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Ha XPOHIYHUN NaHKpeaTuUT
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Bctyn. KniHiuHi NposiBu XpoHivyHoro naHkpeatuty (XIM) BUHU-
KaloTb YHACNiAOK 3amnanbHOro npouecy 3 po3BUTKOM CKJIAAHUX
MOPOMOriYHMX 3MiH, WO MPOSBSIOTLCS 3aMilleHHAM NapeHXi-
MW NigWnyHKoBOi 3an03un (M3) Ccnony4yHO TKAHMHOK Ta po3-
BUTKOM pIi3HOMaHITHUX YyckNnagHeHb. Bubip onTumanbHOi na-
TOMEHEeTUYHOI XipypriyHoi TakKTUKKU NiKyBaHHA € aKTyaslbHUM
MUTAaHHAM CbOroAEeHHS.

Meta pocnig)XeHHA: BMKOHATU OLUIHKY MOP@OSOriyHOro Ta
iMYHOFICTOXIMIYHOrO CTaHy napeHxiMmu M3 3anexHo Big TepMiHYy
3axBOploBaHHA Ha XIT.

Metoaun. PetpocnektuBHo obctexeHi 147 (57.1 %) nauieH-
TiB. Y NPOCNeKTUBHOMY MOPIBHANIbHOMY AOCNIAXKEHHI, 4O AKOro
6yno 3any4dyeHo 257 nauieHTiB, NpoaHanizoBaHi Hanbnmxui Ta
BiAAaneHi pe3ynbTaTM 3 OUIHKOK edeKTMBHOCTI po3pobneHol
B KJ/iHIiLi TaKTUKWM «paHHSA Xipypria» i crnocobiB xipypriyHoro
nikyBaHHsa XI. BMKOHaHO OUiHKY MOP@OAOriYyHOro Ta iMyHo-
ricToxiMiyHOro craHy napeHximu 3. BMKOHaHO TakoXx aHani3
BiAAaNneHnX pe3ynbTaTiB OCHOBHMX CrocobiB maTtoreHeTUYHOro
XipypriyHoro nikyBaHHs XT1.

Pesynbtatn. BuasneHi 3mMiHn Mopdo-pyHKLIOHANbHOro CTaHy
napeHximu M3 y TepmiHm bGinbwe 3 pokis (MeaiaHa 5.85 p.) Big
noyaTky KniHiyHoro npossy X[, gGKi XapakKTepusyrTbCa Mpo-
rpecyBaHHsAM (ibpo3y uyepe3 3pOCTaHHSA piBHSA eKkcnpecii Ko-
nareny I Tuny Tta ibpoHeKTUHY, WO 06yMOBIOE LWiNIbHUA My-
¢pTonoaibHMN nepuHeBpanbHUI Ta NepuBackynsapHun  dibpo3

i CTeHO3yBaHHSA TMpPOCBITY nNpoTokiB [13 HaBKoNo «TybynonoAibHMX» KOMMNEKCIB, i KJiHIYHO
BiANOBIAAE HAsABHOCTI iIHTEHCMBHOIro 60/1b0BOr0 CUHAPOMY.

BUCHOBKMW. BCTaHOBMEHO BaX/IMBY POJib MaHKpeaTUYHUX 3ipyacTux KiTUH Yy po3BUTKY dibposy
napeHximu N3 nNpu XpoHiYHOMY naHkpeaTuTi. Pibpo3He ypaxeHHs 3 € He3BOPOTHMM, a MOpdo-
NOTiYHi | CTPYKTYPHi 3MiHM NpU3BOAATbL A0 1i €K30- Ta eHAOKPUHHUX DYHKUIOHANbHUX MOPYLUEHb.
BuasneHo, o ekcnpecisa konareHy I Tuny npocTexyBanacs B auuMHapHiA TKaHWHi 3 TOHKUMK NMpo-
XKUNKaMKU B OCTPiBUAX JTaHrepraHca y TepMiHm 6inblie 3 pokiB BiA no4vaTKy KiiHiyHoro npossy XI1.
BcTtaHoBsieHa iHTpaeniTenianbHa NpoOTOKOBA HeomMsasia, aKka 3rogqoM MOXe NPU3BECTU 40 PO3BUTKY
NpOTOKOBOI afgeHoKapunHomu MN3. [loBeAeHO, WO NOKpaLLeHHS pe3ybTaTiB XipypriyHOro nikyBaH-
HS ycknaaHeHux dopm Xl 3 6iniapHOO Ta MPOTOKOBOI FiNnepTeH3i€ AOCATaETbCSA NpY NIAHOBOMY
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Pathomorphological features of the pancreas
depending on chronic pancreatitis duration
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Introduction: Chronic pancreatitis (CP) presents clinically as
an inflammatory process that leads to complex morphological
changes, resulting in the replacement of pancreatic parenchyma
with connective tissue and the development of various compli-
cations. Defining an optimal surgical strategy remains a relevant
issue today.

The purpose of the study watso assess the morphological and
immunohistochemical characteristics of the pancreatic paren-
chyma depending on CP duration.

Methods: A total of 147 (57.1%) patients were examined ret-
rospectively. A prospective comparative study involving 257 pa-
tients analyzed the short and long-term outcomes to evaluate
the effectiveness of the “early surgery” strategy developed at the
clinic and the surgical management methods for CP. The study
conducted a morphological and immunohistochemical assess-
ment of the pancreatic parenchyma, analyzing the long-term
outcomes of the primary pathogenetic surgical treatments for CP.

Results: Morpho-functional changes in the pancreatic paren-
chyma, observed more than three years (median 5.85 years)
after the onset of CP clinical manifestations, were character-
ized by progressive fibrosis due to increased expression of type
I collagen and fibronectin, which resulted in dense cuff-like
perineural and perivascular fibrosis and stenosis of the pancre-
atic ducts around tubular complexes, clinically corresponding
to the presence of intense pain syndrome.

Conclusions: An essential role of pancreatic stellate cells in
developing pancreatic parenchymal fibrosis in CP has been es-
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tablished. Fibrotic lesions of the pancreas are irreversible, and the resulting morphological and
structural changes lead to both exocrine and endocrine dysfunction. More than three years after
the onset of clinical manifestations of CP, type I collagen expression was observed in the acinar
tissue, with thin strands detected within the islets of Langerhans. Intraepithelial ductal neoplasia
was also identified, which may later progress to ductal adenocarcinoma of the pancreas. It has
been demonstrated that the improvement in surgical outcomes for complicated forms of CP with
biliary and ductal hypertension is achieved through planned surgery within the first three years
of CP development, before the onset of irreversible pathological changes, including the potential
for oncological transformation of the pancreas.

Keywords: pancreas, chronic pancreatitis, morphological changes, fibrosis.
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onepaTtMBHOMY fliKyBaHHi y TepMiHM po3BUTKY XI fo 3 pokis, To6TO, 40 BUHUKHEHHS HE3BOPOTHMUX
NaToONOriYHMX MPOLECIB, BK/IHOYHO i3 BipOrigHiCTIO OHKONOri4YHOT TpaHcdhopmaduii M3.

KnrouoBi cnoBa: niglnyHKoBa 3an03a, XpOHIYHMIN NnaHKpeaTnT, MopdoNorivyHi 3mMiHn, ¢ibpos.

BcTtyn

Binb € HaNOWMWPEHIWMM CMMATOMOM XPOHiy-
Horo naHkpeaTtuty (XI), 9KM CNoCTepiraeTb-
cay 50 - 85 % nauieHTiB [1]. MexaHi3M BU-
HUKHeHHS 6onto npu XM 6aratodakTopHUI i
HefoCTaTHLO BMBYEHMI. Byno 3anponoHoBaHo
Kifibka rinotes ana nosicHeHHs 6onto npu XM,
BKJIIOYHO 3 MaHKpeaTU4HO rinepTeHsieto abo
NigBULWLEHHAM TUCKY B NapeHxiMi nigwnyH-
KOBOI 3a503U1, YTBOPEHHSM KiCT, rinepTpodi-
€10 IHTpanaHKpeaTU4YHNX HEepBOBUX BOJIOKOH,
HEeMponaTUYHUMM 3MiHaMM Ta MOLUKOAXKEHHSAM
TKaHWH YHacnigoK OKCMAAHTHOro crpecy [2].
BeaxkaeTbcs, wo 6inb npu XN € HacnigkoM na-
TOreHHOI B3aEMOAIT MiXX MapeHxiMow NigLwayH-
KOBOI 3a/1034, iIMYHHUMU KNiITUHAMU Ta Nepu-
depuyHO HepBOBOIO cucTemoto [3].

KomnnekcHun natoreHes 6onto npu XI € cep-
MO3HOK KAiHiYHOW npobneMolo B CydacHil
naHKpeaTosorii, i po3yMiHHS MOr0 MexaHi3MiB
Ma€ BaXKMBe 3HadYeHHs ans sBubopy edekTus-
HOro NikyBaHHS Ui€l nonynauii nauieHTis [4].

MaTonoriyHoto ocobnumeicTio XM i NpoTokoBOI
afleHOKapumHOMKU € nporpecmBHuin  ibpos,
onocepeskKoBaHUI NaHKpeaTUYHMMMK 3ipyacTu-
Mn knitnHamu (M3K). OamH i3 Hanbinbw paH-
HiX KNITUHHUX MeXxaHi3MiB ¢ibpo3y - akTmBa-
uia N3K yepes ayTo- i NapakpuHHiI MexaHi3Mu,
L0 BKa3yeE Ha Te, Wo edekTn aktmeauii MN3K -
nepBuUHHE 3ananeHHs i @ibpo3 sk pe3ynbTarT,
MOXYTb MPOrpecyBaTy HaBiTb MiCNS YCYHEHHS
NEPBMHHOIO WKiANMBOro dakTopa.

MN3K BigirpatoTb BaX/IMBy posib Y PO3BUTKY i-
6po3y npu XI1. 3ipyacTi KAITUHU aKTUBYHOTbCS
6e3nocepefHbO Yepe3 TOKCUYHI YMHHUKK, TaKi
K ankorofb abo XeMoKiHW, TpaHcdhopmauin-
HUN dakTop pocty 6eta (TGF-beta), Tpom-
6ounTtapHuii dakTop PpoOCTYy, SKi BUAINSATbCS
NpyY HEKPOTUYHOMY 3ananeHHi M3, wo 3roaom
NpU3BOAUTb A0 YTBOPEHHSA KOMareHy Ta iHWKnX
6inKiB Mo3akNiTUHHOrO MATPUKCY B iHTEpPCTU-
uianbHOMY MPOCTOpi, MOLIKOAXEHHS i Aedop-
Mauil auMHapHWUX i MPOTOKOBUX MNaHKpeaTny-
HMX KAiTMH [5]. 3pewTol0 Ue NpM3BOAUTbL 40O
BTPaTX 4acTouykoBOi CTpykTypwu M3 i aedopma-
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Uil BENMKUX MaHKpeaTUdHUX MpPOTOKIB, Ckiaa-
HMX 3MiH OCTpiBKOBOro anaparty [6]. ®ibpo3He
ypaxeHHs 3 € He3BOPOTHMM, @ MOPMONOTiYHI
Ta CTPYKTYpPHi 3MiHM Npu3BOAATb A0 €K30- Ta
€HOOKPUHHMUX (DYHKLiIOHANbHUX TMOpPYLUEHDb i,
3peLTorn, A0 BMCHaXEHHs i LuykpoBoro giabe-
Ty. M3 3a3Bmyan 3miHeHa Andy3HO (Xx04ya MOX-
nvBa pAesdka MO03aiyHiCTb CTOCOBHO THAXKOCTI
3MiH). KapanHanbHa MopdonoriyHa Tpiaga npu
XM: ¢ibpo3, BTpaTa auMHapHOi TKaHMHKU (aTpo-
i) i NpOTOKOBI 3MiHW (3BYXXEHHS | AnnaTauis)
[7]. MakpockoniyHo M3 winbHa i 3MopLleHa, 3
HEepIBHMMUW KOHTYpaMu, rosI0BHa NaHKpeaTuyHa
npotoka (IMMN) Ta Mani NpPOTOKM PO3LUMPEHI,
B MpPOTOKaxX MOXyTb 6yTM KOHKpeMeHTW. Hop-
MasibHa MaKpOCKOMiYHa A0/b4YaTiCTb MNapeHXi-
Mu M3 mMoxxe 6yTM pi3ko 3MiHeHa abo BTpayeHa
BHacnigok @ibpo3Horo pyburoBaHHS.

Ha MikpockoniyHOMY piBHi [0/bKOBUA pO3-
noAain NpoTokiB 36epexeHo, OYEeBUAHUN MiX-
OONbKOBUIM | BHYTPIWWHBbOAONBKOBUI hibpo3,
O CYMNpOBOAXYETbCA BTPATO aALMHAPHUX
KNiTUH. TIpOTOKW 3BMBUCTI | po3LIMPEHi, Ya-
CTO MIiCTSATb NpoTeiHoBi Npobkn (NnacTuH4acTi
€03MHOdINbHI MacK) i KOHKPEMEHTU, HABKONO
MPOTOKIB MOXe TMPOCTEXYBATUCHA MepUayK-
TanbHU Gibpo3 3 AecTpyKuie eniTenio nNpo-
TOKiB. TakoX MOXnvBa AyKTynspHa nponide-
pauid B yacToykax. 3MiHM B NMPOTOKax MOXYTb
6yTn K NpuM4YKMHOLO, Tak i HacnigkoM ibposy.
@ibpo3 yHacnigok NOBTOPHWUX eni3oAiB 3ana-
JNIeHHS, HEeKpo3y i pernapaTtuBHUX 3MiH MNpu-
3BOAUTb A0 YTBOPEHHS CTPUKTYP i 06CTpyKLii
npotokiB [8]. IHWIi o3Hakn X[ MiCTATb KOHI10-
MepaTu OCTPIBLEBUX KIITUH.

Hatenep BiATBOpPIOBaHMX i 3aranbHOMNPUNHSA-
TUX rictonoriyHnx knacudikauin TaxkocTi X
HeMa€. HacTo BUKOPUCTOBYOTb rpajauii «ier-
KWUN», «MNOMIPHUI» | «BaXXKMN>», asie yacoMm ix
BaXXKO PpO3pi3HUTWU. Y binbluocTi gocnigxeHb
HayKOBLi BUKOPUCTOBYIOTbH LWKany ¢i6po3y,
3anpornoHoBaHy B 1991 poui [9], komMbiHOBaHyY
3 OUiHKOI NaHkpeaTnyHoi dyHKuii [10].

Ulono cydacHux TeHAEHUin y XipypriyHomy
nikyBaHHi [ALUMN, Kpawwi KOHTPONb noner-
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Introduction

Pain is the most common symptom of chronic
pancreatitis (CP), affecting between 50% and
85% of patients [1]. The mechanism of pain
in CP is multifactorial and poorly understood.
Several hypotheses have been proposed to
explain pain in CP, including pancreatic duc-
tal hypertension or increased pressure in the
pancreatic parenchyma, cyst formation, hy-
pertrophy of intrapancreatic nerve fibers, neu-
ropathic changes, and tissue damage due to
oxidative stress [2]. Pain in CP is thought to
result from a pathogenic interplay among the
pancreatic parenchyma, immune cells, and
the peripheral nervous system [3].

The complex pathogenesis of pain in CP pres-
ents a significant clinical challenge in modern
pancreatology, and an understanding of its
mechanisms is essential for selecting effective
treatments for this patient population [4].

A pathological characteristic of CP and duc-
tal adenocarcinoma is the progressive fibrosis
mediated by pancreatic stellate cells (PSCs).
One of the earliest cellular mechanisms of fi-
brosis involves the activation of PSCs through
autocrine and paracrine signaling, suggesting
that the effects of PSC activation, including
the initial inflammation and subsequent fibro-
sis, can progress even after removing the pri-
mary damaging factor.

PSCs play a crucial role in the development of
fibrosis in CP. They are directly activated by
toxic factors such as alcohol or chemokines,
transforming growth factor beta (TGF-beta),
and platelet-derived growth factor (PDGF),
which are released during necrotic inflamma-
tion of the pancreas, leading to the deposition
of collagen and other extracellular matrix pro-
teins in the interstitial space and resulting in
damage to and deformation of pancreatic aci-
nar and ductal cells [5]. Ultimately, this leads
to the loss of the pancreatic lobular architec-
ture, deformation of the main pancreatic ducts,
and significant changes in the islet apparatus
[6]. Fibrotic damage to the pancreas is irre-
versible, and the resulting morphological and
structural changes lead to both exocrine and
endocrine dysfunction, ultimately resulting in
pancreatic insufficiency and the onset of dia-
betes mellitus. The pancreas is typically affect-
ed diffusely, although variations in the severity
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of changes may present as a mosaic pattern.
The cardinal morphological features in CP are
the triad of fibrosis, loss of acinar tissue (atro-
phy), and duct changes (narrowing and dila-
tion) [7]. Macroscopically, the pancreas is firm
and shrunken with irregular contours; the main
pancreatic duct (MPD) and smaller ducts are
dilated, with the potential presence of calculi
within the ducts. The normal macroscopic lob-
ulation of the parenchyma may be markedly
altered or lost due to fibrotic scarring.

On microscopy, the lobular arrangement of
ducts remains intact, but interlobular and in-
tralobular fibrosis is evident, accompanied by
the loss of acinar cells. The ducts are tortu-
ous and dilated, often containing protein plugs
(lamellar eosinophilic masses) and calculi; per-
iductal fibrosis, accompanied by destruction
of the duct epithelium, is frequently observed
surrounding the ducts. Ductular prolifera-
tion may also be observed within the lobules.
Changes in the ducts may lead to fibrosis and/
or result from fibrosis. In response to recurrent
episodes of inflammation, necrosis, and repar-
ative changes, fibrosis results in strictures and
ductal obstruction [8]. Other signs of CP in-
clude the presence of islet cell conglomerates.

Currently, there is no reproducible and uni-
versally accepted histological grading sys-
tem for the severity of CP. The terms “mild,”
“moderate,” and “severe” are commonly used,
but they can be challenging to differentiate
in practice. Most research studies use the fi-
brosis scoring system proposed in 1991 [9],
combined with an assessment of pancreatic
function [10].

Regarding current trends in the surgical treat-
ment of CP, better relief control and preser-
vation of exocrine pancreatic function are
observed with early surgery. The generally ac-
cepted definition of early surgery is three or
fewer years from the onset of the disease [11]

The purpose of the study was to assess the
morphological and immunohistochemical
characteristics of the pancreatic parenchyma
depending on CP duration.

Patients and Methods
Morpho-histochemical changes in the pancre-
as in CP were analyzed using pancreatic tis-
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WeHHA Ta 36epexeHHs eK30KPUHHOI dYyHK-
Uil NigWwnyHKOBOI 3a/103M MPOCTEXYETLCA MpHU
paHHbLOMY XipypriyHOMy BTpy4YaHHi. 3aranbHo-
NPUNHATE BU3HAYEHHS PAHHbLOIO XipypriyHoro
BTPY4YaHHS — Tpu abo MeHLle pokiB Big noyaTt-
Ky 3axBoptoBaHHA [11].

MeTa pocnig>xeHHs: BUKOHATU OLiHKY MOpdO-
NOriYyHOro Ta iMyHOriCTOXiMIYHOIoO CTaHy napeH-
XiMU NiALWYHKOBOI 3271034 3a1€XHO Bif TEPMiHY
3axBOPIOBAHHSA Ha XPOHIYHUIA NaHKpeaTuT.

MaTepian Ta MmeToam gocnifgXeHb

BuBueHHs MopdorictoxiMmiyuHnx 3miH 3 npu
XM nposoamnu Ha 6ioncinHoMy MaTepiani
TKaHWHWM M3 nig 4vac XipypriyHoro BTpy4YaH-
Ha (ricTonoriyHMin ™MaTtepian 6panu y 6inb-
LWIOCTi BMNAAKIB 3 rosIoBKM MNiALWTYHKOBOI 3a-
nosun). Matepian (wmatoukn) 3abupanu Ta
06pobnsanm 3rigHo i3 3arasibHOBM3HAYEHUMU
mMeToaamu. BukoHyBanu dikcauito y 10 %
HenTpanbHOMY po34uunHi dopmaniHy 3 dapby-
BAHHAM 3pi3iB reMaToOKCU/IHOM Ta €03WHOM i
ylWwinbHeHHAM napadiHoM. Ha npeumsiiHo-
My poTauiinHoMy MikpoToMi Micrmo HM-340E
(Thermo Scientific, CLLUA) BurotoBnsnm 3pi3u
TOBLUMHOI 4 MKM, SKi MoMiwany Ha agre3nBHi
npeameTHi ckenbusa (SuperFrsot Plus, Menzel
Glaser, HimeuumHa) pnsa iMyHOriCToxXiMiyHOro
(IFX) pocnigxeHHs. IFX gocnigXeHHs BUKOHY-
BaJIN 3@ CTAaHAAPTHOO METOAMKOI 3 BUKOPUC-
TaHHAM MOHOKJ/IOHaJIbHUX MWULIAYUX aHTUTIN
Smtoh Muscle Actin (Clnoe 1A4) npoTtu a-iso-
dopMu rnagkom’a3oBoro akTuHy (a-SMA) Ta
Desmin (Clnoe D33) npotu aecmiHy (DAKO,
CLLUA), MOHOKJ/IOHANbHUX KPOMSYUX aHTUTINA I
(Clnoe RAH C11) npoTtu konareHy I-ro Tuny
(IMTek, P®) Ta NONiKIOHANBHUX KPOASUYMX aH-
TuTin Fibronectin npotun gi6bpoHekTnHy (DAKO,
CLUA). Onsa uboro nicnsa genapadiHauii, Buco-
KOoTeMrnepaTypHOro AeMacKyBaHHSA aHTUreHiB
y Tpuc-EOATA 6ydepi 3 pH=9 i 6bnokyBaHHSA
AKTUBHOCTI €HAOreHHol nepokcuaasu y Tpu-
BiJCOTKOBOMY PO34YMHIi NepeKkncy BOAHIO BUKO-
HyBanu iHKybauilo 3 NEPBUHHUMWU aHTUTINAMKU
3rigHO 3 pekoMeHaauisMn QipMn-BUpobHMKA,
i Bi3dyanisauieto IMX peakuii giamiHobeH3nai-
HoM (DAKO, CLUA). OuiHloBaHHSA pe3ysibTaTiB
IFX peakuii BMKOHYBanuM 3 BWKOPUCTAHHAM
Mikpockona Axipolan 2 (Carl Zeiss, Himeu-
ymMHa) Ta umdposoi doTtokamepm C5060WZ
(Olympus, fAnonia). Ana doTomMopdomMeTpuy-
HOro AOCHIAXEHHS B KOXHOMY Bunaaky ¢o-
Torpadysanu 10 nonis 3opy. Ana yHidikauii
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OTpUMaHUX AaHux ¢oTorpadyBaHHA BUKOHY-
BaNM y CTaHAapTU30BaHUX yMoBax: 36inbLueH-
Hs Mikpockona x200, konip (Temnepatypa)
ocsiTneHHs 3200 K, napameTpu ¢doTokamepu
F3.2 (miadparma), 1/400 (Butpmmka), ISO
100 (cBiTNOYYTNMBICTb), py4yHWir 6anaHc 6i-
noro TopkaHHsA. KinbKicCHe BUM3HAYEHHSA PiBHIB
IHTEHCMBHOCTI Ta BIAHOCHOI NJIOLWi eKCnpecii
[0CNioKyBaHMUX CTpOMasibHUX MapKepiB BUMKO-
HyBa/iM 3 BUKOPUCTAHHAM MeAWUYHOI Nporpamum
ana obpobku umdposux 306paxeHb Imagel
v.1.48 Ta 3 BUKOpUCTaHHSAM BOyA0OBaHOro nna-
riHa Couolr Deconvloutino i cxemm aHanisy
3abapeneHHa «H DAB» (rematokcuniH+DAB)
ON19 BU3HAYEHHA nuowi cTpykTypu B IMX npe-
napatax Ta ONTUYHOI (AEHCUTOMETPUYHOI) iH-
TEHCUBHOCTI iMyHOodapbyBaHHS 3a 3anaTeH-
ToBaHow Metoaukot (Mat. 99314 YkpaiHa,
MIMK 2015. GO1N 21/00, GO6K 9/00. Cnoci6
doToumndpoBoi MopdomeTpii iMyHOriCTOXiMiy-
HUX npenaparTis). Ana MopdOMeTPUYHOro Bu-
paxyBaHHA Ki/lbKiCHOrO BMICTY KOMMOHEHTIB
BWMKOPUCTOBYBaNM aBTOMAaTU4YHO nobyaoBaHy
rictorpamy 8-6iTHOro HaniBTOHas IbHOro 306pa-
XeHHSs BiadinbTpoBaHoro DAB-kaHany 3 npo-
rpaMHUM 06YNCNEHHAM OMNTUYHOI LWiNbHOCTI i
CTaHA4apTHOro BigXuMNeHHs. [na noaanbloro
MOP(OMETPUYHOrO BUMIPIOBAHHSA  BiIAHOCHOI
NnJowi B HamMiBTOHasbHOMY 306pa)eHHi [o-
[ATKOBO BCTaHOBMIOBaNAW CTaHAAPTHWI nopir
yyTnmBocTi (iHCTpyMeHT Threshlod) — Default
ana obuncneHHs ekcnpecii a-SMA, Konareny
I i Reniy Entropy - ans obuucneHHs ekcnpecii
OECMiHY | QPibpOHEeKTUHY.

Pe3ynbtatn gocnig)xeHb

BrvkOHaHa oOuiHKa pe3ynbTaTiB KOMM/IEKCHOIo
nartorictonoriyHoro Ta IMNX gocnigxeHHa npe-
napartis 3, oTpMMaHux Nig 4Yac onepaTMBHUX
BTpy4aHb 3 npusoay X[l 3 naHKpeaTUUYHOK Ta
6iniapHoto rinepTeH3i€to y 72 nauieHTiB.

Becb maTepian 6yno noaineHo Ha ABi rpynu
aocnigxeHHsa: rpyna 1 («paHHs Xipyprig») -
nauieHTn, Wwo BBaxanu cebe xsopumu Ha X1
[0 onepauii ynpoaoBX MeHLe TpbOX POKiB,
Ta rpyna 2 («ni3Hsa Xipypriga») — nauieHTu, Wwo
BBaXxxanu cebe xsopuMm Ha XI1 binblie TpbOX
pokis. [Jo rpynn 1 3apaxoBaHo 32 nauieHTw,
40 rpynn 2 — 40 nauieHTiB.

3rigHo 3 ricTtonoriyHo knacudikauieo di-
6po3y 3a Metavir B rpyni 1 («paHHS Xipyp-
ris») ¢ibpos F1 (nouaTtkoBuin) BusBneHo y 12
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sue biopsy samples obtained during surgery
(in most cases, histological material was tak-
en from the head of the pancreas). Tissue
samples were collected and processed follow-
ing standard protocols, fixed in a 10% neutral
formalin solution, embedded in paraffin, and
stained with hematoxylin and eosin. Histo-
logical sections, four pm sick, were prepared
using a rotary microtome (Microm HM-340E,
Thermo Fischer Scientific Inc., MA, USA) and
placed on adhesive glass slides (SuperFrost
Plus; Menzel-Glaser, Braunschweig, Germa-
ny) for immunohistochemical (IHC) analysis.
IHC analysis was conducted following stan-
dard protocols using monoclonal mouse an-
tibodies: smooth muscle actin (Clone 1A4)
targeting alpha-smooth muscle actin (a-SMA)
and desmin (Clone D33) targeting desmin
(DAKO, USA); rabbit monoclonal antibodies
(Clone RAH C11) against type I collagen (Im-
tek, Russia); and rabbit polyclonal antibodies
against fibronectin (DAKO, USA). After depar-
affinization, high-temperature antigen retriev-
al in Tris-EDTA buffer (pH=9.0), and blocking
of endogenous peroxidase activity with 3%
hydrogen peroxide, incubation with primary
antibodies was performed according to the
manufacturer’s instructions, followed by visu-
alization of the IHC reaction with diaminoben-
zidine (DAKO, USA). The results of the IHC
reaction were evaluated using an Axioplan 2
microscope (Carl Zeiss MicroImaging GmbH,
Germany) and a C5060WZ digital camera
(Olympus, Japan). For the photomorphomet-
ric study, ten fields of view were photographed
for each case. To standardize the data, pho-
tographs were taken under controlled condi-
tions: a microscope magnification of %200,
warm white light at 3200 K, camera settings
of F3.2 (aperture), 1/400 (shutter speed),
ISO 100 (sensitivity), and manual white bal-
ance adjustment. Quantitative analysis of the
intensity levels and relative area of expression
of the investigated stromal markers was con-
ducted using Image] v.1.48 digital image pro-
cessing software with the built-in color decon-
volution plugin and the H-DAB (hematoxylin
+ diaminobenzidine) staining analysis scheme
to measure the surface area of structures in
IHC preparations and the optical (densito-
metric) immunostaining intensity, following a
patented method (Patent No. 99314, Ukraine,
IPC 2015: GO1N 21/00, GO6K 9/00, Method
of Photo Digital Morphometry of Immunohis-
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tochemical Preparations). An automatically
generated histogram of the 8-bit grayscale
image from the filtered DAB channel was used
for quantitative morphometric analysis of the
components, along with software- based cal-
culations of optical density and standard devi-
ation. For further morphometric calculation of
the relative surface area in the grayscale im-
age, a standard sensitivity threshold (Thresh-
old tool) was applied, with the Default setting
used for calculating the expression of a-SMA
and type I collagen, and Rényi entropy applied
for calculating the expression of desmin and
fibronectin.

Results

The results of comprehensive pathohistologi-
cal and IHC studies of pancreatic tissue sam-
ples obtained during surgeries for CP and pan-
creatic and biliary hypertension in 72 patients
were evaluated.

The entire sample was divided into two study
groups: Group I (“early surgery”) included 32
patients diagnosed with CP less than three
years before surgery, and Group 2 (“late sur-
gery”) comprised 40 patients diagnosed with
CP more than three years before.

According to the METAVIR scoring system, the
severity of fibrosis in Group I (“early surgery”)
was as follows: twelve (37.5%) patients had
mild fibrosis (F1), sixteen (50.0%) patients had
moderate fibrosis (F2), three (9.3%) patients
had severe fibrosis (F3), and one (3.2%) patient
had cirrhosis (F4). In Group II (“late surgery”),
moderate fibrosis (F2) was observed in three
(7.5%) patients, severe fibrosis (F3) in twen-
ty-eight (70.0%) patients, and cirrhosis (F4) in
nine (22.5%) patients. Three patients with CP
and F3 fibrosis and one with F4 fibrosis were ex-
cluded from Group I, while three patients with
CP and F2 fibrosis were excluded from Group II.

Histological examination (hematoxylin and
eosin staining) of tissue samples from Group
I patients with F1 fibrosis revealed mild inter-
lobular fibrosis. The interlobular spaces exhib-
ited slight expansion with no notable histolog-
ical remodeling or tubule destruction, and the
acinar tissue remained intact (Fig.1-A).

Parallel histochemical analysis using Mallo-
ry’s trichrome and Van Gieson’s staining tech-
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(37.5 %) ocib, dibpo3 F2 (nomipHuin) -y 16
(50.0 %) oci6 , ¢ibpo3 F3 (BuMpa3Huin) — y 3
(9.3 %) oci6, ¢dibpo3s F4 (dhibpo3/umpos) -y
1 (3.2 %) ocobu, a B rpyni 2 («ni3HA Xipyp-
ria») — ¢dibpo3 F2 (noMipHui1) BUABNEHO y 3
(7.5 %) oci6, ¢dibpo3 F3 (BupasHuii) — y 28
(70.0 %) ocib, ¢ibpo3 F4 (¢dibpo3/umpos) -y
9 (22.5 %) oci6. 3 rpynu 1 BUNy4YeHO TPbOX
nauieHTiB 3 XM 3 pibpo3om F3 i ogHOro nauieH-
Ta 3 pibpo3oM F4, a 3 rpynu 2 — TpbOX NaLi€EH-
TiB 3 XN 3 F2 (NoMipHuM cTyneHeM ¢ibpo3sy).

Mpw rictonoriyuHoMy (3abapBrieHHA reMaToKCK-
NiHOM Ta €03MHOM) AOC/iAXEeHHI npenapaTis
nauieHTiB rpynn 1 3 F1 ctyneHem ¢ibpo3y M3
6yno BCTaAHOB/IEHO PO3BUTOK iHTepnobynsp-
Horo ibpo3y cnabkoro CTyrneHs BMpPa3HOCTI,
iHTepnobynsapHi MNpOCTOpPU Manu HeCcyTTEBE
po3wmnpeHHsa, 6e3 rictonoriyHoi nepebynosu
abo pyliHyBaHHSA Ty6yn, auuMHapHa TKaHWHa
3anuwanacs iHTakTHow (puc. 1-A).

OpHouvacHe ricToxiMiyHe pocnigxeHHsa (3a-
6apsneHHs Manopi-TpuxpoM Ta BaH-li30H)
[ano 3Mory Bi3yanisyBaTu PO3BUTOK TOHKUX
KoJslareHoBMX BOJIOKOH Y MiXXAO0/IbKOBUX Mnepe-
TUHKaX, 9Ki 0ToYyBasin MOOANHOKI AONbKMW.

Bxe Ha paHHix ctagiax XI1 3 nmaHkpeaTU4yHO
Ta 6iniapHoto rinepTeHsielo B Mikponpenapa-
Tax y 30Hax ¢ibpo3y npocTexysBanacs 3a-
nanbHa iHdiNbTpauia niMmdoricTioynTapHUMm
KniTuHamu (nimdbountn, makpodarm, nnasMa-
TUYHI KNITUHK).

Mpn KOMMJIEKCHOMY MaTOriCTo/IOriYHOMY [A0-
CNigXeHHi nauieHTis nepwoi rpynu npu X 3
naHkpeaTnyHoto Ta bGiniapHoto rinepTeHsiewo
3 F2 ctyneHem ¢ibpo3y 6yno BusiBneHo ne-
pebynoBy rictoapxiTekToHikn M3 He TiNbKkKu
y CTpOMasibHOMY MaTTepHi, ane i y 3an03u-
CTO-MPOTOKOBOMY MaTTepHi. [lpocTexxyBascs
3Ha4YHUMA PO3BUTOK MepunobynsipHOro Ta Au-
dy3Horo iHTepnobynspHoro ¢ibpo3y HaBko-
no pgonbok M3. Y npenapaTtax NoMiyeHo ne-
puaykTanbHuii @ibpos, Akun mydTonoaibHo
OXOMJIOBAB CMOTBOPEHHI Ta PO3LWNPEHi MiX-
OO0SIbKOBI MPOTOKM.

OueBnAHMM 6yno 36inbleHHS PO3MIpiB MiX-
AONIbKOBOro npocTtopy Ta cent. IHdinbTpauis
3anasibHUMKU  KNITUHAMW NpocCTeXyBasaca Yy
CTpOManbHOMY naTTepHi crnabkoro Ta Mnomip-
HOro CTyneHs.
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CyTtTeBoto BiaMiHHicTIO X[ 3 F2 cTyneHem di-
6po3y Bia XIM 3 F1 € HasBHICTb WinbHOro di-
6p0O3y HaBKO/IO HEPBOBMX BOJIOKOH, LLO 3a Kii-
HIYHMMW JAaHUMUK MOXE NPOABNATUCSH 601bOBUM
cuHapoMm. Mpu UbOMY auMHapHa TKaHuHa 13
npu F1 ta F2 cTyneHax ¢ibpo3y 3annwacTb-
€S iHTakTHa. Qi6pOTUYHI 3MiHK Yy BCiX Aocni-
IXKEHUX XBOPUX FPYNU «paHHs Xipypria» 6ynu
XapaKTepHi MOEAHAHHAM UiTKO OKpecneHoro
nepunobynsapHoro ¢ibpo3sy, WO oxonsaoBaBs
yCi YaCTO4YKM, MOLIMPEHOro iHTpanobynsapHoOro
dibpo3y, a TakoX BMPA3HOro NnepmayKrasbHO-
ro ¢ibpo3y 6ing BenMKUX YOTKOMOAIGHO 3BY-
XEHUX | KICTO3HO-pO3WNPEHNX NPOTOK (pucC.
1-B).

OpHouacHe IMX gocnifiKeHHs 3 BUKOPUCTaHHAM
a-SMA MikponpenapaTiB MauieHTiB, XBOPUX Ha
XM 3i cnabkuM Ta NomipHUM ctyneHeMm ibposy
(nepwa rpyna) 3acsigumno, wo N3K, ski B HOpMi
nepebyBaloTb Yy CTaHi criokoto Haekosno MM Ta
iHLWMX NpOTOKiB, 6yNn akTMBOBaHI i NpoAyKyBa-
JIN KosnareH Ta iHWi NpoTeiHn eKcTpauentonap-
HOro Matpukcy. a-SMA + MN3K - € rofoBHMMHU
iHAyKTOpamMu opMyBaHHs LWinbHOro ¢ibpo3sy
npu X Ta cMHTE3YlOTb AOCTaTHIM 06'eM 6inkis
eKcTpauentonsapHoro matpukcy (ibpoHeKTuH,
konareH I, III, IV tmniB), 6inKiB NPOMDDKHUX Mi-
KpodinameHTiB (AECMiH Ta BIMEHTUH).

TakoX IMYHO-MO3UTUBHUMKM KNITUHAMU Ha
a-SMA 6ynun ¢ibpobnactm, aKi CTaHOBMAN OC-
HoBYy @ibpo3Hoi macu M3 npu XIM. Ekcnpecisa
mMapkepie 6yna y Burnagi audgysHoro memb6-
paHo-uMTONasMaTnyHoro 3abapeneHHs [MM3K
Ta ¢dibpobnactie. PiBeHb ekcnpecii a-SMA
(puc. 1-B) B rpyni «paHHS Xipyprisg» CTaHo-
BuB (39.73 £ 1.96) YMOBHUX OAMHULb ONTUY-
HoT winbHocTi (YOOL), puc. 1-B, a BigHOCHa
naowa iMyHO-NO3UTUBHO 3abapBrieHnx KNiTUH
cTtpomn — (15.84 £ 0.61 %).

IrX gocnigxeHHsA MikpornpenapaTiB 3 BUKOpUC-
TaHHSAM KonareHy I Tuny BusBuno AndysHe
MeMbpaHo-LuMTONIasMaTnuIHe 3abapBneHHs
BepeTeHonoAibHMX KNITUH, WO CTaHOBAATb
6a3nc ctpomanbHoro natrepHy npu XI. Ekc-
npecias Mapkepa MpocTexyBasacad HK TOHKI
MPOXWKU. [MOKa3zHWK BIAHOCHOI M/owWi iMy-
HO-NO3UTUBHO 3abapBneHnx <«ibpunapHux»
BOJIOKOH MA€ HU3bKWI CTyniHb (22.70 %
1.4 %). MNpwn UbOMY piBEeHb eKcnpecii Mapke-
pa 6yB noMmipHui i ctaHoBuB (84.11 + 2.24)
YOOLU (puc. 2).
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nigues demonstrated the presence of thin
collagen fibers in the interlobular septa sur-
rounding individual lobules.

Histological examination of tissue samples re-
vealed inflammatory infiltration by lymphohis-
tiocytic cells (lymphocytes, macrophages, plas-
ma cells) in the fibrotic areas at the early stages
of CP with pancreatic and biliary hypertension.

Comprehensive pathohistological analysis of
Group I patients with CP, pancreatic and bil-
iary hypertension, and F2 fibrosis revealed
histoarchitectural remodeling of the pancreas,
affecting both the stromal and glandular-duc-
tal patterns. Significant perilobular and diffuse
interlobular fibrosis were observed around
pancreatic lobules. The preparations showed
cuff-like periductal fibrosis surrounding the
distorted and dilated interlobular ducts.

The interlobular space and septa were en-
larged, and inflammatory cell infiltration was
observed in the stromal pattern, ranging from
mild to moderate intensity.

A notable distinction between CP with F2 fibrosis
and CP with F1 fibrosis is the presence of dense
fibrosis surrounding the nerve fibers, which,
according to clinical findings, may be associ-
ated with the development of pain syndrome.
However, in both F1 fibrosis and F2 fibrosis, the
pancreatic acinar tissue remains intact. In all
patients of the “early surgery” group, fibrotic
changes were characterized by pronounced per-
ilobular fibrosis affecting all lobules, widespread
intralobular fibrosis, and prominent periductal
fibrosis surrounding large, sharply narrowed,
and cystically dilated ducts (Fig. 1-B).

Parallel IHC analysis using a-SMA on tissue
samples from Group I patients with CP and mild
to moderate fibrosis revealed that PSCs, typical-
ly quiescent around the MPD and other ducts,
were activated and produced collagen and other
extracellular matrix proteins. PSCs and a-SMA
are central to developing dense fibrosis in CP,
synthesizing abundant extracellular matrix pro-
teins, including fibronectin and types I, III, and
IV collagen, and intermediate filament proteins,
such as desmin and vimentin.

Additionally, a-SMA-positive cells included fibro-
blasts, which formed the primary fibrotic mass in
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the pancreas in CP. Marker expression appeared
as diffuse membrane and cytoplasmic staining
in PSCs and fibroblasts. In the “early surgery”
group, the expression level of a-SMA (Fig. 1-C)
was (39.73£1.96) optical density units (ODU),
and the relative area of a-SMA-positive stromal
cells was (15.84+0.61)% (Fig. 2).

; !‘('Q f"-. '
"- i o be A

v

Figure 1. A-Pancreas of a Group I patient (“early sur-
gery”) with F1 fibrosis, showing minimal changes, includ-
ing mild interlobular fibrosis. Masson’s trichrome stain-
ing, magnification x400; B- Pancreas of a Group I patient
(“early surgery”) showing signs of fibrotic transformation.
Perilobular fibrosis with connective tissue strands extend-
ing into the pancreatic lobules, distorting the typical aci-
nar structure. Mallory’s trichrome staining, magnification
x400; C-Immunohistochemical reaction with Mo a-Hu
Smooth Muscle Actin Alpha antibodies in Group I (“early
surgery”). Magnification x200. Weak staining of pancre-
atic stellate cells and their processes for a-SMA.

IHC analysis of tissue samples using type
I collagen revealed diffuse membrane and
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PucyHok 1. A - MigwnyHKoBa 3ano3a nauieHta 1 rpynu
(«paHHs xipyprisi»), cTyniHb dibpo3y F1. MiHiManbHi 3MiHK
y BuUrnaai cnabkoro iHTepnobynspHoro ¢i6posy. ®apby-
BaHHS MacoH-TpuxpoM, 36inblweHHs x400; b - MigwnyH-
KOBa 3an03a nauieHTa 1 rpynu («paHHs Xipypris») 3 03-

Hakamn ibpo3Hoi  TpaHcdopmauii.  MepunobynspHuii
@ibpo3, TSXI Cnony4yHOI TKaHMHW MPOHWMKaTb BrAnb ao-
NbOK MiALNYHKOBOI 3a503KM, CrMOTBOPIOIOYM XapaKTepHy
aumHapHy 6ynoBy. ®apbyBaHHs Manopi-Tpuxpom, 36inb-
weHHsa x400; B - IMyHoricToxiMiyHa peakLis 3 aHTUTinamm
Mo a-Hu Smooth Muscle Actine Alpha B 1 rpyni («paHHs
Xipyprisi»), 36inbweHHa x200. Cnabke 3abapBneHHs nNaH-
KpeaTuyHMX 3ip4acTux KNiTUH Ta ixX BiApoCTKiB Ha a-SMA

3a pe3ynbTataMu KopenauinHoro aHanisy 6yno
BCTQHOBJ/IEHO HASBHICTb 3BOPOTHOrO 3B'A3KY
MK a-SMA+ k/niTMHaMn Ta piBHEM ekcnpecii
konareHy I tuny (r =-0.19, p < 0.05). Mpsamnii
NOMipHUI KOpensauiiHMI 3B’930K BCTAHOBJIEHO
MiX BiAHOCHWUMM nnowamMmm a-SMA+ KniTMHaMm
Ta konareHom I Tuny (r = 0.42, p < 0.05).

3acTocoByBanum CTpOManbHUi Mapkep
Fibronectin, akunii 3B’a3yeTbca 3 dibpoHek-
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TUHOM, WO CUHTE3YETbCA AK QibpungapHa
CiTKa HEepO34YMHHOI KOHCUCTEHLUIl KAiTUHamm
napeHxiMu Ta ctpomu M3. Mloro ocHoBHa 0-
Kanizauiga — KAiTMHHA MOBEpPXHsS Ta eKcTpa-
uentonapHuin matpukc. Ekcnpecia 6yna sk
andysHe MembpaHo-uuTOonnasMaTuyHe Ko-
pudyHeBe 3abapBneHHSA y BepeTeHOonoAibHmX
KNiTUHaxX cTpoMu, wo dhopmytoTb Hibpo3Hi
My@TWU HABKONO HEPBOBWUX BOJIOKOH Ta Mpo-
ToKiB. Ekcnpecia dibpoHeKTUHY TakoxXx mnpo-
CTexyBanacs sk Kopun4yHese andysHe MeMb-
paHHe 3abapBfieHHA B aUMHAPHO-NMPOTOKOBIN
MeTannasii Ta TpaHCPOPMOBAHUX ALMHAPHUX
KNiTUHaX, WO YTBOPKIWTb «Tybynonoaib-
Hi» KOMMNEeKcU. Y rpyni «paHHA Xipypriga»
NpoCTeXyBaBCA MOMIipHWUI piBeHb ekcnpecii
(pi6pOHEKTUHY, CTaHOBASYM B CepeaHbOMY
(29.43 + 2.69) YOOL. Mnowa iMyHO-No3un-
TUBHO 3abapBneHnx KNiTUH Ha QibpOHEKTUH
ctaHoBuna (10.45 £ 0.89 %). IM'X peakuis
i3 gecMiHoM y cTpoMasbHOMY naTTepHi 6yna
noaibHa ekcnpecii a-SMA (puc. 3).

| rpyma
30,00% 22,70%
n00% 0 1045%
o Ao B
-
0,00%
aSMA Desmin ~ Fibronectin -~ Collagen I

PucyHok 2. lMoka3HuKKM MediaH BiAHOCHOI NnoLi ekcnpe-
Cili Me3eHXiManbHUX MapKepiB y AOCNIAXEHHSAX 1 rpynu
(«paHHs xipypris»)

PucyHok 3. IMyHoricToxiMmiyHa peakuis 3 BUKOPUCTaHHAM
necmiHy B 1 rpyni («paHHs Xipypris»), 36inbweHHs x200.
Cnabka ekcnpecia AeCMiHy B CMOMYYHIA TKaHWHI
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cytoplasmic staining in spindle- liked cells,
constituting the stromal pattern in CP. Mark-
er expression appeared as thin strands. The
relative area of positively stained OfibrillarC]
fibers was low, measuring (22.70£1.4)%.
In contrast, the marker expression level
was moderate, reaching (84.11+2.24) ODU

(Fig. 2).

Group I
30.00% 22.70%
15.84%
20.00% 10.45%
10.00% 0.99% A
-
0.00%

aSMA Desmin  Fibronectin -~ Collagen [

Figure 2. Median values of the relative area of mesen-
chymal marker expression in Group I (“early surgery”).

Correlation analysis revealed an inverse cor-
relation between a-SMA+ cells and the expres-
sion level of type I collagen (r=-0.19, p<0.05).
A direct moderate correlation was observed
between the relative areas of a-SMA+ cells
and type I collagen (r=0.42, p<0.05).

The stromal marker fibronectin was used,
which binds to fibronectin synthesized as an
insoluble fibrillar network by the parenchymal
and stromal cells of the pancreas. Its primary
localization is the cell surface and extracellular
matrix. Expression appeared as diffuse brown

Original research: Clinical sciences

staining in the membrane and cytoplasm of
spindle-shaped stromal cells forming fibrous
sheaths around nerve fibers and ducts. Fi-
bronectin expression was also observed as
diffuse brown membrane staining in aci-
nar-to-ductal metaplasia and in transformed
acinar cells forming tubular complexes. In the
Oearly surgeryd group, a moderate level of
fibronectin expression was observed, with an
average of (29.43+2.69) ODU. The area of fi-
bronectin-positive cells was (10.45+0.89)%.
The IHC reaction with desmin in the stromal
pattern closely resembled the expression of
a-SMA (Fig. 3).

-
L

&

Figure 3. Immunohistochemical reaction using desmin
in Group I (“early surgery”). Magnification x200. Weak

desmin expression in the connective tissue. The simi-
larity between the IHC reaction with desmin and a-SMA
expression is that desmin is synthesized by both extra-
cellular matrix cells and PSCs. Desmin expression was
observed in both the stroma and acinar tissue. In Group

Figure 4.A- Immunohistochemical reaction with Mo a-Hu Fibronectin antibodies. Magnification x200. Perineural fibrosis
of the pancreas in a Group II patient (“late surgery”); B-Perineural fibrosis of the pancreas in a Group II patient (“late
surgery”). Mallory’s trichrome staining, magnification x200
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MogibHicTb IMX peakuii i3 aecMiHOM ekcnpecii
a-SMA obymoBneHa TUM, WO AEeCMiH CUHTe-
3YHOTb He TiIbKKU KNITUHU eKCTpauentonsapHo-
ro matpukcy, ane n MN3K. Ekcnpecis aecminy
NpocTexyBanacs He TiJibKM y CTPOMi, ane 1 B
auWHapHiln TKaHWHI. PiBeHb ekcnpecii gecmi-
Hy y nepwin rpyni 6yB o3HayeHun cnabkumm
andysHMM MeMbpaHo-uUMTOoMna3MaTUYHMM 3a-
6apBneHHAM KNiTUH i cTaHoBuB (3.72 £ 0.24)
YOOLL. TlMokasHMK BigHOCHOI noLi ekcnpecii
AecmiHy (0.99 £ 0.05 %).

CyTTeBi 3MiHM B apxiTekToHiui M3 npu XM 3
naHkpeaTuyHoto Ta O6iniapHol rinepTeHsieto
npoctexysann nNpun F3 Ta F4 cTyneHsax Bupas-
HocTi ibpo3y npu 3abapBreHHi reMaToKCuni-
HOM Ta €03MHOM, MeToAO0M Manopi-Tpuxpom Ta
BaH-Ti30H. CTpoManbHUIA NaTTepH NpeBanioBas
Hag napeHximMaTo3HuM. Y 18 (45 %) nauieHTiB
apyroi rpynun 6yno nomiyeHo KoM6iHOBaHMM
¢ibpo3: iHTepnobynapHuin, nepunobynsapHumn,
iHTpanobynspHU, NepuHeBpasbHUA Ta nepu-
BacKynspHui gibpo3s. Y gocnigxyBaHux npena-
paTax TakoX NpOCTeXyBanacs nepuvHeBpasibHa
iH(iNbTpaLid, Wo NoTeHUiMHO nocue 601b0o-
By peakuito (puc. 4-A, b).

Takox BUABNEHO MydTonoAibHu ¢ibpo3 HaBKo-
/10 CrOTBOPEHUX, KICTO3HO-PO3LUMPEHNX MiXK-
O0NIbKOBUX MPOTOK. ALUMHApHa TKaHWHa 3aMile-
Ha ibpO3HO-KOMAreHOBUMN TSXKaMn CroSyYHOI
TKaHWHW. Y MiKponpenapaTax BUSABJ/IEHO 3BUBUC-
TiCTb, CMOTBOPEHHSA Ta PO3LUMPEHHSA MPOTOKIB 3
peTeHUINHUMK KiCTaMM, WO HEe MPOCTEXYBanocs
y nauieHTtiB rpynn 1 3i cnabkum Ta NOMipHUM
CTyneHeM BMpasHOCTi dibpo3y. OKpiM eK30KPUH-

Original research: Clinical sciences

Hoi YacTuHu M3 npu XM 3 BaxKUM cTyneHem oi-
6po3y Ta umposoMm, 6yno BuaBneHo sk 36epe-
XKeHHA (puc. 5-A), Tak i LiNIKOBUTE ypaXeHHS
€HAOKPUHHOI YaCTUHU — OCTpIiBLiB JlaHrepraHca
3 XapakTeHuM ¢(ibpo3omM npu Malke MOBHOMY
3aMillleHHi auMHapHOi TKaHMHK 13 cnony4Ho
TKAHWHOIK 36epexeHnx ApibHMX NpoTOKiB Ta
3BY>XEHUX FON0BHMX NpoToKiB (puc. 5-B).

BuaBneHo TakoX BOrHWLWEAE KOMMEHCaTOPHOI
auMHapHO-NpoOTOKOBOI MeTannasii. ¥ uux Bor-
HULWAaX npocTexyBanacsa TpaHcdhopmadisa noo-
OVHOKUX KJITUH auMHapHOI TKAHWHU Y KIITUHMK
NPOTOKOBOrO eniTenito i3 popMyBaHHAM ApPiGHNX
Ty6ynonogibHmx CTpyKTyp, WO BUCTENEHI OAHUM
LWapoM Kyb6ivHoro enitenito 3 ApiGHUM NPOCBITOM
yCepeauHi, saApa HOPMOXPOMHI, uuTorsiasMa eo-
3nHodiNbHa, diryp MiTO3y HE BUSBNEHO.

Ty6ynonogibHi cTpykTypu popMyBann BOrHU-
wa - ApibHi TyéynsapHi komnnekcn. Mixaonb-
KOBi NPOTOKM 6ynn 3HAYHO pPO3LLMPEHIi, Y Npo-
CBiTax BUABNEHO 6inkoBi Npobku. 36inbleHHs
KiNbKOCTI FiNOK MpOTOK Npu MOPGONOriYHOMY
AOCNIAXEHHI BU3HaYanu K 3poCTaHHS NpoTOK
3a ABOMa OCHOBHMMW TUMNaMW, XapaKTEPHUMMU
ana @ibpo3syBaHHS [HWMX NapeHxiMaTo3HUX
OpraHiB: NpoAoBXeHe 3 POpPMYyBaHHSM Ben-
KOI KifIbKOCTi napanenbHUX rinok agpibHoro Ta
cepegHbOro giameTpy.

Yepes ob6cTpyKuito npoTokiB 6inkoBnuMu npob-
KaMn Ta CTpUKTypamu, cnpuunHeHnmm dibpo-
30M [T, NpOoTOKOBMI eniTenin MaB BOrHMLWA
naHKpeaTUYyHOI iHTpaeniTeniasbHOI Heonnasii
1-2 cTyneHs.

PucyHok 4. A — IMyHoricToxiMiyHa peakuia 3 aHTuTinamm Mo a-Hu Fibronectin, 36inbweHHa x200. MNepuHeBpanbHUI
¢ibpo3 NiaWwNyHKOBOI 3a103Kn NauieHTa 2 rpynu («ni3Ha xipypria»); b — MepuHeBpanbHWi Gi6po3 NiAWNYHKOBOI 3a1031
nauieHta 2 rpynu («nisHs xipypris»). ®apbysaHHsa Manopi-TpuxpomM, 36inbweHHs x200
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I, desmin expression was characterized by
weak diffuse membrane and cytoplasmic
staining, with an average of (3.72%0.24)
ODU. The relative area of desmin expression
was (0.99+0.05)%.

Significant changes in the pancreatic architec-
ture in CP with pancreatic and biliary hyper-
tension were observed in F3 and F4 fibrosis,
using hematoxylin and eosin staining, Mal-
lory’s trichrome method, and Van Gieson’s
staining. The stromal pattern prevailed over
the parenchymal pattern. In 18 (45%) Group
IT patients, combined fibrosis was observed,
including interlobular, perilobular, intralobular,
perineural, and perivascular fibrosis. Addition-
ally, perineural infiltration was found in the
specimens, potentially exacerbating the pain
response (Fig.4-A, B).

A fibrous sheath was also observed around the
distorted, cystically dilated interlobular ducts.
Extensive fibrous collagen strands of connec-
tive tissue replaced the acinar tissue. The
preparations showed tortuosity, distortion,
and dilation of the ducts with retention cysts,
which were not observed in Group I patients
with mild to moderate fibrosis. In addition to
the exocrine portion of the pancreas, CP with
severe fibrosis and cirrhosis exhibited both
preservation (Fig. 5-A) and complete involve-
ment of the endocrine portion, specifically the
islets of Langerhans. The latter was affected
by fibrosis, with nearly complete replacement
of the acinar tissue of the pancreas by con-
nective tissue, preserving the small ducts and
narrowing the main ducts (Fig. 5-B).

Foci of compensatory acinar-to-ductal meta-
plasia were observed, where individual acinar
cells transformed into ductal epithelial cells.
These foci formed small tubular structures
lined by a single layer of cuboidal epithelium
with a narrow lumen. The nuclei were normo-
chromic, the cytoplasm was eosinophilic, and
mitotic figures were absent.

Tubular structures formed foci of small tubu-
lar complexes. The interlobular ducts exhib-
ited significant dilation, with protein plugs
observed in the lumens. Morphological anal-
ysis revealed an increase in the number of
duct branches, characterized by ductal en-
largement into two main patterns typical of
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fibrosis in other parenchymal organs: elon-
gation of ducts and the formation of numer-
ous parallel branches of small and medium
diameter.

Figure 5. A- Interlobular fibrosis and disruption of the
acinar architecture, with intact islets of Langerhans, in
a Group II patient (“late surgery”). Mallory’s trichrome
staining, magnification x200; B- Connective tissue
infiltration of the islets at the site of a destroyed lobule
in a Group II patient (“late surgery”). Mallory’s trichrome
staining, magnification x400; C- Immunohistochemi-
cal reaction with Mo a-Hu Smooth Muscle Actin Alpha
antibodies. Magnification x200. Intensive staining of
pancreatic stellate cells and their processes for a-SMA in
Group II (“late surgery”)

The ductal epithelium exhibited foci of grade
1 to grade 2 pancreatic intraepithelial neo-
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PucyHok 5. A - IHTpanobynsapHuii ¢ibpos, nopyLlueHHs
auMHapHoi 6ynoBu, ane 3 iHTaKTHMMM oCTpiBUSMW JlaH-
repraHca y nauieHta 2 rpynum («ni3Hs Xipyprisg»). 3a-
6apsneHHa Manopi-TpuxpoM, 36inbweHHa x200; B - Ha
MiCLi 3pyMHOBaHOI AO/IbKW CNOSYYHa TKaHWMHA y nauieHTa
2 rpynu («ni3Hs Xipyprisi») npoHuKae Branb ocTpisLuiB.
3abapBneHHa Manopi-Tpuxpom, 36inbweHHs x400; B -
IMyHoricToximMiyHa peakuis 3 aHTuTinamm Mo a-Hu Smooth
Muscle Actine Alpha, 36inbweHHa x200. IHTeHcuBHE 3a-
6apBrieHHA MaHKpeaTUYHUX 3ipyacTux KiTUHa Ta iX Bia-
pocTkiB Ha a-SMA B 2 rpyni («ni3Ha Xipyprisa»).

IrX peakuia 3 mapkepom a-SMA y Mikpo-
npenapaTtax AOCNIAXEHHSA FPynu <«Ni3HA Xi-
pypria» 3acsigumna, WO eKCcrnpecia mapkepy
a-SMA TM3K mana 6inbwy iHTEHCUMBHICTL Ta
BiAHOCHY nnouly 3abapBfeHHs y cTaHAapTu-
30BaHuUX nonsax 3opy (puc. 5-B). Ak iy nep-
Win rpyni AocnigXeHHs, ekcnpecia a-SMA
yApYri rpyni npoctexyBanacsa gk audysHe
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MeMbpaHo-uMTONNIasMaTnUyHe
N3K Tta dibpobnacTis.

3abapBneHHs

PiBeHb 3abapBneHHs a-SMA + M3K craHoBuMB
(47.17 £ 3.52) YOOL (puc. 6), Lo NopiBHSAHO
3 piBHeM ekcripecii B nepwin rpyni 6inbwe y
1.18 pasis, p < 0.05.

BigHocHa nnowa ekcnipecii a-SMA y rpyni 2
CcTaHoBWna B cepegHboMy (18.45 £ 1.30 %),
Wwo Takox 6inbwe y 0.86 %, p < 0.05.

Mpwn IMX 3abapBneHHi MikponpenapaTiB Ha KO-
naredi I tuny 6yno BuaeneHo andysHe mem6-
paHo-uMTON/asMaTnuyHe 3abapBneHHs Bepe-
TeHonoAdibHux, ¢ibpobnacTonodibHMX KNiTuH,
Lo OpMYIOTb LWiNbHY KaM'SHUCTY KOHCUCTEH-
Lito cTpoManbHOro natrepHy npm Xl 3 naHkpe-
aTnyHot Ta biniapHoto rinepTeHsieto. Mokas-
HUK piBHSA ekcrnipecii Mapkepa 6yB MOMipHOro
CTyMeHs, CTaHOBMSYN B cepeaHboMy (92.19 +
4.14) YOOLL.

Mpwn NopiBHAHHI NOKa3HMKIB piBHSA 3abapBneH-
HA MK rpynamMu AOCNiAXeHHS BCTaHOBJIEHO
36inbweHHa Megiavm y 1.10 pasis (y rpyni
«ni3Ha Xipyprisg», p < 0.05). MNoka3HuK Bia-
HOCHOI nnowi konareny I Tuny + «@ibpunsap-
HUX>» BOJIOKOH MaB NOMipHUI CTYNiHb — (27.96
+ 1.99 %.) MNpu NOPIBHAHHI BIiAHOCHMX NfO-
LWKNH eKkcnpecii konareHy I Tuny B nepuwin Ta
Apyrin rpynax 6yno BusBneHo 36inblueHHS
nokasHuka B rpyni 2, (p < 0.05).

LLlogo noripweHHsa rictonoriyHoi KapTuHu Xl
3 NaHKpeaTu4dHoto Ta biniapHoto rinepTeHsieto
i3 BaXXkMM cTyneHem ¢ibpo3y Ta umposom I3
BUSIBUIN NiABULLEHHS IHTEHCMBHOCTI 3abapBs-
JIeHHS CTpoMK KonareHoM I Tuny Ta 36inbleH-
HSIM MOro BiAHOCHOI nnowi ekcnpecii. Lle 0by-
MOBIOBAsO LWiNbHUA MydTOnoAibHNI (ibpos
HaBKO/I0 HEPBOBWUX 3aKiHYeHb, WO KAiHIYHO
nposiBnsiBca 6onem, neputybynsapHuin dibpos,
SIKWIA CTEeHO3yBaB MpPOCBIT MPOTOKIB HAaBKOJO
«TybynonogibHMX» KOMMMEKCiB, a Takox ne-
pUHeBpanbHUN Ta NepuBackynsapHun ¢ibpos.
Takox ekcnpecisa konareHy I Tuny npocrexy-
Basacs He Ti/IbKM B CTPOMasibHOMY MaTTepHi
XM, ane n B auMHapHIN TKaHWHI TOHKUMMK Npo-
XWUIKaMKM B OCTpiBUAX JlaHrepraHca.

Mpn IMX 3abapeneHHi MikponpenapaTis i-
6poHeKTMHOM 6yni0 BUSIBNEHO eKCnpecio sK
andysHe MembpaHo-uuMTONasMaTuyHe 3a-
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plasia resulting from ductal obstruction by
protein plugs and strictures due to pancre-
atic fibrosis.

The IHC reaction with the a-SMA marker in
tissue samples from the “late surgery” group
showed that a-SMA expression in PSCs ex-
hibited greater intensity and a larger relative
staining area in standardized fields of view
(Fig. 5-C). In both study groups, a-SMA ex-
pression was observed as diffuse membrane
and cytoplasmic staining in PSCs and fibro-
blasts.

The expression level of a-SMA+PSCs was
(47.17+3.52) ODU (Fig. 6), which was 1.18
times higher compared to the expression level
in Group I, p<0.05.

In Group II, the relative area of a-SMA ex-
pression averaged (18.45+1.30)%, which
was 0.86% higher than in Group I, p<0.05.

IHC staining of tissue samples for type I colla-
gen revealed diffuse membrane and cytoplas-
mic staining in spindle- shaped, fibroblast-like
cells, forming a dense, stone-like stromal pat-
tern in CP with pancreatic and biliary hyperten-
sion. The marker expression level was moder-
ate, averaging (92.19+4.14) ODU.

The comparison of the staining levels between
the study groups revealed a 1.10-fold increase
in the median in the “late surgery” group
(p<0.05). The relative area of type I collagen
and “fibrillar” fibers showed a moderate level,
averaging (27.96+1.99)%. The comparison of
the relative areas of type I collagen expression
between study groups revealed an increase in
Group II (p<0.05).

Group II

-
A
o

B aSMA; 47,17

B Desmin; 4,67
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As the histological severity of CP with pan-
creatic and biliary hypertension progressed,
accompanied by severe fibrosis and cirrhosis
of the pancreas, there was a notable increase
in the intensity of type I collagen staining in
the stroma, along with an expansion in the
relative area of its expression. This result-
ed in dense, cuff-like fibrosis around nerve
endings, clinically presenting as pain, along
with peritubular fibrosis that narrowed the
ductal lumens around the tubular complex-
es and perineural and perivascular fibrosis.
Type I collagen expression was observed in
the stromal pattern of CP and the acinar tis-
sue as thin strands within the islets of Lang-
erhans.

IHC staining of tissue samples with fibronec-
tin showed diffuse brown membrane and cyto-
plasmic expression in stromal cells forming in-
terlobular, perilobular, and intralobular fibrosis
and fibrosis surrounding the ducts and ductal
epithelium, which developed as a compensato-
ry response from acinar cells (acinar-to-ductal
metaplasia). In Group II, fibronectin expres-
sion was also moderate, as in Group I, but with
a 1.23-fold increase, averaging (36.18%+3.39)
ODU (p<0.05). The area of fibronectin-positive
cells in Group II was (13.05+1.01)%, which
represented a statistically significant difference
compared to Group I (p<0.05).

IHC analysis of tissue samples from the “late
surgery” group revealed desmin expression in
the stromal pattern around lobules, tubules,
tubular complexes, perineurally, and in the
acinar tissue cells. Desmin expression was
characterized by a weak, diffuse membrane
and cytoplasmic staining in cells, averaging
(4.67£0.52) ODU. The relative area of desmin
expression was low - (1.13+0.06)%.

® Collagen I;
92,19

B Fibronectin;
36.18

Figure 6. Median expression levels of mesenchymal markers in tissue samples from Group II (“late surgery”)
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® Collagen I;
92,19

B Fibronectin;
36.18

PucyHok 6. MokasHWKKM MefiaH piBHS eKCrpeciin Me3eHxiManbHMX MapKepiB B AOCAIAXEHHAX 2 rpynun («nNi3HS Xipypris»)

6apBneHHs KOPUYHEBOrO KOMNbOPY Y KIITUHAX
CTpOMMU, WO HOpPMYIOTb iHTEepobyNnapHuin, ne-
punobynspHuin Ta iHTpanobynsapHun ¢ibpos,
¢$ibpo3 HaBKOMO NMPOTOK Ta MPOTOKOBOrO eni-
Tenito, copMOBaAHMX KOMNEHCATOPHO 3 KNITUH
auMHapHOi TKaHWHW (auMHaApHO-NPOTOKOBA
MeTannasia). Y rpyni 2 BUSBNEHO TakKOX MNoO-
MipHUA piBeHb ekcnpecii QibpoHEKTUHY, K i
B rpyni 1, ane 3i 36inbweHHaM y 1.23 pa3u
Ta AOpiBHIOBaB y cepeaHboMy (36.18 £+ 3.39)
yoouw (p < 0.05). Mnowa iMyHONO3UTUBHO
3abapBneHnx KiiTUH Ha GibpoHEKTUH B rpyni
2 ctaHoBuna (13.05 + 1.01 %), wo NopiBHAHO
3 rpynoto 1 € CTaTUCTUYHO AOCTOBIPHOO Pi3HU-
ueto (p < 0.05).

Mpu IFX pocnig)xeHHi npenapartiB rpynu «ni3HA
xipypris» 6yno BCTaHOBNEHO eKCnpecito aec-
MiHYy B CTpOMasibHOMY MaTTepHi HaBKOJIO 4Ya-
CTOYOK, Tybyn, «TybynonogibHux» kKomnnek-
CiB, NepMHeBpasibHO Ta B KNiTUHAX auMHapHOI
TKAHWHW. PiBeHb eKcnpecii AeCMiHy BUPI3HAB-
ca cnabkum amdysHum membpaHo-uUMTONIa3-
MaTUYHUM 3abapBneHHSAM KNITUH | CTAaHOBMB
(4.67 £ 0.52) YOOLU. MNoka3HuMK BiIAHOCHOI
nsowi ekcnpecii gecmiHy 6yB cnabkoro cryne-
HAa - 1.13 £ 0.06 %.

O6roBopeHHs Ta BUCHOBKM

Mun BCTaHOBWAM, WO i3 MNpPOrpecyBaHHAM
dopmyBaHHa @dibpo3y 3 Ta BigknagaHHAM
TEPMiHY onepaTMBHOro BTpy4daHHa npu Xl
3 naHKpeaTM4yHol Ta biniapHoto rinepTeHsi-
€10, 3pOCTal0Tb MOKA3HWUKK piBHA Ta BiAHOC-
HOI niowi ekcnpecii BiANOBIAHUX MapkepiB
¢i6bpo3y. 3 noripweHHaAM cTyneHsa @ibpo3y
BiAOyBaAETbCA YLLiNbHEHHSA CTpOMM, 3aMi-
LEeHHS eK30KPMHHOT Ta eHAOKPUHHOI YaCTUH
MN3. OTxe, npsMe onepaTuBHE BTPYYaHHH
Ha M3 y paHHi TepMiHM — A0 TPbOX POKIB 3
novaTky cumnTomiB X[, mae TeopeTnyHe 06-
'PYHTYBAHHS 3 TOYKM 30pYy iCHyBaHHSA cyb6-
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cTpaTy — napeHximm M3, gka we 36eperna
cBoto Mopdo-dyHKUiOHanbHy 6yaoBy. Bor-
HUWA MNaHKpeaTU4HOoi iHTpaeniTesnianbHOI
Heonnasii, BUABNEHi y XxBopux Ha X1, we
pa3 3acsigyyTb, wWo Xl 3 naHkpeaTUyHO
Ta 6iniapHoto rinepTeHsielo € dakynbTaTUB-
HUM nepeapakoBuMM cTaHoM. lpun UbOMY He-
onnasig MoO4YMHAETbCHA caMe 3 MPOTOKOBOro
eniTenito, yactiwe 3 [TIM. 3rogoM ue Moxe
NpPM3BeCTU A0 PO3BUTKY MPOTOKOBOI aAeHO-
KapunHomu M3. Lle dakT obrpyHTOBYE BU-
KOHaHHSA BIipCYHreKToMil npwu XipypriyHomy
nikyBaHHi X 3 naHkpeaTu4yHow Ta biniap-
HOIO TFinepTeH3iElo.

BcTraHoBnieHo Baxney posb MN3K y po3BUTKY
@dibposy M3 npu XIMN. ®ibpo3He ypaxeHHsa 3
€ HE3BOPOTHWUM, @ MOPQONOriYHi I CTPYKTYPHI
3MiHWM NPU3BOAATbL A0 €K30- Ta €HAOKPUHHUX
dyHKUiOHanbHUX NopyLleHb M13.

BusaBneHo, WO ekcnpecia kosareHy I Tuny
NpocTexyBanacsa B auMHApPHIA TKaHWHI 3 TOH-
KUMU NPOXUIKaMM B OCTPiBUAX JlaHrepraHca y
TepMiHu b6inblue 3 pokiB Big NoYaTKy KiHIYHO-
ro npossy XI1. BcTaHoBneHa iHTpaeniTenianb-
Ha MpoTOKOBa Heomnsasifa, gKa 3rogoM Moxe
NnpuU3BecTU A0 PO3BUTKY MPOTOKOBOI aAeHOo-
KapumHomm M3.

JoBeneHo, WO nNoNinweHHa pe3ynbTaTiB Xi-
pYpridHoro nikyBaHHA YyCKNaAHeHuUX ¢opMm
XM 3 6iniapHOO Ta NPOTOKOBOI rinepTeHs3i-
€10 MOXJIMBO AOCArTU MNpu MNJaHOBOMY ore-
paTUBHOMY JliKyBaHHi y TEpPMiHU PO3BUTKY
XM po Tpbox pokiB, TO6TO, A0 BUHWUKHEH-
HA HE3BOPOTHUX MATONOMYHMX MpoLecis,
BKJ1HOYHO i3 BipOriAHICTIO OHKOJIOFYHOI TpaH-
cchopmauii M3.
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Discussion and Conclusions

Our findings indicate that as pancreatic fibro-
sis progresses and the timing of surgical in-
tervention in CP with pancreatic and biliary
hypertension is delayed, there is a notable
increase in the levels and relative area of ex-
pression of the relevant fibrosis markers. As
fibrosis progresses, the stroma thickens, and
the exocrine and endocrine portions of the
pancreas are progressively replaced. Accord-
ingly, direct surgical intervention on the pan-
creas within the early stages - up to three
years from the onset of CP symptoms - is
theoretically justified, as at this stage, the
pancreatic parenchyma still retains its mor-
pho-functional structure. Foci of pancreatic
intraepithelial neoplasia observed in patients
with CP further support the notion that CP
with pancreatic and biliary hypertension is
a premalignant condition. Notably, the neo-
plastic process originates in the ductal epi-
thelium, most frequently from the MPD. Sub-
sequently, this can result in the development
of ductal adenocarcinoma of the pancreas.
This underscores the rationale for perform-
ing pancreatic duct resection in the surgical
management of CP with pancreatic and bili-
ary hypertension.

Original research: Clinical sciences

An essential role of PSCs in developing pan-
creatic parenchymal fibrosis in CP has been
established. Fibrotic lesions of the pancreas
are irreversible, and the resulting morpholog-
ical and structural changes lead to both exo-
crine and endocrine dysfunction.

More than three years after the onset of clin-
ical manifestations of CP, type I collagen ex-
pression was observed in the acinar tissue,
with thin strands detected within the islets
of Langerhans. Intraepithelial ductal neo-
plasia was also identified, which may later
progress to ductal adenocarcinoma of the
pancreas.

It has been demonstrated that the improve-
ment in surgical outcomes for complicated
forms of CP with biliary and ductal hyper-
tension is achieved through planned surgery
within the first three years of CP development,
before the onset of irreversible pathological
changes, including the potential for oncolog-
ical transformation of the pancreas.
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