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PE3IOME

AxTyanbHicTb. [106posikicHi Ta 3nosikicHi HOBOYTBOPEHHsI MiALUMYHKOBOI 3arosu
CTaHOBMATb 3HA4YHY NPOGNEeMy y KMiHiYHI NpakTuLi Yepes BiACYTHICTb 3ac06iB paHHLOT
[iarHocTvKM Ta arpecuBHW XxapakTtep nepebiry 3axsoptoBaHHsi. Pak nigLwnyHkoBoi
3anosu (PlN3) e ABaHaguUATUM HaMGINbLL YacTo AiarHOCTOBaHUM PaKoM i TPETBOK Mpo-
BiJHOKO MPWUYMHOIO CMEPTHOCTI Bif, OHKONOTrii, HA HbOro Npunagae npubnuaHo 3% ycix
HOBMWX BUNagakiB paky Ta 6% ycix BUNagkiB CMepPTHOCTI Bif, OHKOMOFYHMX 3aXBOPIOBaHb
y cBiTi. XBopu Ha Pl3 matoTb OyXe HU3bKY BWXMBaHICTb, B OCHOBHOMY uYepes
TPYAHOLL BUSBNEHHS 3aXBOPIOBAHHSA Ha paHHiv ctagii. OTxe, y MpoCyBaHHi MikyBaHHS
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AAS LUTYBAHHS:

3axBOplOBaHb A0 KOHUEMUii NpeuusinHoi MeauumHKW, sika BPaxoBYE iHAMBIQyanbHi
BapiabenbHOCTI NaLieHTIB, JOCMIMXEHHsT 30cepeannucs Ha igeHTudikauii edekTUBHNX
KniHiYHUX BioMapkepiB i3 BUCOKOI cneLmnidHICTIO Ta YyTNMBICTIO, 34aTHUX A0 PaHHBOT
AiarHOCTVMKM MauieHTiB i3 CMMNTOMaMu Ta PaHHBbOTO BUSIBIIEHHSI 3aXBOPIOBaHHS
y 6e3cMMNTOMHMX OCi i3 BUCOKUM PU3NKOM PO3BUTKY paKky MifLINyHKOBOI 3arosu.
[vdpepeHuiauia Mk 3ananbHUMKU Ta HEONNacTUYHUMM HOBOYTBOPEHHAMW MiALMyH-
KOBOI 3aMn03uv 3anuwaeTbCs AiarHOCTUYHOK AUINIEMOLO ANs XipypriBs.

Meta po6otu — pocnigntn umutokiH TGF-B y cupoBaTui KpoBi XBOPWMX Ha COMigHi
Ta KiCTO3Hi HOBOYTBOPEHHS MiALUIYHKOBOI 3a5o3n i OUiHUTK KNiHIYHE 3HaYeHHS LibOoro
umTOKiHY pasom i3 CA 19-9 ans giarHoCTvkvn 4OBPOSIKICHUX Ta 3MOSKICHUX HOBOYTBOPEHb.
MaTtepianu Ta metoau. Y poboTi NpoBeAeHO peTpoCneKkTMBHE, nepexpecHe Aocnif-
KEHHS, B SIKOMY MpoaHanisoBaHo icTopii xBopobu 89 nauieHTiB pi3HUX BIKOBUX rpyn
3 [06pOsiKiICHUMY Ta 3MOSIKICHUMU HOBOYTBOPEHHSIMM MiALUINYHKOBOI 3ano3u, siki 6ynu
rocnitaniaoBaHi Ta npoornepoBaHi 3 ciuHa 2020 poky Ao TpaBHa 2024 poky. OusanH
OOCMiMKEHHS: nauieHTn Oynu po3noineHi Ha 3nosikicHi Ta [oOposikicHi rpynu Ha
OCHOBI LMTOMOrYHOT Ta FiCTONOrMYHOI OLIHKM 3pasKiB ypaeHb MigLwnyHKOBOI 3arnosu,
Lo 3aranoM cknamno 7 rpyn XBopux Ha pi3Hi natonorii (rpynu 1-7). Jocnigxysanu
BMicT umTokiHy TGF-B1 Ta koHueHTpauito CA 19-9 y cupoBaTui KpoOBi MeToAoM
TBepgodasHoro iMyHodepMeHTHOro aHanidy. KoHTponbHy rpyny cknanmu 340poBi
noHopu BikoM 19-53 p. (rpyna 8). CTaTMCTMYHY 3HauyLLiCTb pO3BKHOCTEN Y PIiBHSIX
TGF-B1 ta CA 19-9 mix cimoma rpynamu nauieHTiB i3 pi3HUMM AiarHo3amm Ta KOHTPOSb-
HOIO rpynoto, a TakoX MK TpboMa rpynamu (KOHTponb / 4OBPOsKiCHI / 3MOsKICHI HOBO-
YTBOPEHHS NiALLMYHKOBOI 3aro3u), BU3Havanu Ha nigcrasi kputepito Kpackena—Yonnica
3a poBipyoi imoBipHocTi 95%. Ockinbkn B yCix Bunagkax po3bikHOCTI BUSIBUNWCS CTa-
TUCTUYHO 3HaYyLLMMW, Lie NoTpebyBano NoAanbLUnX NONapHUX MiXXrPynoBMX NOPIBHSAHb,
siKi Oynu BUMKOHaHI 3 BUKOPUCTaHHSAM kpuTepito MaHHa—YiTHi. Sk OCHOBHWI MOKa3HWUK
SKOCTi AUCKPUMIHALT, LLO 34iNCHIOETLCS HA OCHOBI 3HAYeHb TOro Yu iHLWOro Giomapkepa,
po3rnsgany 3HaveHHs nnowi nig noro ROC kpusoto (AUC). BusHavanu ontumanbHi
noporosi 3HayeHHs piBHiIB TGF-B1 Ta CA 19-9 y cupoBaTui KpoBi ONs BUSIBNEHHS
HasBHOCTiI Heonnasmu MiALLINYHKOBOI 3ano3u i Ansa AndepeHuialii HOBOyTBOPEHb 3a iX
B1AOM. [Npuv NOLLYKY NOPOroBOro 3Ha4YeHHS KpUTepieM ONTUManbHOCTI BBaXKanu BUMOTY
OOCATHEHHS MaKCMarbHO MOXIMBUX CMEeUMiYHOCTI Ta YyTNMBOCTI AMCKPUMIHALLIT.
Pe3ynbrath Ta ix o6roBopeHHs. OTpumaHi pedynstaTy nokasanu, wo piseHb TGF-f1
CTaTUCTUYHO 3Hadylle BiOPi3HABCA NpW BCiX BuAax natonorii nigwnyHKOBOI 3anosu
3a kpuTepiem Kpackena—Yonnica (H(7,104)=80,821, p<0,0001), ane npu napHux nopis-
HSIHHSAX 3a kpuTepiem MaHHa—YiTHi 3HauyLLi BigMiHHOCTI Bynu Mix piBHEM LIbOro nokas-
HVKa y XBOPWUX Ha pak NigLLNyHKOBOI 3ano3un Ta yciMa iHWMMK NaTonorisMmn Ta KOHTPO-
neM, 3a BUHATKOM MaLiEHTiB i3 MYLIMHO3HMMW 3M10SKICHUMW HOBOYTBOPEHHAMM 3a5103u.
Cepepn ycix rpyn 3i 3rnosikiCHUMW HOBOYTBOPEHHSAMM MiALLIYHKOBOI 3aro3v HanBuLLi
3HaveHHss TGF-f1 crnocTepiranucsa Npu MyLMHO3HO-KICTO3HUX HOBOYTBOPEHHSIX, @ Npu
y3aranbHeHHi AaHunx, B Akux ob’egHany nauieHTiB i3 HOBOYTBOPEHHAMM MiALLTYHKOBOI
3ano3v y ABi rpynu, 3anexHo BiA 3MOsKiCHOCTI/AOBPOSKICHOCTI HOBOYTBOPEHb, Nid-
TBEpPAMBCS CTAaTUCTUYHO 3Havylle BUWMA piBeHb nokasHukie TGF-B1 i CA 19-9 npu
3MOsIKICHUX HOBOYTBOPEHHSIX, MOPIBHSIHO 3 AobposikicHumn. Obuasa Giomapkepu npo-
OEMOHCTPYBanu BiOMIHHY OWCKPUMIHAUiHY 3[4aTHICTb AN ycix 3aBAaHb, siki Gynu
nocTaBneHi. FAkWwo cnupaTtucs Ha 3HaveHHs nnowi nig ROC-kpuBUMK sk Ha Mipy
[iarHoCTUYHOI LiHHOCTI MokasHukiB, Tpeba BM3HaTK, IO Ha AOCHiAXYyBaHii BMOIpLi
nauieHTiB AgiarHocTuyHa UiHHicTe TGF-B1 i CA 19-9 Gyna BMCOKOW MpW BU3HAYEHHI
HasiBHOCTI/BiACYTHOCTi HOBOYTBOPEHb MiALLIYHKOBOI 321031, a TakoX A5 PO3Pi3HEHHS
3M0SKICHUX Ta [J0OpOSKiCHMX Heonnas3Mm. Y 3aBAaHHi pO3pi3HEHHs [0B6posiKicCHUX
i 3MOSAKICHMX HOBOYTBOPEHb MIALLMYHKOBOI 3ano3n  Hambinblwi cneundiyvHicTb
i uvytnmueicTb (3 ToykoBMMM oOuiHKamu no 100%) oTpumaHi npu  BUMKOPWUCTAHHI
biomapkepa CA 19-9, ogHak TGF-B1 Takox MaB npekpacHy AWCKPUMIHaLiNHY
3paTHicTb i3 vytnueicTio 92,6% (95%-A1 = (75,7; 99,1)%) i cneuudivnicTio 93,5%
(95%-Al = (84,3;98,2)%). OnTMManbHUM MNOPOroBUM 3HaYeHHsIM AN cTpatudikauii
XBOPUX 3i 3MOSIKICHUMW HOBOYTBOPEHHAMM MiALUMYHKOBOI 3ano3u € piBeHb TGF-B1
He MeHwe 109,8 Hr/mn i CA 19-9 Ha piBHi 36,0 Oa/mn Ta GinbLue.

BucHoBku. TGF-B1 Moxe criyryBaTu 3pyYHMM iHAUKATOPOM CTYMEHS iMyHHOI cynpecii
y XBOpWUX Ha [OBPOSKICHI Ta 3MOSKICHIi HOBOYTBOPEHHS MiALLNYHKOBOI 3anosun. MoxHa
npunycTuTn, wo TGF-B1 mae rmmbokuin BNMB Ha CTPYKTYPHi 3MiHW Ta pemMoaentoBaHHs
LpOro opraHa, TUM CaMuM Bifirpailoyn Kr4oBy ponb Yy nartoreHesi ¢ibpo3dy Ta
NOTEeHLiloBaHHI anonTo3y B eniTenianbHUX KnituHax. MoxnvBeo, BUCOKUIA piBEHb NPOAYK-
uii TGF-B1 y cupoBaTLi KpOBi acoLilOETbCS 3 HECMPUATIVBMAM MPOrHO30M Y MauieHTIB
3i 3NOSKICHUMWN HOBOYTBOPEHHSAMM NiALWINYHKOBOI 3ano3un. OTpuMaHi AaHi J03BONsTb
npunycTuT, wWwo cuposatkoBuin TGF-B1 € UIHHUM [iarHOCTUYHUM  MOKa3HUKOM,
SIKUA  [O3BOMSIE BUKOPUCTOBYBATU MOro sk OO’€KTUBHMWIA OiarHOCTUYHUIA  KpUTEpin
COMiAHUX 3MOSAKICHUX YTBOPEHb MiALWYHKOBOI 3arosu, 3i 3Ha4YeHHsIM BiACiKaHHSA
He MeHwe 109,8 Hr/mMn, BUKOPWUCTOBYKYM LEW MOKA3HUK Pa3oM i3 BU3HAYEHHAM
CA 19-9 y cupoBarTLi KpoBi, 3i 3Ha4eHHsAM BiacikaHHSA Ha piBHi 36,0 Oa/mn Ta GinbLue.

Kpusopyuko IL.A., JlypiH I.A., KpacHocenbcbkuii M.B., ToHyapoea H.M., Tamep A.A.M. Xabub, HeccoHoBa M.M.,
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y AvdepeHuialii [oBposKicHUX i 3MosKiCHMX HOBOYTBOPEHb NiALLNYHKOBOI 3ano3un. YkpaiHcbkuli padionogidHuli
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ABSTRACT

Background. The article is relevant to the subject matter. Benign and malignant
neoplasms of the pancreas represent a significant challenge in clinical practice,
largely due to the lack of early diagnostic tools and the aggressive nature of the
disease. Pancreatic cancer represents the 12" most commonly diagnosed cancer and
the 3 leading cause of cancer mortality, accounting for approximately 3% of all new
cancer cases and 6% of all cancer deaths worldwide. The prognosis is poor, largely due
to the difficulty of detecting the disease early. Consequently, in developing disease
management strategies that align with the principles of precision medicine, which
considers the unique characteristics of each patient, research has concentrated on
identifying reliable clinical biomarkers with high specificity and sensitivity. These bio-
markers are intended to facilitate early diagnosis in patients exhibiting symptoms and
early detection of the disease in asymptomatic individuals at elevated risk of deve-
loping pancreatic cancer. The differentiation between inflammatory and neoplastic
pancreatic neoplasms represents a significant diagnostic challenge for surgeons.
Purpose — is to investigate TGF-p in the blood serum of patients with solid and cystic
neoplasms of the pancreas and to evaluate the clinical significance of this cytokine
together with CA 19-9 for the diagnosis of benign and malignant neoplasms.

Materials and methods. This was a retrospective, cross-sectional study that analysed
89 patients of varying age groups with benign and malignant pancreatic neoplasms
who were hospitalised and underwent surgical intervention between January 2020
and May 2024. Design: The patients were divided into two groups, malignant and
benign, based on the cytological and histological assessment of pancreatic lesions.
This resulted in seven groups of patients with different pathologies, designated
as groups 1-7. The concentration of TGF-B1 in the blood serum was determined using
the DRG TGF-B1 enzyme-linked immunosorbent assay (ELISA) test system (Germany).
The concentration of CA19-9 in the blood serum was investigated by enzyme-linked
immunosorbent assay. The control group comprised healthy donors aged between 19
and 53 (group 8). The statistical significance of the differences in TGF-$1 and CA 19-9
levels between the seven groups of patients with different diagnoses and the control
group, as well as between the three groups (control / benign / malignant pancreatic
neoplasms), was determined based on the Kruskal-Wallis test at a confidence level
of 95%. Given that the differences were statistically significant in all cases, further
pairwise intergroup comparisons were required. These were performed using the
Mann-Whitney test. The area under the ROC curve (AUC) was regarded as the primary
indicator of the quality of discrimination based on the values of a biomarker. The optimal
threshold values of TGF-B1 and CA 19-9 levels in the blood serum were identified
to facilitate the detection of pancreatic neoplasia and to differentiate neoplasms accor-
ding to their type. In seeking a threshold value, the objective was to identify the optimal
point that would achieve the highest possible specificity and sensitivity of discrimination.
Results. The results demonstrated that the level of TGF-B1 was statistically significantly
different across all types of pancreatic pathology, as indicated by the Kruskal-Wallis
test (H(7,104)=80,821, p<0,0001). However, when comparing the levels of this indica-
tor between groups using the Mann-Whitney test, notable differences were observed
between patients with pancreatic cancer and all other pathologies and controls, except
patients with mucinous malignant neoplasms of the gland. The highest TGF-B1 values
were observed in mucinous cystic neoplasms among all groups with pancreatic
malignancies. When the data were summarised by dividing patients with pancreatic
neoplasms into two groups depending on the malignancy/benignity of the neoplasms,
a statistically significantly higher level of TGF-f1 and CA 19-9 was confirmed in
malignant neoplasms compared to benign ones. Both biomarkers demonstrated
excellent discriminatory ability for all tasks. The area under the ROC curves indicates
that TGF-B1 and CA 19-9 have high diagnostic value for determining the
presence/absence of pancreatic neoplasms and distinguishing between malignant
and benign neoplasms in the sample of patients used in the study. In distinguishing
between benign and malignant pancreatic neoplasms, the CA 19-9 biomarker
exhibited the highest specificity and sensitivity (with point estimates of 100%), while
the TGF-B1 also demonstrated excellent discriminatory ability with a sensitivity
of 92.6% (95% CI = (75.7; 99.1)%) and specificity of 93.5% (95% CI = (84.3; 98.2)%).
The optimal threshold value for the stratification of patients with pancreatic malignancies
is a TGF-B1 level of at least 109.8 ng/ml and a CA 19-9 level of 36.0 U/ml or more.
Conclusions. TGF-B1 can serve as a convenient indicator of the degree of immune
suppression in patients with benign and malignant pancreatic neoplasms. It can be
assumed that TGF-B1 has a profound effect on structural changes and remodelling
of this organ, thereby playing a key role in the pathogenesis of fibrosis and potentiation
of apoptosis in epithelial cells. High serum TGF-B1 levels may be associated with
an unfavourable prognosis in patients with prostate cancer. The data obtained suggest
that serum TGF-B1 is a valuable diagnostic indicator, which allows it to be used as
an objective diagnostic criterion for solid pancreatic malignancies, with a cut-off value
of at least 109.8 ng/ml, using this indicator together with the determination of CA 19-9
in the blood serum, with a cut-off value of 36.0 U/ml or more.
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3B’30K pOo60TH 3 HOYKOBMMHW NPOrPAMAMMU,
NAGHOMM | TeMamum

Ctatta € (parMeHToM HaykoBO-AOCNigHOI poboTn
XapKiBCbKOro HauioHanbHOro MeauyHOro yHiBepcuTeTy
MinictepctBa oxopoHu 300poB’ss YkpaiHu «Po3pobka
XipypriYHUX TEXHOMOriN AiarHOCTUKM | NiKyBaHHSA 3axBO-
ptoBaHb Ta TpPaBM OpraHiB TpaBHOi CUCTEMM i3 BUKO-
pucTaHHAM ribpuaHux (BIAKPUTUX Ta MiHiiHBa3BHMWX)
onepadin», Homep faepxasHoi peectpaduii: 0119U002909,
wucpp Temu: HTI:76.29.39, npuknagHa, TepMiH BUKO-
HaHHa: 2019-2023 pp., KEPIBHUK — AOKTOP MEAUYHUX
Hayk, npodecop B.B. boliko.

BCTYN

[ocTpuii Ta XPOHIYHMI NaHKpeaTuT, MPOTOKOBa afeHo-
KapuuHoma nigwryHkoBoi 3anosu (MAlM3) € 3HavyHum
TArapeMm Ans CUCTEM OXOPOHW 300POB’S B YCbOMY CBITi.
loctpun nankpeatuT ([T1) BXxOAWUTL A0 TPINKM HaMMNoLWW-
peHiwmnx JOBPOSAKICHNX 3aXBOPIOBaHb LLITYHKOBO-KULLIKO-
BOrO TPaKTy 3 CyTTEBUM PiBHEM CMEPTHOCTI i OLiHIOBa-
HYMMW EKOHOMIYHMMU BUTpaTamu y 2,6 mnpa gonapis CLUA
Ha pik [1]. XpoHi4yHui naHkpeaTuT (XI1) xapaktepnayeTbcs
NOCTYNnoBNUMKY HEOBOPOTHNMM  MOLUKOAXKEHHSAMN  eHAO-
KPUHHOI Ta €eK30KPUHHOI MapeHXiMu, ChpUYMHEHUMN
3ananeHHaM i nojanbluMM  3aMileHHSM UMX TKaHWH
ibposHoto TkaHuHot. MpodpinakTuka Xl € eguHmum cno-
COBOM 3MEHLUMTWN 3axBOPHOBAHICTb, OCKIMNbKM CEpPRO3Hi
YCKNaAHEHHSA, Taki fK €K30KPUHHA HeOoCTaTHICTb nia-
winyHkoBoi 3anoau (M3), po3sutok manbabcopbuii, Lykpo-
BUN AiabeT Ta nepepomkeHHA TkanwHu [13 y TTATMS,
MOXYTb PO3BMBATUCH B Mipy MpOrpecyBaHHs LbOro 3a-
xBoptoBaHHS [2]. MNpnbnmaHo 50% xBopwux Ha XTI matoTb B
aHamHesi nepeHeceHi Hanagu 1. BinbyBaeTbca nocTii-
He 3aMilleHHsa napeHximm 13 ibpPO3HOK TKAHMHOLD,
0cobnMBO y naujieHTiB, SKi nepeHecnun Tpu enisoau M —
y 16% 3 Hux € waHc Ha po3sutok XI1. Kpim Toro, xBopi
3 yotupma abo Ginbwe enizogamu [Tl MalTe 3HAYHO
BULLUMI pU3NK, a came bnusbko 50%, possuTky XI1 [3].
3noskicHi nyxnuHu M3 cTaHoBNATH 3HayHy npobnemy
Yy KMiHIYHIA  npakTvui  4Yepe3 BIiACYTHICTb  3acobis
paHHbOI AiarHOCTUKM Ta arpecuBHUIA XapakTep nepe-
6iry 3axsoptoBaHHs [4-6.].

B ocTtaHHi poku yBary gocnigHukis Bce binbLue npusep-
Tae BUKOPUCTaHHs OiomapkepiB, 3okpema TGF-B1 Ta
CA 19-9, Ha nepepgonepauinHomy etani Ana andepeH-
uiauii gobposkicHux i 3noskicHux nyxnuH M3 [7-9].
TGF-B1 — umMTOKiH, NPeacTaBHUK CynepciMencTaa TpaHc-
dopmytroyoro cpaktopa pocty 6eTa, AKui iCHye y M'aTu pis-
Hux idocopmax (Big TGF-p1 go TGF-B5), 6epe ydvacTtb
Yy Pi3HUX KMITUHHMX npouecax, BKM4alun pict, aude-
peHuiaito Ta anonTo3 KNiTWH, BiH € 6aratodyHKUioHanb-
HAM LUMUTOKIHOM, SIKMA EKCMPECYETbCH MalKe KOXHO
TKaHWHOI | TUMOM KMiTWH, Ta Bidirpae BanuBy porb
Yy HM3Li i3ionoriYHnX NpoLEeciB, BKIIOYAKYM 3arOEHHS
paH, PO3BWUTOK | PEMOAENOBaHHA TKaHWH, a TaKoX

Relationship with academic programs,
plans and themes

The article represents a segment of the research
conducted by the Kharkiv National Medical University
of the Ministry of Health of Ukraine, entitled «Deve-
lopment of surgical technologies for diagnosis and treat-
ment of diseases and injuries of the digestive system
using hybrid (open and minimally invasive) operations»,
registration number 0119U002909 and the topic code,
code 76.29.39 and is scheduled for completion in 2023,
The principal investigator is Doctor of Medical Sciences,
professor V.V. Boyko.

INTRODUCTION

Acute pancreatitis, chronic pancreatitis and pancrea-
tic ductal adenocarcinoma represent a significant burden
on healthcare systems worldwide. Acute pancreatitis
is one of the three most prevalent benign diseases
of the gastrointestinal tract, with a notable mortality rate
and an estimated economic burden of US$2.6 billion
per year [1]. Chronic pancreatitis is typified by a gradual,
irreversible deterioration of the endocrine and exocrine
parenchyma, resulting from an inflammatory response
and subsequent replacement of these tissues with
fibrous tissue. The only means of reducing the burden
of the disease is through prevention, as serious com-
plications, including pancreatic exocrine insufficiency,
malabsorption, diabetes mellitus and pancreatic ductal
adenocarcinoma, can develop as the disease progre-
sses [2]. It is estimated that approximately 50% of
patients with chronic pancreatitis have a history of acute
pancreatitis. A constant replacement of pancreatic tissue
with fibrosis is observed, particularly in patients who have
experienced three episodes of acute pancreatitis, with
a 16% probability of developing chronic pancreatitis.
Furthermore, patients who have experienced four or more
episodes of acute pancreatitis are at a markedly elevated
risk of developing chronic pancreatitis, with an estimated
prevalence of approximately 50% [3]. Malignant tumours
of the pancreas represent a significant challenge in
clinical practice, due to the lack of early diagnostic tools
and the aggressive nature of the disease [4—6].

In recent years, there has been a growing interest in
the use of biomarkers, in particular TGF-1 and CA 19-9,
at the preoperative stage to differentiate between benign
and malignant pancreatic tumours [7-9]. TGF-B1 is
a cytokine, a member of the transforming growth factor
beta superfamily, which exists in five different isoforms
(TGF-B1 to TGF-B5). It is involved in various cellular
processes, including cell growth, differentiation and
apoptosis. It is a multifunctional cytokine expressed by
almost every tissue and cell type. TGF- plays an impor-
tant role in several physiological processes, including
wound healing, tissue development and remodelling.
Additionally, it suppresses several aspects of the immune
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NpurHidye kinbka acnekTtiB iMyHHoOi Bignosigi. TGF-f
TakoX bGepe yyacTb y GaraTbox NaTOMOrYHMX CTaHax,
BKIOYA4YM pak. Y gocnigkeHHsx 6yno npogemoHcTpo-
BaHO, O BiH peryne HW3Ky MNpOLECiB, BKIOYaKun
aHrioreHes, iMyHOCynpecito Ta KNITUHHY Mirpadito.
OocnipxkenHa TGF-f nouwanuca we y 1980-x pokax
i 3 Toro yacy wsuako possuBatoTbeca [10-12]. lMiaBu-
weHun piseHb TGF-B1 acouiloeTbca 3 nporpecyBaHHSAM
paky 13 uepe3 BNNUB MOro Ha €eKCrpecilo reHis Ta
BMBINIbHEHHS IMYHOCYNPECUBHUX LIMTOKIHIB, WO pobuTb
MOro NOTEHUINHUM iHOWMKATOPOM 3rOSIKICHOCTI  4epes
3abes3neyeHHs iHBasii Ta MNOLUMPEHHSI PaKOBUX KMiTUH,
a nepegaya curHaniBs TGF-$ Bigirpae npoBigHy ponb y
nporpecyBaHHi paky [13]. BiacyTtHictb TGF- nocunioe
3anarneHHsl, Lo NpU3BOAMTL [0 MOLUKOOAXKEHHS] TKaHWH
i KNiTUHHOIT TpaHcdopmaLii [14]. CurHanbHun wnsx TGF-B
Bigirpae 6aratodyHkUioHanbHY porb y paky M3, ockinbku
BiH Ai€e K MpoOMOTOp MyXNWHW, TaK i sk i cynpecop
BiONOBIAHO [0 cTafil NyXAMHWM Ta HaBKONWULLHBOMO
MIiKpOOTOUYEHHS. BBaxaeTbcs, WO 3ananeHHs Bigirpae
BaXNMBY poOrb y NporpecyBaHHi paky Ta Aobpe Bigomo,
wo npu XM 3ipyacti knitvHn 13  BucTynaroTb
LUEeHTpanbHUMN YTBOPEHHSIMW, BMMMB Ha SKi € npuuu-
HOIO KOMMIIEKCHOro nporpecyBaHHs ¢ibpo3y y 3anosi.
DocnigxeHHst 6aratbox perynsaTopHux akTopis, y ToMy
yucni TGF-B, i wnaxis, 3any4yeHux A0 akTueauii sipyac-
TMX KniTuH 3, € NnepcnekTMBHMM Yy BU3HAYEHHI NOTEH-
LiNHMX TepaneBTUYHUX Linen Ans nonerieHHs ¢ibposy
npu Xl sk NOTEHUINHOT 3arpo3n BUHUKHEHHS paky [15].

Ounkomapkep CA 19-9 cuHTesyeTbCs y HOpMarnbHin
napeHximi M3 Ta Xo0BYHMX LwWNsxaxX. BiH Takox BMpOO-
nseTbca 3 enitenianbHUX KNiTUH CrM30BOI OGOMOHKM
LUITYHKa, TOBCTOT KMLLIKM Ta MaTKM, @ TAKOX CITMHHUX 3a503.
Ller ByrneBogHM aHTUreH, 3a3Buyan BUKOPUCTOBYETLCSH
SK NyXNMHHWUIA Mapkep npuv paky 3. MigsuweHnii piseHb
CA 19-9 nos’asaHun 3i 3noskicHUMU nyxnuHamu [13,
Wo pobuTb MOro UiHHWMM iHCTPYMEHTOM Yy AiarHoCTuLi
Ta MOHITOPUHrY 3axBOploBaHHS. KpiM 3nosikicHUX HoOBO-
yTBOpeHb, Bigomo, wo CA 19-9 Takox MOxe nigBuLLy-
BaTUCA Npu JobposiKicHMX naHkpeaTobiniapHMX, NeYviHKo-
BUX | NereHeBnX 3aXBOPHOBAHHSX, TUPEOIAUTI, LlyKPOBOMY
niabeTi Ta ayTOIMyHHUX 3aXBOPHOBAHHSAX. TakUM YMHOM,
KNiHILMCTU NOBUHHI ByTn obGepexHumn B iHTepnpeTauii
3HayeHHs nigsuweHHs CA 19-9 y xBopux [16].

KniHi4HOIO KOpPMCTIO ULbOro OOCHIQKEHHA € Te,
wo pieHi TGF-B1 i CA 19-9 y nepegonepauinHomy nepiogi
MOXYTb AaTu LiHHY iHpopMaLito npo npupogy nyxnuH MN3.
AHanisytoun Ui Giomapkepu nepen onepadieto, nikapi
MOXYTb Kpawle aAudepeHLitoBatn [oOposikicHi Ta 3mo-
SKICHI NYXMWMHKW, NPUAMaloYn pilleHHs LWoao MikyBaHHS
Ta MOKpalWeHHs pe3ynbTaTiB  IikyBaHHA MauieHTIB.
KpiMm Toro, BukopucTaHHs LuX Giomapkepie Moxe Oorno-
MOITV Yy paHHbOMY BusiIBrieHHi paky [13, wo mae Bupi-
WanbHe 3HaYeHHst NS 3anovaTkyBaHHSA LUBUAKUX Ta €
peKTUBHMX cTpaTerin nikysaHHs. Xoda TGF-B1 i CA 19-9
€ MepcrnekTMBHMMM nepegonepauiiHumm  Giomapke-
pamu nyxnuH M3, icHytoTb npobnemu, siki NoTpebyroTb
BUpilLEHHN: BapiabGenbHicTb piBHIB GiomapkepiB, npob-
neMu 3 YyTNUBICTIO | CNeundiyvHICTIO, a TakoX HasiBHICTb
nepeLukokaroumnx akTopis, WO MOXYTb BNAMBaTh
Ha TOYHICTb LUMX MapkepiB. [ocnigpkeHHs, Wo cnpamMoBaHi
Ha BOOCKOHaneHHa BukopuctaHHsa TGF-f1 i CA 19-9,
aKi  nepegbayaloTb MOEAHAHHS  PisHUX  Giomapkepis
3 MeTogamu Bidyanisauii Ans nigBULLEHHSA TOYHOCTI diar-
HOCTUKM Ta MOKpaLLeHHs pe3ynbTaTiB NikyBaHHSA naui-
€HTIB, € akTyanbHumMuW. MepenonepadiviHi piBHi Giomap-

response. TGF-f is also involved in many pathological
conditions, including cancer, and has been shown to
regulate many processes, including angiogenesis,
immunosuppression and cell migration. Research on
TGF-B commenced in the 1980s and has been progre-
ssing at a rapid pace since that time [10-12]. Elevated
TGF-B1 levels have been linked to the progression of
pancreatic cancer, due to its influence on gene expre-
ssion and the release of immunosuppressive cytokines.
This makes it a potential indicator of malignancy, as it
enables cancer cell invasion and spread. Additionally,
TGF-B signalling plays a pivotal role in cancer progre-
ssion. Tumour progression is accompanied by the utili-
sation of TGF-B to drive an uncontrolled wound-healing
programme in cancer-related fibroblasts, as well as to
suppress both the adaptive and innate immune systems.
The absence of TGF-B has been demonstrated to
increase the level of inflammation, which in turn leads to
tissue damage and cellular transformation. Among the
related mechanisms, the transforming growth factor beta
pathway has been identified as a significant contributor
to the pathogenesis of pancreatic cancer. The transfor-
ming growth factor beta (TGF-B) signalling pathway
plays a multifunctional role in pancreatic cancer, acting
as both a tumour promoter and a tumour suppressor,
depending on the stage of the tumour and the surroun-
ding microenvironment. It is increasingly recognised
that inflammation plays a pivotal role in cancer progre-
ssion. Chronic pancreatitis is a condition in which
pancreatic stellate cells assume a pivotal role in the
complex progression of fibrosis in the pancreas.
The study of numerous regulatory factors, including
TGF-B, and pathways involved in the activation of
pancreatic stellate cells, is a promising avenue of
research with the potential to identify therapeutic targets
that could alleviate fibrosis in chronic pancreatitis, which
is a significant risk factor for cancer [15].

CA 19-9 is synthesised in the normal pancreatic
parenchyma and biliary tract. Additionally, it is produced
by epithelial cells in the mucous membranes of the
stomach, colon, and uterus, as well as salivary glands.
This carbohydrate antigen is frequently employed as
a tumour marker in the context of pancreatic cancer.
Furthermore, elevated levels of CA 19-9 have been linked
to pancreatic malignancies, making it a valuable diag-
nostic and monitoring tool in the context of this disease.
In addition to malignancies, elevated levels of CA 19-9
have been observed in the context of a range of other
conditions, including benign pancreatic, hepatic and
pulmonary diseases, thyroiditis, diabetes mellitus and
autoimmune diseases. It is therefore imperative that
clinicians exercise caution when interpreting the signi-
ficance of an elevated CA 19-9 in patients [16].

The clinical utility of this study is that preoperative
TGF-p1 and CA 19-9 levels can provide valuable
information about the nature of pancreatic tumours.
The analysis of these biomarkers before surgical inter-
vention enables the differentiation between benign and
malignant tumours, thereby facilitating the formulation of
optimal treatment plans and enhancing patient outcomes.
Furthermore, the utilisation of these biomarkers can
facilitate the early detection of pancreatic cancer, which
is of paramount importance for the prompt and efficacious
implementation of treatment strategies. While TGF-p1
and CA 19-9 are promising preoperative biomarkers
for pancreatic tumours, several challenges remain to
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kepiB TGF-p1 i CA 19-9 maloTb 3HayHW nOTeHLUian
Yy PO3pi3HEHHI [0OPOSIKICHUX i 3MosikicHUX nyxnuH 3.
BukopurcTOBYtOUM AiarHOCTUYHI MOXIMBOCTI Lnx Giomap-
KepiB, KMiHIUMCTM MOXYTb 3asgenerigb BUSIBUTU nato-
norii M3, wWo BpewTi-pewT npuBeae OO0 MNONIMWEHHS
pesynbraTiB nikyBaHHS nauieHTiB. [NpogosxeHHsA gocnia-
XEeHb Ta KMiHiYHa Banigauigs € HeobXigHUMK AN
noganbiworo 3’'acysaHHa poni TGF-f1 ta CA 19-9
y nepegonepauinHin ouiHui nyxnuH N3 Ta nigBuLweHHN
iIXHBbOT KMiHIYHOT KOPUCHOCTI.

MeTta po6oTu — gocniantn Bmict TGF-B1 y cuposartui
KpOBi XBOpUX Ha conigHi Ta KiICTO3Hi HOBOYTBOpeHHSA 13
i OUIHWUTW KNiHIYHE 3Ha4YeHHs LbOro LMTOKIHY pas3oM
i3 CA 19-9 ans piarHocTukM O06posikicHMX Ta 3noskic-
HUX HOBOYTBOPEHb.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Byno npoBedeHo [OCHIOKEHHS PIiBHSA  LUTOKIHY
TGF-1 ta Bmicty CA 19-9 y cuposartui kposi 89 xBo-
pyX pi3HUX BIKOBMX rpyn 3 AOOPOSiKiCHUMU Ta 3nosikic-
H/MW HOBOYTBOpamW MiOLWITYHKOBOI 3ano3u. OTpumaHy
cvpoBaTKy KpoBi 30epiranu B nabopatopii [epxaBHoi
yCTaHoBU «lHCTUTYT MeauyHoi pagionorii Ta OHKOMorii
im. C.IN. Ipurop’eBa HauioHanbHOi akagemii MeguyHuX
Hayk YkpaiHuy». KoHTpombHy rpyny cknanv 3g0poBi
AoHopu Bikom 19-58 pokiB. XBopi Npoxoannu nikyBaHHA
y [epxaBHin yCcTaHOBiI «IHCTUTYT 3aranbHOi Ta HEBia-
knagHoi xipyprii imeHi B.T. 3aviueBa HauioHanbHoi
akagemii MegmyHUX Hayk YkpaiHu»  (gorosip npo
HayKkoBoO-NpakTuyHe  cniBpobiTHMuTBO  Ne05/01-23-H
Big 05 ciyHs 2023 p.) Tta KomyHanbHOro 3aknagy
OXOPOHWM 300p0B’A XapkiBCbKoi obnacHoi pagn «ObnacHa
KniHiyHa nikapHs». [o [ocnigjKeHHs yBiAWMAM  XBOpi
obox craten Bikom 20—74 poku, skmx Byno po3nogineHo
Ha 7 rpyn, 3anexHo Big nartonorii: 12 xsopux Ha [TI
Ta NCeBAOKICTM MigwnyHKoBoi 3anosu, 23 — Ha XI1 Ta
NCceBAOKICTU MiALNYyHKOBOI 3ano3un, 24 — Ha XI1 i3 3a-
nanbHUM YTBOPEHHSAM Yy ToMiBLi MigLWNyHKOBOI 3amnoau,
21 — Ha ycknagHeHwui pak N3, 4 — Ha MYLMHO3HO-KICTO3Hi
Heonna3mmn (mucinous-cystic neoplasms — MCNs),
2 — Ha BHYTPILUHBOMPOTOKOBI NaninsApHi MyLMHO3HiI HOBO-
yTBOpeHHs (infraductal papillary mucinous neoplasms —
IPMNs) Ta 3 — Ha cepo3Hi umcTageHomu (serous cysta-
denoma — SCA), dkux Gyno npoonepoBaHO 3a nepiog
3 2020 no 2024 pp. Kputepismun BKNOYEHHS A0 Aocnia-
XeHHsA Oynn nauieHTM 3 AiarHoCTOBaHMMWM 3a AaHUMM
NPOMEHEBMX METOZIB AOCTIAKEHHSA KICTO3HUMK Ta conia-
HAMK (yCKNagHEeHUMW Ta HeycKnagHEeHUMW) YTBOPEH-
HaMn Oydb-sKkoro Tuny, Aki O6ynu onepoBaHi y nopanb-
LLIOMY: MaHKpeaTW4Hi NCEeBAOKICTM BHACMIAOK XPOHIYHOIO
naHKpeaTuTy (XBOPi Ha NCEBAOKICTM NiOLLTYHKOBOI 3ar03n
Ginbe 5 cm, AKi He 3MEHLLYIOTBCSA Y PO3Mipax MpPOTArom
6 TWKHIB micna Hanagy rocTporo MaHKpeaTuTy); XBOpi
Ha XpOHiYHMI pibpo3HO-AereHepaTUBHUIA NaHKpeaTuTt

be addressed. Firstly, there is considerable variability
in biomarker levels, which can affect the accuracy of
these markers. Secondly, there are sensitivity and
specificity issues, and thirdly, there are many confoun-
ding factors that can affect the accuracy of these markers.
Therefore, studies aimed at improving the use of TGF-1
and CA 19-9, as well as studies that combine different
biomarkers or imaging techniques, are relevant to impro-
ving diagnostic accuracy and patient outcomes.
The preoperative levels of the biomarkers TGF-$1 and
CA 19-9 have significant potential for distinguishing
between benign and malignant pancreatic tumours.
The utilisation of these biomarkers allows clinicians to
enhance the early detection and treatment of pancreatic
pathologies, which will ultimately result in improved
patient outcomes. Further research and clinical validation
are required to gain a deeper understanding of the role
of TGF-B1 and CA 19-9 in the preoperative assessment
of pancreatic tumours and to enhance their clinical utility.

Objective — was to examine the role of transforming
growth factor beta (TGF-B1) in the serum of patients
with solid and cystic pancreatic neoplasms and to
evaluate the clinical significance of this cytokine in
conjunction with carbohydrate antigen 19-9 (CA 19-9)
for the diagnosis of benign and malignant neoplasms.

MATERIALS AND METHODS

A total of 89 patients who had blood samples collec-
ted at diagnosis with a score CA 19-9 for all diseases
were included in the study. Serum TGF-B1 levels were
measured in all subjects. The control group comprised
healthy donors aged between 19 and 58 years.
The patients were treated at two medical facilities: the
State Institution «Institute of General and Emergency
Surgery named after V.T. Zaitsev of the National Academy
of Medical Sciences of Ukraine» (The agreement on
scientific and practical cooperation No. 05/01-23-H dated
January 5, 2023) and the Municipal Health Care Institu-
tion of the Kharkiv Regional Council «Regional Clinical
Hospital». The study included patients of both sexes
aged between 20 and 74 years, who were divided
into seven groups depending on the pathology. A total
of 12 patients with acute pancreatitis and pseudocysts
of the pancreas, 23 with chronic pancreatitis and
pseudocysts of the pancreas, and 24 with chronic
pancreatitis with inflammatory formation in the head
of the pancreas were included in the study. Twenty-one
patients with complicated pancreatic cancer, four with
mucinous-cystic neoplasms (MCNs), two with intraductal
papillary mucinous neoplasms (IPMNs), and three with
serous cystadenomas (SCAs) underwent surgical
intervention between 2020 and 2024. The study included
patients with cystic and solid (complicated and uncom-
plicated) masses of any type diagnosed by radiological
methods and subsequently operated on, following the
established inclusion criteria. Pancreatic pseudocysts
resulting from acute and chronic pancreatitis (patients
with pancreatic pseudocysts exceeding 5 cm in size and
persisting for a minimum of six weeks following an acute
pancreatitis episode); patients with chronic fibrotic
degenerative pancreatitis (with evidence of inflammatory
formation in the head of the pancreas. The study included
patients with visceral lithiasis and calcifications in the
parenchyma, patients with obstruction of the main
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(i3 3ananbHUM yYTBOPEHHSIM Yy roniBui NiALWIyHKOBOI
3ano3u; Ha BipcyHroniTias Ta Kanbuudikati y napeHxiwi;
Ha OOCTpyKUil0O rOnoBHOI MNaHKpeaTU4HOi MPOTOKM);
XBOpPi Ha yCKnagHeHun pak NiglwnyHKOBOI 3ano3u; XBopi
Ha BHYTPILLUHBONPOTOKOBI NaninspHi MyLWUHO3HI HOBOYTBO-
peHHs Ta Ha MYUMHO3HOKICTO3HI Heonnasii 3rigHo
3  MixHapogHUMN  KOHCEHCYCHUMW  pekoMeHaauisiMu
2012 p. [17], a TakOX XBOpi Ha CEPO3HI LUCTaLEHOMMN.
Kpumepismu eukntodeHHss 6ynu: XBopi Ha ConigHi
HEVpPOEHOOKPUHHI  MyXNWHM  NIALUNYHKOBOI  3anosu;
nauieHTn i3 nceBaokiCTaMu NiALINYHKOBOI 3ano3n MeH-
we 5 cMm; xBopi 3 naTonoriel nedviHkM (renatut, UMPO3,
pak), XBOpi Ha CynyTHIO aBTOIMYHHY, OHKOMNOri4YHy narto-
NOrito, 3 BUPAXEHUMW MOPYLUEHHSIMU CEPLEBOrO pUTMY
Ta npoBigHOCTI, 3 rocTpum iHdapkToM Miokapaa abo
iHCYNbLTOM, FOCTPOIO MiBO- YM MPABOLLITYHOYKOBOK HELOC-
TaTHICTIO, XPOHIYHOK cepLeBot HepocTaTtHicTio Il cT.,
CYNyTHIMW NCUXIYHUMU 3aXBOPIOBAHHSAMMU, HAPKOMaHIEHD,
a TaKoX XBOPI, sIKi HEe Aanu 3roau Ha y4acTb Y AOCHIAXEHHI.

AU3aiH AOCAIAXEHHS

MauieHTn 6ynu po3noaineHi Ha 3nosikicHi abo fobpo-
SIKICHI rPyNM Ha OCHOBI LMTOMOFYHOI Ta riCTOMOriYHOI
ouiHKKM 3paskiB ypaxeHb [13, wo 3aranom cknano 7 rpyn
XBOPUX Ha pi3Hi nartonorii (rpynn 1-7). Buyanu BmicT
TGF-B1 ta CA 19-9 y cupoBaTtLi KpoBi BCiX MauieHTIB,
Wwo BiwnM y pocnimkeHHs. Bmict uutokiHy TGF-B1
y cupoBaTuli KpOBi OLiHIOBanM 3a AONOMOrol TecT-
cuctemn «DRG TGF-p1 ELISA» ana imyHodepmeHT-
Horo aHanisy (HimeuyunHa).

CTaTUCTUYHY 3HaYyLlicTb PO30iKHOCTENW Yy PIiBHSAX
TGF-B1 i CA 19-9 Mk ciMmoma rpynamu nauieHTiB
i3 pisHMMKM pgiarHo3amMuM Ta  KOHTPOMbHOK  rpynoto
(rpyna 8), a TakoxX MiX TpboMa rpynamu (KOHTponb /
[obposikicHi / 3nosikicHi HoBoyTBOpeHHs IM3), Bu3Havanu
Ha nigctaBsi kpuTepito Kpackena—Yonnica 3a gosip4yoi
imoBipHOCTi 95%. Ockinbkn B ycix Bunagkax po3bix-
HOCTi BUSIBUNNUCS CTATUCTUYHO 3HAYyLLUMWU, Lie noTpedy-
Bano noganbluMx MONapHUX MiKIPYNOBMX MOPIBHSHb,
siKi Oynu BUKOHAHI 3 BMKOPUCTaHHAM KpuTepito MaHHa—
YiTHi. EdekTy MHOXWHHUX MNOpiBHAHb 3anobiranv 3a
gonomoroto nonpaekn BboHdeppoHi. Onucosa crtaTtuc-
TMKa [JocCnigXyBaHUX MOKa3HMKIB y rpynax HaBegeHa
y sumsagi M + SE (cepegHe 3HayeHHs | cTaHoapTHa
noxunbka cepegHboro), M (95%-[I) (cepedHe 3HayeHHs
i noro 95% posipuun iHTepean) Ta Me [LQ;UQ] (megiaHa
i Mexi MiXkBapTunbHoro iHTepsany). HeobxigHi o64uc-
MEHHs Ha UbOMYy eTani BMKOHyBanmucs y NakeTi
STATISTICA 13 (TIBCO Softwarelnc., USA). OuiHioBaHHSA
giarHoctnyHoi uiHHocTti TGF-B1 Ta CA 19-9 ansa BusHa-
YeHHs1 HasiBHOCTI HoBoyTBopeHb [13, a Takox Aans
aundbepeHuianbHoOT giarHoCTUKM JOBPOSIKICHMX | 3rosikic-
HUX Heonnasm, NpoBoAMnM 3a gonomoroto aHanizy ROC-
kpmBux. OTpumanunm nicna nopiBHAHHA ROC-kpuBmx
yncenbHUM nokasHnk AUC [o3BoOnvMB BCTAHOBUTM, WO
TGF-B1 Ta CA 19-9 matoTb Kpally YyTnuBIiCTb Ta cneum-
ivHiCTb. AK OCHOBHMIA MOKa3HMK SKOCTi OUCKPUMI-
Hauii, WO 3AiNCHIOETLCA Ha OCHOBI 3HA4YeHb TOMO 4un
iHworo Giomapkepa, po3rnsganyM 3HavYeHHs Mo
nig oro ROC-kpuBoto (AUC). OBumcrneHi TodkoBi Ta
iHTepBanbHi ouiHkn AUC ans nBox BGiomapkepiB y KOx-
HOMY 3aBAaHHi [OCMIOXEeHHs TpakTyBanu SIKICHO Ha
nigctaei  iHTepnpeTauiiHOI  WKanu  3anporoHOBaHOI
Corbacioglu $.K. Ta Aksel G. [18]. Kpim Toro, Bu3Hayanu
onTumanbeHi noporosi 3HayeHHs piBHiB TGF-B1 Ta
CA 19-9 y cupoBartLi KpoBi Ans BUSIBNEHHS HAsiBHOCTI

pancreatic duct, patients with complicated pancreatic
cancer, patients with intraductal papillary mucinous
neoplasms and mucinous cystic neoplasms according
to the International Consensus Guidelines 2012 [17],
as well as patients with serous cystadenomas.

The exclusion criteria were as follows: patients
with pancreatic pseudocysts measuring less than 5 cm;
patients with solid neuroendocrine tumours of the
pancreas; patients with pancreatic pseudocysts mea-
suring less than 5 cm; patients with liver pathology
(hepatitis, cirrhosis, cancer), concomitant autoimmune,
oncological pathology, with severe cardiac rhythm and
conduction disorders, with acute myocardial infarction
or stroke, acute left or right ventricular failure, chronic
heart failure of the third degree. Furthermore, patients
with concomitant mental illness, drug addiction, or
failure to obtain consent to participate in the study
were excluded.

The study was designed as follows

The patients were divided into two groups, malignant
and benign, based on the cytological and histological
evaluation of the pancreatic lesions, which resulted in
a total of seven groups of patients with different patho-
logies (groups 1-7). TGF-B1 and CA 19-9 levels were
quantified in the serum of each patient. The concentration
of the transforming growth factor-beta 1 (TGF-p1) cytokine
in the blood serum was determined using the DRG
TGF-B1 enzyme-linked immunosorbent assay (ELISA)
test system (Germany). These studies were conducted at
the State of Organization «Grigoriev Institute for Medical
Radiology and Oncology of the National Academy of
Medical Sciences of Ukraine» (Kharkiv, Ukraine) on the
basis of the agreement on scientific and practical
cooperation No. 08/01-23-H dated January 5, 2023.

The statistical significance of the differences in
TGF-B1 and CA 19-9 levels between the seven groups of
patients with different diagnoses and the control group,
as well as between the three groups (control / benign /
malignant pancreatic neoplasms), was determined
based on the Kruskal-Wallis test at 95% confidence
probability. Given that the differences were statistically
significant in all cases, further pairwise intergroup
comparisons were required. These were performed using
the Mann-Whitney test. The effect of multiple compa-
risons was prevented through the application of the
Bonferroni correction. The descriptive statistics of the
parameters under study in the groups are presented as
follows: mean * standard error of the mean (M = SE),
mean * 95% confidence interval (M [95% CI]), and
median [lower quartile (LQ); upper quartile (UQ)].
The requisite calculations were conducted using
STATISTICA 13 (TIBCO Software Inc., USA). The diag-
nostic value of TGF-f1 and CA 19-9 for the detection
of pancreatic neoplasms, as well as for the differential
diagnosis of benign and malignant neoplasms, was
evaluated through the analysis of receiver operating
characteristic (ROC) curves. The area under the ROC
curve (AUC) was regarded as the primary indicator of
the quality of discrimination based on the values of
a biomarker. The calculated point and interval AUC
estimates for the two biomarkers in each study task were
interpreted qualitatively following the interpretation scale
proposed by Corbacioglu S$.K. and Aksel G. [18].
Furthermore, the optimal threshold values of TGF-1 and

OpuwuriHanbHi 4oCnigpKeHHSs

434

Original research



YKpaiHCbKWI pafionoriyHniA Ta OHKONOTiYHWA XXypHar. 2024. T. 32. Ne 4. C. 428-447
Ukrainian journal of radiology and oncology. 2024;32(4):428—447

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

Heonnasmu 13, i gna audepeHuiauii HOBOYTBOpPEHb
3a ix Bungom. ROC aHanis npoBoguecs 3a A0MOMOrO
oHnamH iHcTpymeHTiB Easy ROC 1.3.1 (Erciyes-
University, Turkey).

[ocnigXeHHss npoBedeHO BIONOBIOHO OO0 E€TUYHUX
craHgapTiB  lenbciHCcbKOi  geknapauii  BcecBiTHbOI
MeOMYHOI acouiauii Npo eTU4YHi NPUHUMNN NPOBEAEHHS
HayKoOBUX MELUYHUX [OOCHiAKEHb 3a Yy4acTi NIOAWMHU
(1964-2008 pp.), OupekTuBM EBPOMENCLKOrO TOBa-
puctea 86/609 npo y4acTb niogen y Meguko-6ionoriyHmnx
OOCriXKeHHAX, a Takox Hakady MiHictepcTBa OXOpOHU
3popoB’s Ykpainn Ne 690 Big 23.09.2009 p. [ocnigXeHHs
npoBeaeHHi noa koHTponem Kowmicii 3 GioeTuku.

PE3YABTATU TA iX OBrOBOPEHHS

Yci xBopi, 3anydveHi 0O [ocnimxkeHHs, Oynu npo-
onepoBaHi. BuxigHi goonepauiiHi napameTpu OOCRigxXy-
BaHMX XBOPMX MofaHo y Tabnuui 1. Yci rpynu naujieHTiB
CTATUCTMYHO He BIApPI3HANUCS 3a NOKa3HMKaMW HasiB-
HocTi y Hux 6onto (p = 0,822) Ta uykposoro aiabety
(p = 0,616), Toai Ak 3a BikOM, CTaTTTIO, IHAEKCOM Macu
Tina (IMT) Ta HasiBHICTIO >OBTSIHMLi cnocTtepiranuce
CYTTEBi, CTATUCTUYHO 3HadyLli BigMiHHOCTI (KpuTepil
Kpackena—Yonnica, MaHHa-YiTHi, p < 0,01). Mpn ubomy
XoBTAHMUA Oyna y 100% xBopux Ha pak M3, wo no-
TpebyBano y 85,7% XBOpPUX BCTAHOBMEHHS XOBYHOIO
OpeHaxy nepeq onepauieto. HesagoBinbHWIA  HYTpU-
TMBHUIA CTaH XBOpUX A0 onepadii notpebysaB nepepn-
onepauinHoi HyTpuTMBHOI nigTpumkm y 54 (60,7%)
3 89 xBopwux. [NepegonepadiiHa NyHKLis COnigHOro HOBO-
YTBOPEHHA Ta [OpEeHyBaHHS KiCT Oynu  BWKOHaHI
y 58 (65,2%) xBopuX.

Ak Bigomo, ByrneBogHuin aHTureH CA 19-9 Ta UMTOKIH
TGF-B1 € Giomapkepamu Ta iHAMKaTOpamMu Mpu PisHMX
3axBoptoBaHHAX 13, iX piBHi 3Ha4YHO Bigpi3HAOTLCSA NpKU
NOpPIBHSAHHI 3 pedepeHTHUMKN 3HAYEHHSIMU LUX MNOKas-
HYKIB, LLIO 1 NiATBEPAMNM OTPMMaHi Hamu aaHi (puc. 1).

PiBeHb TGF-B1 crtaTMCTU4YHO 3HauYyLlO Bigpi3HABCA
npu Bcix Bugax nartonorii M3 3a kputepiem Kpackena—
Yonnica (KW H(7,104)=80,821, p<0,001), ane, sk cBia-
yaTb fdaHi HaBegeHi y Tabnuui 2, Npu NapHUX NOpPIBHSIH-
HAX 3a KpuTepiem MaHHa-YiTHi 3Hauylli BigMIHHOCTI
Oynn Mixk piBHEM LbOrO NMOKasHMKa y XBopux Ha pak 13
(rpyna 3) Ta ycima iHWKXMK NaTosnoriiMn Ta KOHTPOremM,
3a BUHATKOM Maui€eHTIiB i3 MYUMHO3HUMU 3M0SKICHUMMN
HoBoyTBOpeHHsiMM M3 (rpynu 5, 6), ane KinbKicTb XBOpKX
y umx rpynax 6yna mana (BignoBsigHo, n = 2 Ta n = 4).
MpoTte, cepen ycix rpyn 3i 3MOSKICHUMU HOBOYTBOpPEH-
Hamu T3 HavBuwi 3HadveHHs TGF-B1 cnocrtepiranuca
came nNpv MyLMHO3HO-KICTO3HVX HOBOYTBOPEHHSIX (Tabn. 2,
puc. 1, rpynu 5 Ta 6). insa y3aranbHEHHs1 AaHUX, NaLieHTIB
i3 HoBOyTBOpeHHAMM 13 06’eaHanu y ABi rpynu, 3anexHo
Bi4 3nosikicHOCTI/no6posiKicHOCTi HOBOYTBOpEHb. bByno
BUSIBNIEHO CTaTUCTUYHO 3Hadylle BULUMIA piBEHb MoKas-
HukiB TGF-B1 i CA 19-9 npu 3nosiKicCHUX HOBOYTBOPEH-
HsIX, NMOPIBHAHO 3 [OBOPOSIKICHNMM, 1 000X rpyn NaLieHTIB,
nopiBHsHo 3 koHTponem (KW H (2,104) = 74,620,
p < 0,001, Tabn. 3, puc. 3).

CA 19-9 levels in the blood serum were identified for
the detection of prostate neoplasms and the differen-
tiation of neoplasms by their type. In seeking a threshold
value, the objective was to identify the point that
would achieve the highest possible specificity and
sensitivity of discrimination. The ROC analysis was
conducted using the online tool EasyROC 1.3.1, deve-
loped by Erciyes University in Turkey.

The study was conducted following the ethical
standards outlined in the World Medical Association
Declaration of Helsinki on the Ethical Principles for
Scientific Medical Research Involving Human Subjects
(1964—-2008), the European Society Directive 86/609
on the participation of human subjects in biomedical
research, and Order of the Ministry of Health of Ukraine
Ne 690 of 23/09/2009. The patients provided informed
consent to participate in the study, which was appro-
ved by the Bioethics Committee of Kharkiv National
Medical University of the Ministry of Health of Ukraine.

RESULTS AND DISCUSSION

All  patients included in the study underwent
surgery. The baseline preoperative parameters of the
patients under study are presented in Table 1. No statis-
tically significant differences were observed between
the groups of patients in terms of pain (p = 0.822) and
diabetes mellitus (p = 0.616). However, significant
differences were noted in the following variables: age,
sex, BMI and jaundice (Kruskal-Wallis, Mann—-Whitney
tests, p < 0.01). In this case, all patients with pancreatic
cancer exhibited jaundice, necessitating biliary drainage
in 85.7% of patients before surgery. The suboptimal
nutritional status of the patients before surgery nece-
ssitated the provision of preoperative nutritional support
in 54 (60.7%) of the 89 patients. In 58 patients (65.2%),
a preoperative puncture of a solid tumour or drainage
of cysts was performed.

It is established that the carbohydrate antigen
CA 19-9 and the cytokine TGF-B1 are biomarkers and
indicators in a range of pancreatic diseases. Our data
(Fig. 1) substantiate that these levels diverge consi-
derably from the reference values of these indicators.

The level of TGF-p1 exhibited a statistically signi-
ficant divergence across all forms of pancreatic
pathology, as evidenced by the Kruskal-Wallis test
(KW H (7,104)=80.821, p<0.001), as demonstrated
in Table 2, significant discrepancies were identified
in the levels of this indicator between patients with
pancreatic cancer (Group 3) and all other pathologies
and controls, except patients with mucinous malignant
neoplasms of the gland (Groups 5 and 6). However,
the number of patients in these groups was limited
(n = 2 and n = 4, respectively). However, the highest
TGF-pB1 values were observed among all groups with
pancreatic malignancies in mucinous cystic neoplasms
(Table 2, Fig. 1, groups 5 and 6). Upon summarising
the data and combining patients with pancreatic neo-
plasms into two groups based on the malignancy/
benignity of the neoplasms, a statistically significant
elevation in TGF-B1 and CA 19-9 levels was observed
in malignant neoplasms relative to benign ones, and
in both patient groups in comparison to controls
(KW H (2.104) = 74.620, p < 0.001, Table 3, Fig. 3).
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Ta6nuus 1. BuxigHi xapaktepuctuku nauieHTiB go onepadii (n = 89)
Table 1. Baseline characteristics of patients before surgery (n = 89)

Martonorisi nigwnyHkoBoi 3ano3u / Pancreatic pathology
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(n=12) | (n=23) (n=24) (n=21) (n=4) (n=2) (n=3)
Bik (poku), megiaHa (IQR) 50 55 59 56 45 61 60 0000
Age (years), median (IQR) [32-74] | [41-71] [49-73] [44-78] [20-61] [46-69] [49-71] ’
Yonogiku / Men, (%) 9(75) [21(91,3)| 22(91,7) 11 (52,4) 1(25) 1(50) 1(33,3) 0000
XKinku / Women, (%) 3(25) | 12(8,7) 2(8.3) 10 (47,6) 3 (75) 1(50) 2 (66,7) ’
IMT kr/m2, megiaHa (IQR) 23 26 21 22 26 24 25 0.000
BMI kg/m?, median (IQR) [22-46] | [21-32] [16-28] [21-29] [23-28] [22-34] [23-29] ’
Knac IMT / BMI class, n (%):
s oy | oo | ady | wse | 0 0 0
Underweight (<18.5 kg/m?) ’ ’ ’ ’
2. HopmanbHa macca Tina
(18,5-24,9 kr/m?2) 3 5 14 11 3 1 1
Normal weight (25) (21,7) (58,3) (52,4) (75) (50) (33,3) NA
(18.5-24.9 kg/m?)
;0‘2-50_ Tza;gm:s"e"?)owpmmm (560) (413) (824) (417) (215) 0 (eg 7)
Pre-obesity (25-29.9 kg/m?) ’ ’ ’ ’
4. OXupiHHA 5 1 1
(30 kr/m? abo binbLue) 0 0 0 0
Obesity (30 kg/m? or more) (16,7) (4.3) (50)
LlykpoBuii gia6er, n (%) 3 1 16 12 1 1 1 0616
Diabetes mellitus, n (%) (25) (47,8) (66,7) (57,1) (25) (50) (33,3) ’
Binb, n (%) 12 23 24 15 2 1 3 0822
Pain, n (%) (100) (100) (100) (71,4) (50) (50) (100) ’
XKostaHunug, n (%) 2 8 7 21
Jaundice, n (%) 167) | (348 (29,2) (100) 0 0 0 0,006
[MepenonepauinHumn XXOBYHUI
apexax, n (%) 2 18
Preoperative biliary 0 0 (8,3) (85,7) 0 0 0 0,000
drainage, n (%)
MepenonepauinHi
MYHKLiS/ApeHyBaHHS KicT, n (%) 12 23 9 14
Preoperative 100y | (100) (37.5) (66.7) 0 0 0 0,025
puncture/drainage of cysts, n (%)
Mepenonepauiina
HYTPWUTUBHA MIATPUMKA, N (%) 12 14 8 20 0 0 0 0018
Pre-operative nutritional (100) (60,9) (33,3) (95,2) ’
support, n (%)
XipypriuHe nikyBaHHs, n (%) 12 23 24 21 4 2 3 NA
Surgical treatment, n (%) (100) (100) (100) (100) (100) (100) (100)

lMpumimka: NA — He 3aCTOCOBYETLCA
Notes: BMI — Body mass index; NA — not applicable

Bigomo, wo CA 19-9 dyHkuioHye sk Oiomapkep,
npeaukTop i NnpomoTop. 3aranom, AaHi Haworo gocnig-
KEHHS NiATBEPOXKYOTb HAsBHICTb CTAaTUCTUYHO 3HAYYLLOT
pisHmui y pieHi CA 19-9 gk Mk gocnigXyBaHuMK Buaa-
mu natonorin N3 (KW H (7,104) = 82,416, p < 0,0001), Tak
i MPW MOPIBHAHHI AOOPOSIKICHNX | 3NOSIKICHNX HOBOYTBO-

CA 19-9 is recognised as a biomarker, predictor and
promoter. The data from our study corroborate the
existence of a statistically significant discrepancy in the
concentration of CA 19-9 between the seven categories
of pancreatic pathology (KWH (7.104)=82.416,p <0.0001)
and when contrasting benign and malignant neoplasms
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peHb (KW H (2,104) = 78,588, p < 0,0001, Tabn. 3, puc. 3).
PiBeHb Lboro Giomapkepa y cMpoBaTLi KpOBi, SIK i piBEHb
TGF-B1, 3poctaB npu HasBHOCTI HOBOYTBOpeHb [13,
i 6yB 3HauyLLe BULLMM NPU 3MOSIKICHUX HOBOYTBOPEHHSIX,
NopiBHSAHO 3 OOPOSIKICHUMMU.

(KW H (2,104) = 78.588, p < 0.0001; Table 3, Fig. 3).
The concentration of this biomarker in the blood serum,
along with that of TGF-p1, was elevated in the presence
of pancreatic neoplasms, with a significantly higher level
observed in malignant neoplasms relative to benign ones.
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Puc 1. PiBHi TGF-B1 i CA 19-9 y cupoBaTLi KpoBi XBOPYX i3 Pi3HOI NaTONOrieto MiALLMTYHKOBOI 3anosu (rpynu 1-7)
[0 onepadii Ta y rpyni KOHTponto (rpyna 8)
Fig. 1. Levels of TGF-B1 and CA 19-9 in the blood serum of patients with various pancreatic pathologies (groups 1-7)
before surgery and in the control group (group 8)

Ta6nuus 2. PisHi TGF-B1 1a CA 19-9 y cupoBaTLi KpOBi XBOPWX i3 pi3HO NaTOMNOrIE MiALLMTYHKOBOI 3ar03u
[0 onepadii Ta y rpyni KOHTpOro
Table 2. Serum levels of TGF-B1 and CA 19-9 in patients with various pancreatic pathologies before surgery and in the control group

TGF-p1, vr/mn /[ TGF-B1, ng/ml CA19-9, Op/mn /[ CA19-9, U/ml
CratuctuyHa CratmuctuyHa
) 3HauvyLWiCTb 3HauvyLWiCTb
I'pyna AocnimkeHHs Onucosa po36ikHOCTEN Onucosa po36GixkHOCTEM
The research group cTatucTuka* MiX rpynamm** craTucTuka* Mi>X rpynamm**
Descriptive statistics* | Statistical significance | Descriptive statistics* | Statistical significance
of differences of differences
between groups** between groups**
1 2 3 4 5 6
. =0.497438 =0.027914
locTpun naHkpeaTnT, 76.17x3.77 Ez=5.6367><10—9 5.75%1.46 Ez=5-6357"10'9
rocTpa ncesfokicTa p.=0.128100 p,=0.007907
4 | mimwnyHkosoi sanosn 76.17 4=0 021978 5.75 4=0 021978
Acute pancreatitis, acute (67.86,84.47) E5=0'001099 (2.53;8.97) E5=0'001099
E):::Sfcyst of the pancreas 75.65 pj=0.030769 5.00 pj=0.364835
[68.05;85.65] p,=1.1505x10~ [2.00;6.50] p,=5.1772x10°
XPOHIYHUIN NaHKpeaTwT, 73.56+1.34 Eig'gg;gi?ms 8.2610.88 Eig'gg;gl‘:o%
XpOHiYHa ncesaokicTa 3=O'050883 3=0.056297
5 | niawnyHkosoi sanosm 73.56 p4=0'006667 8.26 p4=0.006667
Chronic pancreatitis, chronic (70.77;76.34) §5=0'000114 (6.43;10.09) E5=0'000114
pafzcgeatlc pseudocyst 72.80 p,=0.000769 8.00 p,=0.820769
(n=23) [67.60:77.60] p=1.2927x10- [6.00;11.00] p,=1.2927x107"°
p,=5.6367x10-° p,=5.6367x10-°
Pak nigLinyHkosoi 3anosm eatToe p;=9.9873x107 noe P
, | s ety T [poseono
Pancreatic cancer (head) (122.641154.24) | P es (67.25:88.85) | oo e
- 6 ! 6 ’
(n=21) 124.80 p,=0.000988 58.00 p,=0.000988
[112.60;158.50] p,=3.5920x10-"0 [46.00;88.00] p,=3.5920x107"
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MpogoexeHHs Tabnuui 2
Continuation of table 2

1 2 3 4 5 6
XpOHiIYHMIA NaHKpeaTut p,=0.128100 p,=0.007907
i3 3aNanbHIM YTBOPEHHAM B 91.525:6.01 p,=0.050883 12.125¢1.57 p,=0.056297
roniBuji NigLWLNyHKOBOT 3aM03u 91.525 p,=3.766x10~ 12.125 p,=5.2999x10"
with inflammatory formation - p,=0.000098 - p,=0.000098
in the head of the pancreas 87.60 p,=0.004786 12.00 p,=0.393162
(n=24) [66.25;106.50] p,=7.9552x10" [5.50;15.00] p,=7.9552x10"
BHyTpilHbONpOTOKOBA 4 20+10.7 p,=0.021978 1.00+7 p,=0.021978
Heonnasis (MyLMHO3HUI 334.20+10.70 p,=0.006667 51.007.00 p,=0.006667
pak) NiaLWnyHKOBOI 3anoaun 334.20 p,=0.007905 51.00 p,=0.442688
5 | Intraductal neoplasia (198.24:470.16) p,=0.006154 (~37.94:139.94) p,=0.006154
(mucinous cancer) p,=0.133333 p,=1.000000
of the pancreas 334.20 p,=0.200000 51.00 p,=0.200000
(n=2) [323.50;419.55] p,=0.014706 [44.00;58.00] p,=0.014706
MyUMHO3HO-KICTO3HE p,=0.001099 p,=0.001099
HOBOYTBOPEHHS 401.05212.96 p,=0.000114 52.00£6.77 p,=0.000114
nigWwnyHKOBOI 3a1o3un 401.05 p,=0.000158 52 00 p,=0.295178
6 | (3nosikicHe) y p,=0.000098 . p,=0.000098
Mucinous cystic neoplasm (359.82,442.28) p,=0.133333 (30.45;73.55) p,=1.000000
of the pancreas (malignant) 395.15 p,=0.057143 50.50 p,=0.057143
(n=4) [382.55;419.55] | p =0.000516 [41.50;62.50] p,=0.000516
=0.030769 =0.364835
49.60+9. Py 33+3.1 Py
CeposHa umMctoageHoma 9.60£9.30 p,=0.000769 8.33£3.18 p,=0.820769
NiALLMYHKOBOI 3arno3n 49.60 p,=0.000988 8.33 p,=0.000988
7 | Serous cystoadenoma (9.57;89.63) p,=0.004786 (~5.35;22.01) p,=0.393162
of the pancreas . p,=0.200000 ‘ p,=0.200000
(n=3) 56.40 p,=0.057143 11.00 p=0.057143
[31.20;61.20] p,=0.002451 [2.00;12.00] p,=0.002451
= -7 = -6
6.23+0.70 g;] ;gg?:}gm 0.51£0.13 E;‘:";g;gﬂgm
2 . 2 °
KoHTpornb 6.23 p,=3.5920x10-"° 051 p,=3.5920x10-"°
" = —11 R = —11
o | o wrivry _|pssseeo CEASEI ot
- 5 or 5 or
6.40 p,=0.000516 0.50 p,=0.000516
[3.40;8.60] p,=0.002451 [0.00;1.00] p,=0.002451

Mpumimka: *OnncoBa cTaTMCTUKa NMOKa3HWKIB B rpynax HagaHa y surnsaai M+SE, M (95% Cl) ta Me [LQ; UQY];

**p, — piBEHb NOMUIKM | pody MOPIBHAHO 3 KOHTPOMLHOK IPYMot; P, , — PiBEHb MOMWUITKK | pody MOPIBHAHO 3 rpynamu XBOpwX,
WO A[OoChiaXyBanncb (BMCHOBOK MPO CTaTUCTUYHY 3HauyLLiCTb pO3BiKHOCTEW Mk rpynamuv pobuBca Ha niactaBi Kputepito
MaHHa-YiTHi 3 BUKOpUCTaHHAM nonpaBkn BoHdeppoHi Ha MHOXWHHICTb, To6To Npu p<0.05/28~0.001785714).

Note: *“Descriptive statistics of indicators in the groups are presented in the form of M+SE, M (95% CI) and Me [LQ; UQ];

**p, — type | error when compared to the control group; p, , — type | error when compared to the groups of patients studied;
(the conclusion about the statistical significance of differences between the groups was made on the basis of the
Mann-Whitney test using the Bonferroni correction for multiplicity, i.e. at p<0.05/28~0.001785714).
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Puc. 2. PiBHi TGF-B1 y cupoBaTLi KpoBi 40 onepalLiii XBOpyX i3 3rMosiKicHUMK Ta A06POSAKICHAMN HOBOYTBOPEHHSAMM
y NigLWINyHKOBIV 3ano3i Ta y rpyni KOHTPOmo
Fig. 2. Serum TGF-B1 levels in patients with malignant and benign pancreatic neoplasms before surgery and in the control group
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Ta6nuus 3. PiHi TGF-B1 1a CA 19-9 y cupoBaTLi KpoBi naLieHTIB

i3 106POSIKICHMMM Ta 3MOSIKICHUMU HOBOYTBOPEHHSIMU NiALLNYHKOBOT 3aro3u 4o onepaldii Ta y rpyni KOHTponto
Table 3. Serum levels of TGF-$1 and CA 19-9 in patients
with benign and malignant pancreatic neoplasms before surgery and in the control group

TGF-B1, Hr/mn CA 19-9, Og/mn
TGF-B1, ng/ml CA 19-9, U/ml
pyna focnigxeHHs OnucoBa CTaTnctuyHa 3HauvyLLicTb OnucoBa CraTucTuyHa 3HauyLLiCTb
The research group ctatucTMka® | poaBixkHocTen Mix rpynamun™ | cratuctuka®* | posBikHOCTEi Mix rpynamm™*
Descriptive Statistical significance of Descriptive Statistical significance of
statistics™® differences between groups** statistics® differences between groups**
[06posiKiCHi HOBOYTBOPEHHS 79.86+2.83 9.27+0.81
NiALWNYyHKOBOI 3a5103u 79.86 0.=1.8309x10-"2 9.27 p.=7.9185x10-
Benign neoplasms (74.20;85.52) p2=2.2943x1079 (7.66;10.89) p2=3.7865><10*9
of the pancreas 74.85 « 8.00 «
(n=62) [67.20;86.90] [5.00;12.00]
3n0AKICHI HOBOYTBOPEHHS! 191.85+20.74 68.306.19
niALLINyHKOBOI 3an03u 191.85 _ 12 68.30 _ 4
) . p,=1.8309x10 : p,=7.9185x10
Malignant neoplasms (149.23;234.47) p1=1 1417107 (55.58;81.02) p1=1 1007%10-7
of the pancreas 138.70 « 56.00 «
(n=27) [114.80;211.50] [45.00;78.00]
6.23+0.70 0.51+0.13
KoHTponb 6.23 0.51
: p,=1.1417x107 ) p,=1.1007x107
Co_ntrol (4.72;7.73) p.=2.2043x10" (0.24;0.79) P =3.7865x10"
(n=15) 6.40 0.50
[3.40;8.60] [0.00;1.00]

lMpumimka: *OnucoBa cTaTUCTMKa NOKa3HUKIB y rpynax HagaHa y surnsgi M+SE, M (95% Cl) ta Me [LQ; UQ];

**p, — piBeHb NoXubkK | poay Npu NOPIBHAHHI 3 FPYNOI0 KOHTPOIIO; P, — PiBEHb NOXMOKM | pody NPy NOPIBHAHHI 3 rPYNoto AO6POAKICHMX
HOBOYTBOPEHb; P, — PiBeHb MOXMOKM | pody Npu MOPIBHAHHI 3 rPYNO0 3MOAKICHUX HOBOYTBOPEHb (BWCHOBOK MPO CTaTUCTUYHY
3HauyLLicTb po3biXHOCTE MiX rpynamum pobuBcst Ha nigctasi kpuTepito MaHHa—YiTHI 3 BMKOPUCTaHHAM nonpasku BoHdeppoHi
Ha MHOXWHHIiCTb, To6TO npu p<0.05/3=0.01666...)

Note: *Descriptive statistics of indicators in the groups are given as M+SE, M (95% Cl) and Me [LQ; UQ];

**p, — level of type | error compared to the control group; p, — level of type | error compared to the benign tumour group; p, — level
of type | error compared to the malignant tumour group (the conclusion about the statistical significance of differences between
groups was made on the basis of the Mann—Whitney test using the Bonferroni correction for multiplicity that is at p<0.05/3=0.01666...)
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Puc. 3. PiBHi CA 19-9 y cupoBarui KpoBi NaLieHTiB i3 JOOPOSKICHUMM Ta 3NOSKICHMMW HOBOYTBOPEHHSIMM NiALWIYHKOBOI 3arno3v 4o
onepauii Ta y rpyni KOHTPOso
Fig. 3. Serum CA 19-9 levels in patients with benign and malignant pancreatic neoplasms before surgery and in the control group

Cnig Big3Hauntyk, wo piBeHb CA 19-9 6yB HMXKUUM
B YMOBaX pO3BWTKY FOCTPOro Ta XPOHIYHOrO NaHKpeaTuty,
a TakoX MNpu CEepOo3Hiln uuctoageHomi (rpynu 1, 2, 7), Hix
y XBOpuX Ha pak 3 Ta 3noskicHi MyuMHO3Hi HOBOYTBO-
peHHst (rpynun 3, 5, 6). Taka TeHOeHLia crnocTepiranacb
i Npu gocnigxeHHi untokivy TGF-B1 (Tabn. 3).

Itis noteworthy that the level of CA 19-9 was observed to
be lower in the context of acute and chronic pancreatitis,
as well as in serous cystadenoma (groups 1, 2, 7), in com-
parison to patients with pancreatic cancer and malignant
mucinous neoplasms (groups 3, 5, 6). A similar trend was
observed in the study of the cytokine TGF-p1 (Table 3).
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O6uaBa Giomapkepy NPOAEMOHCTPYBanNM BiAMIHHY
OUCKpUMIHaUINHY 34aTHICTb Ans  yCiX 3aBAaHb, LWO
posrnaganucsa (tabn. 4). Akwo cnMpatucs Ha 3Ha4YeHHs
nnowi nig ROC-kpuBMMKM £IK Ha Mipy AiarHOCTUYHOT
LiHHOCTI nokasHukiB, To Tpeba BM3HATH, IO Ha BUKOPUC-
TaHih y JocnigkeHHi BMOIpLi nauieHTiB, AiarHOCTUYHA
uiHHictb TGF-B1 i CA 19-9 6yna ogHakoBOw i nNpu Bu-
3Ha4yeHHi HasBHOCTI/BiACYTHOCTI HoBOYyTBOpeHb M3, i ansa
PO3pi3HEHHS1 3MosKiICHUX Ta [0OpOosiKiCHMX Heonnasm,
i ana gudpepeHuiadii Xl Big paky 4n Big MYyLMHO3HMX
NyXnuH Uboro opraHa, ockinekn AUC ans ABox nokas-
HUKIB CTaTUCTUYHO 3Hayylle He BigpisHsnucsa (tabn. 4).
3a paHumun ROC-aHanisy BcTaHOBMEeHe noporose
3HayeHHss TGF-B1 31,2 wr/mn Ta 6Ginbwe i CA 19-9
He MeHwe 2,0 Oag/mn. Hameuwi cneumdiyHicTb i yyT-
nMBICTb BUSBNEHHS HoBOyTBOpeHb [13 pgocsaranucs
npyv BUKOPUCTaHHI 3 Uietlo MeToo piBHA TGF-B1:
iX ToukOBi OUiHKM Ha BuMOBIpUi [OCMiAKEHHS CcTaHo-
Bunn 100% 3 HwxHIMKM Mexamu 95%-aoBipunx iHTep-
BaniB 78,2% pna cneuudivHocTi Ta 95,9% Ana uyt-
nuBocTi (Tabn. 4).

The two biomarkers exhibited excellent discrimina-
tory capacity for all tasks (Table 4). If we consider the area
under the ROC curves as a measure of the diagnostic
value of the indicators, it can be stated that in the
sample of patients used in the study, the diagnostic value
of TGF-p1 and CA 19-9 was identical in determining
the presence or absence of pancreatic neoplasms, and
for distinguishing between malignant and benign neo-
plasms, and for discriminating chronic pancreatitis from
cancer or mucinous tumours of this organ. This is be-
cause the AUCs for the two indicators were not statisti-
cally significantly different (Table 4). In this case, the
optimal value for determining the presence of pancreatic
neoplasms in general is 31.2 ng/ml or more of TGF-31
and a CA 19-9 level of at least 2.0 U/ml. The highest
specificity and sensitivity for detecting pancreatic
neoplasms were achieved when using TGF-B1 levels
for this purpose. The point estimates in the study
sample were 100% for both specificity and sensitivity,
with lower limits of 95% confidence intervals of 78.2%
for specificity and 95.9% for sensitivity (Table 4).

Tabnuus 4. Peayneratu aHanisy ROC kpusux piBHiB TGF-B1 1a CA 19-9 y cupoBaTLi kpoBi naLieHTiB

i3 HOBOYTBOPEHHSIMU NiALLNYHKOBOI 321031 40 onepauii Ans BU3HAYEHHs AiarHOCTUYHOI LiHHOCTI Giomapkepis
Table 4. Results of the analysis of ROC curves of TGF-$1 and CA 19-9 levels in the blood serum of patients

with pancreatic neoplasms before surgery to determine the diagnostic value of biomarkers

XapakTtepuctuku CratuctuyHa
AKOCTi 3HauvyLWiCTb
OVCKpUMIHaLji po36ixHOCTEN
Ta oNTUManbHUN mixx AUC
3aBaaHHs Ipadikn ROC-kpmBmx nopir TGF-B1, Hr/mn CA19-9, Og/mn | The statistical
Objectives ROC curve plots Ehe quality TGF-B1, ng/ml CA 19-9, U/ml | significance of
characteristics the differences
of discrimination between the
and the optimal area under the
threshold curves (AUC)
1 2 3 4 5 6
- 1 AUC 1.00 0.99476 Z=1.2277,
=g (0.9651517; —) (0.955;0.999991) | p=0.2195>0.05
% 8w N noporose
= S E
oz 984 3Ha4YeHHs 31.2 2.0
€3 o S threshold
a = Q5 o
st 22 " YyTnmBicTb
Iz =5 sensitivit 100.00 97.80
%3 _g"g a (%) y (95.90; —) (92.10;99.70)
) 8 c g A TRE
T - s E o . —
22855 ' CrIeLUMINHICTL 100.00 100.00
tacgo % M4 B M W | spacificty (78.20; —) (78.20; —)
nES8AQ% (%) e e
. 2 § " AUC 0.97192 1.00 Z=1.8541,
T &5 = (0.9128;0.99531) (0.9593991; —) | p=0.0637>0.05
8 55| °
58 5o : noporoee
33T e - 3HaYeHHs 109.8 36.0
eS8 RE 5 = threshold
% x 35 g - YyTNUBICTb
55553 syensitivit 92.60 100.00
g58% 2 oy (75.70:99.10) (87.20; —)
SE¥ca = Ay (%)
S0 X>F€E o - s A igHi
S8EE5 PR ———x" | cneundiduict, 93.50 100.00
°gad% S = | specificity (84.30;98.20) (94.20; —)
303 (%) RS -
OpuwuriHanbHi 4oCnigpKeHHSs 440 Original research




YKpaiHCbKWI pafionoriyHniA Ta OHKONOTiYHWA XXypHar. 2024. T. 32. Ne 4. C. 428-447

Ukrainian journal of radiology and oncology. 2024;32(4):428—447

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

MpogoexeHHs Tabnuui 4
Continuation of table 4

1 2 3 4 5 6
§ - AUC 0.95652 1.00 Z=1.8881,
g S (0.911388;1.001655) (1.00;1.00) p=0.0590>0.05
S © -
° S % noporose
S _<52|¢ = 3HaYEHHS! 109.8 36.0
sggec|i threshold
E e :
o g @ .
SEoSE| . ”Sf:s":ﬁll‘fgyb 91.30 100.00
= >R E - ; ;—
% E éﬁ é ) aams (%) (72.00;98.90) (85.20; —)
53 % 59 " : Y TR cneumdiyHicTb
= % 3£ ¢ ol Lo specificity 91.50 100.00
%] o . F—
£ 'E[E g o (%) (79.60;97.60) (92.50; —)
(2]
5 1.00 1.00 =—
S wn ’
2 = - AUC (1.00;1.00) (1.00;1.00) p= —
e 2
£ 83| .
e 3
5 28 ) noporose
£8 Sals= . 3HAYEHHS 323.5 38.0
s ES|: threshold
% L c c & =
sz &2 .
se 25| = il 100.00 100.00
s 2. o sensitivity (54.10; —) (54.10; —)
s o © - o7 oo (%) e o
x @ >EQ a —
% osg o8 ] o o T T
0525 ) o cneumdidHicTb
s 2o 1paciicny . 100.00 100.00
Eoco specificity
R (92.50; —) (92.50; —)
ocXg 22 (%) ' ’
o Ec0Oo

lNMpumimka: [N XapakTepUCTUK SKOCTi AMCKPUMIHALIT HaBedeHo iX TOYKOBI ouiHkM Ta (95% [l);
OoNnTUManbHWI NOPIr BU3Ha4aBCH 3a KpUTEPIEM OAHOYACHOT MakcuMisaLii cneundivyHOCTI Ta Yy TNNBOCTI.
Note: for the discrimination quality characteristics, their point estimates and (95% CI) are given;

the optimal threshold was determined by the criterion of simultaneously maximising specificity and sensitivity.

Y 3aBOaHHi WOAO0 PO3pPi3HEHHS AOOPOSAKICHMX i 3Mo-
SKICHMX HOBOYTBOpeHb [13 Hambinblwi cneumdidHicTb
i YyTnMBICTb (3 ToukoBUMYM ouiHkamy o 100%) oTpumaHi
npu BukopucTaHHi biomapkepa CA 19-9, ogHak TGF-B1
TaKkoXX MaB NpeKpacHy OUCKPUMIHALINHY 34aTHICTb i3
yytnueicTio 92,6% (95% Ll = (75,7; 99,1)%) i cneuun-
divnicTio 93,5% (95% Ol = (84,3; 98,2)%) (Tabn. 4).
3a paHHuMn ROC-aHaniszy onTumanbHUM MOPOroBUM
3HaAYeHHsIM Ans cTpatudikauii XBopux i3 3MnosikicHUMMK
HoBoyTBOpeHHsiMM M3 6yB piBeHb TGF-B1 He MeHwe
109,8 Hr/mn i CA 19-9 Ha piBHi 36,0 Og/mn Ta GinbLue.

Bigomo, wWo gns noninweHHs nikyBaHHSA O0OOposKic-
HMUX Ta 3M0siKicHMX 3axBoptoBaHb [13 € KoHuenuisa
NpeumnsinHOl MeauMUMHKN, sika BPaxoBYE iHAMBIOQyanbHi
BapiabenbHOCTI NauieHTiB, TOMy B OCTaHHi poku gocnia-
KEHHS 30cepemkeHi Ha igeHTUdikauii  edekTUBHUX
KniHiYHMX ©OiomapkepiB i3 BUCOKOK crneuundivHicTio Ta
YYTNUBICTIO, 3A4aTHUX OO PaHHLOI AiarHOCTUKM MauieHTiB
i3 CUMNTOMamMu, Ta PaHHBbOTO BUSIBIIEHHSA XBOPUX i3 BUCO-
KM pY3NKOM po3BUTKY paky 3, ocobnmneo BpaxoByloun
JaHi iCHY4YMX JOCnigXeHb LWOoA0 PO3BUTKY PisHUX hopm
LbOro 3axXBOPKBAHHSA Ha Tri XPOHIYHUX 3ananbHUX 3MiH
y M3. Ak Bigomo, XM € ogHMM i3 OCHOBHMX chakTopiB
pu3uKy po3BuTKYy paky [13: 3ananeHHs Ta OHKOreHu
«MpauoTb NMIY-0-MAiY» AK KINOYOBi hakTopu Uiei XBo-
pobu. Mig yac ankoronbHoro XM KyMynaATUBHWUIA PU3UK
pO3BMTKY paky oOUiHeTbC B 4% 4epe3 15-20 pokis.
Llern KyMynaTMBHUIN PU3UK BULLMIA NPU CNagKOBOMY MaH-
kpeatuti: 19 i 12% y Bunagky myTtauin PRSS1 i SPINK1
BiaNoBiaHo Y Biui 60 pokis i GinbLe [19].

In the task of distinguishing between benign and
malignant pancreatic neoplasms, the highest specificity
and sensitivity (with point estimates of 100%) were
obtained using the CA 19-9 biomarker. However, TGF-p1
also demonstrated excellent discriminatory ability, with
a sensitivity of 92.6% (95% CI = (75.7; 99.1)%) and
a specificity of 93.5% (95% CI = (84.3; 98.2)%) (Table 4).
The optimal threshold value for the stratification of
patients with pancreatic malignancies was determined
to be a TGF-B1 level of at least 109.8 ng/ml and a CA 19-9
level of 36.0 U/ml or more.

In recent years, research in these patients has
focused on identifying effective clinical biomarkers with
high specificity and sensitivity, capable of early diag-
nosis of patients with symptoms and early identification
of patients at high risk of developing pancreatic cancer,
especially given the data from existing studies on the
development of different forms of pancreatic cancer.
Chronic pancreatitis is known to be one of the main risk
factors for pancreatic cancer: inflammation and onco-
genes work hand in hand as key factors in this disease.
In alcoholic chronic pancreatitis, the cumulative risk of
developing cancer is estimated at 4% after 15-20 years.
This cumulative risk is higher in hereditary pancreatitis:
19% and 12% in the case of PRSS1 and SPINK1 muta-
tions, respectively, at the age of 60 years and older [19].

Our data suggest that TGF-B1 may serve as a con-
venient indicator of the degree of immunosuppression
in patients with various cystic and solid pancreatic
neoplasms, with the obtained threshold value of this

OpuwuriHanbHi 4oCnigpKeHHSs 441

Original research



YKpaiHCbKWI pafionoriyHniA Ta OHKONOTiYHWA XXypHar. 2024. T. 32. Ne 4. C. 428-447
Ukrainian journal of radiology and oncology. 2024;32(4):428—447

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

OTpumaHi Hamun pAadi ceigyatb, wo TGF-B1 moxe
cnyryBaTu 3pyyHUM iHOMKATOPOM CTYMEHs iMYHHOI Ccy-
npecii y XBOpPUX Ha Pi3Hi KICTO3HI Ta conigHi HOBOYTBO-
peHHsi M3 3 OTpMMaHWM MOPOroBUM 3HAYEHHSM LibOrO
ibporeHHOro UMTOKiIHY. Y HawoMmy [ocnimkeHHi 6yno
BCTAHOBMEHO, Wo piBHi TGF-B1 y cuposaTui kposi Gynu
3HaYyHO BULLMMM Y XBOPUX Ha pak 3, HiX y HOpMarnbHOI
KOHTpOnbHOI rpynu abo nauieHTiB i3 Ao6posikicHM
3axBoptoBaHHAM [13. MoxHa npunyctutu, wo TGF-B1
Mae rmMbOKMIA BNNMB Ha CTPYKTYPHi 3MiHW Ta pemope-
MOBaHHS LbOro opraHa, TMM camMuMm Bifirparoym Kno4oBy
pornb y natoreHesi ¢ibpo3y Ta MOTEHLitOBaHHI anonTo3y
B enitenianbHUX KnitMHax. HewopasHi OocnigKeHHs
D. Vicente et al. (2019) niaTBepannu, WO BUCOKMI piBEHb
npoaykuii TGF-B1 y cuposartui kpoBi acouitoeTbCs 3 He-
CMPUATIIMBMAM MPOrHO30M Y MaUieHTIB 3i 3MnosKicHUMHK
HoBoyTBOpeHHsiMM M3 [20]. LUe 6yno nepwe pocnia-
XKEHHS, Ike MPOAEMOHCTPYBAIO 3B’S130K KiNIbKOCTi LIMPKY-
MNOYNX  NYXAWMHHUX  KNITUH NpU  NPOTOKOBIA afeHo-
KapuuHoMmi i3 cuctemMHumMn Biomapkepamu imyHocynpecii
(TGF-B). BpaxoBytoun BaxnuBi MeXaHiyHi 3B’A3KM MiX
TGF-B i UMPKYNIOYAMWN NYXAMHHUMW KAITUHAMK, OTpK-
MaHi aBTopamu pesyneraTtu ceigyatb, wo TGF-B MoxHa
po3rnagaty sk Mapkep LUPKYIIORYMX NYXIUHHUX KIi-
TWH, a TeHgeHuii 3miH TGF-B y Bignosigb Ha nepen-
onepauinHy Tepanito Ta XipypriyHy pesekuilo MOoXHa
po3rnsgatu sk Mapkep Bignosigi Ha nikyBaHHA [20].
BoueBunab, WO nig Yac pocTy NyXNUHWU (PYHKLUIOHYBaHHA
edekTopiB iIMYHHOI BiOMNOBIAI 3a3HA€ HU3KM  3MiH,
BHacCMigOK YOro 3HWXYETbCS X akTuBaLisl, NPUrHiYyeTbCA
nponidepadis Ta po3BnBacTbCS aHepria. Po3BuTok Tone-
PaHTHOCTI [0 NyXMWHHUX aHTUreHiB BiaOyBaeTbCcsi Ha
GinbL nisHbOMY eTani. OTpumaHi AaHi y Halwomy Jocnia-
KEHHI  [03BOMSAOTb MPUMYCTUTM, IO CUPOBATKOBUIA
TGF-B1 € UiHHMM [iarHOCTUYHMM MOKa3HUMKOM, 3Ha-
YEHHSs1 AKOro 3anexuTb Bid TUMy HOBOYTBOpeHb Yy [13.
Lle, Ha Haw nornsa, 403BONMUTL BUKOPUCTOBYBATU NoKas-
Hukn cupoBaTtkoBoro TGF-B1 sk 06’ekTvBHWIA AiarHoc-
TUMHUI KPUTEPIN COMigHMX 3MNOSIKICHMX Ta 3anarnbHuX
[OoBpOSIKICHNX YTBOPEHb, BUKOPUCTOBYIOYM MOMO pa3oM
i3 BM3HadYeHHAM CA 19-9 y KpoBi, OCKiNbkM nonepegHi
JocnigxeHHsa BkasyloTb Ha Te, wo CA 19-9 mae noten-
uian CKpUWHIHry Yy noegHaHHi 3 cumnTtomMamu Ta/abo
dakTopamu pusuky [21]. Cnig Big3HaumTK, WO y nitepa-
Typi € okpeMi AaHi NPo NiABULLIEHHS PiBHSI BYrNeBOAHOMO
aHTureHy CA 19-9 npu [O06pOsiKiCHMX Ta 3MOsIKICHUX
3axXBOpPIOBAHHAX NaHkpeaTobiniapHOi cucTemMu, a TakoX
npu rocTpOMY MNaHKpeaTuTi, CNPUYUHEHOMY >KOBYHUM
KameHeM, Ta MeTaboniYHUMMW/TOKCUMHUMUK NPUYNHAMWU,
TakMuMuM SK TiNepTeHs3iss, TrinepToHisa, rinepkaniemis,
rinoguHamisa Towo [22].

Pusnk paky M3 cyTTeBO BIOPI3HAETLCA 3anexHo Big
HasIBHOCTI i TUMY reHeTUYHUX MyTaLi npu 3ananexHi N3,
ue pobuTb BaXMBUM YCTAHOBMEHHS peKoMeHAaaLlii
LoAOo CKpUHIHIY paky M3 3 ypaxyBaHHAM KOXHOMO PiBHS
pusuky. Cnig pgogaTtw, WO BHYTPILHBONPOTOKOBI nNa-
NinsApHi MYyUWHO3HIi HOBOYTBOPEHHS € HaWyacTiluMMu
KicTo3HuMU ypaxeHHaMU 3, i BBaxaloTbCa nepeapako-
BMM CTaHOM, MpU SIKUX Hamu Gynu oTpMMaHi HamBuLLi
3Ha4yeHHs1 bGiomapkepiB, WO BuBYanMcb. [lepeBaxHa
GiNbLUICTb BHYTPILLUHLONPOTOKOBMX NaninspHUX MyLUHO3-
HUX HOBOYTBOPEHb HIKONW He MepepoaXyeTbCcs B iHBa-
3MBHUIA pak, ane 6nusbko 20% BuAaneHux NyxnuH npu
rictonaTonoriyHoMy OOCHiAXeHHI MICTATb iHBa3WBHUI
KOMMOHEHT, WO MW crocTepirany y 6 Halux XBOPWUX.
Llen tvn paky 3 Tenep HasuMBaeTbCs ageHoKapLu-

fibrogenic cytokine. In our study, we found that serum
TGF-B1 levels were significantly higher in patients with
pancreatic cancer than in normal controls or patients
with benign pancreatic disease. TGF-f1 is thought
to have a profound effect on the structural changes
and remodelling of this organ, thereby playing a key role
in the pathogenesis of fibrosis and the potentiation
of apoptosis in epithelial cells. Recent studies by
D. Vicente et al (2019) confirmed that high serum TGF-$1
production is associated with an unfavourable prognosis
in patients with pancreatic malignancies [20]. This was
the first study to demonstrate an association between
circulating tumour cell counts in ductal adenocarci-
noma and systemic biomarkers of immunosuppression
(TGF-B). Given the important mechanistic links between
TGF-B and circulating tumour cells, the authors’ results
suggest that TGF-B can be considered a marker of
circulating tumour cells, and trends in TGF-B changes in
response to preoperative therapy and surgical resection
can be considered a marker of treatment response [20].
It is clear that during tumour growth, the function of
immune response effectors undergoes several changes,
resulting in a decrease in their activation, suppression
of proliferation and development of anergy. The deve-
lopment of tolerance to tumour antigens occurs at
a later stage. The data obtained in our study suggest
that serum TGF-B1 is a valuable diagnostic indicator,
the value of which depends on the type of pancreatic
neoplasm. This, in our opinion, will allow the use of
serum TGF-B1 as an objective diagnostic criterion for
solid malignant and inflammatory benign tumours, using
it in conjunction with the determination of CA 19-9
in blood, as previous studies have indicated that
CA 19-9 has the potential for screening in combination
with symptoms and/or risk factors [21]. It should be noted
that there is some evidence in the literature of eleva-
ted levels of carbohydrate antigen (CA) 19-9 in benign
and malignant diseases of the pancreaticobiliary system,
as well as in acute pancreatitis caused by gallstones
and metabolic/toxic causes such as hypertension, hyper-
tension, hyperkalemia, physical inactivity, etc [22].

The risk of pancreatic cancer varies significantly
depending on the presence and type of genetic mutations
in the pancreas, so it is important to establish pancreatic
cancer screening recommendations tailored to each
risk level. It should be added that intraductal papillary
mucinous neoplasms (IPMNs) are the most common
cystic lesions of the pancreas and are considered to be
precancerous conditions, in which we obtained the
highest levels of the biomarkers studied. The vast majority
of IPMNs never develop into invasive cancer, but
about 20% of IPMNs removed contain an invasive com-
ponent on histopathological examination, which we
observed in our patients. This type of pancreatic cancer
is now referred to as adenocarcinoma arising from IPMN
(A-IPMN) according to the latest WHO guidelines [23].

It is well established that PAPC tissues possess
a distinctive peritumour stroma, comprising extracellular
matrix proteins, fibroblasts, endothelial cells, pericytes
and immune cells. Collectively, these elements influence
the biological behaviour of the tumour and the response
to therapeutic approaches. In general, the microenviron-
ment of a prostate tumour exhibits an immunosuppre-
ssive phenotype, with a preponderance of myeloid cells
and a lack of cytotoxic T lymphocytes. In contrast,
intraductal papillary mucinous neoplasms have been
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HOMOI, SIKM BWHWKAE BHACMiOAOK BHYTPILLUHHOMNPOTOKO-
BOroO NaninsipHoro MyuuHO3Hro HOBOYTBOpPeHHSA (A-IPMN)
BiQNOBIOHO [0 OCTaHHIX pekomeHgauin BOO3 [23].
Ak Bigomo, TkaHuHU A3 MaloTb YHiKanbHy HaBKOMO-
NyXNMHHY CTPOMY, LLO CKNagaeTbes 3 6inkiB nosakni-
TMHHOrO MaTpukcy, cibpobnactis, eHgoTenianbHUX Ki-
TWH, NepuUnTIB Ta iIMYHHUX KMiTWH, SKi pa3om opMyoTb
GionoriyHy noBefiHKy NyXNUHM, a TaKoX peakuitlo Ha
TepaneBTMYHI nigxoau. 3aranom MiIKPOOTOYEHHS MyX-
nnHn M3 mae iMyHOCynpecuBHWUA OEHOTUM, Y SKOMY
nepeBaxarTb MIENOIOHI KNITUHWM Ta PIigKiCHI LMTOTOK-
CcuyHi T-nimcpounTn. HaBnaku, BUSBMEHO, LIO BHYTPILL-
HbOMPOTOKOBI  ManinAPHi  MYUWHO3HI HOBOYTBOPEHHSA
MICTATb  MPOTUNYXMMHHI  iIMYHHI  KOMNOHEHTU  [24].
Lle cBigunTtb, WO 3miHa cknagy T-KniTWH i BTpaTta iMyH-
HOro Harnsiny B OCHOBHOMY BifOyBaeTbCsi Mpu nporpecy-
BaHHi BiA BHYTPILUHBOMNPOTOKOBOINO NaningpHoOro MyLu-
HO3HOTO HOBOYTBOPEHHSI BUCOKOFO CTYMeHsl A0 MNpoTo-
KoBOi apgeHokapuuHomu [M3. [HWi iMyHHI KAITUHKW, K
MOXHa 3HaWTU Yy MIKPOOTOYEHHI MyXNWHW, Le acouino-
BaHi 3 nyxnuHoo Hentpodpinu (TAN), ski paHiwe
acouitoBann 3 HGD-IPMN, wo ©6yno pocnigxeHo
Reid M. D. ta cnigaBT. y 2020 p. [25]. PeTpocnekTnBHe
JocnigxeHHsa nigTeepauno, wo 96% ypaxeHb HU3bKOro
puanky Oynun TAN-HeratuBHumn, a 89% ypaxeHb
BMCOKOrO pu3MKky Manu Bucokui pieeHb TAN. AsTopu
3anpornoHyBanu HasiBHICTb MapkepiB 3ananeHHs y piguHi
KicTm sk cyporatHoro mapkepa TAN. [LiicHo, Sadot E.
Ta cnieaBT. we y 2015 poui onybnikyBanu pesynsratv
CBOTO JOCMiAXEHHS, B ikoMy Byno J0BeAEHO, LLIO BUCOKMN
TAN Koperntoe 3 BMCOKMM piBHEM 3ananbHWX MapKepis
pianHn kictn: TNFa, IL-4, IL-1B, IL-o, INF-y, IL-2 [25].

Lle pocnigxeHHA Mano Kinbka OOMeXeHb.
Hacamnepen, ue Oyno peTpoCnekTUBHE AOCHIMKEHHS,
sKe, MOXMMBO, Mano NEeBHUM CTYMiHb YynepemxeHoCTi
y Binbopi xBopux. Mo-gpyre, yci nauieHTn, BKIOYEHI A0
JocnigkeHHsi, 6ynu rocnitanisoBaHi 40 pi3HUX MikapeHb
yepes pi3Hi TEpMiHW MicnNA novaTKy 3axBOPIOBaHHS, LLO
MOIMO BMAMHYTU Ha CroCTepexyBaHi piBHI Tux 6io-
MapkepiB, WO AOCNifXyBanucb Yy KpOBi BiAMOBIAHO A0
Yyacy noyatky onepadii. [Mo-TpeTe, xo4a MM Hamaranucs
KOHTpOmoBaTK Bapiauii 3a gonomMoroto 6araToBUMIpHUX
Mogenen, Kinbka iHWWX HEeBIZOMUX aKTopiB MOrn
BMIIMHYTU HA OTPMMaHi HaMK1 pe3ynbTaTy.

BUCHOBKMU

MoTouHi Ta HOBi OGiomapkepu TOCTPUX, XPOHIYHUX
3ananbHUX 3axBOpHOBaHb Ta paky NiALUMYHKOBOI 3anosu
3 BMCOKOI CMeLMdivHICTIO Ta YyTNMUBICTIO MaloTb NOTEH-
Uian ans BpaxyBaHHs iHOMBIgyanbHUX BapiabenbHoc-
TeW nauieHTiB, ANs paHHbLOTO BUSIBMEHHS 3aXBOPIOBAHHS
0O noyaTKy PpO3BWTKY YCKNagHeHb, ANs MNOKPALLEHHSI
pes3ynbTaTiB fiKyBaHHA Ta BWXMBAHHA MNauieHTiB, Aorno-
MOTU Y CKPUHIHTY Fpyn BUCOKOTO PU3MKY, NPOrHO3yBaHHS,
HaJalTb TOYHY iHOpMaUilo Mpo peakuito nauieHTiB
Ha KOHKpPETHe niKyBaHHs Ta MOKpaLLyloTb MOHITOPUHT
nauieHTiB nig vac nikysaHHa. TGF-B1 moxe cnyryeaTu
3pY4YHUM iHOMKATOPOM CTYMeHs1 iIMYHHOI cynpecii y XBo-
pux Ha [OOpOsKICHI Ta 3MOSIKICHIi HOBOYTBOPEHHS nNif-
LWNyHKoBOi 3ano3n. MoxHa npunyctuty, wo TGF-B1
Mae rmnbOoKMI BNINB Ha CTPYKTYPHI 3MiHU Ta pemopento-
BaHHSA LbOro opraHa, TMM CaMWM Bifirparymn Kro4oBy
ponb y nartoreHesi ¢pibpo3y Ta noTeHLiloBaHHI anon-
TO3y B eniTenianbHUX KniTuHax. MoXnnBo, BWCOKUI

observed to contain antitumour immune compo-
nents [24]. This indicates that the alteration in T cell
composition and impairment of immune surveillance
predominantly occurs during the transition from a high-
grade intraductal papillary mucinous neoplasm to
ductal adenocarcinoma of the prostate. Other immune
cells that can be found in the tumour microenvironment
are tumour-associated neutrophils (TANs), which were
previously associated with HGD-IPMN, as investigated
by Reid M. D. et al. (2020) [25]. The retrospective
study yielded confirmation that 96% of low-risk lesions
exhibited a TAN-negative status, while 89% of high-risk
lesions demonstrated a high TAN level. The authors
proposed that inflammatory markers in the cyst fluid
could serve as a surrogate marker for TAN. Indeed,
in 2015, Sadot E. et al. published the results of their
study, which demonstrated a correlation between high
TAN levels and elevated levels of inflammatory markers
in cyst fluid: TNFa, IL-4, IL-1B, IL-o, INF-y, IL-2 [25].

This study had several limitations. First, it was
a retrospective study, which may have introduced
some bias in the selection of patients. Second, all patients
included in the analysis were admitted to different
hospitals at different times after the onset of the disease,
which may have influenced the observed levels of the
biomarkers studied in the blood according to the time
of surgery. Thirdly, although we tried to control for con-
founders using multivariate models, several other
unknown factors may have influenced our results.

CONCLUSIONS

Current and emerging biomarkers of acute and
chronic inflammatory diseases and pancreatic cancer
with high specificity and sensitivity have the potential
to account for individual patient variability, to detect
disease early before complications develop to improve
treatment outcomes and patient survival, to aid in the
screening of high-risk groups, to provide prognostic
information, to provide accurate information on patient
response to specific treatments, and to improve patient
monitoring during treatment. TGF-B1 can serve as
a convenient indicator of the degree of immune suppre-
ssion in patients with benign and malignant pan-
creatic neoplasms. TGF-B1 is thought to have a profound
effect on the structural changes and remodelling of
this organ, thereby playing a key role in the pathogenesis
of fibrosis and the potentiation of apoptosis in epithelial
cells. High serum TGF-B1 levels may be associated
with an unfavourable prognosis in patients with prostate
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piBeHb npogykuii TGF-B1 y cuposaTui KpoBi acoduito-
€TbCA 3 HeCMnpUATAMBMM MPOrHO30M Y NauieHTIB 3i
3nosiKicHUMK  HoBoyTBopeHHAMU [13. OTpumaHi paHi
[03BONATb NpUNycTuty, wWwo cuposatkosui TGF-B1
€ UiHHMM JiarHOCTUYHUM MOKA3HMKOM, L0 [03BOIsIE
BMKOPWUCTOBYBaTU MOKa3HWKU cuposBaTkoBoro TGF-f1
K 06’EKTUBHUIA AiarHOCTUYHMI KPUTEpINn conigHux 3no-
SKICHMX Ta 3ananbHuxX [oOposikicCHUX YTBOPEHb nia-
LUMAYHKOBOI 3aro3u, 3i 3Ha4eHHSAM BiACiKaHHS He MeHLue
109,8 Hr/mMn, BUKOPWUCTOBYIOYM LiEN MOKa3HUK pas3oM
i3 BM3HayeHHaAM CA 19-9 y cupoBaTui KpoBi, 3i 3Ha4eH-
HSIM BiacikaHHs Ha piBHi 36,0 Oa/mn Ta GinbLue.
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cancer. The data obtained suggest that serum TGF-$1
is a valuable diagnostic indicator allowing the use of
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Prospects for further research

The development of an algorithm for the diagnosis and treat-
ment of patients is another prospect of our research. These
include: introducing new surgical techniques and approaches to
the treatment of benign and malignant pancreatic neoplasms,
especially in complicated cases, assessing the effectiveness
of minimally invasive procedures to reduce complications and
improve outcomes; studying the influence of various factors
on the outcomes of surgical treatment of these diseases, which
may help to adapt treatment strategies to individual patient
needs; assessing the long-term outcomes and quality of life
of patients undergoing surgical treatment.
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