HHEPIAHYH

O KopKivog TOL HOGTOL OMOTEAEL GNIUEPO TTAYKOGUIMG T GLYVOTEPT KakonOn vOGo
Kol TNV KOpo aitio Bavdatov amd kopkivo otig yovaikes. H khvikn tov mopeia kot
TPOYVAOGOT 0V REVI{OVV OLO10YEVELS YOpaKTAPES OAAG amevavTiag Tapovotdlovv
po agloonueimtn etepoyEvela. AvTi 1 ETEPOYEVELN EIVOIL TAEOV ATTOOEKTO OTL OEV
e€nyeiton TANPp®G amd Tovg Kablep®UEVOLS TABOAOYOVATOIKODS KO LOPLAKOVS
OelkTEC TOL Y10l TOALA YPOVIOL YPNCUOTOLOVVTOL ATTO TOVE TAHOAOYOUVATOUOVS KO
TOVG KAIVIKOUG Y10TPOVG, OTMG O IGTOAOYIKOG TOTOG, 0 Babuog kakonOeiag (grade) kot
N KATAGTACT) T®V OPUOVIKAOV LTodoyEwv kat Tov HER2. H 60yypovn oykoroykn
épevva avayvopilelt mAéov 0Tt 10 pikpomepPdAiov Tov 6ykov (Tumor
Microenvironment - TME), onAadn avtd 10 1dwaitepa GVVOETO 0OIKOGVGTN L0 TOL
amotedeiton omd Un-kakonon KOTTOPA Kot T0 EE®OKLTTAPLO dikTvo, dradpapatilel Evav
16a&a ko TAEOV KaBopLoTikd pOAO TN SpUOPP®OT TG PLOAOYIKNG Topeiag TG
Kapkvikng eEEMENG. 'Exovv mAéov avayvmpiotel amd molvaplOues oOyypoves LEAETES
ToALOTAEG cLVIoTAGEG TOL TME. Avo amd T1g TAEOV SUVOLIKES KO KAVIKA
ONUOVTIKES OVTEG CUVIGTMGES OTOTEAOVV 1] PAEYLOVOONG OVTIOPOOT, LE CTIUAVTIKO
EKTTPOCHOTO T OVOETEPOPIAO. TOAVLLOPPOTVPNVOL TTOL GYETICOVTAL [IE TOV OYKO
(Tumor-Associated Neutrophils - TANSs), kot 1 voTiKn avtidpaot, YvoOoT) o¢
deopomAaotikn avtidpact tov otpopatog (Desmoplastic Reaction - DR).

H mAéov cvyypovn BipAtoypapio tav terevtainy IOV Xl ETICNUAVEL TOV d1TTO POAO
tov TANSs, ta onoio, avaioyo pe to pnvopata-cnpota mov déyovtot and to TME,
UIopovV vo ToAmBovV g 600 EexwploTohs Kol e AVTIKPOLOUEVOVG POAOVG
QOWVOTLTIOVG: gite o€ évav avti-oykoyovo (N1) gite og Evav mpo-oykoydvo (N2)
QOVOTLTTO. LTOVG TEPLGGATEPOVS A0 TOVG CLUTAYEIC OYKOVS TOL €YoV peAetnOel
£m¢ oNpepa, TPokLILTEL 6Tl 01 LYNAES TLkvOTNTES TV TANS cuoyetilovtan
ovYVOTEPQ LE QVOUEVT TTPOYVAGT), LECH EEEIOTKEVUEVOV KOl CUVOETMOV UNXAVICU®V
OV TPOAYOLV TNV AYYEWOYEVEST], TN OMON oM, TN LETACTAGCT] KOl TNV
0VOGOKOTAGTOAN. ATd TNV dAAN TAEVPd, 1| deVTEPN GVVIcTOGH Tov TME mov
OVOPEPOLLE TTPOTYOVUEVMG, ONAOON 1) VOTIKY] 1 OECUOTANGTIKNY avTidpaot Ogv elvat,
EMIONG, VO PAIVOUEVO LLE OLLOIOYEVELS YOPUKTNPES GTNV TANODPA TOV GLUTOYOV
Kakon0wv dykwv. O TOTOG TG OEGLOTANGTIKTG aVTIOPAONS, OTTMG AVTOG
TEPLYPAPETAL IGTOAOYIKE 0tO TOV TAHOAOYOOVATONO KOl GUYKEKPIUEVO VAL
YOPOAKTNPLOTIKO OVTNG, GLUYKEKPIUEVO 1) OPLUOTNTA TNG, EXEL TEPLYPAPEL MG 1GYVPOC
TPOYVMOOTIKOG TOPAYOVTOS Y10 TNV KAPKIVIKY €EEAMEN. AVaAVTIKOTEPX, TO AEYOUEVO
"ovopo” 1 "pvéoeldés” otpdpa, To omoio givol TA0VG10 G€ LEOAOLPOVIKO 0EL Kot
epneavilel yadopr) ve1 1 6VoTOCT, Tapatnpeital cuvnBEcTEP GE O EMOETIKOVG
oykovc. Avtifeta, To TEPIOGOTEPO "OPUO" TP, YOPAKTNPILOUEVO AT TUKVNY
WM GVLOTAGT, AVATTVGCETOL GLYVOTEPU GE AyOTEPO £MBETIKOVG Kapkivovg. Ta
TeEAevTaio XPOVI, 0AOEVH Kol TEPIOCOTEPEG LEAETEG AVADEIKVDOLV TOV G UAVTIKO
pOAO TV 000 avTtdV cuVicTwo®V Tov TME 611 Broloyikn mopeia twv cuunaydv
Oykwv. Qo1060, OLTO TOV TOPATNPOVLE eVl TOG £WG TOPW, O LEYAAOG OYKOG TNG
YVOONG TOV TEAELTAIWV ETOV APOPE TOV EEYMPLETO KOl LELOVOUEVO POLO QLTMV TOV
dvo mapapétpov. H oyéon petaéd twv dVo autdv TopapéTpmy kot n mhovi
AELTOVPYIKY] TOVG GLGYETION GTO UIKPOTEPPAAAOV TOL OYKOL GTOV KOPKIVO TOL
HOOTOV TOPAUEVEL TEMKE VO GNUOVTIKO 0AAG o€ peyaio Pabud aveEepevvnrto



EMOTNUOVIKO TTEDT0, [l COQEIS TPOEKTAGELS OTNV OEPATEVTIKN OVTILETMIOT CVTOV
TOV TOGO GLYVOL KOPKIVOL.

O oKomdG NG TaPOLGAS SIOAKTOPIKNG SLTPPNC efvar AouoOV 1) d1EPELVMON TG
TPOYVAOGTIKNG onpaciog ¢ mukvotntog Towv TANS Kot TG SeGHOTAAGTIKNG
avtiopaong pe to fabpd kaxondelog Tov 6YKov 6To dONTIKO Kapkivo Tov Hactov,
EMKEVTIPOVOVTAG OC €L TO TAEICT®V 6TV avdAvoT TG TOAVIG GLGYETIONG LETAED
TOV 600 OVTOV TAPAUETP®VY. EEKIVALE amd pio Kevipikn vedOeon, | omoia eivor OTL
VILAPYEL 0L AULPIOPOUN-CLVEPYIKT GYEo HeTa&D TS avénuévng ddnong Tov 6yKov
and TANSs kot TG Tapovciog evog avdpliov 1 LLEOEIBOVS GTPMOUATOS GTO
piKpomePPEAALOV TOL dMONTIKOD KOPKIVOUATOG TOL HOGTOV. AVTN 1] SIEPEVVOUEVT
mhavny cuoyETion, epocov amodelydel, Ba propovce, Aowodv, va oplodel wg pia
VIOYPOPY| EMOETIKNG PLOAOYIKNG GUUTEPLPOPAS TOL OYKOV.

[Mo v tpaypatoroinomn g tapovoag doTptPng, HeAeTOnKay avadpopukd 65
TEPLOTOTIKA dMONTIKOD KOPKIVOUOTOG TOV LAGTOV OO TO APYEINKO VAIKO TOL
[ToBoroyoavartopikod epyastnpiov Tov [.N.O. “T'edpylog [Tamavucordov™.
AvacOpOnkav amd 1o apyeio Tov £pyacTnpiov 01 IGTOAOYIKEG TOUES TV 65
TEPICTATIKMV OV lyav ¥pwobel pe v Khaowkn ypoon g [laboroyikng
Avatopkng, v xpoon aipatoéiivng-nocivng (H&E). Z1ig ev Aoyw topég
TPOcAIOPIGTNKAY Ol AKOAOLOES TOPAUETPOL TOV ALPOPOVV TOV GYKO: 1] TUKVOTNTA TOV
TANs (kotapétpnon tov tolvpopeomipnvev ce 10 cuveydueva ontikd medio
peyaang ueyébovong, ota tAéov dmonuéva and ereypovaon kouttapa (TANs)
onueia-"Ogpud onpeia”-Hot spots), 0 16T0A0Y1KOG TOTOG TOV GYKOL GOUPOVA LE TNV
ta&wounon tov Iaykdopov Opyavicpov Yyeiog kot o BaBpog 16Toloyikng
kakon0gtag Tov dykov. ' tov tedevtaio, ypnoiponombnke to cvotnua Nottingham.
[IpdcOeteg mapdueTpotl mov HeAETNONKAV Kot KaTaypaenkay yio Tov Kabe 0yko givorn
N TOPOVGia 1] ATOVGiN VEKPMONG Kol TEPVELPOKNG 0Bnonc. Ev cuveyeia
TpaypaToromOnke n taSvounon e SEGUOTANGTIKNG avTiopacnS Tov kibe
peretopevov Oykov. ['a to okond avTd, opicTnKaY TPEIS KOTNYOPiES O1 0TToieg
Baciotrayv otnv agloAdynon g popeoroyiog tov KoAraydvov. Ot kotnyopieg ovtég
elvat: 1) n opun deocpomAactikny avtiopaon, 2) n ynrogwdovg tomov (keloid-like) o
3) N LEOEONG OEGUOTANGTIKN avTidpaoT 6to pkporeptBdAlov tov dykov. ' ke
OYKO KataypaenKav, exiong, Tpdcieteg TANpoPopiec mov apopovGAV TNV TOPOVGia 1)
amovcia Ekepoong TV oletpoyovikav (ER) vrodoyéwv, tov mpoyeostepovikadv (PR)
vrodoyEmv kot Tov vrodoyéa HER2 (c-erbB2), o1 omoieg mponABav amod tig
avtioToryeg 10ToroyiKéS ekBEaelc Tov [TaBoAloyoavatopkov gpyactnpiov. Ot pébodot
OTOTIGTIKNG AVAAVONG TTOL (PN GLUOTOMONKAY Yo TNV SIEPEVVNON TOV LITO UEAETN
ovoyeTicemv givar n ypron pUn TopapleTptk®dv ehéyywv (Mann-Whitney U, Kruskal-
Wallis) kot tov ehéyyov Pearson X2, e 10 MinedO GTATIGTIKNG ONUAVTIIKOTNTAS VO,
opileton oto p<0.05.

H mpaypatomroinon tov otatioTik®v eAEYXOV 001YNCE GTNV OVASEIEN OPIGUEVOV
GYLPOV KOl GTATICTIKA CTLLOVTIK®V GUCYETICEDV. AVOALTIKOTEPQ, avadeiyOnke o
cap®¢ OeTikn cvoyétion petabd TG VYNANG 0mdnong tov 6yKov amd TANS kat Tov
VYN0 Pabpov kokonBelag, ONAadT Ot TIHES TV OVOETEPOPIA®V
TOAVHOPPOTLPNV®V TTOL GYETILOVTAL LLE TOV OYKO BPMKOUE TOS aVEAVOVTOL
KMpokotd and tovg Grade 1 éwg tovg Grade 3 dykovg (p<0.001). EmmAéov, 1
evtovotepn omOnon and TANS ELEAVICE CNUAVTIKT] CLGYETION UE TNV TOPOVGI
TePVELPLOKNG O nomg (p<0.001), tnv amovsia Ekppacng oretpoyovikav (p=0.016)



VTOO0YEMV Kol TPOYESTEPOVIKMOV (p=0.044) vrodoyémv, aAld kot n BeTIKY EKkppaom
tov c-erbB2 (p=0.038). Z& 6,11 apopd TN diepedvnon TG OEGUOTANGTIKNG AvTIOPAoTG
oto TME, mopatnprocope po 0plokd GTATIGTIKG GNUOVTIKY) GUGYETIOT OVTNG LE TOV
Babuod kakonbeiag (Grade) tov dykov (p=0.051), dnAaon ta Grade 3 kopKivodpoTo
TOPATNPNOALE TOG ERPavIlovy cuyvotepa LLE0EWES oTpdua, eved ta Grade 1
KOPKIVOUATO ELPavifouy cuyvoTepa ®PLO dEGHOTAACTIKO oTpdpa. To TAéov
OTNUOVTIKO KO GUVALO TPMTOTLTTO EVPNUA TNG SLTPPIC NTAV 1) 1oYLPT Kot
OTOTIOTIKA GNUAVTIKT GVGYETION HeTa&d Tov Babuov diinong tov 0ykev ard to
TANS kot Tov TOVTTOV TG OEGUOTANGTIKNG OVTIOpaoTG, OTmG avth Kabopiotnke
IGTOAOYIKA e PBACT) TIC TEPTYPAPOUEVEG AVAOTEPM TPELG KOTNyopiec. Avalvtikdtepa,
TOPATNPNOAUE OTL 01 GYKOL PE LVEOELDOVE TOTTOV OEGLOTANGTIKY OVTIOpaoN
EULPAVIOAV CNUOVTIKG VYNAOTEPES TUKVOTNTES OVOETEPOPIAMY TOAVLLOPPOTLPNIVAOV
oL GYETIOVTOL LLE TOV OYKO GLYKPITIKA LE TOVG OYKOLG TTOV YoapokTnpilovtay amd
OpLo decpomAacTIKO oTpdpa (p=0.006).

Ev xotaxAeidt, n mapodoa dtotptPr] 001yNce 610 Aoy OTUOVTIKO GUUTEPACHY OTL T
avEnpévn S nomn ovdeTEPOPIA®V TOAVHOPPOTHPNVOV TTOL GYETILOVTAL [IE TOV HYKO
(TANSs) kot 1 dmopén evog avdPLOL, HDEOELOOVG TOTOL GTPMUATOS ATOTEAOVV
TEMKA OelKTEG EMOETIKNG PLOAOYIKNG GLUUTEPIPOPAS GTA SMONTIKA KAPKIVAOUATO TOL
LaGToU, 0£00UEVOL OTL TOPATNPOVLLE TMG GLVOEOVTOL LLe VYNAOTEPO Pabld
1GTOAOYIKNG KOKONOELHG TOL KOPKIVOUATOG GAAGL Kot ETUTAEOV OVGUEVELG
TPOYVAOGTIKEG TOPAUETPOVS TOL OYKOV, OGS givan 1 TAPOVGIa TEPIVEVPLOIKNG
dmoOnong. To mAéov TpmtdHTLTO EVPN A TNG TAPOVGOS S TPIPNG Elval 1 TEKUNPi®O
LG OAANAETIOPOAONG KOl GUGYETIONG LETOED OLTMV TV VO TOPAUETPOV TOV
pikporeppdrrovtoc. [apoatmpovpe 6TL | eviovotepn dSMONoN amd oVIETEPOPIAL
noAvpopeomvpnva mov cxetiCovran pe tov 0yko (TANSs) eppaviCetor cuyvotepa o
€va LVEOEIBEC OVMPILLO Ko Ol GE £VOL TUKVO LVDOESG, CTPMLLDL, YEYOVOS TOV
VTOdNADOVEL Lol o Aettovpyiky| oxéot. To HuEOEBEC OVADPLLO GTPDOUN EVOEXETOL
VO TPOAYEL KO VoL GUVOETEL £val EVVOTKOTEPO TEPIPAAAOV Y10 TNV TPOCEAKLGT| KOl TN
Aertovpyio TOV TPO-0YKOYOVAOV OVOETEPOPIA®YV TOAVLOPPOTHPNVAOV TOL GYETILOVTOL
LE TOV OYKO EVM OO TNV GAAT TAELPA, 1 CVENUEVT] GUYKEVTIPOGT] TOV OVOETEPOPIA®V
noAvpopomvpnvmv tov cyetiCovrat pe tov 6yko (TANS) kot ot ovcieg mov avtd
TOPAYOLV, UTOPEL TEAKE VO OVOGTEALOVY TNV MPILOVGT TOV CTPMUATOS KOl VO TO
KPOTOUV € P o "peuotn” Kot TEAIKA TePIocOTEPO EMOETIKY KATAGTOCT. AVTA N
apeidopoun oyéon eAeypovig kot decpomrocioc oto TME ¢aiveton g kobictoton
£VOG ONUOVTIKOTOTOS AELTOVPYIKOG UNYOVIGLOG O OTTOT0G EVIGYVEL KL TPOAYEL TNV
dadwasio TG KapKIvVIKNG eEEMENC. LOUTEPAGUATIKE, LTOPOVLE VO LMAGLE Yo Evay
€V OLVALEL GLVOVOGTIKO TPOYVMOCTIKO JEIKTN KOl EVOG EATIOOPOPO GTOYO Y10 TOAVES
VEEC LEAALOVTIKEG BEPOTTEVTIKES TPAKTIKEG GTOV KOPKIVO TOL HLOGTOV.

ABSTRACT

Introduction and Background: Breast cancer is the most frequently diagnosed
malignancy and the leading cause of cancer-related mortality among women
worldwide, representing a major public health challenge. Its clinical course and



prognosis are characterized by significant heterogeneity, which cannot be fully
explained by established clinicopathological and molecular markers alone, such as
histological type, grade, and the status of hormone receptors (ER, PR) and HER2.
Modern oncological research increasingly recognizes the tumor microenvironment
(TME), the complex ecosystem comprising non-malignant cells and the extracellular
matrix, as a pivotal determinant of tumor behavior. Two of the most dynamic and
clinically relevant components of the TME are the inflammatory response,
particularly the innate immune infiltrate represented by Tumor-Associated
Neutrophils (TANSs), and the stromal fibrotic response, known as the Desmoplastic
Reaction (DR).

The existing literature has highlighted the dual role of TANs, which, depending on
signals from the TME, can polarize into either an anti-tumoral (N1) or a pro-tumoral
(N2) phenotype. In most established solid tumors, a high density of TANs has been
associated with a poor prognosis, as these cells are known to promote angiogenesis,
invasion, metastasis, and immunosuppression. Similarly, the desmoplastic reaction is
not a uniform phenomenon. Its histological texture, specifically its maturation state,
has emerged as a powerful prognostic factor. An "immature" or "myxoid" stroma, rich
in hyaluronan with a loose structure, is linked to more aggressive tumors, in contrast
to a mature, dense fibrous stroma. Despite the growing body of evidence for the
individual prognostic significance of these two parameters, their interplay and
potential functional relationship within the breast cancer microenvironment remain a
significant and largely unexplored area of research.

Aim of the Study: The purpose of this doctoral thesis was to investigate the
prognostic significance of TAN density and the histological type of the desmoplastic
reaction in invasive breast cancer and, most importantly, to examine the correlation
between them. The central hypothesis of this work is that a synergistic relationship
exists between increased TAN infiltration and the presence of an immature stroma,
and that this combination constitutes a powerful signature of aggressive biological
behavior.

Materials and Methods: A retrospective cohort study was conducted on 65 cases of
invasive breast carcinoma from the archival material of the pathology laboratory.
Using standard Hematoxylin and Eosin (H&E) stained slides, the following
parameters were evaluated: TAN density (by counting polymorphonuclear cells in ten
high-power fields in inflammatory "hotspots"), histological type and Nottingham
grade, the presence of necrosis, and perineural invasion. The desmoplastic reaction
was classified into three categories based on collagen morphology: mature, keloid-
like, and myxoid. Data regarding the expression of Estrogen Receptors (ER),
Progesterone Receptors (PR), and HER2 were retrieved from the corresponding
pathology reports. Statistical analysis to investigate correlations was performed using
non-parametric tests (Mann-Whitney U, Kruskal-Wallis) and the Pearson X? test, with
the level of statistical significance set at p<0.05.

Results: The study revealed strong and statistically significant correlations. A clear
positive correlation was observed between high TAN density and high histological
grade, with neutrophil counts increasing progressively from Grade 1 to Grade 3
tumors (p<0.001). High TAN infiltration was also significantly associated with the
presence of perineural invasion (p<0.001), negativity for estrogen (p=0.016) and
progesterone (p=0.044) receptors, and positivity for c-erbB2 (HER2) (p=0.038).



Regarding the desmoplastic reaction, a borderline significant association with
histological grade was observed (p=0.051), with Grade 3 tumors more frequently
exhibiting a myxoid stroma, while Grade 1 tumors predominantly showed a mature
stroma. The most significant and novel finding of this thesis was the strong and
statistically significant correlation between TAN density and the type of
desmoplastic reaction. Specifically, tumors with a myxoid desmoplastic reaction
showed significantly higher neutrophil infiltration compared to tumors with a mature
stroma (p=0.006).

Conclusion: This thesis confirms that increased neutrophil infiltration (high TANs)
and the presence of an immature, myxoid desmoplastic reaction are indicators of
aggressive biological behavior in breast cancer, as they are associated with high
histological grade and other adverse features. The most original finding is the
evidence of a strong link between these two microenvironmental parameters. The
observation that the densest neutrophil infiltration is found within a myxoid, rather
than a dense fibrous, stroma suggests a potential synergistic pathogenetic relationship.
An immature, hyaluronan-rich stroma may create a "permissive niche" that facilitates
the recruitment and pro-tumoral function of TANs. Conversely, an intense neutrophil
presence and the factors they secrete (e.g., proteases) may inhibit stromal maturation,
maintaining it in a more "fluid" and invasion-conducive state. This interplay between
inflammation and fibrosis within the TME appears to be a powerful mechanism
promoting malignancy and emerges as a potentially important combined prognostic
indicator and a promising target for future therapeutic interventions.



