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Objective: to develop a diagnostic model that includes CT and radiomic features for the differential diagnosis
of pancreatic neuroendocrine tumors (PNETs) G1 and G2 and pancreatic renal cell carcinoma (RCC) metastases.

Material and Methods. 78 patients with 79 hypervascular PNETs and 17 patients with 24 pancreatic RCC
metastases who underwent pancreatic resection and histological verification were selected in the study. All the
patients underwent preoperative contrast enhanced CT (CECT). We assessed tumor attenuation, composition
(cystic/solid), homogeneity (homogeneous/heterogeneous), calcification and presence of the main pancreatic
duct (MPD) dilation. We calculated lesion-to-parenchyma contrast (LPC), relative tumor enhancement ratio (RTE)
and extracted 52 texture features for arterial phase of CECT. Qualitative and texture features were compared
between PNETs and pancreatic RCC metastasis. The selection of predictors for the logistic model was carried
out in 2 successive stages: 1) selection of predictors based on one-factor logistic models, the selection criterion
was p < 0.2; 2) selection of predictors using L2 regularization (LASSO regression after standardization of indepen-
dent variables). The selected predictors were included in a logistic regression model without interactions, the coef-
ficients of which were estimated using the maximum likelihood method with a penalty of 0.8.

Results. There was no difference in composition, homogeneity (homogeneous/heterogeneous) and presence
of the MPD dilation between groups. We did not find calcification in pancreatic RCC metastasis, in contrast to the
PNETs (9% contained calcifications). After selection, the LCR, CONVENTIONAL _HUmin, GLCM_Correlation,
NGLDM_Coarseness were included in the final diagnostic model, which showed a sensitivity and specificity of
95.8%; 62% in the prediction of pancreatic RCC metastases.

Conclusion. The diagnostic model developed on the basis of texture and CT-features has high sensitivity
(95.8%) with moderate specificity (62%), which allows it to be used in complex diagnostic cases to determine the
patient’s treatment tactics.
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Lienb uccnepoBaHus: paspabotartb ANArHoCTUYECKYIO MOAESb, BKoHatoLLyto KT-xapakTepucTmku 1 nokasa-
Tenu paguoMukn ansg anddepeHLmManbHON ANAarHOCTUKN HEMPOIHOOKPUHHBIX OMYX0ien NOAXKENYA04HON Xenesbl
(NMH30) G1 n G2 n meTacTa3oB NO4YEYHO-KNETOHHOrO paka (MKP).

Matepuan n metogpl. B nccnenoBaHve 6binm 0To6paHbl 78 naumeHToB ¢ 79 runepsackynspHbivy NMH30
1 17 naumeHToB ¢ 24 meTactadamu [MKP, koTopbiM Oblia BbINMOSIHEHA PE3EKLIMS NOAKENYA04HON XeNedbl C r’MCTo-
niornyeckor Bepudukaumein. Bcem naumeHtam nepep onepaumeri 6ouina nposegeHa KT ¢ KOHTpPACTHbIM ycune-
HMeM. Mbl OLEHMBANY MIOTHOCTb ONYXON, CTPYKTYPY (KMCTO3HAs/CoNMaHas), FOMOreHHOCTb (FOMOreHHasi/rete-
pOreHHas), kanbuMduKaumio 1 Hanavyme paclUMpeHus raBHOro MPOToKa MoAXenynodHow >xenedbl (ITM).
Mebl paccumTanu OTHOLLEHWE MAOTHOCTM OMYXOM K MAOTHOCTU NapeHxmMbl (LPC) n oTHOCUTENbHbIN KOS PULIMEHT
KOHTpacTupoBaHua onyxonn (RTE) m Bblumcnunm 52 TeKCTypHbIX MoKa3atens Ans apTtepuanbHOM ¢asbl
KT-nccnepoBaHuns. KayecTBeHHbIE 1 TEKCTYPHBbIE XapakTEPUCTUKM cpaBHMBanu mexay NMH30 n meTtactasamu
MNMKP. OT60p NpeauKTopoB B NOMMCTMYECKYIO MOLENN OCYLLECTBAANICS B 2 NMocnefoBaTenbHbix a1ana: 1) otbop
NPeAuKTOPOB Ha OCHOBE OAHOMAKTOPHbLIX JIOTMCTUYECKMX MOAENen, kputepuem otbopa cnyxuno p < 0.2;
2) oTbop NpeamkTopoB ¢ nomoLubio L2-perynapusaumm (LASSO-perpeccus nocne crtaHgapTusaumm HesaBucH-
MbIX NepeMeHHbIX). OTo6paHHbIe NPeaNKTOPbI BKIOYAINCH B JIOTUCTUYECKYIO PEFPECCUOHHYIO Moaenb 6e3 B3au-
MOLENCTBUI, KOIPDULMEHTBI KOTOPOW PACCHUTLIBAINCH C UCMONAb30BAHMEM METOAA MaKCUMabHOrO MPaBao-
nono6us co wrpagom 0,8.

Pe3ynbratbl. He 66110 pa3nuynii B CTPYKTYPE, FOMOr€HHOCTUN (FOMOr€HHbIE/TETEPOreHHbIE) Y HANMYMK Auna-
Tauum TN mexay rpynnamu. Mel He 06Hapyxunu kanbumdukaumm npu metactasax MKP, B otanyne ot MNMH30.
Mocne ot6opa LCR, CONVENTIONAL_HUmin, GLCM_Correlation, NGLDM_Coarseness 6b111 BK/IIOYEHbI B OKOHYa-
TeJbHYI0 ANArHOCTUYECKYIO MOLESb, KOTOPas nokasana YyBCTBUTENbHOCTb U cneumdunyHocTb 95,8%; 62% B npor-
HO3MpoBaHMM meTacTasos MNKP.

3aknioyeHue. PaspaboTaHHas HA OCHOBaHMM TEKCTYPHbIX U KT-Npn3HakoB guarHocTuyeckas Mogens obna-
[AaeT BbICOKOW YyBCTBUTENLHOCTHIO (95,8%) npu ymepeHHo! cneumduiHocTn (62%), 4TO NO3BONSIET MCMONIb30-
BaTb €€ NPU CNOXHbIX AMArHOCTUYECKUX CRyYaax Ans onpeneneHns TakTUKU Ne4eHns naumeHTa.

KnioueBble cnosa: KOMMNbOTEPHAA TOMOrpadus, TEKCTYPHbIM aHann3, NOYe4YHO-KNEeTOYHbIN pak, MeTacTasbl, Hen-
PO3HOOKPUHHASA OMYX0Jb MOAXENYA0YHOM Xenesbl
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HeHo npu duHaHcoBol noaaepxke PO®U B pamkax HaysHoro npoekta Ne 20-315-90070.
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Introduction

Renal cell carcinoma (RCC) annually causes the
death of 30,000 patients in Europe [1, 2]. At the same
time, RCC is the most common malignant tumor that
metastasizes to the pancreas. The method of choice
for diagnosing both kidney cancer and pancreatic tu-
mors is contrast enhanced computed tomography [3,
4]. The most common pancreatic tumor is hypovascu-
lar intraductal adenocarcinoma, which, according to
CT-features, significantly differs from renal cell carci-
noma and its metastases [5]. At the same time, rather
rare pancreatic neuroendocrine tumors (PNETs) grade
1 (G1) and grade 2 (G2) have similar contrast en-
hancement characteristics with pancreatic RCC me-
tastases, being hypervascular compared to the intact
pancreatic parenchyma [6]. Additional difficulties are
caused by clinical situations when pancreatic RCC
metastasis to the pancreas is the only manifestation of
the disease after a long time after surgical treatment
of kidney cancer [7, 8].

The management of PNETs and pancreatic RCC
metastases differs. The only radical treatment for
PNETs is surgical resection [9, 10]. However, for small,
non-functioning tumors the radiological follow up or
immunotherapy could be considered [11]. Patients
with RCC metastases are recommended to undergo
pancreatic resection or targeted immunotherapy [12,
13]. Accurate preoperative differential diagnosis al-
lows early treatment and avoids additional invasive
interventions such as fine needle biopsy.

Recently, radiomic features have shown promising
results in the differential diagnosis of various pancre-
atic tumors [14-16]. van der Pol et al. compared the
quantitative and qualitative CT characteristics of 43
resected PNETs and 28 pancreatic RCC metastases
and found that the radiomic feature entropy has mod-
erate sensitivity and specificity (71.4/79.1%, respec-
tively) in the diagnosis of PNETs [17].

The purpose of our study was to develop a diag-
nostic model based on CT and radiomic features for
the differential diagnosis of PNETs G1 and G2 and
pancreatic RCC metastases.

Material and Methods

This retrospective study, based on patient data
from A. V. Vishnevsky National Medical Research
Center of Surgery and N. N. Blokhin National Medical
Research Center of Oncology, was approved by the
decision of the local ethics committee, Protocol No.
008-2019 dated September 27, 2019.

Study population

The study included 78 patients with PNETs G1 and
G2 and 17 patients with RCC metastases to the pan-
creas. All patients underwent preoperative CECT. The
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inclusion criterion was the presence of the unen-
hanced and arterial phases of the CT examination.
The inclusion criterion for patients with PNETs was
the availability of data from an immunohistochemical
study with grade determination. All patients with pan-
creatic RCC metastases underwent surgery and sub-
sequent morphological verification.

Morphology and immunohistochemistry

Analyzes of the gross specimens were performed
in the pathoanatomical departments of the A.V.
Vishnevsky National Medical Research Center of
Surgery and N.N. Blokhin National Medical Research
Center of Oncology. PNETs were graded according to
the guidelines of the World Health Organization (WHO,
2020) based on the mitotic count and the Ki-67 index.
The grade was determined based on the value of the
Ki-67 proliferation index and mitotic count in 10 fields
of view (G1 - Ki-67 < 2, mitotic count <2, G2 — Ki-67 =
2-20, mitotic count = 2-20).

CT acquisition

The majority of patients (50 patients with PNETs
and 1 patient with RCC metastasis to pancreas) un-
derwent CECT according to the standard protocol of
the N.N. A. V. Vishnevsky. The following scanning
parameters were used: slice thickness 1.5 mm, tube
voltage 100 kV, reconstruction gap 0.75 mm. A con-
trast agent with an iodine concentration of 350 mg/
ml was injected using an automatic injector at a rate
of 3.5 ml/s, followed by the injection of 25 ml of sa-
line. The volume of the contrast agent was calculated
according to the formula 1 ml/kg of the patient's body
weight, but not more than 100 ml. Contrast enhanced
imaging was performed using the “bolus traking”
technique with a density threshold of 150 HU on the
descending thoracic aorta at the level of the dia-
phragm, starting the arterial phase scan for 10 s. CT
scans of the rest of the patients (44) were performed
on different CT-machines. The slice thickness varied
from 1 to 5 mm, and the tube voltage varied from 100
to 140 kV. The inclusion criteria were the presence of
the native and arterial phases of the CECT.

Qualitative CT analysis

Two radiologists with 3 and 12 years of abdominal
imaging experience measured the density of tumor
tissue and intact pancreatic parenchyma. In tumors,
the most contrast-enhancing component of the tu-
mor was measured by the largest possible region of
interest. In the case of a heterogeneous tumor struc-
ture, areas of cystic degeneration of the tumor and
the zones of calcifications were avoided. In the pan-
creatic parenchyma, the most representative area
was measured with no calcifications, cystic inclu-
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sions, and atrophy. In pancreatic RCC metastases,
well-demarcated lesions whose maximum size ex-
ceeded twice the section thickness (2-10 mm) were
selected for analysis. Next, we calculated the ratio of
PNET density to the density of intact pancreatic tissue
LPC (Lesion to Parenchyma) and the relative tumor
enhancement ratio (RTE) for the arterial phase of the
study using the following formulas:

LPC =Ta/Pa,
RTE = (Ta—Tn)/(Pa — Pn)

Ta - the density of the tumor tissue in the arterial
phase, Pa - the density of the parenchyma in the arte-
rial phase, Tn — the density of the tumor tissue in the
unenhanced phase, Pn — the density of the paren-
chyma in the unenhanced phase.

The presence and absence of the following CT
features were assessed in pancreatic tumors: cysts,
calcifications, homogeneity, main pancreatic duct dil-
atation, pancreatic parenchymal atrophy.

Radiomic analysis

The open-source software the LIFEx application
(version v5.10, www.lifexsoft.org) was used to cal-
culate texture features [18]. Segmentation of the
entire tumor volume was performed using a three-
dimensional region of interest (3D ROI) in the arterial
phase of the study (Fig. 1). After segmentation,
52 radiomic features were automatically calculated
for arterial phase of the study. Textural features were
selected from them, in which the Kendall concord-
ance coefficient was 0.7 or more [19].

Statistical analysis

Data analysis was carried out using the R 4.1.0
statistical computing environment (R Foundation for
Statistical Computing, Vienna, Austria).

To analyze the consistency of qualitative scores
between two radiologists, type | intraclass correlation
coefficient (ICC) was used for quantitative variables
and Cohen's kappa statistic (k) for binary variables.

The selection of predictors for the logistic model
was carried out in 2 successive stages: 1) selection
of predictors based on one-factor logistic models, the
selection criterion was p < 0.2; 2) selection of predic-
tors using L2 regularization (LASSO regression after

Fig. 1. CECT in a patient with RCC metastasis in the head of
the pancreas, arterial phase. The entire visible volume of the
metastases is segmented.

standardization of independent variables, hyperpa-
rameter A was determined using 10-box cross-valida-
tion while minimizing model deviation). The selected
predictors were included in a logistic regression mod-
el without interactions, the coefficients of which were
estimated using the maximum likelihood method with
a penalty of 0.8 (Penalised maximum likelihood esti-
mator). Model characteristics were evaluated using a
nonparametric bootstrap (B = 100).

Results

A total of 79 resected PNETs in 78 patients
and 24 pancreatic RCC metastases in 17 patients
were included in the study. Among patients with
PNETs, 25 patients underwent tumor enucleation,
12 pancreatoduodenal resection, 8 median pancreat-
ic resection, 32 distal pancreatic resection, and 1 total
pancreatectomy.

Table present the results of an analysis of the
agreement between the scores of two radiologists re-
garding contrast ratios. It was found that, in general,
the consistency of the scores was satisfactory, how-
ever, as can be seen from Table 1, the consistency
depended on the diagnosis and was significantly
higher when evaluating the contrast features in the
case of PNETs. In general, LCR is more consistent

Table. Consistency of Radiologists’ Assessments. ICC - intraclass correlation coefficient, Cl — confidence interval

Index PNETs + RCC metastases PNETs RCC metastases
ICC [95% CI] P ICC [95% CI] P ICC [95% CI] P
LCR 0.62[0.49; 0.73] <0.0001 0.73[0.60; 0.82] <0.0001 0.18[-0.18; 0.51] 0.1663
RTE 0.58[0.43; 0.69] <0.0001 0.68[0.53; 0.79] <0.0001 0.23 [-0.12; 0.56] 0.0996
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than RTE, which can be explained by a simpler for-
mula for its calculation and fewer measurements.

Among CT features, all criteria were in full agree-
ment, except for the presence of calcifications, since
no calcifications were detected in the structure of
RCC metastases to pancreas, and homogeneity of
contrast enhancement. In our opinion, the assess-
ment of contrast homogeneity is too subjective, as it
may vary with changes in image contrast, which may
affect the results of the differential diagnosis.

After applying single-factor logistic models, 13
texture features were selected for further selection of
predictors in a multi-factor model. There was a strong
correlation between LCR and RTE scores (p = 0.93
[95% CI: 0.9-0.95]), with no significant difference
in association with diagnosis in univariate models
(AUC = 0.76 vs. AUC = 0.77 for LCR and RTE respec-
tively). So it was decided to include the LCR in the
subsequent selection due to a slightly higher consist-
ency of assessments by radiologists (Table).

0 10 20 30 40 50 60 70 80 90 100
POII'ItS L i i i i i i i i i J
LCR r T T T T T T v v T T "
06 0.8 1 1.2 1.4 16 1.8 2 22 2.4 26 2.8
CONVENTIONAL_HUmin r T T T v T T T 1
300 -250 -200 -150 -100 50 O 50 100
GLCM_Correlation [ : - : v T T T T g
0.8 0.7 06 0.5 0.4 0.3 0.2 0.1 0 0.1
NGLDM_Coarseness r - - - - 9
0 0.0060.0120.0180.024 0.03
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Fig. 2. Nomogram for assessing the probability of pancreatic RCC metastasis. To assess the value of the logistic function
(a linear combination of predictors) and the probability of an outcome, it is necessary to determine the corresponding score
for each predictor, then sum the scores for all predictors. Using the corresponding score and the diagram (Fig. 3), the

probability of presence a RCC metastasis is calculated.

100

RCC metastasis probability, %

-3.0 -25 -2.0 -1

Linear

5 -1.0 -05
predictor

Fig. 3. Estimation of the accuracy of predictions obtained in the multiple logistic regression model. The points correspond to

the estimates of the probability RCC metastasis depending on

the values of the linear predictor, the vertical lines correspond

to the standard errors of predictions. For example, the final score = 1,7 (from Fig. 2) corresponds to the probability of a RCC

metastasis 85%.
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When using L2 regularization, 4 predictors, 1 con-
trast ratio (LCR) and 3 texture features were selected
in the final model:

+ CONVENTIONAL _HUmin - characterizes the
minimum voxel value (HU) in the region of interest

+ GLCM Correlation (Grey Level Co-occurrence
Matrix Correlation) — Correlation in the gray level coin-
cidence matrix, linear dependence of gray levels in
GLCM

+ NGLDM_Coarseness (Neighborhood Grey-Level
Difference Matrix Coarseness), gray neighborhood
difference matrix. NGLDM characterizes the differ-
ence in gray level between a voxel and its 26 neigh-
boring voxels in three spatial dimensions. NGLDM _
Coarseness is the spatial rate of change in gray level
intensity.

Figures 2-3 present a nomogram for the probabil-
ity of pancreatic RCC metastases derived from the fi-
nal model. The resulting model was characterized by
the following characteristics: Nigelkerke's pseudo-R2
was 0.35 (Nijelkirk's adjusted pseudo-R2 was 0.31)
and C-index (AUC) was 0.82 [95% CI: 0.74; 0.91] (ad-
justed C-index — 0.79). The developed diagnostic
model had a sensitivity and specificity of 95.8%; 62%,
respectively, in the diagnosis of RCC metastases to
pancreas (Youden index = 16%).

Discussion

The number of publications devoted to the differ-
ential diagnosis of PNETs and pancreatic RCC metas-
tases is extremely small, since metastases are a fairly
rare pathology of the pancreas compared to pancrea-
titis and primary tumors. Moreover, a very small pro-
portion of patients undergo surgical treatment due to
limited indications. At the same time, large medical
centers with a large volume of surgical interventions in
the hepatobiliary zone accumulate a fairly large num-
ber of patients with both PNETs and RCC metastasis,
in which it is difficult to determine the correct treat-
ment tactics.

Differential diagnosis of PNETs and pancreatic
RCC metastases by imaging methods is difficult due
to the similarity of their imaging features. There are
very few publications devoted to this problem. Kang et
al. were among the first to reveal that the washout of
the contrast agent in RCC metastases was signifi-
cantly higher compared to PNETs in 16 patients with
37 RCC metastases and 28 patients with 31 PNETs
[20]. With a washout threshold of 19% for RCC metas-
tases, the accuracy, sensitivity, and specificity were
83.8%, 83.8%, and 83.9%, respectively. In our work,
we could not evaluate the influence of contrast agent
washout on the accuracy of diagnosing RCC metasta-
ses, since CT studies were performed at different in-

stitutions with different delay times, which could affect
the results of the study. Lu et al. assessed the possi-
bilities of a chemical shift artifact on the dual-echo
gradient MRl in differentiation of RCC metastasis from
PNETs [21]. The use of double echo made it possible
to detect RCC metastases with sensitivity and specific-
ity of 79.2% and 90.9%. However, the results obtained
are limited to using the single institution standard pro-
tocol on a single MRI-machine. The use of the pub-
lished algorithm in other centers and the reproducibility
of the results were not evaluated during the work.

At the time of our study, two articles have been
published on the use of texture analysis in the differ-
ential diagnosis of PNETs and RCC metastases to
pancreas. Ambrosetti et al. assessed the performance
of first-order texture features (histogram characteris-
tics) using a two-dimensional region of interest on 29
RCC metastases and 27 PNETs [22]. In their work,
only the Skewness (skewness of the histogram) was
significantly different between the two types of neo-
plasms. However, it could not be used as a reliable
differential diagnosis tool. Such negative results can
be explained by the use of a two-dimensional region
of interest and only first-order texture features, which
significantly reduces the amount of information ob-
tained from medical images. At the same time, van der
Pol et al. on groups of 43 morphologically verified
PNETs and 28 RCC metastases, revealed that the en-
tropy has moderate sensitivity and specificity in the
differential diagnosis of PNETs (71.4/79.1%, respec-
tively), which allows it to be used for accurate differen-
tial diagnosis, but it is necessary further study on
larger patient samples [17]. However, in contrast to
our work, van der Pol et al. used only a two-dimen-
sional region of interest and only first-order texture
features, which could reduce the accuracy of texture
analysis. Among the characteristics of contrast en-
hancement, their work evaluated only the homogene-
ity of the accumulation of the contrast agent, which, in
our opinion, is very subjective, while the difference in
the density of lesions and intact pancreatic paren-
chyma was not studied. At the same time, as in our
work, van der Pol et al. did not reveal calcifications in
the structure of RCC metastases.

Conclusion

Our diagnostic model is the first in the world to use
a combination of contrast enhancement and texture
features in the differential diagnosis of PNETs and
pancreatic RCC metastases. It has high sensitivity
(95.8%) with moderate specificity (62%) in the diag-
nosis of RCC metastasis to pancreas, which allows it
to be used in complex diagnostic cases to determine
the patient’s treatment tactics.
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