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Introduction: Pancreatic neuroendocrine tumors (pNETs) are rare neoplasms with heterogeneous biological behavior. Iden-
tifying simple, accessible prognostic biomarkers could improve risk stratification. We aimed to evaluate the prognostic value 
of neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), and tri-
glyceride–glucose (TyG) index in pNETs patients. 
Methods: This retrospective study included 47 patients with pNETs diagnosed through endoscopic ultrasound-guided 
fine-needle aspiration/biopsy between January 2012 and December 2024. Patients were grouped as insulinoma (n=10) or 
non-functional pNETs (n=37). Tumor characteristics, laboratory parameters, inflammatory markers, and TyG index were ana-
lyzed. Survival analyses were performed using Kaplan–Meier curves, and the prognostic cutoff value of NLR was assessed by 
receiver operating characteristic (ROC) analysis. 
Results: The median age was 61 (47–66) years, and insulinoma patients tended to be younger (46 [27–65]) than non-func-
tional pNETs (62 [53–66]; p=0.122). Tumor size was smaller in insulinomas (14 [11.5–20] mm vs. 20 [15.5–37.5] mm; p=0.019). 
TyG index was significantly lower in insulinoma patients (4.50±0.30 vs. 4.80±0.36; p=0.018), but no association was observed 
between TyG and tumor grade, size, metastasis, or survival. Median NLR and PLR were significantly higher in expired patients 
compared to survivors (NLR: p=0.003; PLR: p=0.006), while LMR was not significant. ROC analysis demonstrated NLR as a 
strong predictor of mortality, especially in non-functional pNETs (area under the curve = 0.892, p=0.003; cutoff=2.39; sensi-
tivity 100%; specificity 71%). Furthermore, multivariable Cox proportional hazards regression analysis revealed that metas-
tasis (hazard ratio [HR]: 7.636, 95% confidence interval [CI]: 1.313–44.405, p=0.024) and NLR (HR: 2.248, 95% CI: 0.973–1.294, 
p=0.048) were independent predictors for overall survival. 
Discussion and Conclusion: NLR and PLR are potential independent prognostic biomarkers in pNETs, particularly in 
non-functional tumors. TyG index showed no significant prognostic value in this cohort. Further prospective studies are 
required to validate these findings.
Keywords: Neutrophil-to-lymphocyte ratio; pancreatic neuroendocrine tumors; platelet-to-lymphocyte ratio; prognosis; 
survival; triglyceride–glucose index.

Pancreatic neuroendocrine tumors (pNETs) are 
rare neoplasms arising from progenitor islet cells, 

characterized by generally indolent growth yet a variable 

risk of metastasis. Based on the secretion of biologically 
active hormones and associated clinical symptoms, pNETs 
are classified as functional or non-functional. These tumors 
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demonstrate a broad spectrum of clinical behavior, ranging 
from asymptomatic, non-functional lesions to slowly 
growing, non-infiltrative tumors, as well as aggressive 
neoplasms with local invasion or distant metastasis. 
Consequently, the standardization of diagnosis, medical 
management, follow-up strategies, surgical decision-
making, and prognostic assessment remains challenging 
[1]. Studies conducted in recent years, particularly over the 
past 15 years pNETs have been detected more frequently, 
and consequently their incidence has increased [2]. 
Approximately 70% of pNETs are non-functional. Among 
functional PNETs, insulinomas are the most common, 
whereas gastrinomas, VIPomas, glucagonomas, and 
somatostatinomas represent rarer subtypes [3].
Several staging systems incorporating laboratory and 
imaging parameters have been developed to guide 
prognosis and therapeutic strategies in PNETs [4]. However, 
studies comparing classification systems for endocrine 
pancreatic neoplasms and the results may vary among 
studies [5]. Currently, the most widely accepted and up-to-
date grading system is the 2017 World Health Organization 
classification, which stratifies tumors based on cellular 
proliferative activity, specifically the Ki-67 index and mitotic 
count per 10 high-power fields, into grade (G): G1, G2, well-
differentiated G3, and poorly differentiated G3 categories [6].
Composite inflammatory indices derived from routine, 
low-cost, and readily available complete blood count 
parameters, including the neutrophil-to-lymphocyte ratio 
(NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-
to-monocyte ratio (LMR), have been shown to reflect 
systemic inflammatory status and provide prognostic 
information across various disease states. Recent studies 
have highlighted the prognostic and survival-predictive 
value of these markers in multiple cancer types [7–9]. The 
triglyceride–glucose (TyG) index, calculated using fasting 
plasma glucose and triglyceride levels, is a biochemical 
marker primarily reflecting insulin resistance [10]. However, 
many studies have demonstrated a significant association 
between a high TyG index and cancer risk; despite this, data 
regarding cancer prognosis are variable [11,12]. 

Several preliminary studies have been conducted to 
investigate the prognostic impact of inflammatory markers 
in pNETs. In a study conducted by Gaitanidis et al. [13] in 2017, 
PLR and mean platelet volume were found to be predictive 
of disease progression, while an LMR cutoff value of <3.46 
was identified as significant in predicting recurrence 
following complete surgical resection. In another meta-
analysis, the prognostic impact of inflammatory markers 
in solid tumors was investigated. In that study, which 
analyzed data from a total of 20 studies and 12754 patients, 
a statistically significant association was found between 

elevated PLR values and reduced overall survival (OS) [14].

Currently employed prognostic tools in PNETs, including 
staging systems, advanced imaging modalities such as 
magnetic resonance imaging and endoscopic ultrasound 
(EUS), and hormone-specific laboratory examinations, 
particularly in functional PNETs, offer high diagnostic and 
prognostic accuracy. Nevertheless, these approaches are 
often costly, technically demanding, and not uniformly 
accessible across centers. These situations lead to the 
need for simple, inexpensive, and easily accessible 
laboratory-based markers for determining survival and 
prognosis in pNETs.

Such studies have also encouraged researchers to 
investigate factors that predict prognosis and survival, 
particularly in solid tumors. In this study, we aimed to 
evaluate the prognostic value of NLR, PLR, LMR, and the 
TyG index in predicting survival outcomes in patients 
with pNETs.

Materials and Methods 
This retrospective single-centered study was conducted by 
reviewing the medical records of patients diagnosed with 
pNETs via EUS–guided fine-needle aspiration/biopsy (EUS-
FNA/B) at the gastroenterology department of our hospital 
between January 2012 and December 2024.

Demographic characteristics (age and gender), laboratory 
parameters, imaging reports, EUS-FNA/B results, tumor 
size and localization, pathological diagnoses, presence of 
metastasis, and mortality during follow-up were recorded. 
Patients whose EUS-FNA/B results revealed diagnoses other 
than pNETs, as well as those with incomplete laboratory or 
imaging data, were excluded from the study.

NLR, PLR, LMR, and the TyG index were calculated for all 
patients using routine blood test results. The TyG index was 
formulated and calculated as in numerous previous studies: 
TyG index=ln (fasting triglycerides [mg/dL]×fasting plasma 
glucose [mg/dL]/2) [15]. NLR, PLR, and LMR were calculated 
by dividing the corresponding hematological parameters.

In our cohort, all functional pNETs were insulinomas. 
Accordingly, patients were categorized into two groups: 
insulinoma and non-insulinoma (non-functional) pNETs. 
Comparisons between groups were performed through 
laboratory parameters, imaging and pathological results, 
inflammatory markers (NLR, PLR, LMR), and TyG index. Due 
to the absence of metastasis and the low mortality rate in 
the insulinoma group, prognostic analyses for metastasis 
and OS were conducted exclusively in the non-functional 
pNETs. The association between inflammatory markers 
(NLR, PLR, LMR), TyG index, and tumor characteristics, and 
survival outcomes were evaluated for the entire cohort and 
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separately in the non-functional group. Statistical analyses 
were performed based on the collected data.

Within our cohort, there were patients with chronic 
conditions such as hypertension, diabetes mellitus, atrial 
fibrillation, or allergic asthma (n=16, 34%). However, 
none of the patients had a history of inflammatory bowel 
disease, autoimmune disorders, or immun-mediated 
conditions. Additionally, no patients were receiving 
immunosuppressive therapy that could potentially 
influence systemic inflammatory indices.

Ethics Committee Approval
This study was conducted in accordance with the principles 
of the Declaration of Helsinki after receiving approval from 
the Bezmialem Vakıf University Ethics Committee (date: 
December 10, 2025; number: E-54022451-050.04-224320). 

In our endoscopy unit, when obtaining a written informed 
consent form for endoscopic procedures, patients are 
also informed that their data may be used anonymously 
in scientific studies, and separate consent is obtained for 
this as well.

Statistical Analysis
All statistical analyses were performed using IBM Statistical 
Package for the Social Sciences Statistics for Windows, 
Version 26.0 (IBM Corp., Armonk, NY, USA). Continuous 
variables were expressed as mean±standard deviation for 
normally distributed data, or as median and interquartile 
range (IQR) for non-normally distributed data. The 
normality of continuous variables was assessed using the 
Shapiro–Wilk test and visual inspection of histograms. 
Comparisons between two groups were conducted using 
the independent t-test for normally distributed variables 
and the Mann–Whitney U test for non-normally distributed 
variables. Categorical variables were compared using the 
Chi-square test or Fisher’s exact test, as appropriate.
The predictive performance of the NLR for mortality was 
evaluated using receiver operating characteristic (ROC) 
curve analysis, and the area under the curve (AUC), optimal 
cutoff values, sensitivity, and specificity were reported. 
Kaplan–Meier survival analysis was used to estimate OS, 
and differences between groups were assessed using 
the log-rank test. Multivariable Cox proportional hazards 

Table 1. Clinical and demographic characteristics of pNETs patients: Comparison of insulinoma and non-functional subgroups

Characteristics All patients
(n=47) (%)

Insulinoma group
(n=10, 21.3%)

Non functional group
(n=37, 78.7%)

p

Age (years) 61 (47–66)a 46.50 (27–65.50)a 62 (53.50–66)a 0.122b

Gender 0.274c

Female 31 (66) 5 (50) 26 (70.3)

Male 16 (34) 5 (50) 11 (29.7)

Tumor location 0.363d

Head 25 (53.2) 4 (40) 21 (56.8)

Neck 3 (6.4) 0 (0) 3 (8.1)

Body 11 (23.4) 3 (30) 8 (21.6)

Tail 8 (17) 3 (30) 5 (13.5)

Endoscopic tumor size (mm) 20 (15–30)a 14 (11.50–20)a 20 (15.50–37.50)a 0.019b,*

EUS Ki-67 (%) 3 (2–10)a 3 (2–7)a 3 (1.50–10)a 0.792b

EUS–Grade 0.279d

1 29 (61) 7 (70) 22 (59.5)

2 13 (28) 3 (30) 10 (27)

3 5 (11) 0 (0) 5 (13.5)

Presence of metastasis 11 (23) 0 (0) 11 (29) 0.088c

Metastasis location NA

Liver 4 (8) 0 (0) 4 (10.8)

Lymph nodes 6 (13) 0 (0) 6 (16.2)

Liver+Lymph nodes 1 (2) 0 (0) 1 (2.7)

Follow-up duration (weeks) 176 (76–307)a 181 (78.50–301)a 181 (78.50–301)a 0.876b

Expired 7 (14.9) 1 (10) 6 (16.2) 1.000c

a: Median (Interquartile range=IQR; b: Mann–Whitney U test; c: Fisher’s exact test; d: Chi-square test; *: Statistically significant (p<0.05). EUS: Endoscopic ultrasound; 
pNETs: Pancreatic neuroendocrine tumors.
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regression analysis was performed to identify independent 
predictors of OS. Due to the limited number of events, a 
parsimonious model was constructed to avoid overfitting. 
A p<0.05 was considered statistically significant.

Results
A total of 47 patients with pNETs were included in the 
study. Ten patients (21.3%) were diagnosed as insulinoma, 
while 37 patients had non-functional tumors. Patients 
were categorized into insulinoma and non-functional 
pNETs groups. The median age of the entire cohort was 61 
years (IQR, 47–66), with insulinoma patients tending to be 
younger (46.5 [27–65.5] years) compared to non-functional 
(62 [53.5–66] years), although this difference was not 
statistically significant (p=0.122). Gender distribution was 
similar between groups (p=0.274), with females comprising 
66% of the cohort (50% in the insulinoma group vs. 70.3% 
in the non-functional group).

Regarding tumor localization, they were mostly located 
in the pancreatic head (n=25, 53.2%), followed by the 
body (23.4%), tail (17%), and neck (6.4%). No significant 
difference was observed regarding tumor localization 
between the two groups (p=0.363). The median 
endoscopic tumor size was significantly smaller in the 
insulinoma group compared to the non-functional pNETs 
(14 mm [11.5–20] vs. 20 mm [15.5–37.5]; p=0.019). The 
median Ki-67 proliferation index assessed by EUS-FNA/B 
was comparable between groups (p=0.792), and tumor 
grade distribution did not differ significantly (p=0.279), 
with G1 tumors comprising 61%, G2 tumors 28%, and 
G3 tumors 11% of the cohort. Notably, no G3 tumor was 
observed in the insulinoma group.

Metastasis was detected in 23% of all patients, exclusively 
in the non-functional group (29%). The most common 
metastatic sites were the liver (8%) and lymph nodes 
(13%). Median follow-up duration was similar between 
groups, 176 weeks (IQR, 76–307; p=0.876). Due to the 
absence of metastasis and low mortality in the insulinoma 
group, prognostic analyses for metastasis and OS were only 
applied to non-functionals. The clinical and demographic 
characteristics are summarized in Table 1.

Laboratory calculations showed that insulinoma patients 
had a significantly lower TyG index compared to the non-
functional group. Median glucose level was 74 mg/dL 
in the insulinoma group versus 128 mg/dL in the non-
functional group (p<0.001). The TyG index was also lower 
in insulinoma patients (4.50±0.30 vs. 4.80±0.36; p=0.018). 
Other laboratory parameters, including triglyceride, 
leukocyte, neutrophil, lymphocyte, monocyte, and platelet 
counts, as well as inflammatory markers (NLR, LMR, PLR), did 
not differ significantly between groups all, p>0.05; (Table 2).

Due to the limited number of insulinoma cases, subgroup 
analyses regarding metastasis or survival status were 
not feasible. In the entire cohort, TyG index did not differ 
significantly with respect to tumor grade (p=0.352), 
tumor size (p=0.138), metastasis (p=0.687), and survival 
(p=0.313). Similarly, NLR was not significantly associated 
with tumor grade (p=0.533), tumor size (p=0.173), or 
metastasis (p=0.280), but was significantly higher in 
patients who expired compared to survivors (p=0.009). 
LMR did not show significant differences in all parameters 
(all, p>0.05). PLR was significantly elevated in expired 
patients (p=0.021) but not associated with tumor grade, 
size, or metastasis all, p>0.05; (Table 3).

Table 2. Comparison of metabolic and inflammatory parameters between insulinoma and non-functional pNETs

Laboratory parameters 
and inflammatory markers

All patients
(n=47)

Insulinoma group
(n=10, 21.3%)

Non functional group 
(n=37, 78.7%)

p

Triglyceride (mg/dL) 119 (78–163)a 131 (75.75–199)a 118 (79–161.50)a 0.668c

Glucose (mg/dL) 106 (83–148)a 74 (46.75–95)a 128 (92.50–165.50)a 0.001c,*

Leukocyte (103/µL) 9.05±2.57b 9.52±3.50b 8.92±2.30b 0.615d

Neutrophil (103/µL) 5.23 (3.97–7.42)a 5.58 (3.67–8.81)a 5.10 (4.01–7.41)a 0.795c

Lymphocyte (103/µL) 2.34 (1.75–2.85)a 2 (1.80–2.70)a 2.46 (1.71–2.91)a 0.697c

Monocyte (103/µL) 0.63 (0.45–0.74)a 0.64 (0.47–0.78)a 0.63 (0.44–0.74)a 0.706c

Platelet (103/µL) 256 (215–314)a 256.50 (219.50–331.50)a 256 (213–309.50)a 0.687c

TyG index 4.74±0.37b 4.50±0.30b 4.80±0.36b 0.018d,*

NLR 1.84(1.43–3.37)a 1.84 (1.59–3.50)a 1.82 (1.38–3.21)a 0.428b

LMR 4.14±2.03b 3.83±2.23b 4.23±1.99b 0.584d

PLR 120.21 (84.09–141.75)a 122.11 (111.44–139.75)a 117.60 (80.44–146.23)a 0.436c

a: Median (Interquartile range=IQR); b: Mean±standard deviatio; c: Mann–Whitney U Test; d: Independent t-test; *: Statistically significant (p<0.05). LMR: Lymphocyte-to-
monocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; pNETs: Pancreatic neuroendocrine tumors; TyG: Triglyceride–glucose index.
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Among non-functional pNETs, TyG index remained non-
significant with respect to tumor grade (p=0.389), tumor 
size (p=0.487), metastasis (p=0.786), and survival (p=0.858). 

NLR was significantly higher in expired patients (p=0.003), 
though no significant association was observed regarding 
tumor grade, size, or metastasis (all, p>0.05). LMR showed 

Table 3. Comparison of TyG index, NLR, LMR, PLR regarding tumor grade, size, metastasis, and survival status in all pNETs (n=47)

Characteristics TyG index NLR LMR PLR

EUS-FNA/B – Grade

Grade 1 (n=29) 4.70±0.32a 1.84 (1.51–3.39)c 4.38±2.04a 121.42 (87.26–153.71)c

Grade 2+3 (n=18) 4.80±0.44a 1.70 (1.38–3.47)c 3.77±2.02a 119.33 (79.76–135.89)c

p 0.352b 0.533d 0.327b 0.370d

Endoscopic tumor size

Size <20 mm (n=23) 4.66±0.31a 2.24 (1.50–3.76)c 3.96±1.75a 120.21 (84.09–150.71)c

Size ≥20 mm (n=24) 4.82±0.40a 1.62 (1.38–3.25)c 4.32±2.28a 119.51 (81.31–139.22)c

p 0.138b 0.173d 0.541b 0.655d

Metastasis

Yes (n=11) 4.78±0.37a 2.74 (1.43–8.25)c 3.55±2.07a 141.75 (80.13–361.86)c

No (n=36) 4.73±0.37a 1.83 (1.42–3.03)c 4.33±2.01a 119.45 (84.27–134.45)c

p 0.687b 0.280d 0.272b 0.269b

Survival status

Surviving (n=40) 4.72±0.38a 1.70 (1.39–3.03)c 4.22±1.93a 118.56 (80.29–134.45)c

Expired (n=7) 4.87±0.30a 4.09 (2.55–8.25)c 3.72±2.64a 150.71 (100.30–544.54)c

p 0.313b 0.009d,* 0.558b 0.021d,*
a: Mean±standard deviation; b: Independent T Test; c: Median (Interquartile range=IQR); d: Mann–Whitney U Test; *: Statistically significant (p<0.05). EUS-FNA/B: Endo-
scopic ultrasound guided fine needle aspiration/biopsy; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; 
pNETs: Pancreatic neuroendocrine tumors; TyG: Triglyceride–glucose index.

Table 4. Comparison of TyG index, NLR, LMR and PLR regarding tumor grade, size, metastasis, and survival status in the non-functional 
pNETs (n=37)

Characteristics TyG index NLR LMR PLR

EUS-FNA/B – Grade

Grade 1 (n=32) 4.76±0.31a 2.05 (1.46–3.47)c 4.48±1.94a 119.55 (84.65–153.28)c

Grade 2+3 (n=5) 4.87±0.43a 1.69 (1.35–2.94)c 3.87±2.08a 87.57 (79.37–140.59)c

p 0.389b 0.439d 0.368b 0.338d

Endoscopic tumor size

Size <20 mm (n=16) 4.76±0.26a 2.39 (1.54–3.59)c 4.18±1.84a 116.73 (81.58–148.18)c

Size ≥20 mm (n=21) 4.84±0.42a 1.62 (1.36–3.16)c 4.27±2.15a 117.60 (79.55–160.27)c

p 0.487b 0.297d 0.893b 1.000d

Metastasis

Yes (n=11) 4.78±0.37a 2.74 (1.43–8.25)c 3.55±2.07a 141.75 (80.13–361.86)c

No (n=26) 4.82±0.26a 1.76 (1.38–2.93)c 4.52±1.93a 107.66 (80.54–132.62)c

p 0.786b 0.195d 0.181b 0.195b

Survival status

Surviving (n=31) 4.79±0.37a 1.63 (1.38–2.93)c 2.84±1.38a 97.77 (79.90–131.64)c

Expired (n=6) 4.88±0.33a 5.11 (2.69–10.59)c 4.50±2.00a 179.87 (131.38–552.92)c

p 0.858b 0.003d,* 0.063b 0.006d,*
a: Mean±standard deviation (SD); b: Independent T Test; c: Median (interquartile range=IQR); d: Mann–Whitney U Test; *: Statistically significant (p<0.05). EUS-FNA/B: 
Endoscopic ultrasound guided fine needle aspiration/biopsy; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte 
ratio; pNETs: Pancreatic neuroendocrine tumors; TyG: Triglyceride–glucose index.
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a non-significant trend toward lower values in expired 
patients (p=0.063), and PLR was significantly higher in 
expired patients (p=0.006) but did not differ in tumor 
grade, size, or metastasis all, p>0.05; (Table 4).

ROC curve analysis demonstrated that NLR effectively 
predicted mortality. For the entire cohort, the AUC was 
0.814 (95% confidence interval (CI): 0.657–0.971) with 
an optimal cutoff of 2.39, yielding 85.7% sensitivity and 
67.5% specificity p=0.009; (Fig. 1, Table 5). In the non-
functional pNETs group, the predictive performance was 
even higher (AUC=0.892; 95% CI: 0.772–1.000) with the 
same cutoff providing 100% sensitivity and 71% specificity 
p=0.003; (Fig. 2, Table 5). These results indicate that NLR is 
a robust prognostic inflammatory biomarker for mortality, 
especially in non-functional pNETs.
Multivariable Cox proportional hazards regression analysis 
was also performed to identify independent predictors of OS. 
Due to the limited number of events, a parsimonious model 
including metastasis and NLR was constructed to avoid 
overfitting. Metastasis was identified as an independent 
predictor of mortality, with patients presenting with 

metastasis having a significantly higher risk of death (hazard 
ratio [HR]: 7.636, 95% CI: 1.313–44.405, p=0.024). Also, NLR 
retained statistical significance in the multivariable model 
(HR: 2.248, 95% CI: 1.01–4.99, p=0.048).

Table 5. ROC curve analysis results of NLR for predicting mortality in all pNETs and non-functional subgroup

AUC (%95, CI) Cutoff Sensitivity (%) Specificity (%) p

All pNETs (n=47) 0.814 (0.657–0.971) 2.39 85.7 67.5 0.009*

Non functional pNETs (n=37) 0.892 (0.772–1.000) 2.39 100 71 0.003*

*: Statistically significant (p<0.05). AUC: Area under the curve; CI: Confidence interval; NLR: Neutrophil-to-lymphocyte ratio; ROC: Receiver operating characteristic; 
pNETs: Pancreatic neuroendocrine tumors.

Figure 1. Receiver operating characteristic curve analysis of neutro-
phil-to-lymphocyte ratio for predicting mortality in all pancreatic 
neuroendocrine tumors.

AUC: Area under the curve.

Figure 2. Receiver operating characteristic curve analysis of neutro-
phil-to-lymphocyte ratio for predicting mortality in non-functional 
pancreatic neuroendocrine tumors.

Figure 3. Kaplan–Meier survival curves according to neutrophil-to- 
lymphocyte ratio cutoff value (2.39).

NLR: Neutrophil lymphocyte ratio.
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Kaplan–Meier survival analysis stratified by the NLR cutoff 
value (2.39) demonstrated that patients with NLR ≥2.39 
had significantly worse OS compared to those with NLR 
<2.39 (log-rank, p=0.008) (Fig. 3).

Discussion
pNETs are typically indolent, but a subset of tumors may 
exhibit aggressive behavior, presenting at advanced or 
metastatic stages at diagnosis. Prognostication in pNETs 
relies on complex methods, including staging systems, 
advanced laboratory analyses, and imaging modalities. 
In this study, we aimed to evaluate the prognostic value 
of practical, accessible, and low-cost parameters derived 
from routine blood tests, specifically the NLR, PLR, LMR, 
and TyG index, in predicting survival and outcomes in 
patients with pNETs.

In the entire cohort, TyG index values were not significantly 
associated with tumor grade, size, presence of metastasis, 
or survival. TyG index was only significantly lower in the 
insulinoma group compared to non-functional pNETs. In non-
functional pNETs, no significant association was observed 
between TyG index and tumor grade, size, metastasis, 
or survival. While multiple studies have reported that a 
higher TyG index correlates with increased risk of various 
cancers, including gastrointestinal malignancies, most of 
this evidence derives from ductal epithelial tumors, such as 
pancreatic adenocarcinoma. To date, no studies have directly 
investigated the relationship between TyG index and pNETs.

Fritz et al. [16] suggested that an elevated TyG index is 
associated with increased risk of gastrointestinal cancers, 
potentially reflecting the role of insulin resistance in cancer 
pathogenesis. Similarly, in a meta-analysis, Wang et al. 
[17] revealed that a higher TyG index was associated with 
increased risk of multiple cancers, including lung, colorectal, 
obesity-related, gastric, and breast cancers. Proposed 
mechanisms linking elevated TyG index to cancer include 
insulin resistance, hyperinsulinemia, increased Insulin-like 
growth factor-1 (IGF-1) activity, decreased apoptosis, and 
chronic inflammation [16]. Insulin resistance activates the 
PI3K/Akt/mTOR/S6K signal pathway for cancers, increasing 
the amount of insulin to supply glucose to the tumor cell 
[18]. In addition, serum triglyceride levels increase, and 
activation of G protein-coupled receptors triggers the Akt 
signaling pathway [19]. IGF-1 promotes cell survival and 
induces angiogenesis as well as cellular proliferation [20]. 
In addition, IGF-1 increases the production of vascular 
endothelial growth factors, which exacerbate insulin 
resistance and promote tumor growth [21]. These studies are 
important in that they evaluate the relationship between 
the TyG index and carcinogenesis at the molecular level.

However, in our study, the TyG index showed no significant 
association with tumor characteristics or survival in the 
entire pNETs cohort, likely reflecting differences in tumor 
biology. Unlike pancreatic ductal adenocarcinomas, pNETs 
are rare and heterogeneous neoplasms with distinct 
pathophysiology. We hypothesized that pNETs may not 
show a linear correlation with the TyG index as seen in 
ductal-originating cancers, because they are exclusively 
non-ductal-originating and have the potential for 
different kinds of hormone secretion. Moreover, there is 
no clear evidence in the literature regarding a correlation 
between pNETs and insulin resistance or TyG index, which 
is a strong predictor of insulin resistance; the lack of this 
association between pNETs risk and the TyG index can 
likely be explained by the absence of insulin resistance 
accompanying these tumors. On the other hand, the low 
TyG index in insulinomas can be interpreted in two ways; 
first, hypoglycemia is expected in these tumors, and 
therefore the TyG index is found to be low in the formula; 
second, the vast majority of these tumors are benign, and 
as stated in the aforementioned literature, a low TyG index 
is associated with a lower malignancy.

Among the inflammatory markers, median NLR and PLR values 
were not significantly associated with tumor grade, size, or 
metastasis in the entire pNETs cohort. However, NLR and PLR 
were significantly higher in patients who expired compared 
to survivors. Due to the limited number of insulinoma 
cases, prognostic analyses for metastasis or mortality were 
restricted to non-functionals. In this subgroup, median NLR 
and PLR were again significantly elevated in expired patients, 
whereas LMR showed no statistically significant difference. 
These findings suggest that inflammatory markers may serve 
as prognostic indicators of survival rather than reflecting 
tumor burden or histologic grade.

The literature presents heterogeneous results regarding 
the prognostic role of inflammatory indices in pNETs. A 
meta-analysis by Oh et al. [22] reported that higher NLR was 
associated with higher tumor grade and lower survival. 
In another study, Panni et al. [23] found that preoperative 
NLR in surgically treated pNETs was significantly correlated 
with tumor grade, size, OS, and recurrence-free survival. In 
our cohort, the association of NLR and PLR with mortality, 
despite lack of correlation with tumor grade, size, or 
metastasis, may reflect the systemic immune-inflammatory 
response rather than tumor morphology. Peripheral 
inflammatory markers such as NLR and PLR may be 
influenced by immune activation, infections, or treatment-
related toxicity, which can also contribute to mortality 
risk. Consequently, these markers may act as integrative 
indicators of physiological stress and overall tumor burden, 
independent of intrinsic tumor biology.
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We have determined precise cutoff values for NLR that 
predict mortality with high sensitivity and specificity in 
all pNET cases and in the non-functioning group; these 
results support NLR as a robust prognostic inflammatory 
biomarker, particularly in non-functional pNETs. Previous 
studies have corroborated these results. Zhou et al. [24] 
reported that higher NLR was associated with reduced 
overall and disease-free survival in pancreatic head-
located pNETs after curative resection. Yang et al. [25] 
identified postoperative NLR as a strong prognostic 
marker among inflammatory indices, with AUC values 
0.64 (p=0.04, optimal cutoff: 2.28). Similarly, Luo et al. [26] 
determined an NLR cutoff of 2.4, above which survival was 
significantly decreased. The cutoff value identified in our 
study (2.39) aligns closely with these reports, supporting 
the generalizability of this parameter. Notably, the higher 
AUC and near-perfect sensitivity in non-functional pNETs 
suggest that NLR may have greater prognostic utility in 
biologically aggressive or non-functional subtypes.

Limitations
This study included a well-defined cohort of pNETs with 
histopathological confirmation via EUS-guided FNA/B. The 
use of routine laboratory-derived inflammatory indices and 
identification of a clear prognostic NLR cutoff with 100% 
sensitivity, particularly in non-functional pNETs, represent 
key strengths. pNETs constitute approximately 1–2% of all 
pancreatic neoplasms [27]. Although the case series in our 
single-center study may appear to represent a relatively 
small sample size, it may be considered a satisfactory 
number for evaluation purposes when considering the 
proportion of this tumor group among all pancreatic 
neoplasms. In our series, the OS rate is also relatively high, as 
the majority of tumors were surgically resected; moreover, 
survival outcomes for this tumor group are consistent 
with those reported in the existing literature. However, 
the factors influencing mortality in this tumor group have 
not yet been clearly established; accordingly, one of the 
primary aims of our study is to investigate the factors 
that may affect this outcome. Limitations also include the 
single-center, retrospective design and relatively small 
sample size, which may limit generalizability.

Conclusion
In this study, we evaluated the relationship between 
NLR, LMR, PLR, and TyG index with tumor characteristics 
and prognosis in the pNETs cohort. NLR and PLR were 
not associated with tumor grade, size, or metastasis, but 
were significantly higher in patients who expired, and 
multivariable cox regression analyses revealed that NLR may 
be an independent predictor as a prognostic biomarker. In 

non-functional pNETs, NLR demonstrated perfect sensitivity, 
supporting its prognostic value, particularly in biologically 
aggressive subtypes. Due to heterogeneity in the literature 
and variation in cutoff values, further prospective studies 
are warranted before routine clinical implementation of 
these markers. Furthermore, additional studies are needed 
to confirm our findings indicating that the TyG index is 
not a risk and prognostic factor in pNETs and similar non-
adenocarcinoma malignancies, unlike in adenocarcinomas.
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