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Aim: to evaluate results of follow-up of patients with pancreatic non-functioning neuroendocrine tumors of the stage
T1-T2 using a medical registry.

Materials and methods. A retrospective analysis of the medical registry data of the Loginov Moscow Scientific
Center was conducted, which included 312 patients with pancreatic neuroendocrine tumors from 2014 to 2023. Ob-
servation was recommended for 115 (36.9 %) patients. The inclusion criteria: diagnosis of pancreatic neuroendo-
crine tumor; non-functioning tumor status; asymptomatic disease; tumor size less than 3 cm; patient’s consent.
The exclusion criteria were patient’s refusal of observation; tumor growth of more than 3 mm/year of observation; ap-
pearance of disease symptoms. Based on the registry data, gender and age of patients, size and location of tumors,
TNM stage, tumor growth dynamics (mm/year), biochemical markers of neuroendocrine tumors, and the presence
of concomitant pathology were studied. Whole genome sequencing was performed on 53 patients with first diag-
nosed pancreatic neuroendocrine tumors.

Results. Six patients (5.2 %) were excluded from the study: three refused to be observed, three demonstrated tumor
growth. 109 patients diagnosed with non-functioning pancreatic neuroendocrine tumor were included in the analy-
sis: 78 (71.6 %) women and 31 (28.4 %) men aged from 22 to 86 years (58.5 + 10.8 years) at the time of presenta-
tion. The median follow-up time was 34.0 (2.0-86.0) months. The most common location of tumors was in the head
of the pancreas — 45.5 % (n = 51). Of the 109 patients observed, 103 were diagnosed with stage T1 tumors (94.5 %),
6 — with T2 (5.5 %). The average tumor size was 11.9 = 3.8 mm (3.1-29.0 mm) (n = 118). An increase in biochem-
ical markers of neuroendocrine tumors (gastrin, chromogranin A) was associated with atrophic gastritis. Germline
mutations were detected in 24.0 % of patients (n = 12). The most common mutations in the sample were the CHEK2
gene (n=4).

Conclusions. According to the registry data, active observation is an acceptable tactic for managing patients with T1
non-functioning pancreatic neuroendocrine tumors. Likely it is not the size of the tumor but its growth rate that has
prognostic significance, and therefore a protocol for monitoring this group of patients is required. The effect of estro-
gens on tumor growth inhibition and the role of CHEK2 gene mutations are perspectives for future research.
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Pe3ynbraTtbl HAGMIOAEHNSA NALUEHTOB NPU HePYHKLMOHUPYIOLUNX
HEeMpPO3HAOKPUHHBbIX ONYXONAX NOAXKETYA0YHOMN XeJie3bl MaJibiX pa3MepoB.

AaHHble pernctpa MKHL, um. A.C. JloruHoBa

W.E. XaTtbkoB, [.A. Canumrepeea*, N.10. deipopos, A.A. KoHsaxuHa, A.A. NeTpoBa
Y3 ropoaa MockBbl «MoOCKOBCKWI KITMHNYECKNI HayYHO-rpakTudeckuii LeHTp um. A.C. JlormHoBa [lenaptameHTa
3apaBooxpaHeHus ropoga Mocksbi», Mocksa, Poccuiickast ®egepaums

Llenb uccnenoBaHus: OLLEHUTb Pe3ybTaThl HAOMIOAEHNS 32 6ONbHLIMU HEPYHKLNOHUPYIOLMMN HENPOSHOOKPUH-
HbIMM OMYXOJIAIMW MOOXKENYA0HHOM Xenedbl cTagnun T1-T2 ¢ nCnonb30BaHMEM MeAMLNHCKOro perncrpa.

MaTtepuansbl n meTogbl. [poBeaeH PeTPOCNEKTUBHbBIN aHanna aaHHbIX peructpa MKHL, um. A.C. JlornHoBa, Ko-
Topbii ¢ 2014 no 2023 r. BkAUYMA 312 60NbHbLIX NAHKPEATUYECKUMN HENPOIHAOKPUHHBLIMU OMyXONsaMKU. TakTuka
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aKTUBHOro HabnaeHWs 6bina pekomengosaHa 115 (36,9 %) naumeHTam. Kputepusimmn BKIIOYEHWS B UCCNeA0BaHMe
ABUJINCb: YCTAHOBJIEHHbLIV OMarHO3 HEMPO3HAOKPUHHOM OMYXO0N MOOXKESNYLOYHON Xenesbl; He@YHKLNOHMPYIOLWUIA
CTaTyC onyxosv; 6eccMMnTOMHOCTb 3aboneBaHns; padMep onyxonn oo 3 cM; cornacue naumeHta. Kputepusmm
VCKJIIOYEHMS IBUNUCH: OTKa3 NaLMeHTa OT akTMBHOro HabnoaeHus; pocT onyxonn 6onee 4em Ha 3 MM 3a rof, Ha-
OnoaeHNs; NOSIBIEHNE CUMNTOMOB 3ab051eBaHns. Ha 0CHOBaHWM JaHHbIX PErMcTpa M3y4YeH noJsi, Bo3pacT nauneH-
TOB, pa3mep v nokanuaauus onyxosnen, ctagmsa no TNM, nx pocT B guHamuke (MM/rog), GuoxmmMmyeckme Mapkepsi
HENPOSHAOKPUHHBIX OMYXOJIEN, HANIMYME COMYTCTBYIOLLEN naTonornn. HabniogaemMbimM ¢ BNePBbIE BbISBIIEHHOM OMy-
X0nblo (N = 53) BbINOSIHEHO NOIHOrEHOMHOE CEKBEHVPOBAHME.

PesynbraTthl. /13 nccnepoBaHus ncknoyeHsl 6 (5,2 %) naumeHToB: Tpoe 0Tkasanuchb OT HabNIAEHMS, Y TPEX Bbl-
SIBNIEH 3HAYMMBbI POCT onyxonu. B aHannsa 6biim BktodeHsbl 109 naumeHToB C KIMHUYECKMM ANArHO30M HEDYHKLN-
OHVPYIOLLEN HEMPOIHAOKPUHHOWM ONYyXOau NOAXKeNyaoyHom xenesbl: 78 (71,6 %) xeHwuH 1 31 (28,4 %) myxunHa
B BO3pacTe Ha MOMeHT obpaltueHuns ot 22 no 86 net (58,5 + 10,8 roga). MeanaHa BpemeHu HabnoaeHns coctasuna
34,0 (2,0-86,0) mecsua. Hanbonee 4acTo onyxonu JIOKanM30oBaiMChb B rOJIOBKE NMOAXeNyao4Hon xenesbl — 45,5 %
(n=51). U3 109 Habnopaembix y 103 (94,5 %) yen. ctagus onyxonu onpegeneHa kak T1,y 6 (5,5 %) — T2. CpegHuia
pasmep onyxonen coctasun 11,9 £ 3,8 mm (3,1-29,0 mm) (n = 118). MNoBbILEHNE BUOXUMUYECKMX MAPKEPOB HEN-
PO3HA0KPUHHBIX OMYX0JIEV FACTPUHA, XPOMOTrpaHuHa A y HabniogaemMbIx Obl10 CBA3aHO C HAIMYMEM aTPODUYECKOTO
ractputa. l[epMuHanbHble MyTauum BoisiBieHbl y 24,0 % nauneHToB (n = 12). Hanbonee yacto B BbIODOPKE BCTpeya-
nmcb MmyTauumy reHa CHEKZ2 (n = 4).

BeiBoAbI. 10 faHHBIM perncTpa, akTMBHOE HabnoaeHe — AONyCTUMAs TakTKa BeAeHMs 60JbHbIX NaHKpeaTuye-
CKUMW HEDYHKLMOHUPYIOLLMMN HENPOIHOOKPUHHLIMUK OonyxonaMu ctaguu T1. BeposaTHO, NPOrHOCTUYECKOMN 3Ha-
YMMOCTbIO 06/1a0aEeT HE pasMep, a CKOPOCTb POCTa OMyxoau, B CBA3M C YEM HEODXOAMMO CO34aHue NMPOToKosa
HabNOAEHVS 9TO rpynnbl 60/bHBLIX. BNnsiHME 3CTPOreHOB Ha CAEePXMBaHME POCTa OMNYyX0JI1 U U3YHEHME POSIU MyTa-
uni B reHe CHEKZ aBng0TCA AanbHENLLIMMN NEPCNEKTUBAMMN 1A U3YHEHUS.

KnioueBbie cnoBa: HEMPO3HAOKPUHHbIE onyxonu, HOO X, TakTuka, akTuBHOE HabNAEHVE, PETUCTP

KoHdnukT HTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMNNKTA NHTEPECOB.

Ana untnposanus: XatbkoB U.E., Canumrepeesa [.A., ®eiigopos N.10., KoHsaxuHa A.A., MNeTposa A.A. Pe3aynbtaTsl HabntoaeHus
naumeHToB Npu HEDYHKLNOHNPYIOLLMX HEMPOIHAOKPUHHBIX OMYXONSX NOAXENYO04HON Xene3bl Manbix padMepoB. [daHHble pern-
ctpa MKHL, um. A.C. JlornHoBa. Poccuiickuii XypHan raCTpoO3HTEPONOrnn, renatonoruun, kononpokronorun. 2025;35(2):83-94.
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Introduction

It is widely accepted that pancreatic neuroendo-
crine tumors (PNETs) represent a heterogeneous
group of rare neoplasms. While the heterogeneity of
these tumors is becoming increasingly apparent to
clinicians, their rarity is, conversely, decreasing. The
incidence of PNETs, particularly small asymptomatic
tumors, has risen due to the availability of advanced
diagnostic techniques. For instance, in the United
States, the incidence of neuroendocrine tumors mea-
suring less than 2 c¢cm has increased by 710.4 % over
22 years [1]. The heterogeneity of pancreatic neuroen-
docrine tumors determines different prognoses for the
diseases, according to which it is necessary to specifi-
cally determine the treatment strategy for the patient.

The existence PNETs has been recognized by the sci-
entific community for less than a century [2]. During
this time, its classification has undergone radical chang-
es, which may indicate that the biology of these tumors
remains unclear, and therefore it is not always easy to
determine the optimal management strategy for patients.
In particular, the tactics for patients with non-func-
tioning asymptomatic localized tumors (without clini-
cal manifestations, small sized and difficult to verify)
remain unclear. To date, there is no way to determine
why, all else being equal, some of these tumors will
continue to grow and gain the ability to metastasize,

despite maintaining differentiation, while others will
remain the same size, demonstrating a clinically benign
course of the disease. The reliable criteria for malignant
potential in NETs remain signs of infiltrative growth
and metastasis.

Currently, there are no published prospective
randomized studies comparing observation and sur-
gical treatment for PNETs. International clinical
guidelines provide ambiguous answers regarding the
management of such neoplasms, while national rec-
ommendations do not address this issue at all [3].
These guidelines are based on data from heteroge-
neous retrospective studies; consequently, a critical
objective of scientific inquiry is to establish criteria
for selecting patients for either active observation
or surgical intervention.

Thus, the necessity of developing a protocol
of observation for patients with small, localized
non-functioning pancreatic neuroendocrine tumors
is evident. The protocol could improve treatment
outcomes for this category of patients.

Aim of the study

To evaluate the results of follow-up of patients
with pancreatic non-functioning neuroendocrine tu-
mors of stage T1—T2 using a medical registry
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Materials and methods

This study is based on data from the medical
registry of the Loginov Moscow Clinical Scientific
Center. Patient enrollment into the registry com-
menced in 2014 and included individuals who
received consultations from endocrine surgeons,
oncologists, and clinical diagnostic specialists, con-
tingent upon the patient’s consent for personal data
processing. The patient recruitment region compris-
es subjects of the Russian Federation.

Clinical diagnoses and treatment strategies were
determined by an interdisciplinary oncology con-
silium at the Loginov Moscow Clinical Scientific
Center, which included the following specialists:
oncologist, endocrine surgeon, pancreatic sur-
geon, radiology specialist, and radiation therapist.
Subsequently, the data were organized on the plat-
form for online project management for clinical
monitoring, Quinta Clinical. As of December 1,
2023, the registry contained data on 312 patients
with pancreatic neuroendocrine tumors.

Functional tumors were diagnosed in 77 (24.7 %)
cases, while non-functional tumors were observed
in 235 (75.3 %) cases. The strategy of active obser-
vation was recommended for 115 (36.9 %) patients,
while surgical treatment alone was proposed for
104 (33.3 %) patients, systemic drug treatment —
only for 47 (15.1 %) patients, and combined treat-
ment — for 46 (14.7 %) patients.

Inclusion criteria for the study were as fol-
lows: age over 18 years; a confirmed diagnosis of
pancreatic neuroendocrine tumor; non-functional

tumor status; asymptomatic disease (absence
of clinical and laboratory-instrumental signs of
biliary or pancreatic hypertension, duodenal ob-
struction, or other complications); tumor size up
to 2 cm or up to 3 cm in cases where surgical
treatment was precluded due to severe comor-
bidities, pregnancy, or the patient’s categorical
refusal of surgery; and patient’s consent to the
proposed management strategy.

Exclusion criteria: the patient’s refusal of active
observation; tumor growth exceeding 3 mm during
the year of observation; and the appearance of dis-
ease symptoms.

During the observation period, 6 (5.2 %) patients
were excluded from the group of 115 being mon-
itored: three (2.6 %) opted for surgical treatment
instead of active observation, and three (2.6 %)
were excluded due to tumor growth. Radical surgi-
cal treatment was performed for those cases.

A total of 109 patients were included in the
study (Fig. 1), comprising 103 patients with stage
T1 tumors and 6 patients with stage T2 tumors.

The term “active observation” was defined as a com-
prehensive patient assessment strategy designed to iden-
tify criteria for exclusion from monitoring and referral
for surgical treatment at least once every 12 months.

During the initial consultation, the indica-
tions and contraindications for implementing the
active observation strategy were evaluated. If a
patient met the inclusion criteria for the study,
their data were recorded in a medical regis-
try, and the patient was placed into the active

Monitoring within the registry
HabrrodeHue 8 pamkax peaucmpa

n=115

Excluded: n=6
refusal of observation: n =3
tumor growth: n =3
UcknroyeHbl: n = 6:
omka3 om HabnwodeHusi: h = 3
pocm onyxonu: n =3

Y

Y

Included in the study
BkniroueHbl 8 uccnedosaHue

n=109

Y

Y

Stage T1 Stage T2
Cmadusi T1 Cmadusi T2
n=103 n=6

Figure 1. Study design

Pucynox 1. [luzaiin nccieoBaHus
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observation group with a comprehensive assess-
ment interval scheduled for at least once every
12 months.

Within the framework of active observation, the
minimal set of monitoring examinations included:

1) an examination by a surgeon or a telemedi-
cine consultation when an in-person visit was not
feasible, aimed at evaluating complaints, identify-
ing clinical symptoms of the tumor or its hormonal
activity, collecting medical history, and perform-
ing a physical examination;

2) monitoring of laboratory parameters, including
complete blood count and biochemical blood analysis
(alanine aminotransferase, aspartate aminotransferase,
bilirubin, alpha-amylase, total protein);

3) evaluation of instrumental imaging meth-
ods to visualize the tumor, which included mul-
tislice computed tomography (MSCT) with in-
travenous contrast in 98 (89.9 %) cases, magnetic
resonance imaging (MRI) of the abdominal cav-
ity — in 8 (7.3 %) cases, and endoscopic ultra-
sonography — in 3 (2.8 %) cases. The duration
of observation without disease progression and
the dynamics of tumor growth measured to tenths
of millimeters were documented.

During follow-up examinations, MSCT or MRI
images were assessed by both an endocrine surgeon
and a radiology specialist. In cases where endoscop-
ic ultrasonography was performed, the findings of
the examination were also evaluated. In 7 (6.4 %)
cases, imaging results from different modalities
(MRI and MSCT) were compared at least once
during the observation period.

Optional examination methods included:

1) evaluation of biochemical markers of NETs
and hormones (chromogranin A, serotonin, gas-
trin, parathyroid hormone, calcitonin, adrenocor-
ticotropic hormone), including cases of hereditary
syndrome;

2) positron emission tomography,/computed to-
mography (PET/CT) with %Ga-DOTA-TATE —
conducted in 17 (15.6 %) patients;

3) MRI of the brain was recommended for pa-
tients with suspected or confirmed genetic syn-
dromes, which was performed annually in two cas-
es (1.8 % of all observed patients);

4) ultrasound of the thyroid and parathyroid
glands was recommended for patients with suspected
or confirmed genetic syndromes, as well as in those
with previously known thyroid diseases, with ultra-
sound data available for 29 (26.6 %) patients.

An analysis of patient demographics, specifically
gender and age, as well as tumor size and local-
ization, was conducted. The stage of tumors was
determined according to the TNM classification
established by the International Union for Cancer
Control (UICC) in 2009. Tumor growth was

evaluated in millimeters over one year. Size assess-
ments were performed using the RadiAnt DICOM
Viewer software, offering precision to tenths of
millimeters, in case images were available. In cas-
es where access to images was unavailable, data
from the provided descriptions of CT scans were
included in the registry. However, only imaging
was evaluated during follow-up examinations. In
instances where contraindications to MSCT existed,
tumor growth was similarly assessed through MRI
or endoscopic ultrasonography data.

Comorbidities were evaluated based on labora-
tory and instrumental examination results, consul-
tative conclusions from specialists, and provided
medical documentation. The presence of multiple
endocrine neoplasia syndromes was confirmed by
identifying mutations in specific genes through mo-
lecular genetic testing.

Since 2022, genetic testing has been performed
on 50 patients with newly diagnosed T1 PNETSs
utilizing next-generation sequencing via the
EVOGEN-GENOME panel. The presence of ger-
mline mutations was determined.

The study of biochemical markers in neuroen-
docrine tumors was conducted. A comprehensive
analysis of the registered data from laboratory
tests was performed, focusing on the levels of chro-
mogranin A, gastrin, and serotonin in peripheral
blood. Chromogranin A levels were available for
83 (76.1 %) out of 109 patients. Concurrently, gas-
trin levels were assessed in 64 (58.7 %) subjects
and serotonin levels in 63 (57.8 %) patients. An el-
evated marker level was defined as a concentration
exceeding the laboratory reference value by more
than two-fold.

Data obtained from esophagogastroduodenosco-
py (EGD) were recorded for 42 (45.2 %) patients.
The condition of the gastric mucosa was evaluat-
ed, and in cases where endoscopic signs of gastritis
were present, the presence of atrophy was assessed.
Among 42 patients, three relevant markers of neu-
roendocrine tumors were studied in 28 individuals.

Statistical analysis was conducted using SPSS
Statistics 26 software. Descriptive statistics for
nominal variables were provided as absolute and
relative values (percentages, %). For the analysis
of quantitative variables, median and mean values
were utilized. When the distribution of data con-
formed to a normal distribution, the mean was used
as the measure of central tendency; otherwise, the
median was reported. Normality of distribution
was assessed using the Kolmogorov — Smirnov and
Shapiro — Wilk tests. To evaluate the variabili-
ty of quantitative variables in the general popu-
lation, the standard deviation (o) was calculated.
The %* test was employed to explore the relation-
ships between categorical variables, assessing the
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Table 1. Patient characteristics at the time of data analysis
Tabauua 1. XapakrepuCTUKU MAIIMEHTOB HA MOMEHT aHAJM3a JaHHbIX

Parameter / Ilapamemp

Value / 3nauenue

Age, years / Bospacm, nem

62.0 (29.0—-90.0)

Females, n (%) / Kenwunot, n (%)

78 (71.6 %)

Median of the observation time, months
Meduana epemenu nabodenus,, mec.

34.0 (2.0—86.0)

Average tumor size, mm * sd
Cpeonutl pasmep onyxoneti, mm + sd
head / zo.06xa
body / meno
tail / xeocm

11.7 + 3.8

_ =
N O —
— oo
+ 1+ 1+
[\CRELRL)
o o b

Localization, n (%) / Jokxanmsauus, n (%)
head / 20n106xa
body / meso
tail / xeocm

51 (45.5 %)
26 (23.2 %)
35 (31.3 %)

Multiple tumors of the pancreas, n (%)

Mmnoxecmeennvie onyxoau nodsxeaydounou xenesvi, n (%)

8 (7.3 %)

Elevated levels of biochemical markers, n (%)

Iosvuennviti yposenv Guoxumuueckux mapxepos, n (%)

12 (11.0 %)

significance of the associations. Hypothesis testing
was performed using the t-distribution, and the
null hypothesis was rejected when p < 0.05.

Results

A total of 109 patients were included in the study,
comprising 78 (71.6 %) women and 31 (28.4 %) men.
A majority of the patients were female (p < 0.001)
in both groups: T1 stage group — 74 (71.8 %) pa-
tients, T2 stage group — 4 (66.7 %) patients.

The mean age of patients at the time of con-
sultation was 58.5 years (ranging from 22.0 to
86.0 years), with a standard deviation of 13.4
(Fig. 1A). The average age of patients registered
as of December 1, 2023, was 62.0 years (ranging

from 29.0 to 90.0 years), with a standard deviation
of 13.8 (Fig. 1B).

The primary characteristics of the patients are
presented in Table 1.

The median follow-up time was 34.0 months (range:
2.0 to 86.0 months) for the overall group and for the
subgroup with small neuroendocrine tumors at T1
stage. The follow-up time in the larger tumor group at
T2 stage was 34.5 months (range: 17.0 to 67.0 months).
At the time of data analysis, all patients remained under
observation, and no patients were lost to follow-up.

The dynamics of patients enrollment in the reg-
istry are illustrated in Figure 3.

The average tumor size was 11.7 mm (range: 3.1
to 29.0 mm; n = 118, accounting for the presence
of multiple tumors in patients; standard deviation
(sd) — 4.7) (Fig. 4). The average size of small

Yucno naumeHTos | Number of patients
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Bo3pacT Ha MOMeHT ycTaHOBKM AnarHo3a (nonHbix net) / Age at
A diagnosis (full years
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Yucno naumerTos / Number of patients
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Figure 2. Distribution of patients’ ages: A — at the time of diagnosis; B — at the time of data analysis

Pucyno:c 2. Pacnpe,zleJIeHHe BO3pacTa HnaleHToB: A — Ha MOMeHT YCTaHOBKH INarHo3a; B — na MoMmeHT aHa/m3za JaHHBIX
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Figure 3. Dynamics of inclusion of patients in the registry

Pucynox 3. [I[nHaMKKa BKJIIOYEHUS TTAIIMEHTOB B PETUCTP

non-functioning tumors was 11.1 mm (n = 112,
considering the presence of multiple tumors in
some patients; sd = 3.9).

Among the tumors analyzed, 45.5 % were lo-
cated in the head of the pancreas (n = 51; aver-
age size — 11.5 mm; sd = 3.2). Tumors in the
tail accounted for 31.3 % (n = 35; average size —
12.1 mm; sd = 2.6), 23.2 % were found in the body
of the pancreas (n = 26; average size — 10.8 mm,;
sd = 3.2). In the group of patients with T2 stage
tumors, the average tumor size was 23.7 mm
(sd = 2.7). Among these, 83.3 % were located in
the head of the pancreas (n = 5; average size —
24.0 mm; sd = 2.8), while 16.7 % were found in the
tail (n = 1; size — 22.0 mm). As shown in Figure 5,
the average tumor sizes did not differ significantly
across various regions of the pancreas (p > 0.05).

Among the 103 patients with T1 tumors,
8 (7.8 %) exhibited multiple lesions in the pan-
creas, whereas none were found in the T2 tumor
group (0 %). Thus, multiple tumors were ob-
served in 7.3 % of all participants. Of these pa-
tients, three (37.5 %) developed multiple tumors
in the context of type 1 multiple endocrine neo-
plasia (MEN-1). Overall, MEN-1 syndrome was
identified in 5 patients (4.8 % of the T1 stage
group).

Tumor growth of 3 mm or more was noted in
the first year of follow-up after diagnosis in three
patients (2.6 %), prompting timely removal from
observation and radical surgical intervention. No
signs of disease progression were observed in any
patients. The postoperative follow-up duration
ranged from 9 to 53 months.

25

Yucno naymeHTos | Number of patients

00 5,00 10,00

15,00 20,00 2500 30,00

Pasmep onyxonu (Mm) I Tumor size (mm)

Figure 4. Distribution of tumor sizes

Pucynox 4. Pacnpeziesienue pasMepoB oI1yXoJieil
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Figure 5. Sizes of tumors in different parts of the pancreas

Pucynox 5. Pa3Mepbl oryxoJieil B Pa3JMUHbIX OT/eIaX TO/KeTy/TOYHOI sKeJle3bl

Among the concomitant malignancies, breast
cancer was most prevalent, affecting 5 patients
(4.8 % of all patients; 6.8 % of female patients).
Prostate cancer was identified in 4 patients (3.9 %
of all patients; 13.8 % of male patients). Three
patients had a history of radical surgical treatment
for colorectal cancer (2.9 %), two for clear cell kid-
ney cancer (1.9 %), two for thyroid cancer (1.9 %),
and two women for endometrial cancer (1.9 % of
all patients; 2.7 % of female patients). One patient
was under observation for lung cancer, and another
for pancreatic adenocarcinoma; additionally, one
patient underwent radical treatment for thymoma
(histological type unknown). Outside the context
of hereditary syndromes, neuroendocrine tumors
at non-pancreatic sites were found in two patients
(1.9 %). Four patients were monitored for hemato-
logical diseases (3.9 %).

Laboratory markers of neuroendocrine tu-
mors. Tt is widely accepted that the presence of
clinically non-functioning pancreatic tumors may
lead to an increase in certain neuroendocrine tu-
mor markers, particularly chromogranin A. Data
regarding biochemical markers of neuroendocrine
tumors (NETs) are presented in Table 2. Among
109 patients observed, reliable information on chro-
mogranin A levels was available for 83 (76.1 %)
patients. An elevation in chromogranin A was re-
corded in 7 (8.4 %) patients. Concurrently, gastrin
levels were evaluated in 64 (58.7 %) participants,
with elevated gastrin noted in 8 (12.5 %) patients.
Both markers were elevated simultaneously in only
3 (4.7 %) patients. Therefore, at least one of the
markers was elevated in 12 patients. Serotonin lev-
els were assessed in 63 (57.8 %) patients, with el-
evated levels observed in two patients (3.2 % of
those examined). Notably, the increase in serotonin

was isolated; chromogranin A and gastrin were not
elevated in these patients. This non-specific eleva-
tion in serotonin may be attributed to other causes
and may not be associated with the presence of a
pancreatic neuroendocrine tumor. For instance, one
patient did not adhere to the preparation guide-
lines for laboratory testing, continuing the use of
medications for comorbid conditions — specifically,
selective serotonin reuptake inhibitors and proton
pump inhibitors — and also reported deviations
from the prescribed diet. A second patient experi-
enced recurrent severe attacks of Crohn’s disease,
which poorly responded to the ongoing therapy. It
is worth noting that, in the case of this patient, the
severity of the comorbid pathology was the reason
for initiating dynamic observation, despite the tu-
mor size exceeding 2 cm, which contradicts current
clinical guidelines.

One of the factors provoking an increase in neu-
roendocrine tumor markers is a series of changes in
the gastric mucosa. Specifically, atrophic gastritis
or the use of proton pump inhibitors can contribute
to this elevation. During the evaluation of data
recorded in the registry from esophagogastrodu-
odenoscopy, endoscopic signs of chronic atrophic
gastritis were noted in 19 (45.2 %) out of 42 pa-
tients. This occurrence was significantly higher
(p < 0.01) than in the general population, as indi-
cated by a meta-analysis conducted in 2022, which
reported an incidence of 25.0 % [4]. Additionally,
6 (14.3 %) patients exhibited signs of non-atrophic
gastritis. All 12 patients with elevated levels of
chromogranin A and gastrin underwent EGDS, re-
vealing signs of chronic atrophic gastritis in 100 %
of those examined.

Furthermore, both complete data from EGDS
and molecular marker levels were available for
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Table 2. Laboratory markers of neuroendocrine tumors
Tabauua 2. JlabopaTopHbie MapKepbl HEHPOIHIOKPUHHDBIX OMYXOJel

for whom information

Biochemical indicators is provided

Number of patients, X (%)

Number of patients who have experienced
an increase in the indicator
Yucao nauuenmos, y Komopwvix

e — Yucao nauuenmos, 3apeaucmpupoeano nosviuieHue noKaA3amens
noxasame.au X (%), 0na komopvix )
npedcmasaena % of total number %f) i {mmber
% om obwezo uucaa T RIS XX
undpopmavus % om uuc.aia nauuenmos X
g 83 (76.1 %) 7 (6.4 %) 7 (8.4 %)
pomozpanun A
Chromogranin A + gastrin 64 (58.7 %) 3(2.7 %) 3 (4.7 %)
Xpomoepanun A + eacmpun
?;jg;I;H 64 (58.7 %) 8 (7.3 %) 8 (12.5 %)
Serotonin 63 (57.8 %) 2 (1.8 %) 2(3.2 %)
Cepomonun

33 patients. Among these, chronic atrophic gastri-
tis was confirmed in 19 of the previously described
patients (57.6 % of those adequately assessed). The
evaluation of the gastric mucosa may play a signifi-
cant role in determining the causes of elevated neu-
roendocrine tumor markers in small asymptomatic
tumors. There should be consideration for the inclu-
sion of EGDS (preferably with biopsy following the
OLGA — Operative Link Gastric Assessment proto-
col), as well as the determination of antibodies to pa-
rietal cells, as standard assessments for patients with
pancreatic neuroendocrine tumors.

Genetic testing via next-generation sequencing,
employing the EVOGEN-GENOME panel, was
performed on 50 patients in the first group with
newly diagnosed pancreatic neuroendocrine tumors
at stage T1, and 3 (50 %) patients — at stage T2.
Germline mutations were identified in 12 (24.0 %)
patients. The most frequently encountered muta-
tion in the sample was the CHEK?2 gene mutation,
identified in 4 patients (3.9 % of the T1 group or
8.0 % of those examined), which constituted one-
third of all patients with identified germline muta-
tions. A mutation in the MENT gene was found in
3(2.9 %) patients, while in two additional patients,
neuroendocrine tumors were discovered during dy-
namic monitoring due to a previously established
diagnosis of Wermer’s syndrome. Furthermore, mu-
tations in genes associated with tumor development
in humans, including SDHA, PLA2G2A, ANCD?2,
BRCA and ATM, were identified in 5 additional
patients, with one patient per gene. Notably, with-
in the observation group of patients with larger
tumors (n = 6), genetic testing was performed in
3 (50 %) of them, with no germline mutations de-
tected in this subgroup.

Patients not included in the analysis. Three in-
dividuals who initially declined active monitoring
in favor of surgical treatment and underwent sur-
geries at other centers were not included in the
study. There was no evidence of disease progression
after 13.3 + 6.4 months of postoperative monitor-
ing. The average tumor size measured 11 + 2.6 mm,
with hospitalization durations ranging from 30 to
66 days. All tumors were classified as G1 based on
immunohistochemistry of the surgical material.

Patient 1 underwent a pancreatoduodenectomy;
data on the early postoperative period is unavailable,
but late follow-up indicated exocrine pancreatic in-
sufficiency.

Patient 2 underwent a distal (corpora-caudal)
resection of the pancreas; complications during the
postoperative period included a grade C pancreatic
fistula according to the International Study Group
on Pancreatic Fistulas (ISGPS), a grade B intra-ab-
dominal hemorrhage as per ISGPS guidelines, the for-
mation of an abscess in the abdominal cavity, and
multiorgan failure (with complications classified as
Clavien — Dindo grade IVb).

Patient 3 underwent a laparoscopic distal (corpo-
ra-caudal) resection of the pancreas; the postoperative
period was complicated by a class C pancreatic fistula
and a grade B hemorrhage according to the ISGPS,
with the overall complication classified as Clavien —
Dindo grade IVa.

Discussion

Analysis of the demographic data from the reg-
istry revealed a predominance of female patients,
which contrasts with findings from the global liter-
ature. It is possible that clinically benign NETs of
the pancreas are more characteristic of women due to
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the protective effects of estrogens in inhibiting tumor
growth. According to research by W. Qiu et al. (2017),
the total duration of estrogen exposure significantly cor-
related with smaller sizes of pancreatic neuroendocrine
tumors in a sample of 141 females with confirmed MEN-1
syndrome (p = 0.043) [5]. However, a similar analysis
has not been conducted for sporadic tumors. Meanwhile,
most asymptomatic small neuroendocrine tumors are
incidental findings. It can be hypothesized that more
frequent screenings of the female population lead to a
higher detection rate of NETs. Additionally, one cannot
discount the influence of the presence of a prominent
mammological center within Loginov Moscow Clinical
Scientific Center on the distribution of patients by sex.

The primary method for the initial diagnosis and
dynamic assessment of pancreatic neuroendocrine tu-
mors remains contrast-enhanced computed tomography,
despite the higher sensitivity of endoscopic ultrasound
[6] and the increasing importance of PET/CT with
8Ga-DOTA, which is not routinely used in the case of
small sporadic neoplasms [7]. Due to the specific char-
acteristics of contrast enhancement, neuroendocrine tu-
mors may sometimes go completely unnoticed by radio-
logy specialists in non-specialized centers.

Another challenge is the precision of measurements
and the operator dependence of the method [8]. Since
tumor size can be assessed differently by various spe-
cialists and across different slices, it would be optimal
to calculate tumor volume, which has already been sug-
gested for the evaluation of malignant tumors in the
lungs and parathyroid glands [9, 10]. This methodolo-
gy would standardize measurements, although it would
not entirely eliminate the “human factor”. Notably, re-
search is already underway to study the impact not of
the total volume of neuroendocrine tumors, but rather
the functional volume calculated based on the accumu-
lation of tissue-labeled Ga-68 somatostatin analogs [11].
The application of radiomics and artificial intelligence
demonstrates promising data, particularly for the dif-
ferential diagnosis of small pancreatic neuroendocrine
tumors against other indistinguishable tumors, such as
solid pseudopapillary tumors, clear cell carcinoma me-
tastases from the kidneys, and ectopic splenic tissue in
select cases [12—15], as well as for non-invasive tumor
grade evaluation [16, 17].

In our study, the evaluation of tumor size was not
standardized; for patients with available CT or MRI
images, measurements were made by the researchers. In
the absence of imaging data, information was sourced
from medical records.

Genetic testing was performed as part of our study
on 53 (48.6 %) patients with newly diagnosed neuroen-
docrine tumors. Germline mutations were identified in
24.0 % of patients, while literature suggests that genet-
ically predisposed tumors account for about 10 % of all
neuroendocrine tumors [18]. The most frequently en-
countered mutations are typically found in the MENT
gene. However, in our study, genetic testing revealed
mutations in the CHEK?2 gene most often, accounting
for 8.0 %, which constituted one-third of all patients

with identified germline mutations. When considering
data from previously conducted genetic studies (out-
side the scope of our “cohort”), mutations in the MEN
gene still represented the majority — two additional
patients had already been diagnosed with MEN syn-
drome when referred for pancreatic tumor evaluation.
It is noteworthy that the disease in these two patients
manifested as non-pancreatic tumors, with pancreatic
neoplasia discovered under already known MEN status.
It is possible that in the general population of patients
with pancreatic neuroendocrine tumors, the MEN gene
mutation is not the most common but rather the most
detectable due to prominent clinical symptoms. The
association of CHEK?2 gene mutations with the devel-
opment of neuroendocrine neoplasms is not established.
In a cohort study by B.L. Bychkovsky et al. (2022)
involving 36,817 patients assessed for malignant tumors
of various localizations, CHEK? mutations were found
in 3,783 patients; it was determined that the presence
of this mutation is associated with breast, thyroid, and
kidney cancers, and to a lesser extent with pancreatic
cancer [19]. Nevertheless, there have been clinical cas-
es where patients with neuroendocrine tumors present-
ed with CHEK?2 gene mutations. R.D. Vallera et al.
(2022) described a case involving two siblings carrying
the CHEK?2 mutation, one of whom had a pituitary
adenoma and pancreatic neuroendocrine tumor, while
the other had a pheochromocytoma [20]. A meta-anal-
ysis conducted by K.@. Andersen et al. (2024), involv-
ing 225 patients with functioning and non-functioning
pancreatic neuroendocrine tumors of grades G1—G2 at
various clinical stages (T1—T4), identified a mutation in
the CHEK?2 gene in only 4 (1.8 %) patients [21]. In our
study, this mutation was observed in tumors at stage
T1 and was not recorded in the T2 group. It may be hy-
pothesized that mutations in the CHEK?2 gene are char-
acteristic of small non-functioning tumors or that their
presence defines a clinically benign course of the disease.

In our study, elevated levels of gastrin and chro-
mogranin A in patients with small NETs of the pancreas
were associated with the presence of atrophic gastritis.
Magnetic evaluation of the gastric mucosa according to
the OLGA protocol could provide an objective assess-
ment of atrophy and facilitate the investigation of the
relationship between neuroendocrine tumor markers and
the presence and severity of chronic atrophic gastritis.
To clarify the functional status of the tumor, esophago-
gastroduodenoscopy with biopsy following the OLGA
protocol may be considered for inclusion in the diagnos-
tic plan for patients with PNETs.

In our research, tumor growth was noted in three
patients — two men and one woman. The duration of
preoperative observation ranged from 3 to 12 months.
According to immunohistochemical studies, two tumors
were classified as G1, while one was classified as G2.
The average follow-up period after surgery at the time of
data analysis ranged from 9 to 53 months, with no signs
of disease progression observed. The efficacy and safety
of the method in this cohort of patients proved to
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be high, which undoubtedly warrants further in-
vestigation, longer follow-up, and an increased
number of observations. The small number of pa-
tients exhibiting tumor growth limits the ability to
accurately assess their characteristics and differenc-
es from the main observation group. Possibly, these
data may hold the key to understanding why some
tumors exhibit invasive growth and the ability to
metastasize while others remain unchanged. In this
regard, two of the three patients excluded from the
study due to the rate of tumor growth underwent
whole-genome sequencing, but the known genetic
mutations were not detected.

The limitations of the study included its retrospec-
tive descriptive nature (assessment of previously reg-
istered data), selective performance of genetic testing
(conducted in 53 patients, representing 48.6 % of the
cohort), and the lack of a control group.

A comparison group could consist of patients
with non-functional PNETs who have undergone
surgical treatment as the initial step. However, the
authors of this study find it unethical to form a
control group for this category of patients, as the
potential benefits of surgical intervention are out-
weighed by the associated risks. Nonetheless, three
patients initially opted for surgical treatment over
active observation (as described in the Results sec-
tion), that led to extended hospitalizations and sig-
nificant complications.

Considering the medical and economic aspects
and given the absence of disease progression in
both groups, we can hypothesize that the costs
associated with active observation for such pa-
tients would be comparable to the total expenses
incurred from surgical treatment. Although this
inquiry was not a primary objective of our study,
it undoubtedly holds interest from a healthcare
organizational perspective.

At the time of writing, a review of the litera-
ture revealed no registered prospective randomized
studies comparing surgical treatment and active
observation in non-functional tumors measuring
less than 2 cm. The ethical justification for such a
study at this stage in the examination of neuroen-
docrine tumors is questionable; directing patients
with unchanged pancreatic structures and small
asymptomatic tumors toward technically challeng-
ing surgeries carries a high risk of developing pan-
creatic fistulas and life-threatening complications.
Conversely, it is feasible to monitor the moment
when a tumor becomes hazardous and to initiate
surgical intervention, when necessary, prior to the
tumor acquiring metastatic potential.

The European Neuroendocrine Tumor Society
(ENETS) is conducting a multicenter prospec-
tive study to compare the outcomes of surgical
treatment in patients with small asymptomatic

PNETs measuring less than 2 cm against active
observation, referred to as the ASPEN study
(Asymptomatic ~ Small  Pancreatic ~ Endocrine
Neoplasms; NCT03084770). According to interim
results published in 2022, the study has enrolled
500 patients with pancreatic neuroendocrine tu-
mors, all measuring less than 2 c¢cm, asymptomatic,
and non-functional, confirmed by fine-needle biopsy
under endoscopic ultrasound guidance or by PET/
CT with Ga-68-DOTA-TATE. Of these, 406 patients
were assigned to the active observation group, and
94 — to the surgical treatment group (with surgery
being performed at the patient’s request in 45 % of
cases, n = 42). Notably, the presence of regional and
distant metastases (i.e., direct indicators of malignan-
cy), as well as dilation of the main pancreatic duct
and grade 3 tumors, were not exclusion criteria for
the study but rather indications for inclusion in the
surgical treatment group. In our opinion, it is not
entirely appropriate to compare tumors which benign
nature needs to be verified or refuted within the same
group as tumors with confirmed malignant potential.
On the contrary, the objective of scientific inquiry
should be to identify the specific factors that underlie
the differences between these two categories.

Despite present limitations, as far as we are con-
cerned, this work represents the largest experience doc-
umented in the national literature regarding the obser-
vation of small non-functional neuroendocrine tumors.

Conclusions

Active observation of patients with non-func-
tioning pancreatic neuroendocrine tumors staged
T1, according to medical registry data, has proven
to be an acceptable management strategy for this
patient group, provided that control examinations
are conducted at appropriate intervals. In specific
cases, the strategy of active observation may also
be applicable to patients with tumors staged T2.

It is likely that the prognostic significance lies not
in the size of the tumor but rather in the rate of its
growth, necessitating the development of an observa-
tion protocol for this patient group. Tumor growth
was documented in 2.6 % of those observed in the
study. An analysis of the influence of various factors
on tumor development and growth rate would be fea-
sible through larger epidemiological studies.

Further research is required to assess the role of
estrogen activity in inhibiting tumor growth, the
impact of mutations in the CHEK?2 gene on the
genesis of neuroendocrine tumors, and their predic-
tive significance.

The study also demonstrated a correlation be-
tween elevated levels of chromogranin A and gas-
trin in patients with pancreatic neuroendocrine tu-
mors who have chronic atrophic gastritis.
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