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Abstract: Objective: To investigate the clinical characteristics, diagnostic methods, treatment strategies and prog-
nostic factors of pancreatic neuroendocrine tumors (pNETs). Methods: A retrospective analysis was conducted on 
43 pNET patients treated at Huzhou Central Hospital from January 2003 to December 2023. The data included 
age, gender, function, tumor location, tumor size, pathological characteristics, lymph nodes, metastasis, and treat-
ment. Association of these factors with pNET prognosis was proven by univariate analysis and multivariate analysis. 
Results: The incidence of G3 tumors in this group of advanced patients was relatively high (P=0.001). Meanwhile, 
elevated CA125 was commonly seen in the advanced stage (P=0.045), and surgeries occurred more frequently 
in the early stage (P=0.003). In addition, the positive expression of CD56 in low-grade tumors was relatively high 
(P=0.014). The incidence of non-functional tumors larger than 2 cm was high (P=0.015). Univariate Cox regression 
revealed that tumor size >2 cm, G3 grade, liver metastasis, advanced stage, lymph node metastasis and invasion 
were risk factors. Multivariate analysis revealed that G3 grade, liver metastasis and advanced stage were indepen-
dent influencing factors for disease progression. Conclusion: pNETs are heterogeneous tumors. Pathological grade, 
metastatic status, and serological markers may assist in diagnosis and prognosis assessment, aiding individualized 
clinical management.

Keywords: Pancreatic neuroendocrine tumors, clinical and pathological features, diagnosis, treatment, prognostic 
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Introduction

Neuroendocrine tumors (NETs) are a heteroge-
neous group of neoplasms that originate from 
neuroendocrine cells, which are distributed th- 
roughout the body, including the gastrointesti-
nal tract, lungs, and pancreas [1]. Pancreatic 
neuroendocrine tumors (pNETs) are the second 
most common type of pancreatic neoplasm, 
accounting for approximately 1%-2% of all pan-
creatic tumors. In recent years, advances in 
imaging technologies, serum biomarker detec-
tion, and improved disease recognition have 
led to an increased diagnosis rate of pNETs [2, 
3].

Based on hormone secretion and clinical pre-
sentation, pNETs are classified as either func-
tional or non-functional. Approximately 75%  
of pNETs are non-functional [4, 5]. Functional 
tumors secrete excessive amounts of peptide 
hormones such as insulin, gastrin, glucagon, 
and vasoactive intestinal peptide, resulting in 
characteristic clinical syndromes. In contrast, 
non-functional tumors typically do not cause 
hormone-related symptoms, although some pa- 
tients may exhibit mild elevations in hormone 
levels without overt clinical manifestations.

pNETs exhibit marked heterogeneity in clini- 
cal and pathological features, treatment strate-
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gies, and prognostic outcomes, depending  
on their histologic grade and clinical stage. 
Surgical resection remains the preferred treat-
ment for most pNETs. In functional tumors, 
debulking surgery is often necessary to relieve 
symptoms, even in the presence of distant 
metastases. For non-functional tumors larger 
than 2 cm, surgical intervention is generally 
recommended. In contrast, the management of 
tumors smaller than 2 cm depends on factors 
such as tumor location and individual patient 
characteristics, and may involve either surgery 
or active surveillance [6].

According to the latest American Joint Com- 
mittee on Cancer (AJCC) staging system, pNETs 
are categorized into stages I-IV based on tumor 
size, invasion, and metastasis [7]. The most 
recent World Health Organization (WHO) clas-
sification system grades pNETs as G1, G2, or 
G3, or categorizes them as neuroendocrine car-
cinoma (NEC), based on mitotic count and the 
Ki-67 proliferation index [8].

Despite the increasing incidence of pNETs, lim-
ited studies have systematically investigated 
the associations between clinical characteris-
tics, pathological features, prognosis, and clini-
cal or pathological staging. This study aims to 
evaluate the relationships between clinicopath-
ological features and prognosis, as well as to 
assess the diagnostic efficacy of serological 
markers.

Materials and methods

Patient selection

A retrospective analysis was conducted on 
patients diagnosed with pNETs at Huzhou 
Central Hospital between January 2003 and 
December 2023.

Inclusion criteria: (1) Pathologically confirmed 
diagnosis of pNET based on surgical resection 
or tumor biopsy; (2) Availability of complete clin-
ical and follow-up data; (3) Completion of the 
full course of treatment at our hospital; (4) No 
prior treatment before hospital admission.

Exclusion criteria: Patients with other types of 
neuroendocrine tumors or coexisting malignan-
cies were excluded.

This study adhered to the STROBE guidelines 
for observational research [9], complied with 

the Declaration of Helsinki (2013) [10], and 
was approved by the Ethics Committee of 
Huzhou Central Hospital (No. 202412035-01). 
All clinical data were retrieved from the hospi-
tal’s electronic medical records and anony-
mized for analysis. According to the Clinical and 
Pathological grouping, the patients were divid-
ed into the Early to middle stage (n=32) and  
the Late to advanced stage (n=11); the Low-
grade (n=37) and High-grade (n=6) groups. 
Additionally, baseline data from 50 healthy in- 
dividuals undergoing routine physical examina-
tions during the same period were collected as 
controls.

Data extraction

Clinical data from patients who met the inclu-
sion criteria were collected, including: (1) de- 
mographic data (age, sex); (2) tumor character-
istics (location, number of lesions, maximum 
diameter, invasion, metastasis); (3) immuno- 
histochemical markers and tumor markers; (4) 
treatment modalities; (5) tumor function (func-
tional vs. non-functional); (6) WHO pathological 
grade and AJCC stage; (7) microvascular and 
perineural invasion; (8) lymph node metastasis; 
(9) follow-up information.

Follow-up

The primary purpose was to assess survival 
duration, survival outcome, tumor recurrence, 
and distant organ metastasis. The observation 
period began at the time of pathological diag-
nosis and ended either at the patient’s death 
from pNET or at the end of the follow-up period. 
Survival time was defined as the interval from 
diagnosis to death or censoring. All patients 
were followed up by telephone and review of 
medical records. The minimum follow-up dura-
tion was six months, with the cutoff date of fol-
low-up set as June 30, 2024. A total of 43 
cases were included in the study, all with com-
plete follow-up data. No patients were lost to 
follow-up.

T grading and staging criteria

Tumor staging was performed according to the 
AJCC TNM classification system [7]: Stage I: 
T1N0M0; Stage II: T2/T3N0M0; Stage III: 
T4N0M0 or any T with N1M0; Stage IV: Any T, 
any N with M1.
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Table 1. General information of patients

Variable Parameter 
(n=43)

Percentage 
(%)

Age (year, median (range)) 58 (26-80) -
Gender (Female) 23 53.5
There are symptoms at the time of diagnosis
    Yes 20 46.5
    No 23 53.5
Functional or not
    Yes 6 14.0
    No 37 86.0
Tumor diameter (cm, median (range)) 2.5 (0.6-11.0) -
Tumor location
    neck 16 37.2
    cauda 22 51.2
    multiple 5 11.6
Synchronous liver metastasis 8 18.6
Treatment mode
    Surgical 36 83.7
    Non-surgical 7 12.3
Surgical types
    Pancreaticoduodenectomy 6 16.7
    Distal pancreatectomy 23 63.9
    Middle segment pancreatectomy 3 8.3
    Local pancreatectomy 4 11.1
Pathological grading
    G1 12 28.0
    G2 25 58.1
    G3 6 13.9
AJCC Clinical staging
    I 10 23.3
    II 22 51.2
    III 5 11.6
    IV 6 13.9
Lymph node metastasis 7 16.3
Vascular invasion 6 4.0
Perineural invasion 9 20.9
Upper abdominal pain 7 16.3
Emaciation 3 6.9
Nausea and vomiting 2 4.6
Jaundice 1 2.4

For analytical purposes, stages I-II were 
grouped as early to intermediate stages, while 
stages III-IV were considered advanced sta- 
ges.

According to the latest WHO grading system  
[8], pNETs were classified into G1, G2, G3, or 

NEC based on mitotic count 
and Ki-67 index. G1 and G2 
tumors were defined as low-
grade, while G3 and NEC 
were defined as high-grade.

Primary outcome measures

The correlations between 
age, gender, function, tumor 
location, tumor size, patho-
logical features, lymph no- 
des, metastasis and treat-
ment and the prognosis of 
PNEN were analyzed through 
univariate analysis and mul- 
tivariate analysis.

Secondary outcome mea-
sures

The diagnostic value of se- 
rum biomarkers for pNETs 
was evaluated.

Statistical analysis

All statistical analyses were 
performed using SPSS ver-
sion 23.0 (IBM Corp., Ar- 
monk, NY, USA). Continuous 
variables not following a  
normal distribution were ex- 
pressed as median (range) 
and compared using the 
Mann-Whitney U test. Mea- 
surement data following a 
normal distribution were pre-
sented as mean ± SEM. A 
t-test was used to analyze 
normally distributed data, 
and an independent sampl- 
es t-test was performed  
for between-group compa- 
risons.

Categorical variables were 
reported as frequency (per-
centage) and compared us- 

ing the chi-square test or Fisher’s exact test,  
as appropriate. Kaplan-Meier survival analysis 
was used to plot survival curves.

Univariate survival analysis was conducted 
using the log-rank test. Variables with signifi-
cant differences in univariate analysis were 
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Table 2. Relationship between clinical pathological features of 
pancreatic neuroendocrine tumors and AJCC clinical staging

Variable
Early to 

middle stage 
(n=32)

Late to 
advanced 

stage (n=11)
χ2 P

Age
    ≥60 14 (43.8) 6 (54.5) 0.383 0.536
    <60 18 (56.2) 5 (45.5)
Gender
    Male 15 (46.9) 5 (45.5) 0.007 0.935
    Female 17 (53.1) 6 (54.5)
Functional or not
    Yes 5 (15.6) 1 (9.1) - 1.0
    No 27 (84.4) 10 (90.9)
WHO Pathological Grading
    G1 12 (37.5) 0 (0) 13.101 0.001*

    G2 19 (59.4) 6 (54.5)
    G3 1 (3.1) 5 (45.5)
Immunohistochemical markers
    CgA 30 (93.8) 10 (90.9) - 1.0
    Syn 32 (100) 10 (90.9) - 0.256
    CD56 30 (93.8) 10 (90.9) - 1.0
Tumor markers
    CA199 4 (12.5) 3 (27.3) 0.451 0.502
    CA125 1 (3.1) 2 (27.3) - 0.045*

    AFP 1 (3.1) 0 (0) - 1.00
    CEA 3 (9.4) 2 (18.2) - 0.589
    NSE 6 (18.8) 3 (27.3) 0.029 0.865
Treatment mode
    surgical 31 (96.9) 6 (54.5) - 0.003*

    Non-surgical 1 (3.1) 5 (45.5)
Tumor location
    neck 14 (43.8) 3 (27.3) 4.98 0.084
    cauda 18 (56.2) 6 (54.5)
    multiple 0 (0) 2 (18.2)
AJCC: American Joint Committee on Cancer; *P<0.05.

included in a multivariate Cox regression mo- 
del, using the backward stepwise (likelihood 
ratio) method. A p-value <0.05 was considered 
statistically significant.

Result

Clinical and pathological features of pNET 
patients

This study included 43 patients with pNETs 
treated between January 2003 and December 
2023. The median age was 58 years (range, 
26-80), and 53.5% were female. At diagnosis, 

mon in advanced-stage patients, whereas  
early-middle stage patients were more likely  
to undergo surgery (both P<0.05). No signifi-
cant differences were found in age, sex, or 
tumor location between groups (all P>0.05) 
(Table 2).

Regarding WHO grade, CD56 positivity was  
significantly higher in the low-grade group (G1/
G2) compared to the high-grade group (G3/
NEC) (P<0.05). No significant differences were 
observed in age, sex, surgical treatment, or 
tumor location (all P>0.05) (Table 3).

46.5% presented with clinical 
symptoms, while 86% showed 
no hormone secretion syn-
dromes. The median tumor 
size was 2.5 cm (range, 0.6-
11.0 cm); 37.6% of tumors 
were located in the head and 
neck, and 51.2% in the body 
and tail of the pancreas. Mul- 
tiple tumors were observed in 
11.6% of patients, and 18.6% 
(8 cases) had liver metastasis. 
Surgical resection was per-
formed in 83.7% of patients, 
with 63.9% undergoing distal 
pancreatectomy and 16.7%  
pancreatoduodenectomy. Mo- 
st tumors were classified as 
WHO grade G2 (58.1%). Accor- 
ding to the AJCC staging sys-
tem, 74.5% were diagnosed at 
early to middle stages (stage  
I, 23.3%; stage II, 51.2%). 
Among all cases, 66.3% were 
non-functional tumors. The 
most common symptoms we- 
re upper abdominal pain 
(16.3%), nausea and vomiting 
(4.6%), and jaundice (2.4%) 
(Table 1).

Association between clinical/
pathological features and 
AJCC stage and WHO grade

Advanced-stage patients had 
a significantly higher propor-
tion of G3 tumors than those 
in the early-middle stage gr- 
oup (P<0.05). Elevated CA125 
levels were also more com-
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Table 3. Relationship between clinical pathological features of 
pancreatic neuroendocrine tumors and WHO pathological grading

Variable Low-grade 
(n=37)

High-grade 
(n=6) χ2 P

Age
    ≥60 15 (40.5) 5 (83.3) - 0.081
    <60 22 (59.5) 1 (16.7)
Gender
    Male 16 (43.2) 4 (66.7) - 0.393
    Female 21 (56.8) 2 (33.3)
Functional or not
    Yes 6 (16.2) 0 (0) 1.955 0.162
    No 31 (83.8) 6 (100)
Immunohistochemical markers
    CgA 35 (94.6) 5 (83.8) - 0.370
    Syn 36 (97.3) 6 (100) 1.72 0.190
    CD56 35 (94.6) 3 (50.5) - 0.014*

Tumor markers
    CA199 6 (16.2) 1 (16.6) 0.001 0.978
    CA125 3 (8.1) 1 (16.6) - 0.465
    AFP 1 (2.70) 0 (0) - 1.00
    CEA 4 (10.8) 1 (16.6) - 0.547
    NSE 8 (21.6) 1 (16.6) - 1.00
Treatment mode
    surgical 33 (89.2) 4 (66.7) 1.768 0.184
    Non-surgical 4 (10.8) 2 (33.3)
Tumor diameter
    ≥2 cm 23 (62.2) 5 (83.8) - 0.403
    <2 cm 14 (37.8) 1 (16.2)
Tumor location
    neck 13 (35.1) 3 (50) 0.750 0.751
    cauda 22 (59.5) 3 (50)
    multiple 2 (5.4) 0 (0)
CA199: Carbohydrate Antigen199; CA125: Carbohydrate Antigen125; AFP: 
alPhafetoProtein; CEA: carcinoembryonic antigen; CgA: Chromogranin A; Syn: 
Synaptophysin; CD56: Neural Cell Adhesion Molecule 56; *P<0.05.

Association between hormone secretion syn-
drome and clinical/pathological features

Patients were divided according to the pres-
ence or absence of hormone secretion syn-
drome. Non-functional tumors (>2 cm) were 
significantly more common in patients without 
hormone secretion syndromes (P<0.05). No 
significant differences were observed in age, 
sex, treatment modality, or tumor location (all 
P>0.05) (Table 4).

Prognostic factor analysis

The median follow-up duration was 52 months 
(range: 6-116 months), and the median relapse-

free survival (RFS) was 44 
months (range: 6-112 months). 
Univariate Cox regression anal-
ysis identified tumor size >2 
cm, G3 grade, liver metastasis, 
advanced AJCC stage, lymph 
node metastasis, microvascu-
lar invasion, and perineural 
invasion as risk factors for  
disease progression. Surgical 
treatment was a protective fa- 
ctor. Multivariate Cox regres-
sion showed that G3 grade 
(HR=2.931), liver metastasis 
(HR=5.783), and advanced 
AJCC stage (HR=4.574) were 
independent predictors of pro-
gression (Tables 5, 6).

Survival analysis

The median overall survival 
was 97 months (95% CI: 84.5-
109.7 months). The 2-year and 
5-year overall survival rates 
were 69.7% and 44.2%, respe- 
ctively. The median RFS was 
70 months (95% CI: 56.8-83.2 
months), with 2-year and 5- 
year RFS rates of 67.4% and 
37.2%, respectively (Figure 1).

Comparison of RFS by WHO 
grade

Patients with G3 tumors had a 
significantly higher risk of 
recurrence than those with G1 
or G2 tumors (P<0.05). No sig-
nificant difference in RFS was 
observed between G1 and G2 
tumors (P>0.05) (Figure 2A).

Comparison of RFS by AJCC stage

Patients with advanced-stage disease had sig-
nificantly lower RFS than those with early to 
middle-stage disease (P<0.05) (Figure 2B).

Comparison of baseline data between pNET 
patients and healthy controls

There were no significant differences in base-
line characteristics (age, sex, hypertension, or 
diabetes) between pNET patients and healthy 
controls (all P>0.05). However, levels of CA19-
9, CA125, AFP, CEA, and NSE were significantly 
higher in the pNET group (all P<0.05). These 



Clinical analysis of pancreatic neuroendocrine tumors

3551	 Am J Cancer Res 2025;15(8):3546-3556

Table 4. Relationship between clinical pathological features of 
pNETs and hormone secretion syndromes

Variable Non-functional 
(n=37)

Functional 
(n=6) χ2 P

Age
    ≥60 18 (48.6) 2 (33.3) - 0.669
    <60 19 (51.4) 4 (66.7)
Gender
    Male 16 (43.2) 4 (66.7) - 0.393
    Female 21 (56.8) 2 (33.3)
WHO Pathological Grading
    G1 11 (29.7) 1 (16.7) 1.345 0.564
    G2 20 (54.1) 5 (83.3)
    G3 6 (16.2) 0 (0)
Immunohistochemical markers
    CgA 35 (94.6) 5 (83.3) - 0.370
    Syn 36 (97.3) 6 (100) - 1.00
    CD56 35 (94.6) 5 (83.3) - 0.370
Tumor markers
    CA199 7 (18.9) 0 (0) 2.314 0.128
    CA125 3 (8.1) 1 (16.7) - 0.465
    AFP 1 (2.70) 0 (0) - 1.00
    CEA 4 (10.8) 1 (16.7) - 0.547
    NSE 7 (18.9) 2 (33.3) - 0.589
Treatment mode
    Surgical 32 (86.5) 5 (83.3) 0.041 0.840
    Non-surgical 5 (13.5) 1 (16.7)
Tumor location

    neck 15 (40.5) 1 (16.7) 1.884 0.338
    cauda 18 (48.7) 5 (83.3)
    multiple 4 (10.8) 0 (0)
Tumor diameter
    ≥2 cm 27 (73.0) 1 (16.7) - 0.015*

    <2 cm 10 (27.0) 5 (83.3)
CA199: Carbohydrate Antigen199; CA125: Carbohydrate Antigen125; AFP: alPhafe-
toProtein; CEA: carcinoembryonic antigen; CgA: Chromogranin A; Syn: Synaptophysin; 
CD56: Neural Cell Adhesion Molecule 56; *P<0.05. pNETs: pancreatic neuroendo-
crine tumors.

markers demonstrated good diagnostic perfor-
mance for pNETs (Tables 7, 8; Figure 3).

Discussion

PNETs are relatively rare neoplasms, with an 
estimated incidence of approximately 1 per 
100,000 individuals, accounting for 1%-2%  
of all pancreatic tumors. Data from the U.S. 
Surveillance, Epidemiology, and End Results 
program report an annual incidence of approxi-
mately 0.22 per 100,000, with a rising trend in 
recent years. Due to their rarity and often non-

specific clinical symptoms, 
pNETs are prone to misdiag-
nosis or delayed diagnosis in 
clinical settings.

This study analyzed the clini-
cal and pathological charac-
teristics of pNETs in a single-
center cohort over a 20-year 
period and explored their 
associations with patient 
prognosis. Consistent with 
previous literature, the ma- 
jority of pNETs in this cohort 
were non-functional (86%), 
which aligns with findings by 
previous scholar, though the 
proportion observed here is 
higher than in some other 
reports. This discrepancy 
may be attributable to the 
small sample size or to in- 
creased detection of func-
tional tumors due to im- 
proved diagnostic methods 
[12, 13].

Prior studies have confirmed 
that most pNETs are non-
functional and asymptomat-
ic, which underscores the 
importance of imaging in 
early detection. Computed 
tomography (CT) is typically 
the first-line imaging modali-
ty, with a reported sensiti- 
vity of 62%-83%. For lesions 
smaller than 2 cm, magnetic 
resonance imaging (MRI) is 
generally more sensitive th- 
an CT. Positron emission 
tomography (PET) can as- 
sess for metastatic disea- 

se, while endoscopic ultrasound (EUS) is par-
ticularly useful for detecting small tumors under 
1 cm, with a sensitivity of 77%-95% [9].

Based on the findings from our 43-patient 
cohort, we recommend the routine use of high-
resolution imaging such as CT and MRI in the 
preoperative evaluation of suspected pNETs. In 
addition, EUS and preoperative biopsy, when 
feasible, can increase the likelihood of early 
diagnosis and appropriate surgical planning. 
These approaches have improved the detec-
tion of non-functional tumors that were previ-
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Table 5. Univariate and multivariate cox regression analysis of prognostic factors in pNETs patients
Univariate Cox regression Multivariate Cox regression

HR 95% CI P HR 95% CI P
Tumor size (≥2 cm) 5.744 1.317-25.047 0.020*
Pathological grade (G3) 17.435 3.287-92.476 0.001* 2.931 1.022-8.410 0.046*
Concomitant liver metastasis (yes) 6.737 2.211-20.529 0.001* 5.783 1.527-21.904 0.010*
Surgical treatment (yes) 0.010 0.032-0.317 0.000*
Lymph node metastasis (yes) 6.364 2.204-18.378 0.001*
Microvascular invasion (yes) 4.989 1.670-14.902 0.004*
Nerve invasion (yes) 3.230 1.219-8.563 0.018*
AJCC staging (late stage) 35.804 3.855-332.504 0.002* 4.574 2.121-9.865 0.000*
AJCC: American Joint Committee on Cancer; pNETs: pancreatic neuroendocrine tumors. *P<0.05.

Table 6. Logistic regression analysis variable assignment table
Variable Assignment
Tumor size (≥2 cm) 0= Nothing, 1= Something
Pathological grade (G3) Original value
Concomitant liver metastasis (yes) 0= Nothing, 1= Something
Surgical treatment (yes) 0= Nothing, 1= Something
Lymph node metastasis (yes) 0= Nothing, 1= Something
Microvascular invasion (yes) 0= Nothing, 1= Something
AJCC staging (late stage) Original value
AJCC: American Joint Committee on Cancer.

Figure 1. Overall survival and recurrence-free survival rates in the study 
cohort.

ously difficult to identify and are consistent 
with prior findings [14, 15].

In agreement with an Italian multicenter retro-
spective study [16], our analysis found no sig-

nificant sex-based differences 
in pNET incidence. However, a 
large-scale U.S. database stu- 
dy reported a higher incidence 
in males [11]. Although our 
findings differ, this inconsisten-
cy may be related to racial or 
regional variations in gender-
specific incidence, highlighting 
the need for multicenter stud-
ies in the Chinese population.

It is well established that func-
tional tumors often produce 
symptoms early due to hor-
mone hypersecretion, facilitat-
ing earlier diagnosis and ge- 
nerally smaller tumor size at 
detection [17]. In contrast, non-
functional tumors are typically 
asymptomatic and are diag-
nosed later, usually at a larger 
size due to mass effect. Our 
findings support this pattern. 
However, in contrast to prior 
reports, we did not observe sig-
nificant differences in WHO 
pathological grade distribution 
between functional and non-
functional tumors. Previous 
studies have suggested that 
non-functional pNETs are more 
frequently classified as high-
grade, while functional tumors 
are often G1 or G2 [18]. For 

example, Marini et al. reported that non-func-
tional pNETs tend to have more insidious  
onset, poorer differentiation, and lower sur- 
gical resectability [19]. The inconsistency wi- 
th our data may be due to improvements in 
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Figure 2. Comparison of recurrence-free survival rates among different pathological grades and clinical stages. A. 
Recurrence-free survival rates for different WHO pathological grades. B. Recurrence-free survival rates for different 
AJCC clinical stages.

Table 7. General information of pNETs and the control group

Variable pNETs group (n=43) Healthy individuals 
group (n=50) P-value

Age (yr) 58.4±2.8 58.8±3.0 0.556
BMI 25.2±1.9 24.8±2.2 0.421
Male 23 27 0.224
Hypertension 8 10 0.775
Diabetes 5 5 0.557
CA199 12.44 (6.45, 22.08) 8.05 (4.8, 14.7) 0.646
CA125 9.15 (7.06, 14.66) 14.99 (9.57, 29.36) 0.810
AFP 14.3 (2.6, 16.3) 12.2 (2.2, 15.8) 0.267
CEA 2.92 (1.78, 5.59) 1.86 (1.31, 2.66) 0.344
NSE 22.30 (16.85, 24.74) 17.5 (14.53, 21.38) 0.486
pNETs: Pancreatic neuroendocrine tumors; CA199: Carbohydrate Antigen199; 
CA125: Carbohydrate Antigen125; AFP: alPhafetoProtein; CEA: carcinoembryonic 
antigen.

Table 8. Diagnostic efficacy of serum markers
Variable Cut-off AUC AUC (95% CI)
AFP 15.5 0.658 0.537-0.779
CEA 3.08 0.685 0.572-0.798
NSE 23.5 0.810 0.725-0.985
CA199 13.29 0.993 0.983-0.995
CA125 10.74 0.883 0.812-0.954
CA199: Carbohydrate Antigen199; CA125: Carbohydrate 
Antigen125; AFP: alPhafetoProtein; CEA: carcinoembry-
onic antigen.

diagnostic imaging, which now allow for earlier 
detection of small, less aggressive non-func-
tional tumors that were previously missed.

This study also found no signifi-
cant differences in tumor loca-
tion (head, body, or tail of the 
pancreas), AJCC stage distribu-
tion, or WHO grade distribu-
tion, findings that are consis-
tent with previous reports [20, 
21].

Previous studies have con-
firmed the diagnostic value of 
serological markers in pancre-
atic tumors. In this study, five 
markers - CA19-9, CEA, AFP, 
CA125, and NSE - demonst- 
rated good diagnostic perfor-
mance in pNETs, with underly-
ing mechanisms discussed as 
follows: 

CA19-9 is a widely used biomarker in digestive 
system malignancies, particularly pancreatic 
adenocarcinoma. Although less specific to 
pNETs, elevated CA19-9 levels have been 
observed in some pNET cases, likely due to its 
association with the secretory activity of tumor 
cells. Thus, CA19-9 may serve as an auxiliary 
diagnostic indicator, especially in patients with 
unexplained gastrointestinal symptoms.

CEA, a common tumor marker in colorectal and 
pancreatic cancers, shows limited sensitivity  
in pNETs. However, it may provide prognostic 
value during disease progression, as dynamic 
changes in CEA levels can reflect tumor biology 
and guide clinical decision-making.
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AFP is primarily associated with hepatocellular 
carcinoma and germ cell tumors. However, rare 
cases of pNETs with elevated AFP levels have 
been reported, possibly due to atypical antigen 
expression. Although uncommon, AFP should 
not be disregarded when evaluating pNETs, 
especially in complex presentations.

CA125, typically used in ovarian cancer, has 
been found to be elevated in some pancreatic 
tumors, particularly those accompanied by 
ascites or inflammatory responses. While its 
specificity is low, its potential as a supplemen-
tary diagnostic tool in pNETs warrants further 
investigation.

NSE is closely associated with neuroendocrine 
tumors. Elevated NSE levels reflect neuroendo-
crine cell proliferation and tumor burden. Given 
its relatively high sensitivity and specificity in 
pNETs, NSE is a valuable clinical biomarker in 
diagnosis and monitoring [22-25].

In addition, analysis of tissue biomarkers sh- 
owed significantly higher CD56 expression in 
low-grade tumors than in high-grade ones. This 
finding suggests that CD56 may be associated 

relation between higher tumor grade and 
decreased survival. These results are consis-
tent with previous findings by Shyr et al., who 
also reported tumor grade as an independent 
prognostic factor [25].

Univariate Cox regression analysis revealed 
that lymph node metastasis, microvascular 
invasion, and perineural invasion were signifi-
cantly associated with poorer prognosis, indi-
cating more advanced disease. For such pa- 
tients, aggressive surgical strategies may 
improve survival, but further large-scale stud-
ies are needed. Multivariate analysis identified 
liver metastasis and advanced clinical stage  
as independent predictors of poor outcomes. 
These factors are associated with increased 
tumor proliferative and metastatic potential, 
emphasizing the need for close follow-up and 
early intervention to manage recurrence.

In our cohort, the 2-year and 5-year survival 
rates were significantly lower than those report-
ed in earlier studies [26, 27]. This discrepancy 
may be due to the lower rate of early diagnosis 
and treatment in this region or the fact that 
many patients presented at advanced stages. 

Figure 3. Receiver operating characteristic (ROC) curves illustrating the di-
agnostic performance of serum CA19-9, CA125, AFP, CEA, and NSE levels 
in patients with pancreatic neuroendocrine tumors. CA199: Carbohydrate 
Antigen199; CA125: Carbohydrate Antigen125; AFP: alPhafetoProtein; CEA: 
carcinoembryonic antigen.

with tumor grade and, poten-
tially, prognosis. As no prior 
studies have clearly addressed 
this relationship, further basic 
and clinical research is need-
ed to validate these obser- 
vations.

This study also found that 
early- and middle-stage pNET 
patients were more likely to 
have G1 or G2 tumors, while 
advanced-stage patients had 
a higher proportion of G2 and 
G3 tumors. These findings su- 
ggest a link between clinical 
stage and tumor aggressive-
ness. G3 tumors are typically 
more invasive and prolifera-
tive, limiting surgical options 
and leading to worse out-
comes. Univariate analysis id- 
entified G3 tumors as signifi-
cantly associated with poor 
prognosis, and survival analy-
sis further supported the cor-
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Enhancing early detection and intervention in 
the local healthcare system is critical to improv-
ing survival outcomes.

This study has several limitations. First, as a 
retrospective analysis, the data were derived 
from historical medical records, which may be 
incomplete or inaccurate, introducing poten- 
tial bias. Second, the data span two decades 
during which diagnostic and treatment strate-
gies have evolved, possibly affecting the con-
sistency of findings. Third, the rarity of pNETs 
limited the sample size, which may reduce the 
statistical power of the analysis. Larger multi-
center studies are necessary to confirm these 
results and improve the generalizability of the 
findings.

In conclusion, this study identified G3 grade, 
liver metastasis, and advanced AJCC stage as 
independent predictors of poor prognosis in 
pNETs. Non-functional tumors were more like- 
ly to be larger and asymptomatic. Elevated 
CA125, CA19-9, CEA, AFP, and NSE levels 
showed diagnostic value, and CD56 was asso-
ciated with low-grade tumors. These findings 
provide valuable insights into the diagnosis  
and prognostic assessment of pNETs, support-
ing more precise clinical management.
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