves as an important prognostic indicator g 40
for both OS and tumor recurrence in GSRC patients. = 20
0 T T T

P<0.001
NLR>28
1004 - NLR<28
£ 804
=
e
% 604
2
2
7 401
<
& 204
c L} Ll Ll L)
0 30 60 90 120
Survival time(months)
a)

Bull Pioneer Res Med Clin Sci, 2024, 4(2):146-151

0 20 40 60 80 100 120
Time to recurrence(months)

b)
Figure 1. (a) Overall survival (OS) and (b) time to
tumor recurrence (TTR) curves for patient groups
stratified by neutrophil-to-lymphocyte ratio (NLR)
levels. (Note: NLR refers to the neutrophil-to-
lymphocyte ratio.)

Independent prognostic factors for clinical outcomes
Cox proportional hazards regression models were
employed to evaluate the prognostic value of various risk
factors following multivariable adjustment. Multivariable
analysis was conducted on factors that showed
significance in univariate testing. After controlling for
confounding variables, an NLR < 2.8 (hazard ratio [HR]:
2.625, 95% confidence interval [CI]: 1.505-5.316, P =
.003), larger tumor size (HR: 3.024, 95 percent CI: 1.521—
4.186, P = .005), and presence of tumor metastasis (HR:
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3.303, 95 percent CI: 1.25-4.525, P = .012) emerged as
independent predictors of both poorer time to tumor
recurrence (TTR) and overall survival (OS). Further
details are presented in Figure 2.

Multi-factors analysis associated with prognosis

NLR less than 2.8 T
No. Site of metastasis -
Lymph node metastasis ———
Tumor size(cm) o
Primary site ——
Treatment group A
Histologic Subtype L B
ECOG-PS ——a—
Gender ——a—
Age H-—

NN
OR values
Figure 2. Multivariable Cox proportional hazards
analysis illustrating the independent prognostic
significance of risk factors after adjustment for
confounders.

Development of a prognostic model for GSRC

Using the outcomes from the multivariate Cox regression,
we constructed a model to predict overall survival (OS) in
patients with GSRC. To evaluate the predictive
performance, the area under the ROC curve (AUC) was
calculated for models including or excluding NLR. The
analysis revealed that the inclusion of NLR improved
model accuracy, with an AUC of 0.826 compared with
0.798 for the model without NLR (Figure 3). These results
emphasize that NLR enhances the prognostic capability of
survival models for GSRC, reinforcing its clinical
relevance in outcome prediction.
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Figure 3. Comparison of the area under the ROC curve
(AUROC) for Cox proportional hazards models
predicting overall survival in GSRC patients: (a) model
excluding NLR and (b) model including NLR. GSRC =
gastric signet ring cell carcinoma; NLR = neutrophil—
lymphocyte ratio.

Consistent with prior reports, GSRC patients often present
at more advanced stages, with a high prevalence of T3 and
T4 tumors (SEER cohort: 71.3%; YJS cohort: 65.9%).
Previous studies have demonstrated that GSRC histology
independently correlates with lymph node metastasis
(LNM), and affected patients experience significantly
worse five-year survival compared with other gastric
cancer subtypes, as well as larger tumors, deeper invasion,
and higher rates of LNM in advanced stages [20-23]. For
instance, Chen ef al. reported a 94.1% LNM rate (32/34)
in advanced GSRC, while Zu et al. found a 56.8% LNM
rate (25/44). In our cohort, T2-T4 stage GSRC patients
exhibited an LNM rate of 75.9% (1558/2052), aligning
with these previous observations [4, 24].

Early GSRC frequently presents with lesions >2 cm. In our
study, 60.8% (293/482) of T1 patients and 80.3%
(2036/2534) of all SEER cohort patients had tumors
exceeding 2 cm. Prior research has identified tumor depth
and size as independent predictors of LNM in both early
and advanced GSRC. Naruhiko et al. found that depth of
invasion and the number of lymph nodes examined
(NLNE) independently predicted LNM in T1-T2 gastric
cancer, while Chen et al. observed that deeper invasion
and larger tumor size were risk factors in advanced disease
[25, 26]. Our findings are consistent with these results.
Endoscopic resection, particularly endoscopic submucosal
dissection (ESD), has become a widely adopted treatment
for early gastric cancer (EGC) in Asia and is gaining
consideration in Western countries. According to NCCN
guidelines, EGC suitable for endoscopic resection should
be well or moderately differentiated, <2 cm, confined to
the superficial submucosa, have negative margins, and
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lack lymphovascular invasion. Consequently, poorly
differentiated or  undifferentiated =~ GSRC—which
represents 97.3% of the SEER cohort—is generally
unsuitable for endoscopic therapy. In Japan, signet ring
cell carcinoma is classified as undifferentiated. Data from
the Japanese Gastric Cancer Association show that Tla
undifferentiated GC <2 cm without ulceration has a 0%
LNM rate (0/310, 95% CI 0%—0.96%), whereas lesions
with ulceration show a 2.9% rate (8/271, 95% CI 1.2%—
5.7%). Only the former group meets expanded ESD
indications, while the latter is not recommended for ESD.
Pokala et al. reported a 5.4% LNM rate for Tla GSRC <2
cm, suggesting that select patients could be considered for
endoscopic resection.

The prognostic relevance of NLR is primarily linked to the
roles of neutrophils and lymphocytes in the tumor
microenvironment. Tumor-driven systemic inflammation
recruits neutrophils, which secrete cytokines such as
interleukin-2, interleukin-6, interleukin-10, tumor necrosis
factor-0, and vascular endothelial growth factor (VEGF),
all of which promote tumor progression and angiogenesis
[27, 28]. Elevated TNF-a and IL-10 can also reduce
lymphocyte counts and impair lymphocyte function [29].
Lymphopenia reflects a weakened T-cell-mediated
antitumor response and is associated with poor prognosis
[30]. Therefore, the ratio of neutrophils to lymphocytes
provides a meaningful measure of systemic inflammation
and can serve as a prognostic biomarker, supporting the
clinical utility of NLR.

This study has limitations. First, its retrospective design
and modest sample size may limit generalizability.
Second, the potential prognostic significance of post-
treatment NLR dynamics was not examined and warrants
future investigation.

Conclusion

In conclusion, elevated preoperative NLR independently
predicts worse survival in GSRC patients undergoing
surgery. Assessment of NLR may assist clinicians in
identifying high-risk patients who could benefit from
alternative or intensified therapeutic strategies.
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