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ABSTRACT

BACKGROUND: Radiomics is currently a promising and prospective tool for diagnosing and treating neuroendocrine
neoplasms at various sites. This method is often used for differential diagnosis of gastrointestinal neuroendocrine tumors
with other neoplasms at this site.

AIM: The aim of the study was to evaluate the potential of radiomics for differential diagnosis of neuroendocrine tumors
of stomach and pancreas.

MATERIALS AND METHODS: The study included data of 12 patients with morphologically proven neoplasms of the stomach
(6 with neuroendocrine tumors and 6 with adenocarcinomas) and data of 22 patients with morphologically proven neoplasms
of the pancreas (11 with neuroendocrine tumors and 11 with adenocarcinomas). All patients underwent abdominal computed
tomography (CT) with intravenous contrast enhancement prior to treatment at the Russian Scientific Center of Roentgenology
and Radiology. Radiomics parameters were calculated for the area of gastric and pancreatic tumor manually segmented
in the native phase of the CT scan. The results were processed and statistically analyzed using Microsoft Office Excel
and R-Studio, a free, open-source software development environment for the R programming language.

RESULTS: CT scan examples demonstrate typical and atypical visual signs of neuroendocrine tumors of stomach and
pancreas, contrast enhancement characteristics, location and structure of neoplasms. Fifteen radiomics parameters were
identified that were statistically significantly different between gastric neuroendocrine tumor and gastric adenocarcinoma.
In pancreas, neuroendocrine tumors differed significantly from adenocarcinomas in 14 radiomics parameters.
CONCLUSION: Neuroendocrine tumors of stomach and pancreas are rare neoplasms that are mostly asymptomatic
and difficult to visualize due to their small size and contrast enhancement characteristics. Texture analysis may be a promising
approach to differentiate gastrointestinal neuroendocrine tumors from other neoplasms at these sites, especially in the view
of the difficulty in obtaining a biopsy.

Keywords: neuroendocrine tumor; neuroendocrine tumor of stomach; neuroendocrine tumor of pancreas; neuroendocrine
neoplasia; radiology.
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AHHOTALINA

06ocHoBaHuMe. B HacTosiLiee BpeMs pafMoMUKa SBNSETCA MHOM000ELLAWMUM U NEPCNEKTUBHBIM MHCTPYMEHTOM B iMarHo-
CTUKE U NEeYEHUM HeMpPO3HAO0KPUHHBIX HOBOODPA30BaHW pPa3NINYHOA NOKanM3auuu. 3T0T METOZ, 4acTo UCMONL3YHT ANA And-
(bepeHUManbHON AMarHOCTUKM HEMPO3HAOKPUHHBIX OMYXOSen Xenyn04YHO-KULIEYHOro TpaKTa ¢ ApyrMMu HoBooBpa3oBaHus-
MW JaHHOM JIOKanu3aumm.

Lienb — oueHUTb BO3MOXKHOCTH NPUMEHEHUS PaMOMUKK Ans auddepeHLManbHOi AUarHOCTUKN HEMPOSHAOKPUHHBIX OMy-
XOMEM KenyaKa u NoAMKEeNyL04HON Henesbl.

Matepuanbl u Metoapl. B nccneaoBaHue BKIOYEHbI faHHble 12 naumeHToB ¢ Mopdonornyecku BepuduLMpoBaHHBIMU Ho-
B00Opa30BaHMAMM HenyaKa (6 — C Helipo3HAOKPUHHOM ONYX0/bi0 U 6 — C afieHOKapLMHOMOW) U AaHHble 22 nauueHToB
¢ MopdoIornyecky BepuduLMPoBaHHLIMKA HOBOOBPa30BaHNAMM NOAMKENYA04HOM ene3bl (11 — ¢ Helipo3HLOKPUHHOM ony-
xonbio M 11 — ¢ apeHoKapumHoMoii). BceM naumeHTam o neyeHns B POCCUIACKOM Hay4HOM LIEHTPe PEHTreHopaguonorum
BbINOSIHEHO KOMMbloTepHo-ToMorpaduyeckoe (KT) uccnepoBaHue opraHoB BpIOLLHON MONOCTY C BHYTPUBEHHBIM KOHTPaCTu-
poBaHueM. [oKasaTenu paguoMMKW paccumTaHbl B 001aCTU ONYXONM KeNyaKa U NOAXENYL04YHON Kenesbl, KOTOPY CerMeH-
TUPOBaNM BPyy4HYH0 B HaTUBHYIO a3y KT-uccnepnoBaHus. 06paboTky pe3ynbTaToB M CTaTUCTUYECKUI aHaNN3 NPOBOAMAM C UC-
nonb3oBaHneM Microsoft Office Excel u cBobogHOM cpeabl pa3paboTky NporpaMMHOre 06ecneyeHnst C OTKPbITbIM UCXOAHBIM
KOAOM 115 A3blKa nporpamMmmpoBanmns R — R-Studio.

Pe3synbtathl. Ha npumepax KT-uccnenoBanuii npoeMOHCTPUPOBaHbI TUMWYHBIE U HETUMWYHBIE BU3YaribHble MPU3HAKKM Heli-
PO3HAOKPUHHBIX OMYXONEN enyaKa U NoXKeNnyLo4YHOMN enesbl, 0c06eHHOCTU KOHTPACTUPOBaHUSA, NOKaNKU3aLMmn U CTPYKTY-
pbl HOBOODpa3oBaHmii. BrisiBneHo 15 nokasateniel paiMOMUKK, KOTOPLIE CTaTUCTUYECKW 3HAYMMO PasfMYalTCA MEXAY Hel-
PO3HAOKPUHHOIM ONYXOJIbI0 JKEeNyAKa W afleHOKapLMHOMOW XenyaKa. B cnydae nofmenynoyHoi xenesbl Helipo3HA0KPUHHBIE
ONyX0/M CTAaTUCTUYECKM 3HAYMMO OT/IMYANMCh OT aAeHOKApLMHOM No 14 noKasaTensM pagvoMUKy.

3aksioyeHmne. HelposHLOKPUHHBIE OMYXOM KENyAKa W MOAKENyA04YHON Kenesbl — pefikue HoB00bpa3oBaHus, KOTopble
B BOMbLUMHCTBE CydaeB He NpoABASAIOT cebs KIMHUYECKU U TPYLHO BM3Yanu3MpYHOTCA W3-3a MalbiX pa3MepoB M 0cobeH-
HOCTEN KOHTPAcTUPOBaHUA. TEKCTYPHBIA aHaNM3 MOXET CTaTb NEPCNEKTUBHBIM NOAX0L0M Ans AuddepeHUManbHol auarHo-
CTUKM HEMPOIHOOKPUHHBIX OMyXONen Xeny[o4YHO-KULIEYHOro TpaKTa C ApYrMMM HOBOOBPA30BaHAMM LaHHOW NOKanU3aumm,
0C06EHHO C YYETOM CIIOXHOCTM B3ATMA Buoncum.

KnioueBble cnosa: HEﬁPOSH,D,OKpVIHHaH 0nyxoJib; HEﬁPOBH,D,OKpVIHHaH 0onyxoJib XenyaKa; HEﬁpO3HJJ,OI~(pMHHaFI onyxosb
I'IO,U,)KEJ'IY,U,O‘-IHOVI xenesbl; HEVIpOBH,U,OKpVIHHaﬂ Heonnasua; nyyesaa oUarHoCTuKa.
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BACKGROUND

Neuroendocrine neoplasms (NENs) represent
a heterogeneous group of tumors derived from neuroendocrine
cells. These tumors encompass a broad spectrum,
with the most common types arising in the gastrointestinal
tract, lungs, bronchi, thymus, and pancreas [1]. The term
neuroendocrine refers to cells that exhibit both neural
and endocrine characteristics [2]. Under the standardized
classification system, all neuroendocrine neoplasms are
categorized as neuroendocrine tumors (NETs), which include
both low-grade NETs and high-grade neuroendocrine
carcinomas. Some tumors contain a combination
of low- and high-grade histological features and are classified
as mixed neuroendocrine—non-neuroendocrine neoplasms,
in which the neuroendocrine component constitutes at least
30% of the tumor [1].

Accurate staging of NETs is essential for determining
prognosis and guiding treatment decisions [3]. Gastrointestinal
and pancreatic NETs are currently graded into three categories:
G1 (low grade), G2 (intermediate grade), and G3 (high grade).
According to the 2019 World Health Organization classification
and the 2016 guidelines from the European Neuroendocrine
Tumor Society (ENETS), grading is based on the mitotic count
and the Ki-67 proliferation index (Table 1). These grading
criteria are similar for both gastrointestinal and pancreatic
NETs [4].

Tumor grade significantly influences survival outcomes.
Data from 64,971 patients with NETs in the Surveillance,
Epidemiology, and End Results (SEER) database showed
median survival times of 16.2 years for G1, 8.3 years for G2,
and 10 months for G3 NETs. Survival also varies markedly
with disease stage: patients with localized disease had
a median survival of over 30 years, those with regional
spread had a median of 10 years, and those with distant
metastases had a median of 1 year [5].

Gastric NETs represent approximately 11%—12% of newly
diagnosed NETs [3]. Pancreatic NETs account for about one-
third of gastrointestinal NETs. Among pancreatic NETs, 45%-—
60% are non-functioning, while 40%-55% are hormone-
secreting [6].

In Russia, data on the incidence of NENs are currently
unavailable [4]. In contrast, the incidence in the USA was
reported at 6.98 cases per 100,000 population in 2012.
An independent analysis of the SEER database also indicated
an increase in the incidence of gastrointestinal NENs
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between 1975 and 2008. Although the exact cause
of this rise is unclear, improvements in diagnostic techniques
and classification may have contributed [1].

To determine the tumor grade, tissue sections were stained
using antibodies against pancytokeratin; cytokeratins 7, 14,
18, and 20; as well as synaptophysin (Syn) and chromogranin
A (CgA). If one of the neuroendocrine differentiation markers
is not expressed, staining with anti-CD56 antibodies
is performed, and the expression of somatostatin receptors 2
and 5 (SSTR2 and SSTR5) is assessed as additional
markers [4].

The clinical presentation of NETs varies based
on the location of the primary tumor, and all NET types are
characterized by a high potential for metastasis. A study
by Halfdanarson et al. analyzing NET cases in the USA
from 1973 to 2000 found that over 60% of patients had distant
metastases and more than 20% had regional metastases
at the time of diagnosis [7]. Similar results were reported
by Loosen et al. in a European cohort, where 84.6% of patients
were found to have distant metastases at diagnosis [8].

Diagnosis of gastric and pancreatic
neuroendocrine tumors

The clinical symptoms and NENs can vary widely
depending on the tumor location. In functioning tumors,
symptoms may result from the secretion of biologically
active substances.

Most pancreatic NETs are non-functioning, meaning they
do not produce clinical signs of hormone overproduction,
which makes diagnosis more difficult. In some instances,
these tumors are discovered incidentally during evaluations
for unrelated conditions [9]. Non-functioning tumors may
remain asymptomatic for extended periods or present
with nonspecific symptoms. Typical manifestations include
diarrhea, hot flashes, and skin flushing, while bronchospasm
is observed less frequently. Other symptoms such as intestinal
cramping, telangiectasia, edema, cyanosis, joint involvement,
muscle pain, and myopathy are rare [4].

Upper endoscopy with biopsy is commonly used for diagnosis,
as NETs require confirmation by immunohistochemistry [10].
Abdominal CT is recommended for G1 and G2 NETs larger
than 2 cm, as well as for all G3 NETs. In certain cases,
abdominal magnetic resonance imaging (MRI), octreotide
scintigraphy, and positron emission tomography combined
with CT (PET/CT) may also be useful [11].

Table 1. Classification of gastrointestinal and pancreatic neuroendocrine tumors

Grade Mitotic index (10HPF) | Proliferation index Kié7, %
G1 neuroendocrine tumors <2 <3
G2 neuroendocrine tumors 2-20 3-20
G3 neuroendocrine tumors >20 >20
Neuroendocrine carcinomas >20 >20

Note. G, neuroendocrine tumor grade; HPF, high-power field.
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Pancreatic NETs exhibit the greatest contrast
enhancement during the early arterial phase (25-35 s), rather
than the late arterial phase (35-45 s), which is typically used
for pancreatic imaging. This distinction is important because
small tumors may be missed during the late arterial phase
when the lesion becomes isodense with the surrounding
pancreatic tissue [12]. Fig. 1 illustrates characteristic
imaging features of pancreatic NETs. Abdominal CT
with intravenous contrast revealed a hypervascular lesion
in the head of the pancreas, measuring 13 x 9 mm, located
near the pancreatic duct and common bile duct, without clear
signs of duct compression on CT. The tumor demonstrated
marked contrast enhancement during the early arterial phase
(10 s) but was poorly visualized in the subsequent contrast
phases.

Some pancreatic NETs may appear hypovascular,
requiring differentiation from other lesions such as serous
cystadenomas, intrapancreatic accessory spleens, renal cell
carcinoma metastases, and both cystic and solid masses,
including hypovascular adenocarcinomas [13]. Fig. 2 presents
a CTimage of a pancreatic NET with these features. The lesion,
located in the pancreatic body, is round with irregular
margins, measuring approximately 2.3 x 2.1 cm, and contains
a centrally hypodense area suggestive of necrosis [14].
It appears isodense relative to the pancreatic parenchyma
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in the venous phase and shows only mild enhancement
during the arterial phase. There is no evidence of tumor
infiltration into the surrounding fat or vascular structures.
In this case, the tumor was identified based on indirect signs,
including dilatation of the pancreatic duct, compression
of the splenic vein, and moderate enlargement of the pancreatic
body. This presentation is atypical for pancreatic NETs.
Rare cases have been described in which venous phase
enhancement is more pronounced [15].

Gastric NETs are generally hypervascular and typically
show increased contrast enhancement during the early
arterial phase [16]. G1 and G2 gastric NETs are usually
small (<1 ¢cm) and are most often located in the gastric
fundus or body [10, 17]. Fig. 3 illustrates typical imaging
features of gastric NETs. An exophytic, hypervascular
lesion measuring 10 x 9 mm is visible along the greater
curvature of the gastric body, with strong arterial phase
enhancement.

As with pancreatic NETs, gastric NETs can also show
variable contrast enhancement. Fig. & illustrates a NET
located in the upper wall of the gastric cardia, which displayed
increased enhancement during the venous phase and minimal
enhancement during the arterial phase.

These cases highlight the diagnostic complexity
and variability in imaging features of gastric and pancreatic

S

Fig. 1. Abdominal computed tomography with intravenous contrast: a, a hypervascular lesion near the common bile duct during the

arterial phase (10th second); b, venous phase image.

Fig. 2. Computed tomography of a hypovascular pancreatic neuroendocrine tumor: a, a moderately hypervascular lesion in the pancreatic
body with a hypodense central area and dilatation of the pancreatic duct, arterial phase (10th second); b, moderate compression

of the splenic vein, venous phase.
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Fig. 3. Gastric neuroendocrine tumor: a, tumor tissue showing high contrast uptake, arterial phase; b, tumor tissue showing moderate

contrast uptake, venous phase.

Fig. 4. Gastric neuroendocrine tumor: a, low contrast uptake by tumor tissue, arterial phase; b, a hyperintense lesion in the upper wall

of the gastric cardia (up to 6 mm), venous phase.

NETs. According to recommendations from the European
Society for Medical Oncology and the National Comprehensive
Cancer Network, pancreatic biopsy is advised only when
the tumor is not clearly visualized on three-phase MRI or
CT. The sensitivity of cytological and histological evaluation
for diagnosing pancreatic cancer does not exceed 90%.
In cases where imaging does not provide morphological
confirmation of pancreatic cancer, most patients still undergo
radical surgical treatment. However, biopsy carries risks,
including potential complications and the possibility of tumor
cell spread [18].

Therefore, research into the potential for achieving
morphological confirmation of malignancy through imaging
studies is of particular relevance.

Radiomics is currently regarded as a promising approach
for the diagnosis and management of NENs at various
anatomical sites [19]. It involves the extraction and analysis
of numerous quantitative features from medical imaging

DAl https://doiorg/10.17816/DD629345

data, including parameters related to shape, size, texture,
intensity, and voxel relationships [20].

Radiomics is applied in research to solve specific clinical
tasks. In gastrointestinal NENSs, its most common application
is in predicting tumor grade [21-23]. Texture analysis has
also been used to differentiate gastrointestinal NETs
from other gastrointestinal neoplasms. Most studies indicate
that models combining radiomics features with clinical
and additional diagnostic data yield the highest accuracy.
Texture analysis is used less frequently to evaluate treatment
response in gastrointestinal NETs. Additionally, some studies
have explored the role of radiomics in predicting disease
progression and recurrence.

AIM

To assess the potential of radiomics for the differential
diagnosis of gastric and pancreatic NETs.
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MATERIALS AND METHODS
Study design

This study is an observational, single-center, cross-
sectional investigation.

Eligibility criteria

Inclusion criteria: morphologically confirmed gastric
or pancreatic neoplasm; abdominal CT with intravenous
contrast performed before the initiation of treatment;
and documented voluntary informed consent allowing the use
of the participant’s medical data for research purposes

Non-inclusion criteria: CT scans conducted outside
the Russian Scientific Center of Roentgenology and Radiology

Exclusion criteria: absence of CT images of the tumor

Study setting

Data that met the inclusion criteria were collected
at the Russian Scientific Center of Roentgenology
and Radiology.

Study duration

The study was conducted from December 1, 2023,
to March 22, 2024.

Intervention

All participants underwent contrast-enhanced abdominal
CT using various scanners, with a slice thickness of 1 mm.
CT scans were acquired during the early arterial phase, which
is not typically included in standard imaging protocols.

Main study outcome

The primary outcomes were radiomics parameters
in patients diagnosed with NETs and adenocarcinoma.

Outcomes registration

CT data from all patients were uploaded into the open-source
software 3D Slicer (https://www.slicer.org/), which allows
extraction of radiomics parameters from defined regions
of interest.

Radiomics features were calculated within the gastric or
pancreatic tumor regions. For each patient, the tumor was
manually segmented in either the arterial or venous phase,
and the resulting contour was aligned with the precontrast
phase. Image processing in the precontrast phase is challenging
due to the tumor appearing isodense with the surrounding
parenchyma. Segmentation in contrast-enhanced phases also
presents difficulties, as anatomical mismatches can occur
between slices across different CT phases. These factors
necessitate an evaluation of segmentation reproducibility,
which is a limitation of the study.

A total of 93 radiomics features were extracted for both
gastric NETs and adenocarcinomas and for pancreatic NETs
and adenocarcinomas. These included first-order statistics
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and features derived from adjacency and uniformity matrices.
Parameters related to the geometry of the region of interest
were not analyzed due to challenges in reliably differentiating
between healthy and tumor tissues.

The comparison results, including the median,
first and third quartiles, and statistical significance
of the differences, are presented in the tables.

Subgroup analysis
The study participants’ data were categorized into four
groups based on tumor site and histologic type:
 Gastric neuroendocrine tumor
 (Gastric adenocarcinoma
» Pancreatic neuroendocrine tumor
 Pancreatic adenocarcinoma

Ethics approval

The study was approved by the Independent Ethics
Committee of the Russian Scientific Center of Roentgenology
and Radiology (Meeting Minutes No. 2, March 1, 2023).

Statistical analysis

The data were processed and analyzed using Microsoft
Office Excel and R-Studio, an open-source software
development environment for the R programming language.
To assess significant differences between medical imaging
biomarkers, pairwise intergroup comparisons for each
radiomics parameter were conducted using the Mann—-Whitney
U test. Differences were considered significant if p <0.05.

RESULTS

Participants

The study analyzed data from 12 patients
with morphologically confirmed gastric neoplasms
(6 with NETs and 6 with adenocarcinomas) and 22 patients
with morphologically confirmed pancreatic neoplasms
(11 with NETs and 11 with adenocarcinomas). Abdominal CT
with intravenous contrast was performed on all patients prior
to treatment at the Russian Scientific Center of Roentgenology
and Radiology. The neoplasms examined in the study were
small (2-3 c¢cm) and varied in grade (61-G3) and contrast
enhancement. Most of the neoplasms included in the study
were not initially classified as NETs in prospective CT analysis
due to challenges with visual differentiation, requiring further
assessment of the CT scans.

Primary results

The study identified 15 radiomics parameters that showed
significant differences between patients with gastric NETs
and adenocarcinomas. The comparison results, including
the median, first and third quartiles, and the significance
of the differences (Mann-Whitney U test), are shown
in Table 2.

78


https://www.slicer.org/),

ORIGINAL STUDY ARTICLES Vol. 5 (4) 2024

Table 2. Comparison of radiomics parameters between the two groups of patients with gastric neoplasms

Digital Diagnostics

Parameters Gastric neuroendocrine tumor, Gastric adenocarcinoma, p-value
Me [Q1; Q3] Me [Q1; Q3]
First order Entropy 2.01[1.88; 2.23] 1.83[1.62; 1.86] 0.041
First order Interquartile Range 31.50 [27.56; 38.94] 23.50 [19.25; 26.94] 0.026
First order Mean Absolute Deviation 19.19 [17.25; 21.53] 15.54 [12.92; 16.41] 0.041
First order Robust Mean Absolute Deviation 13.36 [12.07; 15.23] 10.04 [8.38; 11.57] 0.026
First order Skewness -0.25[-0.43; -0.10] 0.05 [-0.13; 0.24] 0.026
First order Uniformity 0.29 [0.26; 0.31] 0.3410.32; 0.40] 0.041
First order Variance 562.42 [479.32; 803.18] 414.40 [311.13; 429.14] 0.041
GLCM Cluster Tendency 2.41[1.90; 4.08] 1.92 [1.36; 2.02] 0.041
GLCM Joint Entropy 3.83[3.47; 4.02] 3.4812.99; 3.60] 0.041
GLCM Sum Entropy 2.63 [2.44; 2.98] 2.481[2.22; 2.52] 0.041
GLCM Sum Squares 0.92[0.78; 1.32] 0.72[0.57; 0.78] 0.041
GLDM Dependence Non Uniformity Normalized 0.07 [0.06; 0.09] 0.06 [0.06; 0.06] 0.015
GLDM Gray Level Variance 0.97 [0.84; 1.38] 0.76 [0.59; 0.79] 0.041
GLRLM Gray Level Non Uniformity Normalized 0.27 [0.24; 0.29] 0.30[0.30; 0.35] 0.041
GLRLM Gray Level Variance 1.09 [0.91; 1.56] 0.87[0.73; 0.98] 0.041

Note. Me, median; Q1, first quartile; Q3, third quartile; GLCM, Gray Level Co-occurrence Matrix; GLDM, Gray Level Dependence Matrix; GLRLM, Gray

Level Run Length Matrix.

Table 3. Comparison of radiomics parameters between the two groups of patients with pancreatic neoplasms

Parameters Pancreatic neuroendocrine tumor, Pancreatic adenocarcinoma, p-value
Me [Q1; Q3] Me [Q1; Q3]

First order Energy 691,524 [580,555; 1,727,135] 2,953,926 [2,318,229; 6,503,888] 0.007
First order Total Energy 1,425,223.71 [284,018.65; 3,100,864.22]  5,091,794.59 [1,502,766.76; 8,727525.25]  0.047
GLDM Dependence Non Uniformity 28.01 [18.41; 44.78] 116.43 [88.79; 194.84] 0.007
GLDM Gray Level Non Uniformity 219.75 [132.80; 431.59] 868.90 [494.56; 1919.16] 0.001
GLRLM Gray Level Non Uniformity 119.69 [79.75; 161.57] 512.56 [308.03; 731.74] 0.002
GLRLM Run Length Non Uniformity 122.55 [71.16; 271.96] 702.16 [426.47;1297.70] 0.001
GLSZM Gray Level Non Uniformity 10.52 [4.69; 32.08] 29.51[19.39; 45.98] 0.034
GLSZM Large Area Emphasis 2826.63 [2243.10; 6732.92] 18,275.14 [7206.26; 42,549.14] 0.007
E;ﬁ";'s%:rge Area High Gray Level 38 429.22 [20,178.45; 62 109.69] 156,116.40 [102,536.10; 36751022 0.001
GLSZM Low Gray Level Zone Emphasis 0.21[0.17; 0.27] 0.17[0.10; 0.23] 0.028
GLSZM Zone Variance 2632.37 [1928.10; 5957.51] 17 305.27 [7058.35; 41,998.41] 0.005
NGTDM Busyness 3.26 [2.01; 5.02] 10.23 [9.13; 26.37] 0.0001
NGTDM Coarseness 0.02 [0.01; 0.03] 0[0; 0.01] 0.002
NGTDM Strength 0.13[0.08; 0.26] 0.04[0.01; 0.06] 0.001

Note. Me, median; Q1, first quartile; Q3, third quartile; GLDM, Gray Level Dependence Matrix; GLRLM, Gray Level Run Length Matrix; GLSZM, Gray Level

Size Zone Matrix; NGTDM, Neighboring Gray Tone Difference Matrix.

According to Table 2, patients with gastric NETs exhibited  higher in patients with NETs. These results may suggest
significantly higher entropy (indicating greater heterogeneity ~ that NET tissues are more heterogeneous compared
of gray levels in an image) and variance (representing to adenocarcinomas.
the distribution of gray level intensity relative to the mean). In patients with pancreatic NETs and adenocarcinomas,
The GLDM Dependence Non-Uniformity Normalized, where 14 radiomics parameters showed significant differences.
lower values suggest higher tissue uniformity, was also  The results of these comparisons, including the median, first
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and third quartiles, and the significance of the differences
(Mann—Whitney U test), are presented in Table 3.

The findings in Table 3 show that nearly all parameters
were significantly higher in patients with pancreatic
adenocarcinoma. The Energy and Total Energy parameters
were 76% and 72% higher, respectively, in these patients.
The GLSZM Gray Level Non-Uniformity, where lower
values indicate higher uniformity in gray level intensity,
was also higher in the adenocarcinoma group. Additionally,
NGTDM Busyness (reflecting pixel value changes relative
to neighboring pixels) was 68% higher in this group,
indicating a more heterogeneous texture with sharper
intensity variations in pancreatic adenocarcinoma tissues.
Therefore, pancreatic adenocarcinoma tissue appears more
heterogeneous and denser than NET tissue.

DISCUSSION

The results of this study and the potential
application of radiomics in diagnosing gastrointestinal
and pancreatic neoplasms are  supported
by international research. Chiti et al. used texture
parameters in the arterial CT phase to differentiate
between high-grade (G3) and low-grade (G1/G2)
pancreatic NETs, achieving an area under the curve (AUC)
of 0.82 [24]. Liang et al. developed a model for distinguishing
betweencarcinoids (G1)andintermediate-tohigh-grade (62/G3)
pancreatic NETs. This model, which incorporates both
radiomics parameters and clinical data, demonstrated
a high prognostic value with an AUC of 0.89 [25].

Wang et al. created a prognostic model for differentiating
gastric NETs from adenocarcinomas. The best results
were obtained by combining radiomics parameters
with data on metastasis and tumor margins, yielding an AUC
of 0.821[0.725; 0.895] [26]. Han et al. developed a model using
radiomics parameters to distinguish between cystadenomas
and pancreatic NETs. Combining machine learning models
at various stages of the study produced excellent classification
parameters: AUC 0.99, sensitivity 0.98, and specificity 1.0 [27].
Additionally, other studies have addressed the differential
diagnosis between NETs and other gastrointestinal
malignancies [28-30].

An et al. developed a model to predict relapses
of gastrointestinal and pancreatic NETs by combining
radiomics parameters with clinical and laboratory data. This
model had an AUC of 0.824 [0,751; 0.883], demonstrating
strong prognostic value [31]. Similarly, Song et al. predicted
tumor relapse in patients with pancreatic NETs following
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