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PE3IOME

AkTyanbHicTb. XpOHiYHUI NaHKpeaTuT i3 hibpo30M Mae CxoXi 3 pakoM MifLLTyHKOBOI
3ano3n AiarHOCTUYHI O3HaKW, LU0 CMPUYMHAE TPYAHOLL AndepeHUIinHOi AiarHOCTUKK
He nuLe Npu HeiHBa3WBHIW Bidyanisauii, a 1 Nnpu MopdonoriYHoMy AOCHIAXKEHHI.

MeTa po60Tu — BU3HaUNTU audbepeHLinHo-aiarHOCTUYHI KpuTepii NPOTOKOBOI afeHo-
KapLuMHOMM MNiALLIAYHKOBOI 3ar03M Ta XPOHIYHOro NaHKpeaTuTy Ha OCHOBI Mopdonoriy-
HUX 3MiH 3 METOK BAOCKOHANEHHs nepegonepauinHoi Ta iHTpaonepauinHoi giar-
HOCTWKM 3M0SIKICHWX Ta A0BPOosIKICHUX TpaHcdopMaLlii nigwnyHKOBOI 3arnosu.
Martepianu Ta metoau. Hamn nposeaeHo mMopdonoridyHe JOCiAKEHHS iHTpaonepa-
LIMHO pe3eKuinoBaHuX AINAHOK XBOPMX i3 XPOHIYHMM MaHKpeaTUTOM Ta NPOTOKOBOK
afeHOoKapLMHOMOIO NiALUMYHKOBOI 3ar03n 3 OLIHKOI XapakTepuCTUK napeHxiMaTos-
HOro Ta CTPOMasibHOTO KOMTMOHEHTIB, MOKa3HWKIB BUPIBHAHOCTI KOnareHOBMX BOJSIOKOH
i wineHocTi cTtpomun. poBeaeHo iMYHOrICTOXiMIYHE OOCHIMKEHHS 3 BUKOPUCTAHHSAM
mapkepiB Ki-67, rmagkom’si30BOro akTuHy anbda Ta BiMEHTUHY.

Pesynbratu. BusisneHo mMopdonoriyHi ocobnmBoCTi NpOTOKOBUX CTPYKTYp, ¢hibposy
Ta 3ananeHHs Mpu NPOTOKOBIM aAeHOKapLUWHOMI MiALWYyHKOBOI 3an031 i XpOHIYHOMY
naHkpeatuti. Byno BcTaHOBMNEHo, WO 3 HapocTaHHAM @ibpo3y B 06ox rpynax
nigBuLLyBaBCS piBeHb EeKCrpecii rmagkomM’si3oBoro akTuHy anbda (p < 0,005 ans
NPOTOKOBOI ageHokapuuHomu; p < 0,05 gns XpOHIYHOro naHKpeaTuTy) 3a paxyHoK
aKkTuBOBaHMX MiodibpobnacTis. [Mpu NpPOTOKOBIN ageHOKapLUMHOMI  NigLLyHKOBOT
3ano3sun, NOpPIiBHAHO 3 XPOHIYHWMM MaHKpeaTUTOM, piBeHb ekcnpecii Ki-67 y kniTuHax
npotokis 6yB Buwum (p < 0,001); ctpoma Mana 6inblw BUpaxXeHy EeKCNpecito
rmagkom’si30Boro akTuHy anbda (p < 0,001), BULLMIA NOKa3HWK BUPIBHSHOCTI KonareHo-
BMX BOMOKOH (p < 0,001) i HUXYMI piBEHb iMYHOKMITUHHOI iHdINbTpauii (p < 0,001).
BucHoBku. ®ibpo3yBaHHA NpW MPOTOKOBIA ageHOKapUMHOMI MiALINYyHKOBOI 3arosun
i XpOHIYHOMY NaHkpeaTuTi BiAOyBaeTbCs 3a yyacTi MiodibpobnacTis, WO eKcrnpecyoTb
rmagKkoM’si30BUA aKTUH anbga, Ta CynpOBOAXYETLCA MiABULLEHHAM BUPIBHAHOCTI
KOrareHoBMX BOJIOKOH NpW MPOTOKOBIN adeHOKapuMHOMI MiALyHKOBOI 3anosu
(p < 0,01). Oo AndepeHUiiHO-AIarHOCTUYHNX MOPAONOrNiYHUX KpUTEpIiB cnig Big-
HecTn ekcrnipecito Ki-67, rmagkoM’si3oBOro akTuHy anbga, Aunartauiio MNpoTOoKiB,
NMOKa3HUK BUPIBHAHOCTI KOnareHoBUX BOSIOKOH Ta IMYHHY iHinbTpaLito.
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ABSTRACT

Background. Chronic pancreatitis with fibrosis has diagnostic features similar
to pancreatic cancer, which causes difficulties in differential diagnosis not only with
non-invasive imaging, but also with morphological examination.

Purpose — is to determine the differential diagnostic criteria for pancreatic ductal
adenocarcinoma and chronic pancreatitis based on morphological changes in order
to improve preoperative and intraoperative diagnosis of malignant and benign trans-
formations of the pancreas.

Materials and methods. We conducted a morphological study of intraoperatively
resected areas of patients with chronic pancreatitis and pancreatic ductal adeno-
carcinoma with an assessment of the characteristics of the parenchymal and
stromal components, indicators of collagen fiber alignment and stromal density.
An immunohistochemically study was performed using markers Ki-67, smooth muscle
actin alpha and vimentin.

Results. Morphological features of ductal structures, fibrosis and inflammation in
pancreatic ductal adenocarcinoma and chronic pancreatitis were revealed. It was found
that with the increase in fibrosis in both groups, the level of expression of smooth
muscle actin alpha increased (p < 0.005 for ductal adenocarcinoma; p < 0.05 for
chronic pancreatitis) due to activated myofibroblasts. In pancreatic ductal adeno-
carcinoma, compared with chronic pancreatitis, the level of Ki-67 expression in ductal
cells was higher (p < 0.001); the stroma had a more pronounced expression of
smooth muscle actin alpha (p < 0.001), a higher index of collagen fiber alignment
(p < 0.001) and a lower level of immune cell infiltration (p < 0.001).

Conclusions. Fibrosis in pancreatic ductal adenocarcinoma and chronic pancrea-
titis occurs with the participation of myofibroblasts expressing alpha smooth muscle
actin and is accompanied by increased alignment of collagen fibers in pancreatic
ductal adenocarcinoma (p < 0.01). Differential diagnostic morphological criteria
include expression of Ki-67, alpha smooth muscle actin, ductal dilation, collagen fiber
alignment index, and immune infiltration.

Kryvoruchko |A, Honcharov AS, Ivakhno IV, Honcharova NM, Antonov AH. Determination of differential diagnostic
criteria for pancreatic ductal adenocarcinoma and chronic pancreatitis based on morphological changes. Ukrainian
journal of radiology and oncology. 2025;33(3):285-296. DOI: https://doi.org/10.46879/ukroj.3.2025.285-296
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BCTYN

Pak nigwnyHkoBoi 3ano3n (M3) Ta XpOHiYHUIA naH-
kpeatuT (XI) MatoThb chinbHi okpeMi MOpdonorivHi 03HaKu,
30KkpeMa ibpos, 3ananbHy iHQINbTpauito, nponidepa-
Lil0 NPOTOKIB, L0 YCKNagHe ix andepeHuianbHy giar-
HocTuKy. CKnagHiCTb BCTAHOBIEHHS JiarHosy nornmod-
MIETLCA TUM, WO XPOHIYHE 3anareHHs Hepigko cy-
NpoBOAXKYE NyXNMUHHUIA npouec abo nepegye noro

sity of the Ministry of Health of Ukraine «Development
of diagnostic methods and open and minimally invasive
technologies for the treatment of diseases and
injuries of the thoracic and abdominal organs, limb
vessels in patients during wartime», state registration
number Ne0124U002908, topic code: scientific and
technical information: 76.29.39, applied, implementation
period: 2024-2028, supervisor — Doctor of Medical
Sciences, Professor V.V. Boyko.

INTRODUCTION

Pancreatic cancer (PC) and chronic pancreatitis (CP)
share certain morphological features, including fibrosis,
inflammatory infiltration, and ductal proliferation, which
complicates their differential diagnosis. The difficulty
of establishing the diagnosis is exacerbated by the
fact that chronic inflammation often accompanies the
tumor process or precedes its development. Invasive
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po3BuUTKYy. IHBa3nBHe 3pocTaHHa paky [13 cynpoBoa-
XKYETbCA 3ananbHUM npouecoM Ta ibpo3yBaHHSAM.
Y CBO 4Yepry XpOHiYHE peUMAUBYHOHME 3ananeHHs npuv
XI cynpoBOoOXyeTbCA naTorforiyHo Bignosigalw Ao
ypaxeHHs napeHximMu 13 Ta He3BOPOTHUMU 3MiHAMM
3 (pibposyBaHHAM [1, 2]. Tak, ceped nauieHTiB, AKAM
npoBoaMnMCb onepadii 3 npuBody nigo3puM Ha pak
nepiamnynspHoi nokanisadii, y 23% BuaBnsABca Xpo-
HiYHMIM 3ananbHui npouec [3]. 3a gaHummn Munigala S.
Ta cniBaBT., NPV NPOBEAEHHI PETPOCNEKTMBHOIO aHanisy
pesynksTaTiB NikyBaHHA XBOpUX Oyno BCTAHOBMEHO, LUO
6nun3bko 5% nauieHTiB i3 NPOTOKOBOK ageHOKapLUHO-
Moo nigwnyHkoBoi 3anosun (MAMM3) manu HenpaBunbHWUIA
JiarHo3 XpOHIYHOro naHkpeaTuTy, Todi $K XBOpinu
Ha pak M3 [4]. 3 iHworo 6oky, nik giarHocTukn paky M3
y nepuwi poku nicns BCTaHOBMEHHA AiarHody XI1 moxe
CBiQUNTM Npo Te, WO XBopi Ha pak [13, akum cnovaTky
OyB BcTaHoBneHun pgiarHo3 X[, manu pak paHiwe,
LLIO MacKyBaBCsl XpOHIYHUM naHkpeaTutom [1, 5].

Ocob6nuBy yBary npusepTae MiaABULLEHUIA PU3NK PO3-
BUTKY paky I3 y nauieHTiB 3i cnagkosumu dpopmamm X1,
3ymoBneHuMun MyTtauismm y reHax PRSS1 (protease
serine 1), SPINK1 (serine protease inhibitor Kazal-type 1),
CFTR (cystic fibrosis chymotrypsinogen C). Y Takux Bu-
nagkax pu3uK ageHoKapuUHOMU 3pocTae y Kinbka pasis
i peanisyeTbca y monogomy Biui [3]. YpaxoByoum BUCO-
ku pusmk paky N3 y nepuwi poku nicnsa giarHoctuky X1,
cnig 3Beptatv 0cobnuBy yBary Ha MOXNIMBY HasiBHICTb
paky M3 y Takux naudieHTiB. 3rigHO 3 MiXHapogHUMUK
pekoMeHaauissMM cnif NPOBOAMTU CMOCTEPEXEHHS 3a
nepebirom XM 3 PRSS1 myTauismu Ta y Bunagkax i3
ayTOCOMHO-AOMiHaHTHUMKU cnagkoBumu X[ 6e3 Bigo-
MUX FEHETUYHUX MyTauin novmHatoum 3 Biky 40 pokiB.
Y pasi HasBHOCTI 3a JaHUMK ynsTpacoHorpadii NyxmHo-
nogibHnx 3miH y M3 3 o3HakamMu 3ananexHsl, ibposy
Ta neTpudikadii, pekomeHaoBaHO NPOBOAUTU cripanbHy
koMmn’toTepHy Tomorpadpito (CKT) abo marHiTHo-pe3so-
HaHcHy Tomorpadito (MPT), xo4ya TOYHICTb AiarHOCTUKM
MeTogamu HeiHBa3MBHOI Bidyanisauii paky 13 y nauieHTis
i3 XI' € H13bKOLO [6].

Cy4acHi meToan HeiHBa3MBHOI Bidyanisauii, BKMHOYHO
i3 CKT, MPT Ta eHpoynsTpacoHorpadieto, xo4 i € cTaH-
JapToM npu BusiBNeHHi nyxnuH M3, ane AeMOHCTpyTb
0o6MexeHy AiarHoCTUYHY YyTNMBICTb Y NauieHTiB i3 do-
HoBuUM XI1 4yepe3 CXOXICTb CTPYKTYPHUX 3MiH [6, 7].
Y Takux BUNagkax Krno4voBy porb Bigirpae Gioncis, npoTe,
nponigepytodi npotoku npu XM MoXyTb iMiTyBaTH pakosi
KOMMNIIEKCM MPOTOKOBOI ageHokapuuHomu (13, a Takun
BaroMuin mapkep paky I3, Ak gecmonnacTtuyHa cTpoma,
Moxe OyTv npeacTaBneHui HegoctatHeo [8]. MNpu LboMy
KPUTUYHUM E€NEMEHTOM [iarHOCTUKM MOXe CTaTu OLiHKa
He TiNbKM MIKPOCKOMNIYHUX XapaKTEPUCTUK eniTenito i cTpo-
MKW, ane W iMyHoricToximMiuHi kpuTepii nponicepadii,
MiKPOOTOYEHHS Ta aKkTMBOBaHUX MioibpobnacTis [8—11].

Takum 4uHOM, npobnema AaudepeHuinHoi aiarHoc-
Tukm XM Ta MAMM3 3anuwaeTbest akTyansHo i notTpebye
noganbsLlioro NornubneHoro BUBYEHHS MOPAOMNOriYHNX
Ta MONeKynsipHO-6ionoriYHNxX 03Hak, Lo MOXYTb MaTU K
JjiarHoCTUYHe, TaK i NPOrHOCTUYHE 3HAYEHHS.

Meta po6GOoTM — BU3HAYEHHS AOUdepeHLinHo-
0iarHOCTUYHUX KPUTEPIiB MPOTOKOBOI aaeHOKapLMHOMM
NigWmnyHKOBOI 3arno3n Ta XPOHIYHOro naHkpeaTuTy Ha
OCHOBI MOPMOMOriYHNX 3MiH 3 METOK BAOCKOHAanNeHHs
nepegonepauinHoi  Ta iHTpaonepawuinHoi  AiarHOCTUKN

growth of pancreatic cancer is accompanied by inflam-
mation and fibrosis. In turn, chronic recurrent inflam-
mation in CP is accompanied by a pathological response
to pancreatic parenchymal damage and irreversible
changes with fibrosis [1, 2]. Thus, among patients who
underwent surgery for suspected periampullary cancer,
23% had a chronic inflammatory process [3]. According
to Munigala S. et al., a retrospective analysis of the
treatment outcomes of patients found that about 5% of
patients with pancreatic ductal adenocarcinoma (PDAC)
were incorrectly diagnosed with chronic pancreatitis,
while they had pancreatic cancer [4]. On the other hand,
the peak of pancreatic cancer diagnosis in the first years
after the diagnosis of CP may indicate that patients
with pancreatic cancer who were initially diagnosed
with CP had a previous cancer that was masked by
chronic pancreatitis [1, 5].

Of particular interest is the increased risk of pancrea-
tic cancer in patients with hereditary forms of CP caused
by mutations in the PRSS1 (protease serine 1), SPINK1
(serine protease inhibitor Kazal-type 1), CFTR (cystic
fibrosis chymotrypsinogen C) genes. In such cases, the
risk of adenocarcinoma increases several times and
is realized at a young age [3]. Given the high risk of
pancreatic cancer in the first years after diagnosis of CP,
special attention should be paid to the possible presence
of pancreatic cancer in such patients. According to
international recommendations, monitoring of the course
of CP with PRSS1 mutations and in cases of autosomal
dominant hereditary CP without known genetic mutations
should be carried out starting from the age of 40. In the
case of ultrasonographic findings of tumor-like changes
in the pancreas with signs of inflammation, fibrosis
and petrification, spiral computed tomography (CT)
or magnetic resonance imaging (MRI) is recommended,
although the diagnostic accuracy of non-invasive
imaging methods for pancreatic cancer in patients
with CP is low [6].

Modern noninvasive imaging techniques, including
CT, MRI, and endoscopic ultrasonography, although
standard for the detection of pancreatic tumors, have
limited diagnostic sensitivity in patients with underlying
CP due to the similarity of structural changes [6, 7].
In such cases, biopsy plays a key role; however, prolife-
rating ducts in CP may mimic PDAC complexes, and
a significant marker of pancreatic cancer, desmoplastic
stroma, may be underrepresented [8]. In this case,
the assessment of not only microscopic characteristics
of the epithelium and stroma, but also immunohisto-
chemical criteria for proliferation, microenvironment,
and activated myofibroblasts may be a critical element
of diagnosis [8—11].

Thus, the problem of differential diagnosis of CP
and PDAC remains relevant and requires further
in-depth study of morphological and molecular biological
features that may have both diagnostic and prog-
nostic significance.

Objective — to determine differential diagnostic
criteria for pancreatic ductal adenocarcinoma and
chronic pancreatitis based on morphological changes
in order to improve preoperative and intraoperative
diagnostics of malignant and benign transformations

3nosikicHnx Ta pobposikicHux TpaHcdopmauin nig-  of the pancreas.
LUMYHKOBOI 3an03u.
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MATEPIAAU TA METOAU AOCAIAXXEHHSA

Hamu 6yno npoBedeHo AOCHigXeHHs iHTpaonepa-
LiMHO pesekuinoBaHux AinsHok N3 xBopux i3 OCHOBHUM
piarHosom [MAlMN3 — 20 sunaakie Ta XIM — 20 Bunagkie.
HocnigxyBaBcsa xapaktep Ta CTyniHb ¢ibpo3y 3a cuc-
Temoto Ammann’s fibrosis score [12], ska BpaxoByBana
okpemo nepunobynspHuin Ta iHTpanobynapHui dibpos
y 6anax Big 1 go 6 3 HacTynHol cymauieto 6anis.
Cnabkun piBeHb pibpody ouiHoBasca y 1-4 6anu,
nomipHui — 5-8 6Ganis, BupaxeHun — 9-12 6Gani..
Y pinsHkax i3 MAlN3 po3paxoByBanocb napeHxiMaTo3Ho-
cTpomanbHe cniBeigHoweHHs (MCC) 3 ypaxyBaHHAM
CniBBiOHOLLEHHS BiACOTKA MapeHXiMaTo3HOro KOMMo-
HeHTa [0 CTpoManbHOro Big 3aranbHoi nnowi. Bigno-
BigHo CC meHwe 1 BM3Ha4Yanocb Mpwu nepeBaxaHHi
cTpomu, Ginbwe 1 — napeHximu. MNapameTp BUPIBHAHOCTI
konareHoBux BonokoH (BKB) ouiHioBascsa y 6anax: 0-1,
e 1 6an — BM3Ha4yaB OpiEHTALiO BCIX BOMOKOH nia
OOHVMM KyTOM, pO3TalloBaHMX MixX CoBOl napanensHo,
0 6aniB — npu BUNAOKOBIN OpiEHTALil BOMOKOH, LIO
dopmyBanm kytu 6Ginbwe 45 rpagycis. [NlapameTtp
wineHocTi ctpomn (LLUC) Takox ouiHioBaBca y Ganax,
Ae 1 6an xapakTepusyBaBCH CyLifbHOK CMOMYyYHOK TKa-
HWHOI 3 rianiHo3om 6e3 MpPoCTopiB MK BOMOKHUCTUMU
cTpyktypamn, O 6GaniB — BigNOBIQHO 3a HasIBHOCTI
AiNAHOK HaBKONoO MpoTokiB 6e3 konareHOBMX BOMOKOH.
MpoBoamBCs nNigpaxyHOK iMYHOKOMMETEHTHUX KMiTUH —
Opanaca [0 yBarm cepefHs KinbKiCTb MOHOHyKneap-
HUX KNiTUH y CcTpoMi nyxnuHu. Byno nposegeHo ypaxy-
BaHHA abCONIOTHOI KINbKOCTi KNiTMH Yy nnowi nonsa
30py Mikpockona pfiametpoMm 0,46 MM, WO [OPiBHIO-
Bano 0,166 MMm2, 3 HacTymHWM pO3pPaxyHKOM MOKa3-
HUKay 1 Mm2,

Cepea  iMYHOTICTOXIMIYHMX ~ MapkepiB  AOCHIAXKY-
Banacb ekcnpecia Ki-67, rnagkoM’s30BOro akTUHY
anba (CTMAo), BiMeHTUHy. lHaekc nponicdepauii (ITT)
3a Ki-67 nigpaxoByBaBCs K CRiBBIAHOLIEHHS iMYyHO-
NO3NTUBHUX AAep A0 3aranbHOI KiNbKOCTi SAep NyXnuH-
HUX KNiTMH 6e3 ypaxyBaHHA iHTEHCUBHOCTI 3abaps-
nenHsi. Peakuis TMAo ouiHoBanacb HaniBKinbKicHUM
METOOOM Y 3anexHOCTi Bif iHTEHCUBHOCTI 3abapBneHHS:
0 — BigcyTHicTb peakuii, 1 — npu cnabkin peakuii, 2 —
npu MNOMIpHUWA peakuii, 3 — Npu BUPaXeHin peakuii.
Takox 6paBcsa 00 ypaxyBaHHS BiACOTOK KNiTUH CTPOMM,
O AEMOHCTpyBanu ekcrpecito Mapkepa: 1 — MeHwe
3a 30%, 2 — 31-65%, 3 — 66—-100%.

CratuctnyHy o6pobky pesynbraTtiB  [OCHIfKEHHS
npoBOAMMM  3a  3aranbHOMPUAHATUMKW  MeToAMKaMu
3 BUKopucTaHHsM naketa «MedCalcy» (Version 20.009,
trial). JocToBipHUMK BBaxanu pesynstaTtu npu p <0,05.

HocnigkeHHa npoBegeHO BIiAMOBIOHO A0 ETUYHUX
ctaHgaptiB  [enbciHcbkoi  geknapadii  BcecBiTHbOI
Mean4yHOI acouiauii Npo eTUYHI NPUHLMNN NPOBEAEHHS
HayKoBUX MEAMYHUX [AOCAiAXKEHb 3a Y4acTio NIOAWMHU
(1964—2008 pp.), oupekTuBM EBPONENCLKOrO TOBApPUCT-
Ba 86/609 npo ydyacTb ntogen y Meamko-6ionoriyHmx
OOCNioXEHHsX, a TakoX Hakasy MiHicTepcTBa OXOpPOHMU
3gopoB’ss YkpaiHn Ne 690 Big 23.09.2009 p. lMauieHTn
Aanu cBok iIHPOPMOBaHY 3roAy Ha y4YacTb Y AOCHiOXeH-
Hi, sike cxBaneHe Kowmicielo 3 6GioeTku XapKiBCbKOro
HauioHanbHOro Meau4HOro yHisepcutetry MiHicTepcTBa
OXOPOHW 300POB’A YKpaiHu.

MATERIALS AND METHODS

We conducted a study of intraoperatively resected
areas of the pancreas of patients with the main diag-
nosis of PDAC — 20 cases and CP — 20 cases. The nature
and degree of fibrosis were studied according to the
Ammann’s fibrosis score system [12], which took into
account separately perilobular and intralobular fibrosis
in scores from 1 to 6 with the subsequent summation
of the scores. A weak level of fibrosis was assessed
by 1-4 points, moderate — 5-8 points, pronounced —
9-12 points. In areas with PDAC, the parenchymal-
stromal ratio (PSR) was calculated taking into account
the ratio of the percentage of the parenchymal compo-
nent to the stromal component of the total area. Accor-
dingly, a PSR of less than 1 was determined by the
predominance of stroma, more than 1 by parenchyma.
The collagen fiber alignment parameter (CFIP) was
evaluated in points: 0 — 1, where 1 point determined
the orientation of all fibers at the same angle, parallel
to each other, 0 points — with a random orientation of
fibers that formed angles of more than 45 degrees.
The stromal density parameter (SDC) was also evaluated
in points, where 1 point was characterized by continuous
connective tissue with hyalinosis without spaces bet-
ween fibrous structures, 0 points — respectively, in the
presence of areas around the ducts without collagen
fibers. Immunocompetent cells were counted — the
average number of mononuclear cells in the tumor
stroma was taken into account. The absolute number
of cells in the area of the field of view of the microscope
with a diameter of 0.46 mm was taken into account,
which was equal to 0.166 mm2, with the subsequent
calculation of the indicator in 1 mm2.

Among the immunohistochemical markers, the
expression of Ki-67, smooth muscle actin alpha (SMA.),
and vimentin was studied. The proliferation index (Pl)
for Ki-67 was calculated as the ratio of immunopositive
nuclei to the total number of tumor cell nuclei without
taking into account the intensity of staining. The SMAa
reaction was assessed by a semi quantitative method
depending on the intensity of staining: 0 — no reaction,
1 — with a weak reaction, 2 — with a moderate reaction,
3 — with a pronounced reaction. The percentage of
stromal cells that demonstrated marker expression
was also taken into account: 1 — less than 30%, 2 —
31-65%, 3 — 66—100%.

Statistical processing of the study results was carried
out according to generally accepted methods using
the MedCalc package (Version 20.009, trial). Results
were considered reliable at p <0.05.

The study was conducted in accordance with the
ethical standards of the Declaration of Helsinki of the
World Medical Association on the ethical principles of
conducting scientific medical research involving human
participants (1964-2008), the European Society Direc-
tive 86/609 on the participation of humans in biomedical
research, as well as the Order of the Ministry of Health
of Ukraine No. 690 dated September 23, 2009. Patients
gave their informed consent to participate in the study,
which was approved by the Bioethics Commission
of the Kharkiv National Medical University of the Ministry
of Health of Ukraine.
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PE3YABTATU

Mpu XpoHiYyHOMY naHkpeatuTi nponicdepaTVBHO 3Mi-
HEHi NPOTOKOBI CTPYKTYpU Manu 3miHeHy ¢opMmy 1 pos-
Mip Ta B ymoOBax LWiNbHOMO CTPOMAarbHOIO OTOYEHHS
yacTo MopdhonoriyHo HaragysBanu npoTokosi abo 3ano-
31CTi pakoBi yTBOpeHHsA. MiToTM4Ha akTMBHICTL eni-
Tenito nNpoTokiB i piBeHb ekcnpecii Ki-67, Ak mapkepa
nponidepadii, 6ynn nepeBaXHO HeratMBHUMMU. [HWKM
nowmperHum seuiiem npu XM 6yna gunartauis BENuKnMX
npoTokiB, Wo BusBnanaca y 60% sunagkis (12 i3 20).
Lli 3mMiHM nposiBnsanucs y BUMMAAI OKPYInX, pO3LLNPEHNX
i ckrmagyacTvMx NPOTOKIB BEMMKOro AiameTpa Ta cnocre-
piranuce Ha BiACTaHi Bi, OCHOBHOI NPOTOKMW.

Cnony4YHo-TKaHWHHUI  KOMMoHeHT npu Xl BiA3Ha-
yaBcsi BapiabenbHiCTIO 3a cTyneHem ¢ibpo3sy, posTaluy-
BaHHAM KONareHoBMX BOSIOKOH, nokasHnkom BKB Ta
WwineHicTio ibpun. JesopraHizauisa 1 xBunscra OpieH-
Tauis KorareHOBMX BOMOKOH CMOCTepiranncsa nepeBaxHo
y AiNgHKax 3ananbHoi iHiNbTpaLii Ta HaBKOMO NPOTOKIB.
CepegHin nokasHuk BKB craHosms 0,29+0,02, wo
CBiAYMTb NPO MNEepeBaXHO HEeBNOPAAKOBaHY OpiEH-
Tauito BOMOKOH: BOHW cpopmyBann KyTu, 3aebinbLioro
noHag 45°, 4yacto 3 pi3HOCNPSIMOBAHOK OpiEHTaUiet0
HaBiTb Y MexaXx ofHiel AinsaHkM. CTaTUCTUYHO 3HAYYLLOro
3B’A3KYy M piBHEM ¢pibpo3dy Ta nokasHukom BKB He 6yno
BusiBneHo (r =—0,1; p = 0,5), xo4a Bia3Ha4yanacsa cnabka
TeHAeHuis Ao Binbl BnopsakoBaHO! opieHTauil gibpun
3i 3pocTaHHAM BupaxeHocTi dibposy. LineHicTe cTpo-
Mu Takox Oyna BapiabenbHa Ta 3Ha4YHO 3anexana
BiA piBHS pibposyBaHHs (Tabn. 1).

RESULTS

In chronic pancreatitis, proliferative altered ductal
structures had an altered shape and size and, in con-
ditions of dense stromal environment, often morpholo-
gically resembled ductal or glandular carcinomas.
Mitotic activity of the ductal epithelium and the level of
expression of Ki-67, as a marker of proliferation, were
mostly negative. Another common phenomenon in CP
was dilatation of the large ducts, which was detected
in 60% of cases (12 of 20). These changes appeared
in the form of rounded, dilated and folded ducts of
large diameter and were observed at a distance from
the main duct.

The connective tissue component of CP was variable
in terms of the degree of fibrosis, the location of collagen
fibers, the CFIP score, and the density of fibrils. Disor-
ganization and wavy orientation of collagen fibers were
observed mainly in areas of inflammatory infiltration
and around the ducts. The average CFIP score was
0.29 + 0.02, indicating a predominantly disordered orien-
tation of the fibers: they formed angles, mostly over 45°,
often with a multidirectional orientation even within
the same area. No statistically significant relationship
was found between the level of fibrosis and the CFIP
score (r = — 0.1; p = 0.5), although there was a weak
trend towards a more ordered orientation of the fibrils
with increasing severity of fibrosis. The density of the
stroma was also variable and significantly depended
on the level of fibrosis (Table 1).

Tabnuusa 1. 3anexHicTb Mix pibpo3oM Ta OKpEMUMU XapaKTEPUCTUKaMK CTPOMM NPU XPOHIYHOMY NaHKpeaTuTi
Table 1. Relationship between fibrosis and individual stromal characteristics in chronic pancreatitis

Pibpo3 / Fibrosis

MopdonoriyHi o3Haku Cnabkuii / Weak MomipHui / Moderate Bupaxenun / Expressed
Morphological signs (1-4 6anu / points) (5—8 6anis / points) (9—12 6anis / points)
n=4 n=8 n=8

BupiHsHiCTS BonokoH 0,26+0,04 0,28+0,01 0,32£0,03
Fiber alignment
linericts crpomi 0,2840,01 0,430,02* 0,49+0,03*
Stromal density
SanarnbHa iHpinbTpauis 203,5+44,2 311,2425,5 217,5¢31,7
Inflammatory infiltration
Ekcnpecis TMAa / Expression of smooth muscle actin o

0 3 (75,0%) 1(%) 1 (%)

1+ 1(25,0%) 4 (%) 1 (%)

2+ 0 3 (%) 4 (%)

3+ 0 0 (%) 2 (%)

lMpumimka:

*[0CTOBIPHO 3Ha4yLa pisHnua (p<0,05) y nopiBHAHHI 3i cnabkvum cibpo3om.
3anexHicTb Mix piBHEM ekcripecii Ta piBHeM ibpo3y AocToBipHO 3Hadywa: x2 = 4,9, p=0,54.

Note:
*significantly different (p<0.05) compared to mild fibrosis.

The relationship between expression level and fibrosis level is significantly different: x2 = 4.9, p = 0.54.

Mpw pocnigxeHHi Oyna BCTaHOBNEHa 3BOPOTHS Kope-
nsuiiHa 3anexHiCTb MiXK MOKa3HWKOM MapeHXiMaTO3HO-
CTPOMAInbHOMO CMIiBBIAHOWEHHST Ta LWINbHICTIO CTPOMMU
(r=-0,7;p<0,001). CnocTepiranacb TeHaeHLi 8o 30inb-
LUEHHSA BUPIBHAHOCTI KONareHOBMX BOMOKOH Mpu 36inb-
LUEHHI LLiNbHOCTI CTPOMMW, NPOTE KOPEnsLinHa 3anexHicTb

The study established an inverse correlation bet-
ween the parenchymal-stromal ratio and stromal density
(r=-0.7; p<0.001). There was a tendency for the align-
ment of collagen fibers to increase with increasing stromal
density, but there was no correlation (r = 0.4; p = 0.07),
which is primarily explained by the significant variability
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6yna BigcyTHs (r = 0,4; p = 0,07), O NOSICHIOETLCSA NepLu
3a Bce 3HayHol BapiabenbHicTio nokasHukiB. Cepepn
KniTuH ctpomn npu XM 6ynuM nNpuUCyTHI NepeBaxHO
ibpobnactu Ta dibpoLUMTH, IMYHOKOMNETEHTHI KNITUHU.
Peakuis Ha BIMEHTMH OeMOHCTpyBana BUPaXXEHY ekc-
npecito Mmapkepa y cibpobnactax, ibpounTtax Ta eHgo-
TenianbHUX KNiTUHaX.

IHWKMM  MapkepoM cTpomManbHux KnitnH € MAaq,
Wwo 3abapenioe rmagkom’sizoBi inameHTn uuTonnasmu.
Y TKkaHuHax M3 6e3 osHak X[ ekcnpecia MMAa 6yna
Maiixe BiACYTHS Ta crnocTtepiranacb nuile B OKpeMMxX
KniTUHax, Wo cnig BBaXaTW nNaHKpeaTU4yHUMU 3ipyac-
TmMu knitnHamm (M3K), aki € pesangeHTHUMK KniTuHamm
M3, akTmBauia Ta nponidepauis SKUX CynpoOBOAXY-
eTbcst pibposyBaHHsM [13]. Cnabkuii ibpo3 npu XI1
acouitoBaBcs 3 BiACYTHICTIO ekcnpecii mapkepa (y? = 6,6;
p < 0,05), Toai sik Npy NOMipHOMY Ta BUpaxxeHoMy ¢iGposi
piBeHb ekcnpecii NOCTYrnoBO 3poCTaB, ane ud pisHUUA
He BGyna cTaTUcTUYHO AocToBipHOW (32 = 4,9; p = 0,54).
Buwmn piseHb ekcnpecii TMAo Takox cnocTepiraBcs
npu nnacTuHYacTo-namiHapHoMy ciGpo3i NopiBHSIHO
3 nepuayktanbHuUMm i rpyoum pybueBum ibposom.
BctaHOBNEHO CTaTUCTUYHO 3HauYyLLMN  3B’A30K  MiXK
BUpaxxeHnM ibpo3omM Ta ekcrnipecieto 'MAa Ha piBHi
2+ + 3+ (y? = 4,8; p < 0,05). ®i6po3 cynpoBogKyBaBCS
3ananbHOK  iHinbTpauieto. CnocTepiranocb  3poc-
TaHHS piBHA 3ananbHOi iHINETpauii y Mipy HapocTaHHs
dibpo3y Big cnabkoro go nomipHoro (p > 0,05),
y noganbLlioMy npu BupaxeHoMmy ¢ibposi iHdinsTpaLis
3MeHwyBanack (p > 0,05) (tTabn. 1).

Mpn npoTokoBMx ageHokapumHomax [13 BusiBNeHO
BigMiHHOCTI Big XI1 sk y napeHxiMaTo3HOMY, TaK i CTpo-
ManbHOMYy KommnoHeHTax. [lpoTtokosi cTpykTtypu [1Al3
G1 — G2 Manu HU3bKy MITOTUYHY aKTUBHICTb | HaragyBsanu
nponigepytodi npotoku npu XIN. OgHak, cepedHin piBeHb
ekcnpecii Ki-67 y TAN3 (31,3+4,7%) 6y 3HauyHO
BuwmmM, Hixx npu XI (0,38+0,05%; p < 0,0001). Hasitb
y MNAMN3 G1 — G2 piseHb Ki-67 (15,2+2,6 %) icTOTHO
nepesullyBaB nokasHuki X[, o [03BONsiEe BBaXaTu
Ki-67 oudepeHuiiHo-giarHoCTU4HUM Mapkepom (Tabn. 2).

of the indicators. Among the stroma cells in CP, fibroblasts
and fibrocytes, immunocompetent cells, were present.
The reaction to vimentin demonstrated a pronounced
expression of the marker in fibroblasts, fibrocytes and
endothelial cells.

Another marker of stromal cells is SMAa, which
stains the smooth muscle filaments of the cytoplasm.
In pancreatic tissues without signs of CP, SMAa. expre-
ssion was almost absent and was observed only in
individual cells, which should be considered pancreatic
stellate cells (PSCs), which are resident cells of the
pancreas, the activation and proliferation of which is
accompanied by fibrosis [13]. Mild fibrosis in CP was
associated with no expression of the marker (3% = 6.6;
p < 0.05), while moderate and severe fibrosis gradually
increased expression, but this difference was not
statistically significant (x2 = 4.9; p = 0.54). Higher levels
of SMAa expression were also observed in lamellar
fibrosis compared with periductal and coarse cicatricle
fibrosis. A statistically significant association was found
between severe fibrosis and SMAa expression at
levels 2+ + 3+ (32 = 4.8; p < 0.05). Fibrosis was accom-
panied by inflammatory infiltration. An increase in the
level of inflammatory infiltration was observed as fib-
rosis increased from mild to moderate (p > 0.05), and
subsequently, with severe fibrosis, the infiltration
decreased (p > 0.05) (Table 1).

In PDAC, differences from CP were found in both
the parenchymal and stromal components. The ductal
structures of G1-G2 PDAC had low mitotic activity and
resembled proliferating ducts in CP. However, the mean
level of Ki-67 expression in PDAC (31.3 + 4.7%) was
significantly higher than in CP (0.38 + 0.05%;
p < 0.0001). Even in G1-G2 PDAC, the level of Ki-67
(15.2 £ 2.6%) significantly exceeded that of CP, which
allows us to consider Ki-67 as a differential diagnostic
marker (Table 2).

Tabnuusa 2. AndepeHuUiiHo-4iarHoCTUYHI KpuTepii
NPOTOKOBOI afeHOKapLIMHOMM MNiALLMYHKOBOI 32031 Ta XPOHIYHOro NaHKpeaTuTy
Table 2. Differential diagnostic criteria for pancreatic ductal adenocarcinoma and chronic pancreatitis

o . . [MpoTokoBa ageHoKapuMHOMa MiALLAYHKOBOI 3a103u
MopdonoriyHi 03Haku XPOHIYHUI NaHKpeaTuT Ductal adenocarcinoma of the pancreas
Morphological signs Chronic pancreatitis
Pa3som / Together G1, G2 G3

MapeHximaToO3HO-CTpOMarnbHe
CNiBBIAHOLLEHHSA 0,89+0,3 1,32+0,16 1,1+0,1 1,4+0,3
Parenchymal-stromal ratio
WineHictb cTpomy 0,43+0,02 0,480,026 0,50+0,04 0,46£0,03
Stromal density
BupiaHaHicTs BOMOKOK 0,290,02 0,4£0,02* 0,43£0,03 0,39£0,02
Fiber alignment
IMYHOKNITUHHA IHAINbTPaLY 245,7420,7 69,5+14,5* 60,0+12,3* 79,0+26,7*
Immunocellular infiltration
Excnpecisi KI-67 eniteniem 0,3840,05 31,3+4,7* 15,2+2,6* 47515 5%
Ki-67 expression by epithelium

lMpumimka:

*p < 0,05 — cTaTUCTMYHO 3HaYyLLUa Pi3HWLSA Y NOPIBHSAHHI 3 FPYMOK XPOHIYHOrO NaHKpeaTuTy.

Note:

*p < 0.05 - statistically significant difference compared to the chronic pancreatitis group.
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Y napeHximi M3 Ha Mexi 3 pakoBOK MNYyXMMHOM,
abo y nepudepnyHUX AinsiHKax iHBa3WMBHOMO pPOCTY
paky, Ha BiACTaHi Big rornoBHOI NaHKpeaTUYHOI NPOTOKY,
NPUCYTHICTb AunaTtadii HenyxrnMHHUX NPOTOKIB CrnocTepi-
ranacb B ycix 20 Bunagkax. Takum 4YMHOM, Aunatauiga
npotokiB 6yna OGinbw nputamanHa A3 y nopiBHSAHHI
3 XIM (32 = 10,123, p < 0,01).

OBrOBOPEHHS

3a gaHvMn HaykoBoi niTepatypu, o kputepiis X1
BIQHOCATb 03HaKy MNEHeTPYKYoi MNPOTOKM, Ha BiOMIHY
Big paky I3, konn HacTae obniTepauis BENUKMX NPOTOKIB
M3 [14, 15]. MMig yac ynbTpa3BYKOBOI AiarHOCTUKN BUMi-
pIOIOTL  MPOTOKOBO-NAapeHXiMaTO3HE  CriBBiAHOLLEHHS.
Mpu paky [N3 cnocTepiraeTbca pO3LUMPEHHSA MPOTOKIB
Ta atpodoia napeHximu M3. AKWO NOKa3HMK NPOTOKOBO-
napeHxiMaTo3HOro  cniBBigHOWEHHA csrae  Oinblie
Hix 0,34 — ue cBigumTb Npo pak M3 [3].

Ctpoma [TAlMN3 He nepeBaxana Hag NapeHxiMaTos-
HUM KOMMOHeHTOM. CepefHe 3Ha4YeHHsi MokasHuka na-
pPeHXiMaTO3HO-CTPOMArbHOIO CMiBBIAHOLWIEHHS CKnarno
1,3+£0,18, WO AEMOHCTpye MeHLW BapiabenbHy MoLuu-
peHicTb ibpo3y npu MAM3 y nopieHsaHHI 3 XI1. [po-
CTe)XXeHa TeHAeHUiss A0 3MeHLWeHHsi BiOHOCHOI nnouli
ctpomu G3 MNATlM3y nopieHAHHI 3 G1 — G2 MAIlN3. CepeaHin
NoKasHWK BUPIBHAHOCTI KONareHOBMX BOMOKOH CTAHOBMWB
0,4+0,02, wo cBiguMTb nNpo 3aebinblle BnopsiAKo-
BaHe po3TallyBaHHS KorareHoBWMX BorokoH npw [1AM3
(ouB. Tabn. 2).

®ibpunu manu TeHOeHUuilo [0 po3TallyBaHHS Mig
OOHaKoBUM KyTOM, NpoTe neBHa BapiabenbHicTb 3ane-
Xana Bif Takux KpuTepiiB sk rictonoriyHuin tun 6ynosu
napeHXiMaTo3HOro KOMMOHEHTa MyXNuHuW, ii audepeH-
LitoBaHHSA, NPUCYTHICTb XXMPOBO| TKAHWHW, 3PiNiCTb CTPO-
MU Ta 3ananbHoi iHdinbTpauii. Ha BigMiHy Big xaoTunu-
HOro po3TallyBaHHs iOpun HaBKOMO MPOTOKIB Npwu
XM, npn TTAMN3 konareHoBi BOMOKHA MiX pakoBMMMK
KOMMNSIEKCAMU Ta HaBKOMO MPOTOKOBUX CTPYKTYp Oynu
NOOOBXEHUMWU Ta BUPIBHAHMMM, crocTepiranochb 36inb-
LLUEHHS X AOBXWHMW Ta TOBLUMHK (puc. 1).

o i
Fad ' 8

In the pancreatic parenchyma at the border of the
cancerous tumor, or in the peripheral areas of invasive
cancer growth, at a distance from the main pancreatic
duct, the presence of dilatation of non-neoplastic
ducts was observed in all 20 cases. Thus, ductal
dilatation was more characteristic of PDAC compared
to CP (y?=10.123, p < 0.01).

AND DISCUSSION

According to the scientific literature, the criteria for
CP include the sign of a penetrating duct, in contrast
to pancreatic cancer, when obliteration of the large pan-
creatic ducts occurs [14, 15]. During ultrasound diagnos-
tics, the duct-parenchymal ratio is measured. In pancre-
atic cancer, ductal dilation and atrophy of the pancreatic
parenchyma are observed. If the duct-parenchymal
ratio reaches more than 0.34, this indicates pancreatic
cancer [3].

The stroma of PDAC did not predominate over the
parenchymal component. The mean value of the paren-
chymal-stromal ratio was 1.3+0.18, demonstrating a less
variable prevalence of fibrosis in PDAC compared
to CP (Table 2). There was a trend towards a decrease
in the relative area of the G3 PDAC stroma compared
to G1 — G2 PDAC stroma (Table 2). The mean collagen
fiber alignment index was 0.4+0.02, indicating a mostly
ordered arrangement of collagen fibers in PDAC.

Fibrils tended to be arranged at the same angle,
but some variability depended on criteria such as:
histological type of the parenchymal component of the
tumor, its differentiation, the presence of adipose tissue,
stromal maturity, and inflammatory infiltration. In contrast
to the chaotic arrangement of fibrils around the ducts
in CP, in PDAC, the collagen fibers between the cancer
complexes and around the ductal structures were
elongated and aligned, and an increase in their length
and thickness was observed (Fig. 1).

- L &

Puc. 1. lNMpoTokoBa ageHokapumHoma MifLnyHKOBOI 3an03u 3i CTPOMOIO, L0 NpeacTaBreHa nepeBaxHo
NOAOBXEHUMM Ta BUPIBHSIHUMM KONareHoBMMM BOSlokHamu. 3abapBneHHs reMaToKCuniHOM Ta eo3nHoM. 36inbLueHHs x100
Fig. 1. Ductal adenocarcinoma of the pancreas with a stroma consisting mainly of elongated and aligned collagen fibers.
Hematoxylin and eosin stain. Magnification x100
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Yka3aHi ocobnuBocTi po3TallyBaHHsi ibpun cTtpomu
€ O3HaKO OecMONnacTUYHOI peakuii, Wo Moxe crnyry-
BaTWM OudepeHLUinHO-4iarHOCTUMHUM Ta NPOrHOCTUYHUM
Kputepiem paky 3. Tak, 3a gaHumm Mascharak S.
Ta CniBaBT. ypaxyBaHHsl HWU3KW XapakTepUCTUK pPakoBOl
CTPOMM, Ceped SKUX [OBXWHA, TOBLUMHA, LWiNbHICTb,
BMPIBHSHICTb BOSIOKOH, TOLIO, BW3HA4Yae CTpoOManbHy
ricToapxiTeKTOHIKYy Ta Ma€ BMAMB Ha MPOrHO3 3aranbHol
BWXXMBAHOCTI NauieHTiB [16].

Mokasnuk WC y TAMN3 craHosus 0,48 + 0,026
3i 3HayHol BapiabinbHicTio 3HayeHHsa Big 0,3 po 0,7,
IO CBiOYNTb 32 NEPEBaXKHO BOMOKHUCTY OyA0OBY CTpOMMU
3 HasBHUMM NpoMiXkamm (puc. 2).

Y pasi NopiBHAHHA OOCNIAXEHUX MOKA3HWKIB CTPOMU
[MAl3 BcTaHOBNEHa 3BOPOTHS KOpensuiHa 3anexHicTb
mixx NCC T1a BKB (r = — 0,56; p<0,01); mix MNCC T1a LWC
(r=—-0,7; p < 0,001) Ta npama kopensuiiHa 3anexHiCTb
Mix nokasHukamu BKB Ta LLC (r = 0,6; p < 0,001) (puc. 3).
MokasHuk LLC B MAIN3 ctaHoswmB 0,48 + 0,026 3i 3Ha4YHOO
BapiabenbHicTio 3HadYeHHs Bia 0,3 0o 0,7, Wwo cBia4MTb Npo
nepeBa)kHO BOIOKHUCTY Oy0BY CTPOMM 3 HASsIBHUMMW NpPO-
MiXkKkaMu. Takum YMHOM, MPOCTEXeHe NiABULLEHHSI BMO-
PSIAKOBAHOCTI OpieHTaLji konareHoBMX BOMOKOH Ta GinbLu
WinbHe iX po3TallyBaHHA Yy Mipy 3pocTaHHs ¢ibpoasy,
a TaKoX 3pOCTaHHS LWiNbHOCTI po3TawlyBaHHsS ibpun
y Mipy dpOpMyBaHHS1 NEBHOI BNOPSAKOBAHOI iX OpieHTauii.
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Puc. 2. MopieHaHHs LLIC npu X ta MAMN3 (p > 0,05)
Fig. 2. Comparison of the SDC in CP and PDAC (p > 0.05)

Ak BugHO 3 Tabnuui 2, BigHOCHa njowa CTpoMu
Ta WC wmawTe oOMexeHe [iarHOCTUYHE 3HAYEHHS.
Ons MAM3 y nopiBHAHHI 3 XI1 BcTaHoBneHa cnabka
TeHaeHuia (p > 0,05) 36inbwenHsa WC Ta gewo meHworo
3HaYeHHs1 BiAHOCHOI nnowwi ctpomm (p > 0,05).

KnitnHn ctpomu nyxnuHu 6ynu npegcraeBneHi nepe-
BaXkHO hibpobnactamu Ta cibpoumtamn. Y mMeHL 3pinin
cTpomi ibpobnact HabyBanu BiAHOCHO BENUKUX
po3mipiB. Ekcnpecisa BiMEHTUMHY crocTepiranacb B YCiX
KNiTMHax CTPOMM Ta 4YaCTKOBO MO3aKMiTUHHO cepes
CNOMyYHO-TKAHWHHUX BOSIOKOH (puc. 4).

Ekcnpecia TMAc. BU3Ha4Yanacb y KniTUHax CTpoMM
y Bcix Bunagkax paky. Y A3 ekcnpecii TMAa y no-
piBHsAHHI 3 X1 6yna 6inbwoto (2,5 + 0,1 Ta 1,3 + 0,2 Bia-
nosigHo, p < 0,001). MNpocTexxeHa 3BOPOTHSA 3amNeXHICTb
MK 3HayeHHsAM nokasHuka [MCC nyxnuHu Ta piBHEM
ekcnpecii TMAa (r = - 0,6; p < 0,005) (puc. 5).

The specified features of the location of stromal
fibrils are a sign of desmoplastic reaction, which can
serve as a differential diagnostic and prognostic
criterion for pancreatic cancer. Thus, according to
Mascharak S. et al., taking into account a number
of characteristics of the cancerous stroma, including
length, thickness, density, alignment of fibers, etc., deter-
mines the stromal histoarchitectonics and has an im-
pact on the prognosis of overall survival of patients [16].

The SDC index in PDAC was 0.48 + 0.026 with signi-
ficant variability of the value from 0.3 to 0.7, which
indicates a predominantly fibrous structure of the stroma
with gaps (Fig. 2).

Comparing the studied indicators of the stroma of
the PDAC, an inverse -correlation was established
between the PSR and the CFIP (r = — 0.56; p<0.01);
between the PSR and the SDC (r = - 0.7; p < 0.001) and
a direct correlation between the CFIP and SDC indica-
tors (r = 0.6; p < 0.001) (Fig. 3). The SDC indicator in
the PDAC was 0.48 + 0.026 with a significant variability
of the value from 0.3 to 0.7, which indicates a predomi-
nantly fibrous structure of the stroma with gaps. Thus,
an increase in the order of collagen fiber orientation
and a denser arrangement of them as fibrosis increases,
as well as an increase in the density of fibrils as a certain
ordered orientation is formed, was observed.
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Puc. 3. MopiBHaHHSA nokasHuka BKB npw XM ta MAM3 (p < 0,001)
Fig. 3. Comparison of the CFIP index in CP and PDAC (p < 0.001)

As can be seen from Table 2, relative stromal area
and stromal cell count have limited diagnostic value.
For PDAC compared to CP, there was a weak trend
(p > 0.05) of increased SDC and a slightly lower relative
stromal area (p > 0.05).

The tumor stromal cells were represented mainly
by fibroblasts and fibrocytes. In the less mature stroma,
fibroblasts acquired relatively large sizes. Vimentin
expression was observed in all stromal cells and partially
extracellularly among connective tissue fibers (Fig. 4).

SMAa expression was determined in stromal cells
in all cancer cases. In PDAC, SMAa expression was
higher than in CP (2.5 £ 0.1 and 1.3 £ 0.2, respectively,
p < 0.001). An inverse relationship was observed
between the value of the tumor PSR index and the level
of SMAa expression (r = — 0.6; p < 0.005) (Fig. 5).
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Puc. 4. Ekcnpecis BIMEHTUHY KNiTUHamMy CTPOMU
NPOTOKOBOI aAeHOKapLMHOMM NigLLYHKOBOI 3a5103W.
36inbLeHHa x100
Fig. 4. Vimentin expression by stromal cells
of pancreatic ductal adenocarcinoma. Magnification x100

TakMM 4MHOM, 4MM OGinbll BupaxeHa Jdecmonnac-
TUYHa peakuis NyxnuHM Ta BigNoBiAHO 6inbw Bupa-
XKEHUI CTPOMarnbHUN KOMMOHEHT, TUM OinblUMiA piBEHb
ekcnpecii TMAa.

[ecmonnactuyHa peakuis 3aexau CyrnpoBOOXKYyBa-
nacsi XpOHIYHMM 3ananbHMM MNPOLECOM, SIKMM YacTo
3a MOPAONOriYHUMM XapaKTEPUCTUKAMN He Biapi3HABCSA
BiJ MIKPOCKOMIYHOI KapTUHW XPOHIYHOIO MaHKpeaTuTy.
MpoTe, MOHOHyKNeapHa iHgInbTpauis Gyna MeHLW LWinb-
Holo, 4Yacto pibpo3Ha nyxnmHHa cTpoma Oyna 6e3
iIMYHOKMITUHHOT iHinbTpauii abo 3 npucyTHICTIO nooau-
Hokux niMmdounTiB. CepeaHin piBeHb iIMyHOKMITUHHOT
iHpinsTpauii y MAMS3 craHoBuB 69,5 + 14,5 kNiTUH y MM2.
OnwucaHi Buwe 0COGMMBOCTI CMOMYYHOI TKaHWHM CTO-
cyBanucs came MyxfMHHOI CTpOMW, a He CTpPOMM Mia-
LWIAYHKOBOI 3ano3v. Ha nepudepii nyxnuHu y AinsHkax
iHBA3MBHOIO POCTY 3MiHW BM3HAYanucb i B OTOYYHOHUX
NyXNMHY TKaHWHaX MigWnyHKOBOI 3aro3n 3 sBuLammu
XPOHIYHOro naHkpeaTuty Ta pibpo3om. TkaHuHa nia-
LUAYHKOBOI 3ano3u Ha nepudepii pakoBoi NyxmvHU Xa-
pakTepusyBanacsa arTpoiyHMMK 3MiHAMKU NapeHXiMu
3a paxyHOK 3ananbHoi iHinbTpauii Ta ¢ibpo3y B ycix
Bunagkax. PiBeHb ibpo3y ©OyB BapiabenbHum Ta
KonmBaBcs Big nomipHoro 5 6anis 3a cucremoro Ammann
B OZIHOMY BUMAAKy 00 BupaxeHoro — 11 y ABOX BUNagkax.
CepeiHe 3Ha4eHHs piBHSA ibpo3y cknano 7,95+4,5 6ana.

BananbHa iHdInbTpauis 60% (12/20) nepesaxana
(PiGPO3HMI KOMMOHEHT, MpOTe, B OKpPeMUX Bunagkax
neputymopanbHuin ¢ibpo3 CynpoBOaXyBaBCS Mi3epHO0
iIMYHOKMITUHHOW  iHbinbTpauieto. CepegHe 3HaYeHHA
3ananbHoi iHginbTpauii TkaHmH N3 cknano 127,5 + 19,7.
PiBeHb MOHOHyKneapHoi iHdinbTpauii Ha nepudepil
NyxnuHu 6yB GinbLIMM, HiX y camiii nyxnuHi (127,5 +19,7
Ta 69,5 £ 14,5 BignosigHo, p < 0,05).

3a pgaHumu Haykosoi nitepatypu, 'MAo Ta Mio-
ibpobnactam [MAMN3 HagaeTbca BM3HAYanbHa pPonb
y GionoriyHin noBefiHUi NyxnuHKW, 30KpeMa [oBeneHa
dyHOoameHTanbHa ponb konareHy | tuny (Col1), otpu-
MaHoro 3 miocpibpobnacrTis, y perynauii nyxnumHHOro imy-
HITETY Ta cTpumyBaHHi nporpecysaHHsa [MAM3 [17, 18].
3a pesynbratamu Aesikux AOChifKeHb, BUCOKUM piBEHb
ekcnpecii TMAo y cTpomi MOXxe cryryBatu KpuUTepiem
pW3nKy CYOUHHOI iHBa3ii Ta ripworo nporHo3y paky 13 [9],
a nyxnuHo-acouiioBaHi ibpobnacTtu, Lo ekcnpecyTb
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Puc. 5. BupaxeHa ekcnpecis TMAa miogibpobnactammu ctpomu

NMPOTOKOBOI afieHOKaPLIMHOMM MiALLMYHKOBOI 3ano3u.
36inbLeHHsa x100

Fig. 5. Strong expression of SMAa by myofibroblasts of the stroma

of pancreatic ductal adenocarcinoma. Magnification x100

Thus, the more pronounced the desmoplastic
reaction of the tumor and, accordingly, the more pro-
nounced the stromal component, the higher the level
of SMAa expression.

The desmoplastic reaction was always accompanied
by a chronic inflammatory process, which often did
not differ in morphological characteristics from the
microscopic picture of chronic pancreatitis. However,
the mononuclear infiltration was less dense, often the
fibrous tumor stroma was without immunocellular
infiltration or with the presence of single lymphocytes.
The average level of immune cell infiltration in PDAC
was 69.5 + 14.5 cells per mm2. The above-described
features of connective tissue concerned the tumor
stroma, not the pancreatic stroma. On the periphery of
the tumor in areas of invasive growth, changes were
also detected in the surrounding pancreatic tissues
with signs of chronic pancreatitis and fibrosis. The pan-
creatic tissue on the periphery of the cancer tumor
was characterized by atrophic changes in the paren-
chyma due to inflammatory infiltration and fibrosis in
all cases. The level of fibrosis was variable and ranged
from moderate 5 points according to the Ammann’s
system in one case to severe — 11 in 2 cases. The mean
fibrosis score was 7.95 * 4.5 points.

Inflammatory infiltration was 60% (12/20) and the
fibrous component was predominant, however, in some
cases peritumoral fibrosis was accompanied by a scant
immunocellular infiltration. The mean inflammatory
infiltration of pancreatic tissues was 127.5£19.7.
The level of mononuclear infiltration at the periphery
of the tumor was higher than in the tumor itself
(127.5 £ 19.7 and 69.5 + 14.5, respectively, p < 0.05).

According to the scientific literature, SMAa and
myofibroblasts of the pancreatic duct have a crucial
role in the biological behavior of the tumor, in particular,
the fundamental role of collagen type | (Col1) derived
from myofibroblasts in the regulation of tumor immunity
and inhibition of the progression of pancreatic ductal
carcinoma has been proven [17, 18]. According to the
results of some studies, high levels of SMAa expre-
ssion in the stroma may serve as a criterion for the risk
of vascular invasion and a worse prognosis of pancreatic
cancer [9], and tumor-associated fibroblasts express-
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MAoc, cnpusitoTb TKaHMHHIA KOHTPaKTUIbHOCTI, iHBa3ii
Ta pPe3NCTEHTHOCTI Ao Tepanii [18].

TakMm 4nMHOM, BCTaHOBMEHO, Wo cTpoma [1Al3,
NOpIBHAHO 3i CTPOMOIO NiALMNyHKOBOI 3ano3u npu X1,
BiOPI3HAETLCA AK KIITUHHUM CKNagoMm, Tak i CTPYKTYpOro
no3akniTMHHoro iGpUNApPHOro MaTpukcy, Lo Bigirpae
KINOYOBY pOfib Y PO3BUTKY Ta NPOrpecii NyxnmHu.

BUCHOBKHU

MpoTokoBa ageHoKapuMHOMa MiOLWIYHKOBOI 3arnosu
Ta XPOHIYHUI MaHKpeaTUT XapaKTepuayloTbCs NaToricTo-
noriyHMMKU o3Hakamu pibpo3y Ta XPOHIYHOrO 3anasneHHs
3 iIMYHOKNITUHHOW iHdINbTpauieto. 13 HapocTaHHAM ib-
po3y B 060X CTaHax Big3Ha4anocs nigBULLEHHST ekcrnpecii
MMAa (p < 0,005 gns MAM3; p < 0,05 ana XI), wo
3yMOBIEHO MOSIBOIO  aKTMBOBaHWX MiodibpobnacTis
y cTtpomi. 3i 36inbleHHsamM ¢ibpo3y 3pocTanu nokas-
HWUKM LLINBHOCTI KOMareHoBUX BONOKOH sk npu [1AMN3
(p<0,001), Takinpu XI (p < 0,001), a TakoXX NOKA3HWK BU-
piBHAHOCTI BonokoH npu MAMN3 (p < 0,01). Cepen ande-
PEHUINHO-AiarHoCTMYHNX  MopdoonoriyHmx  o3Hak X1
Ta [AMN3 cnig BpaxoByBaTM MiABULLIEHY EKCMpPECio
Ki-67 y kniTuHax npoTokoBux cTpykTyp npu MNAMN3 nopis-
HaHo 3 X1 (p < 0,001); gunarauito BEMUKMX NPOTOKIB,
acouinosany 3 [AM3 (p < 0,01); ocobnueocTi cTpo-
MarnbHOro MIKPOOTOYEHHS, a CcaMe: BULLY EeKCMpecito
A (p < 0,001) 3a paxyHok MiogibpobnacTiB, GinbLuy
BUPIBHAHICTb konareHoBux BorokoH (p < 0,001) Ta
HWXX4YKUIA piBEHb IMYHOKMITUHHOT iHdineTpauii (p < 0,001).
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ing SMAa. contribute to tissue contractility, invasion and
resistance to therapy [18].

Thus, it has been established that the stroma
of PDAC, compared with the stroma of the pancreas
in CP, differs in both cellular composition and the struc-
ture of the extracellular fibrillary matrix, which plays a key
role in the development and progression of the tumor.

CONCLUSIONS

Pancreatic ductal adenocarcinoma and chronic
pancreatitis are characterized by pathohistological signs
of fibrosis and chronic inflammation with immune cell
infiltration. With the increase in fibrosis in both conditions,
an increase in the expression of SMAa was noted
(p < 0.005 for PDAC; p < 0.05 for CP), which is due to
the appearance of activated myofibroblasts in the stroma.
With the increase in fibrosis, the density of collagen
fibers increased, both in PDAC (p < 0.001) and in CP
(p < 0.001), as well as the fiber alignment index in PDAC
(p < 0.01). Among the differential diagnostic morpho-
logical signs of CP and PDAC, the following should be
taken into account: increased expression of Ki-67 in the
cells of the ductal structures in PDAC compared to CP
(p < 0.001); dilatation of large ducts associated with
PDAC (p < 0.01); features of the stromal microenvi-
ronment, namely: higher expression of SMAa (p < 0.001)
due to myofibroblasts, greater alignment of collagen
fibers (p < 0.001) and lower level of immune cell infilt-
ration (p < 0.001).
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Prospects for further research

Prospects for further research are to study the parenchymal-
stromal relationships in CP and pancreatic cancer at the
histological and molecular genetic levels in order to find diffe-
rential diagnostic and prognostic criteria.
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