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2. Wykaz stosowanych skrotow

AJCC

AS
BCR
BMI
CI
cT
DRE
EAU

ECE
EGFR

ePLND

GGG
GS

H&E
IQR
ISUP

LNI
LVI
MD
mpMRI

NOS
OR
PCa
PDPN
PET

Amerykanski Wspolny Komitet ds. Raka (ang. the American Joint Committee
on Cancer)

aktywny nadzor (ang. active surveillance)

wznowa biochemiczna (ang. biochemical recurrence)

wskaznik masy ciata (ang. body mass index)

przedziat ufnosci (ang. confidence interval)

kliniczne stadium zaawansowania (ang. clinical tumor stage)

badanie per rectum (ang. digital rectal examination)

Europejskie Towarzystwo Urologiczne (ang. The European Association of
Urology)

naciek pozatorebkowy (ang. extracapsular extension)

receptor nablonkowego czynnika wzrostu (ang. epidermal growth factor
receptor)

rozszerzona limfadenektomia w obrgbie miednicy mniejszej (ang. extended
pelvic lymph node dissection)

grupa ztosliwosci histologicznej Gleasona (ang. Gleason grading group)
stopien zaawansowania patomorfologicznego w skali Gleasona (ang. Gleason
score)

barwienie hematoksyling 1 eozyna (ang. hematoxylin-eosin stain)

zakres migdzykwartylowy (ang. interquartile range)

Migdzynarodowe Towarzystwo Patologii Urologicznej (ang. The International
Society of Urological Pathology)

przerzuty do weztow chtonnych (ang. lymph node invasion)

limfoangioinwazja (ang. lymphovascular invasion)

réznica Srednich (ang. mean difference)

wieloparametryczny rezonans magnetyczny (ang. multiparametric magnetic
resonance imaging)

skala Newcastle—Ottawa (ang. Newcastle—Ottawa scale)

iloraz szans (ang. odds ratio)

rak prostaty (ang. prostate cancer)

podoplanina (ang. podoplanin)

pozytonowa tomografia emisyjna (ang. positron emission tomography)



PIRADS

pN

PNI
PPBC
PRISMA

PSA
PSAD
PSCA
PSM
PSMA

RDW-SD

RP
SD

system raportowania i danych obrazowania prostaty (ang. Prostate Imaging
Reporting and Data System)

przerzuty do weztéw chlonnych (ang. pathologic nodal stage)

naciekanie okolonerwowe (ang. perineural invasion)

odsetek pozytywnych bioptatéw (ang. percent of positive biopsy cores)
deklaracja zawierajaca zestaw elementow niezbgdnych do prawidlowego
raportowania przegladéw systematycznych i meta-analiz (ang. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)

swoisty antygen sterczowy (ang. prostate-specific antigen)

gesto$¢ PSA (ang. prostate-specific antigen density)

antygen komorek macierzystych stercza (ang. prostate stem cell antigen)
dodatni margines chirurgiczny (ang. positive surgical margin)

antygen blony komorek stercza (ang. prostate-specific membrane antigen)
patologiczne stadium zaawansowania (ang. pathologic tumor stage)
rozpietos¢ rozktadu objetosci czerwonych krwinek (ang. red blood cell
distribution width-standard deviation)

prostatektomia radykalna (ang. radical prostatectomy)

odchylenie standardowe (ang. standard deviation)



3. Streszczenie w jezyku polskim

Rak prostaty (prostate cancer, PCa) jest jednym z najczesciej wystepujacych
nowotworow u mezczyzn na $§wiecie, diagnozowanym u ponad miliona pacjentdéw rocznie.
Mimo ze rozw6j choroby bywa powolny, a pacjenci czgsto sg diagnozowani w pé6znym wieku,
PCa moze mie¢ zroznicowany przebieg. Limfoangioinwazja (lymphovascular invasion, LVI),
definiowana jako jednoznaczna (ang. unequivocal) obecno$¢ komorek nowotworowych
w wyscielonych nablonkiem przestrzeniach naczyniowych, stanowi istotny czynnik
prognostyczny wskazujacy na agresywniejszy przebieg choroby i zwigkszone ryzyko wznowy
biochemicznej oraz przerzutow. Moze to istotnie wptywac na skuteczno$c¢ kliniczng dostepnych
opcji terapeutycznych. W ramach rozprawy doktorskiej obejmujacej cykl trzech publikacji
przeanalizowano warto$¢ kliniczng LVI u pacjentdow poddanych radykalnej prostatektomii
(radical prostatectomy, RP), w celu wykrycia przedoperacyjnych czynnikow ryzyka
wystapienia LVI w pooperacyjnym badaniu histopatologicznym, ewaluacji powigzanych
pooperacyjnych czynnikow ryzyka oraz oceny zjawiska lateralizacji LVI w konteks$cie
przerzutéw do weztéw chtonnych.

W badaniach wykorzystano retrospektywne dane pacjentdow poddanych RP, w tym
informacje demograficzne, wyniki badan laboratoryjnych 1 obrazowych, a takze biopsji
gruczolu krokowego. Wieloletnia obserwacja pacjentow (ang. follow-up) pozwolita na
zgromadzenie informacji dotyczacych pooperacyjnego przebiegu choroby. Preparaty
histopatologiczne utrwalano w buforowanej formalinie 1 zatapiano w parafinie. Za pomoca
mikrotomu wykonywano przekroje tkanek, ktore nastgpnie barwiono hematoksyling i eozyna
(H&E). Materiat histopatologiczny byl oceniany przez do$wiadczonych uropatologoéw, ktorzy
stosowali wystandaryzowany system raportowania. Ocena obejmowala réwniez analize
obecnosci oraz lateralizacji LVI. W przypadkach watpliwosci diagnostycznych
przeprowadzano barwienie podoplaning. Analizy statystyczne umozliwity ustalenie istotnych
predyktoréw oraz pooperacyjnych nastgpstw zwigzanych z LVI. Ponadto, przeglad
systematyczny z metaanaliza pozwolil zidentyfikowa¢ dostepne w literaturze czynniki
przedoperacyjne  predysponujace do wystgpienia LVI w ostatecznym badaniu
histopatologicznym.

Badania potwierdzaja kluczowa role LVI w ocenie ryzyka i agresywnos$ci PCa. Przeglad
systematyczny z metaanaliza potwierdzil, Ze poziom swoistego antygenu sterczowego
(prostate-specific antigen, PSA), kliniczne stadium T oraz wynik w skali Gleasona z biopsji

stercza stanowig najsilniejsze przedoperacyjne predyktory LVI u pacjentow z PCa.



W przeciwienstwie do nich objetos¢ gruczotu krokowego, wskaznik masy ciata i wiek nie
wykazaty istotnej korelacji z LVI. Wiele czynnikéw przedoperacyjnych wykrytych za pomoca
systematycznego przegladu literatury korelowatlo z LVI w koncowym badaniu
histopatologicznym, potwierdzajac ich istotno§¢ w prognozowaniu ryzyka. W drugiej
publikacji wykazano, ze jednostronna LVI koreluje z jednostronnym zajeciem weztow
chlonnych u pacjentow z PCa z przerzutami do wezléw chionnych (pN+), zwlaszcza
w przypadku LVI po prawej stronie. Z kolei LVI po lewej stronie jest zwigzana z wyzszymi
stadiami klinicznymi pT 1 wyzszym odsetkiem przypadkéw obustronnego zaj¢cia weziow
chlonnych. Ostatnia publikacja podkresla kluczowa role LVI w prognozowaniu raka prostaty.
Badanie to po raz pierwszy, wedlug najlepszej wiedzy autoréw, wykazato zwigzek migdzy LVI
a liczba zajetych we¢zldw chionnych u pacjentow pN+. Wyzszy wynik w skali Gleasona,
stadium kliniczne T3-4 okreSlone za pomocg rezonansu magnetycznego, WYZSZy
przedoperacyjny poziom PSA i odsetek zajetych bioptatow przekraczajacy 50% to najsilniejsze
predyktory wystapienia LVI. Wyniki badan podkreslajg znaczenie uwzglgdniania LVI w ocenie
ryzyka u pacjentow z PCa oraz moga przyczyni¢ si¢ do reewaluacji strategii terapeutycznych,

majac na celu optymalizacje leczenia 1 wydtuzenie przezycia pacjentéw z PCa.



4. Streszczenie w jezyku angielskim

Prostate cancer (PCa) is one of the most common cancers in men worldwide, diagnosed
in over a million patients annually. Despite the slow progression of the disease, and often late
diagnosis, PCa can have a varied course. Lymphovascular invasion (LVI), defined as the
unequivocal presence of cancer cells within endothelial-lined vascular spaces, is an important
prognostic factor indicating a more aggressive disease course and an increased risk of
biochemical recurrence and metastasis. This can significantly impact the clinical effectiveness
of available therapeutic options.

In this doctoral dissertation, which includes a series of three publications, the clinical
value of LVI in patients undergoing radical prostatectomy (RP) was analyzed to identify
preoperative risk factors for LVI in postoperative histopathology, evaluate associated
postoperative risk factors, and assess the phenomenon of LVI lateralization in the context of
lymph node metastasis.

The studies used retrospective data from patients who underwent RP, including
demographic information, laboratory and imaging results, as well as prostate biopsy data. Long-
term patient follow-up provided information on the postoperative course of the disease.
Histopathological samples were fixed in buffered formalin and embedded in paraftin. Tissue
sections were made with a microtome and then stained with hematoxylin and eosin (H&E).
Histopathology was assessed by experienced uropathologists who used a standardized reporting
system. The evaluation also included the analysis of the presence and lateralization of LVI. In
cases of diagnostic uncertainty, podoplanin staining was performed. Statistical analyses allowed
for the identification of significant predictors and postoperative outcomes related to LVI.
Additionally, a systematic review with a meta-analysis identified preoperative factors in the
literature predisposing to LVI in final histopathology.

Research confirms the key role of LVI in assessing the risk and aggressiveness of PCa.
A systematic review with a meta-analysis confirmed that prostate-specific antigen (PSA) levels,
clinical T stage, and Gleason score from prostate biopsy are the strongest preoperative
predictors of LVI in PCa patients. In contrast, prostate volume, body mass index, and age
showed no significant correlation with LVI. Many preoperative factors identified through
a systematic review of the literature correlated with LVI in final histopathology, confirming
their importance in risk prognosis. The second publication demonstrated that unilateral LVI
correlates with unilateral lymph node involvement in PCa patients with lymph node metastases

(pN+), particularly in cases of right-sided LVI. In contrast, left-sided LVI is associated with



higher clinical pT stages and a higher proportion of bilateral lymph node involvement cases.
The final publication emphasizes the crucial role of LVI in predicting prostate cancer prognosis.
This study was the first, to the best of the authors' knowledge, to reveal the association between
LVI and the number of affected lymph nodes in pN+ patients. A higher Gleason score, clinical
T3-4 stage defined by magnetic resonance imaging, higher preoperative PSA level, and
a percentage of positive biopsy cores exceeding 50% are the strongest predictors of LVI. The
results highlight the importance of considering LVI in assessing the risk in PCa patients and
may contribute to the reevaluation of therapeutic strategies, aiming to optimize treatment and

extend survival in PCa patients.
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5. Wprowadzenie do rozprawy doktorskiej

Rak gruczotu krokowego jest najczestszym nowotworem zlosliwym diagnozowanym
umezczyzn i drugg gtdwng przyczyna zgonéw z powodu nowotwordw w tej grupie na $wiecie'.
W Polsce, podobnie jak w innych krajach rozwinigtych, regularnie obserwuje si¢ wzrost
zachorowalnoéci®. Jest to zwiazane zardéwno ze starzeniem sie populacji, jak i poprawa metod
diagnostycznych, ktére umozliwiaja wykrywanie choroby na coraz wczesniejszym etapie. Do
kluczowych postepéw w diagnostyce raka prostaty zaliczy¢ mozna miedzy innymi
wprowadzenie wieloparametrycznego rezonansu magnetycznego (mpMRI, multiparametric
magnetic resonance imaging), biopsji celowanej stercza, pozytonowej tomografii emisyjne;j
(PET, positron emission tomography) oraz wykorzystywanie ligandu antygenu btony komorek
stercza (PSMA, prostate-specific membrane antigen), ktore znaczaco zwigkszyly precyzje
rozpoznawania oraz mozliwo$é wczesnego wykrywania tej choroby?.

W leczeniu zlokalizowanego raka prostaty kluczowa role odgrywa radykalna
prostatektomia. Jest to procedura polegajaca na catkowitym usunigciu gruczolu krokowego
oraz, w zalezno$ci od zaawansowania choroby, weztéw chlonnych miednicy. Prostatektomia
radykalna nie tylko eliminuje Zzrédlo nowotworu, ale takze umozliwia szczegétowe badanie
histopatologiczne, dostarczajace cennych informacji prognostycznych, ktére sa niezbedne do
spersonalizowanego podej$cia terapeutycznego po operacji.

Jednym z parametrow ocenianych podczas badania histopatologicznego jest
limfoangioinwazja (lymphovascular invasion, LVI), ktora jest definiowana jako jednoznaczna
(ang. wunequivocal) obecnos¢ komorek nowotworowych w wyscielonych $rédblonkiem
przestrzeniach naczyniowych, ktére nie posiadajg podscieliska mie$niowego®, lub jako
obecno$¢ zatorow nowotworowych (ang. tumor emboli) w malych naczyniach
wewnatrzgruczotowych’ 7. LVI, okre$lana réwniez mianem inwazji mikronaczyniowej® '°, jest
identyfikowana za pomocg standardowego barwienia H&E. W przypadkach watpliwych,
stosuje si¢ dodatkowe barwienie immunohistochemiczne podoplaning (PDPN, D2-40),
glikoproteing umozliwiajacg identyfikacje naczyn limfatycznych!!. Technika ta pozwala na
odrdznienie inwazji nowotworowej w naczyniach zylnych od inwazji w naczyniach
limfatycznych, co jest istotne w kontekscie biezacych badan naukowych!>13,

LVI jest uznawana za czynnik prognostyczny predysponujacy do bardziej agresywnego
przebiegu nowotworu i zwigkszonego ryzyka jego progresji, co moze mie¢ kluczowe znaczenie
dla dalszego postgpowania terapeutycznego, w tym decyzji o zastosowaniu terapii

adjuwantowej'* 7. Cho¢ warto$é prognostyczna LVI jest juz dobrze udokumentowana
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w badaniach na preparatach pooperacyjnych, mozliwe 1 istotne jest takze jej wykrywanie
w materiale z biopsji gruczotu krokowego!®!.

Europejskie Towarzystwo Urologiczne (EAU, The European Association of Urology)
w swoich wytycznych podkresla, ze obecno$¢ LVI w materiale z biopsji powinna sktoni¢ do
rezygnacji z aktywnego nadzoru (AS, active surveillance) i wdrozenia leczenia radykalnego?.
Jednakze, mimo ze LVI jest uznawane za istotny pooperacyjny czynnik ryzyka, nie ma
wyraznych wskazan, jak obecno$¢ LVI powinna wplywaé¢ na dalsze postepowanie po
radykalnej prostatektomii.

Badania potwierdzaja, ze LVI jest indywidualnym czynnikiem ryzyka w raku prostaty,
niezaleznie od innych tradycyjnych czynnikow, takich jak wysoki poziom swoistego antygenu
sterczowego (PSA, prostate-specific antigen), zaawansowanie kliniczne (pT, pathologic tumor
stage) czy stopien zaawansowania patomorfologicznego wedhug skali Gleasona (GS, Gleason
score)*' 32, W ostatnich latach przeprowadzono liczne badania koncentrujace si¢ na roli LVI
jako markera prognostycznego w raku stercza. Wyniki tych badan bywaja sprzeczne lub
niejednoznaczne, jednakze LVI czesto koreluje z wznowa biochemiczng (BCR, biochemical
recurrence), gorszymi parametrami przezyciowymi, a takze przerzutami do weziow chtonnych
oraz rozsiewem ogdlnym raka prostaty>>4°,

LVI moze stanowi¢ istotne ogniwo pomigdzy lokalnie zaawansowang chorobg
a przerzutami do weztéw chtonnych. Zalezno$¢ LVI oraz inwazji nowotworu na wezty chtonne
odgrywa szczegdlng role w badaniach naukowych ostatnich lat ze wzgledu na mozliwo$¢
eskalacji prostatektomii radykalnej o wykonanie rozszerzonej limfadenektomii w obrgbie
miednicy mniejszej (ePLND, extended pelvic lymph node dissection). Badania sugerujg jednak,
ze limfadenektomia, cho¢ stanowi ztoty standard w ocenie zaj¢cia weztow chlonnych w raku
prostaty, nie wptywa na parametry przezyciowe pacjentow i moze zwigksza¢ ryzyko powiklan
§r6d- i pooperacyjnych*'. Z tego powodu, coraz wiecej gltosow odnosi si¢ do mozliwosci
wykonania limfadenektomii jednostronnej, ipsilateralnie ograniczonej do weziow chlonnych
po stronie ogniska nowotworu w sterczu*’. LVI jest parametrem, ktory moze byé oceniany
lateralnie, indywidualnie w lewym i prawym placie gruczotu krokowego. Znaczenie zjawiska
lateralizacji LVI w kontek$cie wplywu na jednostronng inwazj¢ weztowa, pozostaje

niezbadane.
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6. Cel badan

Celem gléwnym mojej rozprawy doktorskiej jest szczegdtowa ocena klinicznej wartosci

LVI jako niezaleznego czynnika ryzyka u pacjentdow po RP. Przyjete zatozenia szczegdtowe

maja na celu doglebne zrozumienie wptywu LVI na postgpowanie kliniczne oraz wyniki

leczenia PCa.

1.

Identyfikacja przedoperacyjnych czynnikéw ryzyka limfoangioinwazji.
Przeprowadzony przeglad systematyczny oraz metaanaliza dostgpnych danych
pozwolily na identyfikacje oraz ilosciowa 1 jako$ciowa analize¢ kluczowych
przedoperacyjnych czynnikow ryzyka LVI wykrytej w pooperacyjnym badaniu
histopatologicznym. Dodatkowo, przeprowadzone badanie retrospektywne miato na
celu identyfikacje tych parametrow w kontekscie klinicznym.

Analiza zwigzku miedzy lateralizacja limfoangioinwazji i przerzutow do wezlow
chlonnych. Celem tego punktu jest okreslenie, czy istnieje statystycznie istotna
korelacja migdzy lokalizacja LVI a strong wystepowania przerzutow do weztow
chtonnych. Wyniki tej analizy moga mie¢ znaczenie dla planowania zakresu
limfadenektomii wykonywanej podczas RP.

Ocena pooperacyjnych implikacji limfoangioinwazji. Celem jest ocena skutkow
wystapienia LVI w pooperacyjnym badaniu histopatologicznym, obejmujaca analiz¢
wynikéw badan obrazowych 1 laboratoryjnych. Poznanie tych zaleznosci moze
w przysztosci umozliwi¢ doktadniejsza stratyfikacje ryzyka u pacjentéw po RP oraz
bardziej efektywne planowanie leczenia drugiej linii, co z kolei przyczyni si¢ do
optymalizacji wynikow onkologicznych.

Wyjasnienie relacji miedzy najistotniejszymi czynnikami ryzyka a przerzutami do
wezlow chlonnych. Analiza zwigzku LVI oraz klasycznych czynnikéw ryzyka
(m.in. stopien w skali Gleasona, stadium zaawansowania klinicznego) z przerzutami
do weztéw chlonnych. Wyniki tej analizy moga mie¢ znaczenie dla prognozowania

wynikow leczenia i wptyna¢ na przyszle strategie diagnostyczno-terapeutyczne.
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7. Materialy i metody

W niniejszym rozdziale zaprezentowano zarys metodologii przeprowadzonych badan.
Szczegolowy opis zawarty jest w zataczonych publikacjach.

W Publikacji 1 dokonano przegladu systematycznego dostgpnej literatury na temat
przedoperacyjnych czynnikdéw ryzyka wystgpienia LVI u pacjentow z rakiem prostaty
poddanych radykalnej prostatektomii. Przeglad systematyczny zostal w dalszej kolejnosci
uzupetniony metaanalizg. Przeprowadzono systematyczny przeglad literatury w trzech bazach
danych: PubMed, Embase i Web of Science. Ponadto, r¢cznie przeszukano bibliografie
istotnych artykuldw przegladowych, aby upewni¢ si¢, ze nie pominigto zadnych istotnych
artykutow.

Procedura oceny zidentyfikowanych podczas wyszukiwania literatury byla zgodna
z kryteriami PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses)®, a protokot badania zostal zarejestrowany w miedzynarodowym rejestrze
systematycznych przegladow PROSPERO pod numerem CRD42023389021. Artykuly
oceniano pod katem wiaczenia, korzystajac z modelu PICO (population, intervention,
comparison, outcome)**:

e Populacja: pacjenci z rakiem gruczolu krokowego, ktérzy przeszli radykalng
prostatektomig.

e Interwencja: prostatektomia radykalna i pooperacyjne badanie histopatologiczne;
wykrycie LVI w badanych preparatach pooperacyjnych.

e Komparator: pacjenci bez cech LVI w koncowym badaniu histopatologicznym.

e Wynik: korelacja przedoperacyjnych czynnikéw kliniczno-patologicznych z LVI

W preparacie pooperacyjnym.

Jako$¢ wlaczonych badan oceniano zgodnie z wytycznymi skali Newcastle—Ottawa
(NOS, Newcastle-Ottawa Scale)®, obejmujacymi trzy kluczowe elementy: selekcja populacji
badanej, porownywalno$¢ grup oraz sposob ustalania 1 wiarygodnos¢ wynikow.

Uzyto s$rednich 1 odchylenia standardowego (SD, standard deviation) lub median
1 zakresOw miedzykwartylowych (IQR, interquartile range) dla zmiennych ciggtych. Wartosci
median 1 IQR przeksztalcono na $rednie i SD zgodnie z metodologia opisang przez Hozo

6. Szacunki zbiorcze uzyskano korzystajac ze $rednich i SD dla

i wspolpracownikow?
zmiennych ciagtych oraz wskaznikow zdarzen dla zmiennych kategorycznych. Miara efektu
dla zmiennych cigglych to roznica S$rednich (MD, mean difference); dla zmiennych

kategorycznych zastosowano iloraz szans (OR, odds ratio). Heterogenno$¢ oceniono za
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pomoca testu Q oraz I2. Chociaz nie kazda metaanaliza wykazata istotng heterogennos$é wérod
wiaczonych badan, w kazdym przypadku stosowano modele efektow losowych ze wzgledu na
og6lnie wysoka heterogenno$¢ obserwowang we wszystkich badaniach wlaczonych do
przegladu systematycznego 1 poszczegdlnych metaanaliz.

W Publikacji 2 przeanalizowano grupe 1016 pacjentow 2z histologicznie
potwierdzonym rakiem prostaty, ktoérzy przeszli radykalng prostatektomi¢ w Uniwersyteckim
Centrum Urologii we Wroctawiu w latach 2012-2022. Kryteria wykluczenia obejmowaty,
miedzy innymi, brak cech LVI w koncowym badaniu histopatologicznym oraz nieobecnos¢
przerzutow do weziow chionnych (pNO). Po zastosowaniu kryteriow wylaczenia, badanie
ostatecznie obj¢to 96 mezczyzn.

Preparaty histopatologiczne byly zbierane i przetwarzane zgodnie z wytycznymi
protokotu Stanford. Prébki utrwalano w roztworze formaliny buforowanej, a nast¢pnie
zatapiano w parafinie. Za pomocg mikrotomu przekroje tkanek byty barwione metoda H&E.
Dos$wiadczeni uropatolodzy oceniali material histopatologiczny, stosujac ustandaryzowany
system raportowania. Ocena stopnia klinicznego zaawansowania nowotworu byla zgodna
z wytycznymi Amerykanskiego Wspolnego Komitetu ds. Raka (AJCC, the American Joint
Committee on Cancer)*’, a ocena preparatbw w skali Gleasona odbywala si¢ zgodnie
z konsensusem Miedzynarodowego Towarzystwa Patologii Urologicznej (ISUP, the
International Society of Urological Pathology)'"*. Szczegdlowa ocena preparatow
obejmowata ocen¢ obecnosci LVI wraz z dokumentacja lateralizacji limfoangioinwaz;ji.
W sytuacji niejasnosci diagnostycznej stosowano barwienie podoplaning (D2-40, PDPN).

Analizy statystyczne objety ocene normalnosci rozkltadu zmiennych za pomocg testu
Shapiro-Wilka, ktory kazdorazowo wykazat odchylenia od rozkladu normalnego dla
wszystkich zmiennych. W zwiazku z tym konsekwentnie stosowaliSmy procedury
nieparametryczne. Do porownania $rednich mi¢dzy dwiema grupami scharakteryzowanymi
przez zmienne kategoryczne wykorzystano test U Manna-Whitneya. Test Kruskala-Wallisa
pozwolit oceni¢ roznice Srednich miedzy grupami scharakteryzowanymi przez zmienne
kategoryczne z co najmniej trzema odpowiedziami. Wspolczynnik tau-b Kendalla zastosowano
do okreslenia zalezno$ci statystycznej migdzy dwiema zmiennymi. Stosowano testy
dwustronne, uznajac réznice za statystycznie znaczace, gdy warto$¢ p byta mniejsza niz 0,05.
[lorazy szans obliczono w celu oceny szans na lateralizacj¢ przerzutow do weztow chtonnych
w poszczegdlnych podgrupach, a do obliczen zastosowano przedziat ufnosci (CI, confidence

interval) na poziomie 95%.
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W Publikacji 3 przeanalizowano 861 pacjentow z histologicznie potwierdzonym,
rakiem prostaty, ktorzy przeszli radykalng prostatektomi¢ w Uniwersyteckim Centrum Urologii
w latach 2012-2021.

Preparaty histopatologiczne zbierano i przetwarzano zgodnie z protokotem Stanford.
Utrwalano je w roztworze formaliny buforowanej i zatapiano w parafinie. Za pomoca
mikrotomu wykonano przekroje tkanek, ktore nastepnie barwiono metoda H&E. Doswiadczeni
uropatolodzy oceniali preparaty zgodnie z ustandaryzowanym systemem raportowania. Ocena
stopnia klinicznego zaawansowania nowotworu byta zgodna z wytycznymi AJCCY, a ocena
preparatow w skali Gleasona odbywala sie zgodnie z konsensusem ISUP'*®, Szczegdtowa
analiza materialu histopatologicznego obejmowala ocen¢ obecnosci LVI, naciekania
okotonerwowego (PNI, perineural invasion), nacieku pozatorebkowego (ECE, extracapsular
extension) oraz dodatnich margineséw chirurgicznych (PSM, positive surgical margin).
W sytuacjach niejasnosci diagnostycznych w ocenie LVI stosowano barwienie PDPN.

Analiza statystyczna obejmowata ocen¢ normalnos$ci rozktadu zmiennych za pomoca
testow Shapiro-Wilka, ktore wykazaty odchylenia od rozktadu normalnego dla analizowanych
zmiennych. W konsekwencji stosowano procedury nieparametryczne. Test U Manna-Whitneya
stuzyt do porownywania $rednich miedzy dwiema grupami ze zmiennymi dychotomicznymi,
natomiast test Kruskala-Wallisa pozwolit na ocen¢ rdéznic $rednich miedzy grupami ze
zmiennymi kategorycznymi o co najmniej trzech odpowiedziach. Dodatkowo, wspdtczynnik
tau-b Kendalla zastosowano do oceny zaleznosci statystycznej migdzy dwiema zmiennymi.
Wszystkie testy byly dwustronne. Statystycznie istotne roznice migdzy grupami wystepowaty,
gdy warto$¢ p byla mniejsza niz 0,05. Ponadto, zastosowano regresje logistyczng, aby
zidentyfikowac istotne czynniki przedoperacyjne jako najsilniejsze predyktory wystapienia LVI
w preparacie histopatologicznym. W analizach regresyjnych wykorzystano metode estymac;ji
krokowej, polegajaca na iteracyjnym doborze zmiennych do modelu, w celu uzyskania
najbardziej istotnego schematu. Dodatkowo, przeprowadzono regresje logistyczng w celu
zidentyfikowania czynnikoéw ryzyka wystapienia przerzutow do weztéw chtonnych, majac na
celu ocen¢ znaczenia LVI jako potencjalnego determinantu tego zjawiska. W celu
zidentyfikowania istotnych predyktoréw zwiazanych z liczba zajetych weztow chtonnych
u pacjentow pN+, przeprowadzono analiz¢ regresji liniowej, ktéra pozwolita sprawdzié

dopasowanie modelu do danych medycznych.
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8. Podsumowanie wynikow

Publikacja 1.: Karwacki, J.; Stodolak, M.; Nowak, L.; Kielb, P.; Krajewski, W.; Leminski, A.;
Szydetko, T.; Matkiewicz, B. 2024. Preoperative Factors for Lymphovascular Invasion in
Prostate Cancer: A Systematic Review and Meta-Analysis. International Journal of

Molecular Sciences, 25(2), 856.

W ramach systematycznego przegladu literatury zidentyfikowano trzydziesci dziewigé
badan obejmujacych 389997 pacjentow, z czego 33995 (8,7%) miato cechy LVI
w pooperacyjnym badaniu histopatologicznym. Metaanalizy objely sze$¢ przedoperacyjnych
czynnikow kliniczno-patologicznych: wiek, wskaznik masy ciata (body mass index, BMI),
kliniczne stadium zaawansowania (cT), wynik w skali Gleasona w biopsji, przedoperacyjny
poziom PSA oraz objetos¢ stercza.

Wiek. Analiza obejmujaca dwadziescia jeden badah wskazatla, Zze starszy wiek nie jest
czynnikiem ryzyka dla LVI w koncowym badaniu histopatologicznym (p = 0,10; MD = 0,64;
95% C1 0,12—-1,39).

BMI. Metaanaliza pigciu badan dotyczacych zwigzku migdzy BMI a LVI wskazata na
brak istotnej statystycznie korelacji (p = 0,88; MD = —0,03; 95% CI 0,40—0,34).

Przedoperacyjny stopien zaawansowania klinicznego nowotworu. Osiem badan
ocenialo zwigzek miedzy cT a LVI, z czego pig¢ wiaczono do metaanalizy. Wykazano, ze
stadium ¢T3 jest zwigzane z LVI (p < 0,0001; OR = 3,54; 95% CI 1,97-6,38), podczas gdy
stadium cT1 ma istotnie nizsze prawdopodobienstwo LVI (p = 0,02; OR = 0,57; 95% CI
0,36—0,91). Stadium cT2 nie wykazuje zwigzku z LVI (p = 0,21; OR = 1,49; 95% CI
0,80-2,79).

Stopien ztosliwosci histologicznej w skali Gleasona. Osiem badan oceniato zwigzek
miedzy wynikiem w skali Gleasona ocenianym w biopsji a LVI. W metaanalizie wykazano, ze
GS > 8 koreluje z LVI (p < 0,00001; OR =4,17; 95% CI 2,38—7,31), natomiast GS 6 wiagze si¢
ze statystycznie nizszym prawdopodobienstwem LVI (p < 0,00001; OR = 0,28; 95% CI
0,16—0,49). Wynik GS = 7 nie koreluje z LVI (p = 0,33; OR = 1,27; 95% CI 0,79-2,07).

Przedoperacyjny poziom PSA. Analiza obejmujgca dwadziescia siedem badan
wskazuje, ze wysoki przedoperacyjny poziom PSA jest czynnikiem ryzyka dla LVI (p = 0,0008;
MD = 5,53; 95% CI 2,30—-8,75).
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Objetos¢ stercza. Metaanaliza czterech badan oceniajacych zwigzek miedzy objetoscia
gruczohu krokowego a LVI wykazata brak istotnej korelacji (p = 0,71; MD = —0,85; 95% CI
5,33-3,63).

W ramach przegladu systematycznego zidentyfikowano dziesi¢¢ przedoperacyjnych
czynnikéw klinicznych zwigzanych z LVI, ktore uzyskano z probek krwi lub moczu. Trzy
z tych czynnikow byly zwigzane z PSA: przedoperacyjny poziom PSA zostatl zbadany
w dwudziestu siedmiu badaniach, z czego dziewi¢tnascie wykazalo istotng korelacje, gestosé
PSA (prostate-specific antigen density, PSAD) byta raportowana w dwoch badaniach, a procent
wolnego PSA w jednym badaniu. Pozostale czynniki istotnie skorelowane z LVI to m.in.
obecno$¢ przynajmniej jednego allelu G w genie anhydrazy weglanowej 9, receptora
nabtonkowego czynnika wzrostu (epidermal growth factor receptor, EGFR) w surowicy,
greliny In1 w moczu, ekspresja mRNA antygenu komorek macierzystych stercza (prostate stem
cell antigen, PSCA) w surowicy, rozpigto$¢ rozktadu objetosci czerwonych krwinek (red blood
cell distribution width-standard deviation, RDW-SD), cholinesteraza w surowicy, niski
catkowity cholesterol w surowicy, a takze urokinaza i jej receptor w surowicy.

Analiza ujawnita takze przedoperacyjne czynniki patologiczne skorelowane z LVI,
w tym wynik wedlug skali Gleasona w biopsji, sredni odsetek pozytywnych bioptatéw (percent
of positive biopsy cores, PPBC), czy liczb¢ pozytywnych bioptatéw. Inne czynniki
patologiczne, takie jak PNI w probkach biopsji i catkowita liczba bioptatow, nie wykazaty
korelacji w poszczegdlnych badaniach. Ponadto zidentyfikowano trzy przedoperacyjne
czynniki zwigzane z obrazowaniem, ktore byty zwiazane z LVI: wynik w skali PIRADS
(ang. Prostate Imaging Reporting and Data System), objeto$¢ prostaty oraz objetos¢ guza.
Wynik PIRADS 1 objetos¢ stercza byly raportowane w kilku publikacjach, ale tylko jedna
z nich wykazata ich korelacje z LVI. Wérod innych przedoperacyjnych czynnikéw, wiek byt
raportowany w dwudziestu badaniach, z czego cztery wykazaty jego korelacje z LVI. BMI,
nieprawidlowos$¢ stwierdzona w badaniu per rectum (digital rectal examination, DRE), rasa

oraz cT réwniez byly zwigzane z LVI w poszczegdlnych badaniach.
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Publikacja 2.: Karwacki, J.; Gurwin, A.; Jaworski, A.; Jarocki, M.; Stodolak, M.; Dlubak, A.;
Szuba, P.; Leminski, A.; Kaczmarek, K.; Haton, A.; Szydetko, T.; Matkiewicz, B. 2024.
Association of Lymphovascular Invasion with Lymph Node Metastases in Prostate

Cancer—Lateralization Concept. Cancers, 16(5), 925.

W badaniu przeanalizowano populacje 96 pacjentdéw z rakiem prostaty z cechami LVI
oraz przerzutami do weztow chtonnych. Przedoperacyjne ustalenie stopnia zaawansowania
klinicznego 1 histologicznego obejmowaly ocen¢ stadium cT oraz grupy zlosliwosci
histologicznej Gleasona (Gleason grading group, GGG) na podstawie biopsji. Ponadto
diagnostyka obejmowala DRE, jak i oceng stercza i miednicy mniejszej za pomocg mpMRI.
W badaniu histopatologicznym preparatow z prostatektomii radykalnej, u 1 pacjenta (1,0%)
zdiagnozowano chorobe w stadium pT2a, u 5 (5,2%) pT2c, u 14 (14,6%) pT3a, au 76 (79,2%)
pT3b. Srednia liczba wycietych weztow chtonnych wynosita 21,5 (zakres: 5—74), natomiast
srednia liczba wezidw chtonnych objetych inwazja nowotworowa wynosita 4,2 (zakres: 1-30).

Jednostronng LVI zidentyfikowano u 85 pacjentow (88,5%), z czego 61 (71,8%)
wykazywato LVI wylacznie w lewym placie, a 24 (28,2%) wylacznie w prawym pflacie.
Obustronng LVI zaobserwowano u 11 pacjentow (11,5%). W odniesieniu do stadium pT,
jednostronng LVI zidentyfikowano u 1 pacjenta (1,2%) z choroba pT2a, 5 (5,9%) z pT2c, 14
(16,5%) zpT3ai65 (76,5%) z rakiem pT3b. Wszyscy mezczyzni z obustronng LVI wykazywali
chorobg w stadium pT3b w koncowym badaniu histopatologicznym.

W kohorcie 85 pacjentow z jednostronng LVI, 61 me¢zczyzn (71,8%) wykazalo cechy
LVI wylacznie w lewym placie stercza, podczas gdy 24 pacjentéw (28,2%) miato LVI
1zolowang do prawego ptata. Pod wzgledem stadium pT, pacjenci z jednostronng lewg LVI mieli
nastepujacy rozktad: 2 pacjentow (3,3%) z choroba pT2c, 8 (13,1%) z pT3a i 51 (83,6%)
zpT3b. U pacjentéw z jednostronnie prawa LVI, 1 pacjent (4,2%) miat chorobe pT2a, 3 (12,5%)
pT2c, 6 (25,0%) pT3ai 14 (58,3%) pT3b.

Pacjenci z jednostronnie lewg LVI wykazali OR na ipsilateralne przerzuty do weztow
chtonnych (lymph node invasion, LNI) wynoszacy 3,609 (95% CI 0,925-14,077), OR na
wylacznie kontralateralne LNI wynoszacy 0,185 (95% CI 0,092-0,374) oraz OR na obustronne
LNI wynoszacy 2,795 (95% CI 1,231-6,348). Tymczasem pacjenci z jednostronnie prawg LVI
wykazali OR na wytacznie ipsilateralne LNI wynoszacy 2,862 (95% CI 1,531-5,348), OR na
wytacznie kontralateralne LNI wynoszacy 0,725 (95% CI 0,579-0,908) oraz OR na obustronne
LNI wynoszacy 0,692 (95% CI 0,525-0,913).
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Publikacja 3.: Karwacki, J.; Latkowska, M.; Jarocki, M.; Jaworski, A.; Szuba, P.; Poterek, A.;
Leminski, A.; Kaczmarek, K.; Haton, A.; Szydetko, T.; Matkiewicz, B. 2024. The clinical
meaning of lymphovascular invasion: preoperative predictors and postoperative

implications in prostate cancer - a retrospective study. Frontiers in Oncology, 14.

Retrospektywnie przeanalizowano dane 861 pacjentéw z rakiem prostaty. Srednia
wieku pacjentow w momencie diagnozy wynosila 64,1 lat (zakres: 31-80), a $redni poziom
PSA wynosit 14,0 ng/mL. PPBC wynosit 39,7% (zakres: 0-100%). W badaniu
histopatologicznym po radykalnej prostatektomii, 4 pacjentow (0,5%) miato nowotwor stercza
w stadium pT1, 489 (57,1%) w pT2, 362 (42,3%) w pT3, a 1 pacjent (0,1%) w pT4. Sposrod
647 pacjentdow poddanych limfadenektomii, u 143 (22,1%) rozpoznano LNI. Lacznie 152
pacjentow (17,7%) osiagneto status pL1 (LVI+) w koncowym badaniu histopatologicznym.

Analiza jednowymiarowa wykazata zwigzek LVI z wieloma czynnikami kliniczno-
patologicznymi, w tym z wyzszym poziomem PSA w czasie diagnozy, przedoperacyjnym PSA,
stadium cT, wynikiem GS w preparatach z biopsji, PPBC, ¢T oraz cN ocenianym za pomoca
mpMRI, grupa ryzyka EAU, pooperacyjnym PSA, ECE, PSM, PNI, wyzszym stadium pT oraz
pN, pooperacyjnym wynikiem GS oraz wigksza liczba zajetych weztow chtonnych u pacjentow
pN+.

Wyniki regresji logistycznej, przeprowadzonej metoda eliminacji wstecznej, wskazuja,
ze najwazniejszymi predyktorami LVI byty: stadium kliniczne cT3-4 wedlug MRI, wynik 3-5
w skali Gleasona w preparatach pochodzacych z biopsji, przedoperacyjny poziom PSA >20
oraz PPBC przekraczajacy 50%. W analizie wielowymiarowej zarowno GS w biopsji,
jak i przedoperacyjny poziom PSA nie byty istotne statystycznie. Jednakze pacjenci z wynikiem
GS 3-5, a takze z przedoperacyjnym PSA >20 ng/ml, mieli trzykrotnie wigksze
prawdopodobienstwo wystapienia LVI w ostatecznym badaniu histopatologicznym. Analiza
podkreslita znaczenie MRI cT3-4 oraz PPBC >50% jako najsilniejszych predyktorow,
z wartosciami OR wynoszacymi odpowiednio 4,739 1 7,364.

Regresja logistyczna wykazata ponadto, Ze najsilniejszymi predyktorami przerzutow do
weztow chtonnych, byty stadium pT3-4, ECE oraz LVI. Dodatkowo, przeprowadzono analizg
regresji liniowej, aby zbada¢ predyktory wyzszej liczby zajetych weztow chlonnych
u pacjentow pN+, ale wyniki te uznano za niesatysfakcjonujace z powodu ograniczonej liczby

pacjentow.
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9. Whnioski

1. Najsilniejszymi czynnikami przedoperacyjnymi zwigzanymi z wystgpieniem LVI
w ostatecznym badaniu histopatologicznym po RP sg stadium kliniczne cT, wynik GS
w badaniu preparatow pochodzacych z biopsji oraz przedoperacyjny poziom PSA.

2. Jednostronna LVI, zwlaszcza po stronie prawej, jest silnie skorelowana z jednostronnym
zajeciem weztow chionnych u pacjentow LVI+ pN+, co moze w przysztosci wptynaé
na planowanie zakresu limfadenektomii podczas RP.

3. Wsrod pacjentow pN+, pacjenci z wylacznie lewostronng LVI, wykazali istotnie
zwigkszong czestos¢ przypadkdéw obustronnego zajecia weztdw chlonnych oraz
wystepowania wyzszych stadiow zaawansowania histopatologicznego pT.

4. Wyzsze stadium kliniczne T3-4 rozpoznane za pomocg mpMRI, wyzszy wynik GS
w badaniu histopatologicznym bioptatow, przedoperacyjny poziom PSA wigkszy niz 20
ng/ml oraz odsetek zajetych bioptatow przekraczajacy 50% sa najsilniejszymi
predyktorami LVI w pooperacyjnym badaniu histopatologicznym.

5. LVI jest skorelowana z licznymi niekorzystnymi parametrami histopatologicznymi
(m.in. ECE, PSM, PNI), a takze z wicksza liczba zajetych weztéw chlonnych
u pacjentow pN+.

6. LVI jest jednym najsilniejszych niezaleznych czynnikéw ryzyka wystapienia

przerzutdw do weztéw chtonnych.
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10. Etyka badan

Przedstawione badania nie stanowity eksperymentu medycznego w rozumieniu art. 21
ust. 1 ustawy z dnia 5 grudnia 1996 r. i zawodach lekarza i lekarza dentysty (Dz. U. z 2018 r.
poz 617) i nie wymagaly uzyskania opinii Komisji Bioetycznej, o ktorej mowa w art. 29 ust. 1

WW. ustawy.
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Abstract: Lymphovascular invasion (LVI) is one of the most important prognostic factors in prostate
cancer (PCa) and is correlated with worse survival rates, biochemical recurrence (BCR), and lymph
node metastasis (LNM). The ability to predict LVI preoperatively in PCa may be useful for proposing
variations in the diagnosis and management strategies. We performed a systematic review and
meta-analysis to identify preoperative clinicopathological factors that correlate with LVI in final
histopathological specimens in PCa patients. Systematic literature searches of PubMed, Embase,
and Web of Science were performed up to 31 January 2023. A total of thirty-nine studies including
389,918 patients were included, most of which were retrospective and single-center. PSA level, clinical
T stage, and biopsy Gleason score were significantly correlated with LVI in PCa specimens. Meta-
analyses revealed that these factors were the strongest predictors of LVI in PCa patients. Prostate
volume, BMI, and age were not significant predictors of LVI. A multitude of preoperative factors
correlate with LVI in final histopathology. Meta-analyses confirmed correlation of LVI in final
histopathology with higher preoperative PSA, clinical T stage, and biopsy Gleason score. This study
implies advancements in risk stratification and enhanced clinical decision-making, and it underscores
the importance of future research dedicated to validation and exploration of contemporary risk
factors in PCa.

Keywords: prostate cancer; lymphovascular invasion; radical prostatectomy; histopathological
examination; prognostic factors; preoperative risk assessment; meta-analysis

1. Introduction

Prostate cancer (PCa) is a prevalent malignancy with substantial clinical implica-
tions, variable outcomes, and an incidence of 1.4 million new cases in 2020 worldwide [1].
Lymphovascular invasion (LVI), a histopathological finding commonly defined as the
unequivocal presence of tumor cells within endothelium lined spaces, has been associated
with aggressive disease features and adverse prognostic outcomes, including lymph node
invasion, and decreased survival rates [2—4]. Accurate preoperative prediction of LVI may
be crucial for treatment decision-making in PCa patients. Additionally, both LVI and associ-
ated factors might provide added value to existing nomograms for nodal involvement [5-8]
and risk classification systems [9].

The objective of this review was to identify clinicopathological factors that can predict
LVI in PCa patients prior to undergoing radical prostatectomy (RP). By synthesizing
the available evidence, we attempt to provide a comprehensive understanding of the
predictive value of preoperative factors for LVI in PCa, and thus, for tumor aggressiveness
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and disease progression. The findings of this study may contribute to improved risk
stratification by facilitating the identification of those at higher risk of LVI and its associated
adverse outcomes.

2. Results
2.1. Study Characteristics

We identified thirty-nine eligible studies, including 389,997 patients, 33,995 of whom
were LVI-positive (8.7%) (Table 1). One study [10] included 79 PCa patients, although the
exact number of LVI-positive patients was not disclosed. Of thirty-nine included papers,
seventeen were retrospective and single-center [11-27], twelve were retrospective and
multi-center [28-39], eight were prospective and single-center [10,40—46], and two were
retrospective and database-registry-based [47,48]. Most commonly, LVI was defined as the
unequivocal presence of tumor cells within endothelial-lined spaces. Figure 1 displays a
PRISMA flowchart depicting the inclusion of articles.

Identification of studies via databases

2/

Records from database search
(n =1073): Records removed before screening:
e Embase (n = 472) ¢ Duplicate records removed
« Web of Science (n = 358) (n=439)
o PubMed (n = 243)

o)

Identification

Records excluded:
« Not relevant to this review
(n =288)
o Article type (n = 234)
* Not English (n = 6)

Records screened
(n=634)

A 4

Reports sought for retrieval - _
(n =106) Reports not retrieved (n = 0)

A 4
Reports assessed for eligibility [ Fapous suliien \
_ « No variables of interest (n = 33)
(n=106) B
* No outcomes of interest (n =12)
e Article type (n =11)
¢ Preoperative factor of
non-clinicopathological nature
(n=5)
¢ Lymphatic invasion only (n = 3)
kNo p value (n = 3) j

N )
—

" 2)

v

Studies included in review
(n=39)

Figure 1. PRISMA (Preferred Reporting Items of Systematic Reviews and Meta-Analyses) flow
diagram of the study selection process.
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Table 1. Study characteristics of the 39 included studies.
Study Study LVI+ and LVI+ LVI+ LVI- . Preoperative Predictors of
Study Country Journal Design Period LVI— [n] ] (%] ] Definition of LVI LVI (p-Value) NOS
e age(0.372)
International o  cT'stage (0.003)
Antunes . Brazilian retrospective, presence of tumor gells s GS(0.169)
etal., Brazil Journal of sinele-center 1993-2000 428 47 11.0 381 within an endothelium ° PPBC (mean: <0.001; 8
2006 [11] o & lined space ranges: 0.006)
3y e  PSA (mean: 0.004;
ranges: 0.006)
unequivocal presence of
Brooks et al., retrospective, tumor cells within a age (0.60)
2006 [28] usa Cancer multi-center 1991-2001 160 18 113 142 vascular or lymphatic, PSA (0.44) 7
endothelial-lined space
. unequivocal presence of
Cherg [‘itz*]ﬂ" UsA Z?EJ;’;;Z"“I e 1990-1998 504 106 210 398 tumor cells in an 2 02 o1 8
3y & endothelium lined space (<0. )
unequivocal presence of
D’Andrea multi- Urologic retrospective, tumor cglls V.Vlthln an ° serum cholinesterase
etal, center Oncolo multi-center 2000-2011 6041 693 11.5 5348 endothelium lined space 0.01 7
2018 [29] Y without underlying (<0.01)
muscular walls
unequivocal presence of e  DRE abnormalities
De La Taille European retrospective tumor cells within simple (0.16)
etal., USA Urol’; sin lel?center, 1993-1998 241 30 12.4 211 endothelial-lined tissue GS (0.14) 8
2000 [20] Y & spaces without underlying PNI (0.09)
muscular walls PSA (0.09)
Elharram The Canadian rospective
etal, Canada Journal of Ii’n 1p. e 20082010 138 5 36 133 none e  PNI(0.499) 5
2012 [40] Urology sihgle-cente
Fajkovie multi- Urologic retrospective presence of tumor cells age (0.054)
etal., ¢ On olg lt'I-) b ’ 2000-2011 6678 767 11.5 5911 within an endothelium P% A (0 59) 8
2016 [32] center cology multi-center lined space .
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Table 1. Cont.
Study Study LVI+ and LVI+ LVI+ LVI- . Preoperative Predictors of
Study Country Journal Design Period LVI— [n] ] (%] ] Definition of LVI LVI (p-Value) NOS
Fawzyetal, g, Medical - prospective, -\ e ified 112 52 464 60 none ¢  PSCA mRNA (0.02) 6
2015 [41] &YP Oncology single-center P ’ '
LVI was in small channels
consisting of only an
. . endothelial layer, identified
Fezrggf;[‘;fi‘l" USA  AdultUrology oo Petve 1984-1999 620 110 177 510 by its smooth luminal e e ot 8
& surface, and lined with one (<0. )
or two narrow
endothelial cells
Galiabovitch . unequivocal presence of
etal, Australia tefr{gfml rsffolzpfecgt"e‘; 2004-2012 1267 82 65 1185 tumor cells in an li%i(?fo%on 8
2016 [22] & endothelial-lined space ’
tumor cells” presence within
spaces lined by age (0.14)
Gesztes et al., USA Scientific retrospective, 005 5414 188 50 2.6 138 lymphoyasculér PSA (0.0027) 8
2022 [23] Reports single-center endothelium with
., race (0.0796)
characteristic
podoplanin staining
. . presence of tumor cells in age (<0.0001)
Jamil etal., multi- Ge;ggzrcﬂar regngeac;ve, 2010-2015 232,704 17758 7.6 214946  ymphaticchannelsor PSA (0.01) 8
2021 [48] center Cancer Y roistr ’ ! ’ ! blood vessels within the race (AA: <0.0001;
sty primary tumor other: 0.002)
age (0.865)
International unequivocal presence of PSA (0.002)
Jeon et al., retrospective, . tumor cells within an prostate volume
2009 [24] Korea I Z;Z;ZZ of single-center 1995-2004 237 41 17.3 196 endothelium lined space (0.160) 8
Y without muscular walls PSA density (<0.001)

cT stage (0.544)
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Table 1. Cont.
Study Study LVI+ and LVI+ LVI+ LVI- . Preoperative Predictors of
Study Country Journal Design Period LVI— [n] ] (%] ] Definition of LVI LVI (p-Value) NOS
Jiménez Tg?iiloizlarf }giﬁf rospective not not Inl-¢hreli
Vacas et al., Spain . prosp ! 2013-2015 79 speci- - speci- none ¢ ni-ghreln serum 4
docrinology &  single-center . . level (<0.001)
2021 [10] Metaboliom fied fied
age (0.024)
BMI (0.268)
Jung et al Annals of retrospective unequivocal presence of D'Amico classification
2051 o] Korea Surgical in lel?center' 2005-2009 407 27 6.6 380 tumor cells in an (<0.001) 8
Oncology & endothelium lined space PSA (0.075)
prostate volume
(0.647)
e age(0.303)
e G5 (<0.001)
e  BMI(0.857)
. e T stage (<0.001)
f tumor emboli in
Annals of . presence 0 . e DM (0.192)
Kangetal, 1 rea Surgical ~ "STOSPECHVE 5003 9014 2034 252 124 1782 intraprostatic vessels, ' KyRpbnormalities 8
2016 [26] Oncolo single-center particularly within the (<0.001)
3y lumen of the endothelium i .
hypertension (0.117)
prostate volume
(0.148)
e  PSA (<0.001)
International
Ki tal., ) t tive,
2021 (27] Korea J pai a?f Zfrlrgolsepce;:t‘z 1997-2019 389 59 152 330 none o BMI(0.043) 6
Oncology
Klzzélzag [S:;?l" Turkey IntZZ:Zfztfif;al ﬁi?;?::;?éi’ not specified 177 10 5.6 167 none e  PIRADS score (0.032) 5
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Table 1. Cont.
Study Study LVI+ and LVI+ LVI+ LVI- . Preoperative Predictors of
Study Country Journal Design Period LVI— [n] ] (%] ] Definition of LVI LVI (p-Value) NOS
e  carrying at least one G
Lin et al., . Urologic prospective, allele at CA9
2019 [42] Taiwan Oncology single-center 2012-2017 579 97 16.8 482 none 153829078 (0.008)
e  PSA (<0.001)
Loebetal,, retrospective, presence of tumor emboliin e  PSA (<0.0001)
2006 [34] usa Urology multi-center 1989-2004 1709 118 69 1591 small intraprostatic vessels e  PSA velocity (0.3)
Lotan et al., The Journal ~ retrospective,
2004 [35] USA of Urology multi-center 1994-2002 605 32 5.3 573 none e PPBC (0.736)
Kaohsiung age (0.746)
Luoetal, . Journal of retrospective, g PSA (0.009)
2012 [13] Taiwan Medical single-center 1998-2010 87 18 207 69 none risk classification
Sciences (0.003)
Malaeb et al. Urologic retrospective
¢ ¢ - 0.559
2007 [36] USA Oncology multi-center 1994-2002 628 34 5.4 594 none o age( )
unequivocal existence of e age(0.261)
. tumor cells in an e T stage (0.811)
Mayetal,  cormany Bl retrospective, 1996 2003 412 42 102 370  endothelium lined space o  PSA density (<0.001)
2006 [37] International ~ multi-center . .
with no underlying e PSA (<0.001)
muscular walls e  PPBC (0.001)
Milanese The Journal of rospective *  EGFR(0.005)
etal, Ttaly Uroo S}i’n lg-cen e 2005-2006 30 4 13.3 26 none e  PSA (0.120)
2009 [43] 3y 8 e  uPAR (0.094)
. Prostate unequivocal presence of e age(0.017)
Mitsuzuka Cancer and  retrospective tumor cells within e G5 (<0.001)
etal, Japan : P ’ 2000-2009 1160 121 10.4 1039  endothelial-lined channels e T stage (<0.001)
Prostatic multi-center o
2015 [38] Disease on routine light e  PSA (0.006)
microscopic examination e  tumor volume (<0.001)
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Table 1. Cont.
Study Study LVI+ and LVI+ LVI+ LVI- . Preoperative Predictors of
Study Country Journal Design Period LVI— [n] ] (%] ] Definition of LVI LVI (p-Value) NOS
Ohno et al Molecular and retrospective e  low serum total
v Japan Clinical SLrosp ’ 2002-2010 562 148 26.3 414 none cholesterol level 6
2016 [14] single-center
Oncology (0.014)
e age(0.603)
e  GS(<0.001)
e  BMI (0.213)
presence of cancer cells O
within an arterial, venous, © of positive biopsy
Park et al., South Scientific retrospective, . 4 ! cores (<0.001)
2016 [39] Korea Reports multi-center 20012012 1210 260215 950 or lymphatic lumen on PSA (<0.001) 8
routine hematoxylin and
eosin sections prostate volume
(0.025)
e  total no. of biopsy
cores (0.088)
presence of tumor cells in
. . retrospective, lymphatic channels or
Rakicetal, USA Urologic database 2010-2015 126,682 12,632 100 114050 blood vessels within the age (<0.0001) 8
2021 [47] Oncology . . PSA (<0.0001)
registry primary tumor, but not the
lymph nodes
Sato et al T]IZZEZZO];; retrospective *  DSGbS expression in
" Japan . SHOSp 7 2005-2011 116 12 10.3 104 none prostate biopsy 5
2020 [15] Experimental  single-center .
Medicine specimens (0.027)
unequivocal presence of e age(0.1)
Shariat et al The Journal retrospective tumor cells within an *  cIstage (<0.001)
2004 [30] v USA of Urolo multi{’center’ 1994-2004 630 32 5.1 598 endothelium lined space ~ ® G5 (<0.001) 8
g Y without underlying e  PPBC(<0.001)
muscular walls e  PSA (0.004)
Shariat et al., European prospective, e % fPSA (0.003)
2006 [44] UsA Urology single-center 1994-2002 351 13 37 338 none e PSA (0.901) 6
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Table 1. Cont.
Study Study LVI+ and LVI+ LVI+ LVI- . Preoperative Predictors of
Study Country Journal Design Period LVI— [n] ] (%] ] Definition of LVI LVI (p-Value) NOS
e T stage (0.078)
. Journal of . e GS(047)
Shzaor(l);t[; 'iﬂ" USA Clinical “;i‘l’zpceecr?t‘éf 1994-2004 255 29 114 226 none e  PSA (0.238)
Oncology e  uPA (0.002)
e  uPAR (<0.001)
Shin et al., Prostate retrospective, ° visible tumor in MRI
2020 [16] Korea International  single-center 2009-2016 216 14 65 202 none (0.876)
Van den The Urolowia In- . tiv unequivocal presence of
Oudenetal,  Nether- - '" tlgo - linoslp_ec nte; 1977-1994 273 20 73 253 tumor cells within e DSA(0.)
1998 [45] lands smgie-cente endothelial-lined spaces
e age (0.769)
resence of tumor cells *  BMI(0.053)
Wang et al Frontiers in retr tiv wi}:hin n endothelial-lined  * DM (0.852)
angetals  China Endocrinol- "o OSPECVE 5018 o001 348 53 152 295 A SRCOCHATINCET o hypertension (0.133)
2022 [17] single-center space that is usually devoid
i of a muscular wall *  NHT (0.46)
° PSA (<0.001)
e  RDW-SD (0.035)
Wang et al., . Frontiers in retrospective,
2022 [18] China Oncology single-center 2018-2021 348 54 15.5 294 none e  platelets (0.868)
Yamamoto International retrospective unequivocal presence of cT stage (0.859)
etal., Japan Journal of sin leI-) cen ter/ 1994-2005 94 26 27.7 68 tumor cells in an GS (0.053)
2008 [19] Urology & endothelium lined space PSA (0.022)
. unequivocal presence of
Yee et al., BJjUI prospective, . age (NA)
2010 [46] USA International  single-center 2004-2007 1298 129 9.9 1169 tumor cells within an PSA (<0.001)

endothelium lined space

AA = African American; BMI = body mass index; DM = diabetes mellitus; DRE = digital rectal examination; DSGb5 = disialosyl globopentaosylceramide; EGFR = epidermal growth
factor receptor; GS = Gleason score; NA = not available; NOS = Newcastle Ottawa Scale; PNI = perineural invasion; PPBC = percent of positive biopsy cores; PSA = prostate-specific
antigen; PSCA = prostate stem cell antigen; uPA = urokinase-type plasminogen activator; uPAR = urokinase-type plasminogen activator receptor.
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The initial database search yielded 1073 records, and after removing 439 duplicates,
634 articles underwent abstract analysis. Of these, 234 were excluded based on article
type, and an additional 6 were excluded due to non-English language. The screening
process for study identification excluded 288 studies deemed ‘not relevant to this review’,
primarily involving malignancies other than PCa or animal samples. A total of 106 articles
were retrieved and assessed for eligibility through comprehensive manuscript analysis.
Ultimately, 39 articles met the inclusion criteria and were included in the systematic review.

The NOS scores for the included studies varied from 4 to 9. Consequently, the method-
ological quality of the eligible manuscripts was categorized as moderate or high (see
Table S1) and thus deemed appropriate for this systematic review and meta-analysis. It
is noteworthy that all selected papers exhibited a high RoB, primarily attributed to their
retrospective design. The RoB assessment, generated using the robvis tool [49], is presented
in Figure 2.
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D7: Other sources of bias

Not applicable

Figure 2. Risk of bias assessment chart [10-48]. * [18].
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2.2. Meta-Analyses

Meta-analyses concerned six preoperative clinicopathological factors: age, BMI, clinical
T stage, biopsy Gleason score (GS), preoperative PSA, and prostate volume (Figures 3 and 4).
Factors associated with occurrence of LVI in RP specimens included clinical T3 stage
(p < 0.0001; OR = 3.54), biopsy Gleason score >8 (p < 0.00001; OR = 4.17), and preoperative
PSA (p =0.0008; MD = 5.53). Age (p = 0.10; MD = 0.64), BMI (p = 0.88; MD = —0.03), and
prostate volume (p = 0.71; MD = —0.85) were uncorrelated with LVL

A

LVI(+) LVI(-) Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Antunes et al. 2006 638 72 47 62 75 381 9.2% 1.80 [-0.39, 3.99] T
Brooks et al. 2006 635 45 18 63 48 142 9.0% 0.501.72,2.72] -
Gesztes etal. 2022 616 6.3 50 599 77 138 9.4% 1.70[-0.47,3.87] T
Jeon etal. 2009 646 105 41 644 48 196 4.7% 0.20 [-3.08, 3.48] T
Jung etal. 2011 66.55 6.8 27 63 7.3 380 6.7% 3.55(0.88,6.22) —
Luo etal. 2012 62.6 6 18 64 85 69 4.4% -1.40[4.82 207 B
May et al. 2006 647 58 42 636 58 370 11.9% 1.10[0.75, 2.95] ™
Parketal 2016 664 61 260 661 66 950 27.2% 0.30 [[0.55,1.15) *
Shariatetal. 2004 596 7.2 32 61 58 598 7.3% -1.40[-3.94,1.14] ==
Wang et al. 2022 659 7.1 53 66.2 65 295 102% -0.30[2.35,1.75) ==
Total (95% CI) 588 3519 100.0% 0.64 [-0.12,1.39] »
Heterogeneity: Tau’:. 0.35,Chi*=12.08,df=9(P=0.21), F= 25% 1_20 —1'IJ ) 1.0 20'
Test for overall effect. Z=1.66 (P=0.10) Lowerin LVI (+) Lowerin LVl (-)

LVI(+) LVI(-) Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Jung etal. 2011 235 23 27 241 25 380 123%  -0.60[-1.50,0.30]
Kang etal. 2016 243 05 252 243 05 1782 43.0% 0.00 [-0.07,0.07]
Parketal 2016 244 28 260 247 28 950 299% -0.30[-0.68,0.08)]
Wang etal. 2022 259 26 53 25 32 295 148% 0.90(0.11,1.69] [ —
Total (95% CI) 592 3407 100.0%  -0.03 [-0.40, 0.34]
Heterogeneity: Tau®= 0.08; Chi*=9.00, df=3 (P = 0.03); F=67% :‘ '2 t ‘v‘
Test for overall effect: Z=0.16 (P = 0.88) LowerinLVI(+) Lowerin LVI ()

LVI(+) LVI(-) Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI v, 95% CI
Brooks et al. 2006 16.8 9 18 177 359 142 99% -090[8126.32
Gesztes etal. 2022 74 945 50 51 156 138 157% 2.30[-1.39,5.99] T
Jeon et al. 2009 16.4 238 41 105 144 196 95% 5.90[-1.66,13.46] =1
Jung et al. 2011 128 741 27 98 136 380 16.8% 3.00 [-0.01,6.01] —
May et al. 2006 226 36.2 42 109 84 370 6.0% 11.70(0.72,2268] —_—
Parketal 2016 23 28 260 136 129 950 16.0% 9.40[5.90,12.90] —
Shariatet al. 2004 78 238 32 6 87 594 86% 1.80[6.48 10.08] ——
Van den Ouden et al. 1998 303 1.7 20 111 32 253 73% 19.20(9.68,28.72) ——
Yamamoto et al. 2008 128 139 26 855 186 68 10.3% 4.25[-2.68,11.18] I e —
Total (95% CI) 516 3091 100.0% 5.53 [2.30, 8.75] B
Heterogeneity: Tau®= 13.75; Chi*= 23.04, df= 8 (P = 0.003); F= 65% ?_20 _150 ) 1?0 205
Test for overall effect: Z= 3.36 (P = 0.0008) Lowerin LVI (+) Lowerin LVl (-)

LVI(+) LVI(-) Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
Jeon etal. 2009 336 115 41 379 198 196 31.7% -4.30(-8.78,018] ——
Jung etal. 2011 3538 1457 27 37.03 21.7 380 257% -1.65[7.56,4.26) —
Parketal. 2016 372 145 260 35 136 950 426% 2.20(0.24, 4.16) ——
Total (95% ClI) 328 1526 100.0% -0.85[-5.33,3.63] ’
Heterogeneity: Tau®= 11.26; Chi*= 7.57, df= 2 (P = 0.02); F= 74% o 45 ) n 20
Test for overall effect: Z=0.37 (P=0.71) Smallerin LVI (+) Smallerin LVI (-)

Figure 3. Forest plots of mean differences (MD) in random effects models predicting lymphovascular
invasion (LVI) preoperatively: (A) age, (B) body mass index (BMI), (C) prostate-specific antigen (PSA),
and (D) prostate volume [11,13,17,19,23-26,28,30,37,39,45]. CI = confidence interval; df = degree of
freedom; IV = inverse variance; M-H = Mantel-Haenszel; SD = standard deviation.
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A

LVI(+) LVI(-) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand: 95% CI M-H, Rand 95% CI
Antunes et al. 2006 14 47 201 381 193% 0.38[0.20,0.73) e —
Jeon etal. 2009 29 41 153 196 17.2% 0.68[0.32,1.44] e
May et al. 2006 18 42 144 370 196% 1.18[0.62, 2.25) b R
Mitsuzuka et al. 2015 59 121 605 1033 26.3% 0.68[0.47,1.00] —
Shariat et al. 2004 12 32 413 597 17.5% 0.27[0.13, 0.56] e —
Total (95% CI) 283 2583 100.0% 0.57 [0.36, 0.91] e
Total events 132 1516
Heterogeneity: Tau*= 0.17; Chi*=11.22, df= 4 (P = 0.02); F= 64% :0.05 sz é 203
Testfor overall effect: Z=2.37 (P=0.02) Lower odds in LVI (+) Higher odds in LVI (+)
B LVI(+) LVI() 0dds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand: 95% CI M-H, Rand 95% CI
Antunes et al. 2006 33 47 180 381 201% 2.63[1.36,5.08) —
Jeon etal. 2009 8 41 31 196 17.3% 1.29[0.54, 3.06) I B —
May et al. 2006 23 42 220 370 203% 0.83[0.43,1.57) _—T
Mitsuzuka et al. 2015 39 121 384 1033 233% 0.81[0.54,1.21] —T
Shariat et al. 2004 20 32 184 597 19.0% 3.741.79,7.81] _—
Total (95% CI) 283 2583 100.0% 1.49[0.80, 2.79] ~l—
Total events 123 999
Heterogeneity: Tau*= 0.39; Chi*= 19.51, df= 4 (P = 0.0006); #= 80% ?0 05 sz ; 207
Testfor overall effect: Z=1.26 (P = 0.21) ’ Lower odds in LVI (+) Higher odds in LVI (+)
C LVI(+) LVI(-) Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% CI M-H, 95% CI
Antunes et al. 2006 0 47 0 381 Not estimable
Jeon etal. 2009 5 41 12 196 24.2% 213[0.71,6.42) —_—t—
May et al. 2006 1 42 6 370 72% 1.48[0.17,12.60]
Mitsuzuka et al. 2015 23 11 50 1039 68.6% 464(2.72,7.93) —i—
Shariat et al. 2004 0 32 0 597 Not estimable
Total (95% CI) 283 2583 100.0% 3.54[1.97,6.38] ~l
Total events 29 68
Heterogeneity: Tau®= 0.06; Chi*= 2.37, df= 2 (P = 0.31); F=15% 0 05 032 5 20’
Test for overall effect: Z= 4.21 (P < 0.0001) Lower odds in LVI (+) Higher odds in LVI (+)

D

LVI(+) LVI(-) Odds Ratio 0Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, 95% CI M-H, Rand 95% CI
Antunes et al. 2006 33 47 302 381 227% 062[0.31,1.21] —
Kang etal. 2016 55 252 959 1782 31.2% 0.24[0.18,0.33] ——
Parketal. 2016 33 260 274 950 29.5% 0.36[0.24,0.53) ——
Shariat etal. 2004 5 32 407 595 16.5% 0.09[0.03,023 —*—
Total (95% CI) 591 3708 100.0% 0.28 [0.16, 0.49] -
Total events 126 1942

Heterogeneity: Tau®= 0.22; Chi*= 13.51, df= 3 (P = 0.004); F= 78% ?0 05 U=2 é 20’
Test for overall effect: Z= 4.56 (P < 0.00001) . Lower.odds inLVI(+) Higher odds in LVI (+)

E LVI(+) LVI(-) 0Odds Ratio 0Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, 95% CI M-H, Rand 95% CI
Antunes et al. 2006 8 47 56 381 17.6% 1.19[0.53, 2.68) -

Kang etal. 2016 11 252 652 1782 31.5% 1.36[1.04,1.79) —-—

Parketal 2016 98 260 420 950 31.2% 0.76 [0.58,1.01] —

Shariat etal. 2004 16 32 160 595 19.7% 2.72[1.33,5.56) R
Total (95% CI) 591 3708 100.0% 1.27 [0.79, 2.07] .
Total events 233 1288

Heterogeneity: Tau®= 0.17; Chi*= 15.14, df= 3 (P = 0.002); F= 80% :0 05 0=2 é 20=
Test for overall effect: Z=0.98 (P = 0.33) Lower odds in LVI (+) Higher odds in LVI (+)

F LVI(+) LVI(-) 0dds Ratio 0dds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, 95% CI M-H, Rand 95% CI
Antunes et al. 2006 6 47 23 381 17.3% 2.28(0.88,5.92) T

Kang etal. 2016 86 252 165 1782 31.2% 5.08(3.74,6.89) —a—
Parketal. 2016 126 260 248 950 31.7% 266[2.01,353) —a—

Shariat etal. 2004 1" 32 28 595 19.8% 10.61 [4.66, 24.14) —_—
Total (95% CI) 591 3708 100.0% 4.17[2.38,7.31] -
Total events 229 464

Heterogeneity: Tau®= 0.24; Chi*= 16.88, df= 3 (P = 0.0007); F= 82% =0 05 0;2 é 20‘
Test for overall effect: Z= 4.98 (P < 0.00001) . Lower'odds inLVI(+) Higher odds in LVI (+)

Figure 4. Forest plots of odds ratios (OR) in random effects models predicting lymphovascular
invasion (LVI) preoperatively: clinical T stage (cT)—(A) cT1, (B) cT2, and (C) cT3; biopsy Gleason
score (GS)—(D) GS =6, (E) GS =7, and (F) GS > 8 [11,24,26,30,37-39]. CI = confidence interval;
df = degree of freedom; IV = inverse variance; M-H = Mantel-Haenszel; SD = standard deviation.
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22.1. Age

A total of twenty-one studies investigated the correlation between age and
LVI [11-13,17,19,21-26,28,30,32,36-39,46—48]. Due to substantial diversity of data pre-
sentation, eleven of them were excluded, leaving ten studies that made the final meta-
analysis [11,13,17,23-25,28,30,37,39]. A total of 4107 patients were analyzed, 588 of whom
were LVI-positive. Overall, results from the random-effects meta-analysis model indicate
that older age is not a risk factor for LVI in the final histopathology (p = 0.10; MD = 0.64;
95% CI —0.12, 1.39).

2.2.2. BMI

A total of five studies investigated the correlation between BMI and LVI [17,25-27,39].
Due to substantial diversity of data presentation, one of them was excluded, leaving
four studies that made the final meta-analysis [17,25,26,39]. A total of 3999 patients were
analyzed, 592 of whom were LVI-positive. Overall, results from the random-effects meta-
analysis model indicate that BMI is uncorrelated with LVI in the final histopathology
(p = 0.88, MD = —0.03; 95% CI 0.40, 0.34).

2.2.3. Clinical T Stage

A total of eight studies investigated the correlation between clinical T stage and
LVI [11,19,24,26,30,31,37,38]. Due to substantial diversity of data presentation, three of
them were excluded, leaving five studies that made the final meta-analysis [11,24,30,37,38].
A total of 2866 patients were analyzed, 283 of whom were LVI-positive. Overall, results
from the random-effects meta-analysis model indicate that stage T3 is associated with
LVI in the final histopathology (p < 0.0001; OR = 3.54; 95% CI 1.97, 6.38). Stage T1 has a
significantly lower probability of LVI (p = 0.02; OR = 0.57; 95% CI 0.36, 0.91). Clinical stage
T2 did not correlate with LVI (p = 0.21; OR = 1.49; 95% CI 0.80, 2.79).

2.2.4. Gleason Score

A total of eight studies investigated the correlation between biopsy GS and
LVI [11,19,20,26,30,31,38,39]. Due to substantial diversity of data presentation, four of
them were excluded, leaving four studies that made the final meta-analysis [11,26,30,39]. A
total of 4299 patients were analyzed, 591 of whom were LVI-positive. Overall, results from
the random-effects meta-analysis model indicate that GS >8 is correlated with LVI in the
final histopathology (p < 0.00001; OR = 4.17; 95% CI 2.38, 7.31). Patients with a GS of 6 have
a statistically lower probability of LVI in the final specimens (p < 0.00001; OR = 0.28; 95%
CI0.16, 0.49). A GS of 7 did not correlate with LVI (p = 0.33; OR = 1.27; 95% C1 0.79, 2.07).

2.2.5. Preoperative PSA

A total of twenty-seven studies investigated the correlation between preoperative PSA
levels and LVI [11-13,17,19-26,28,30-32,34,37-39,42-48]. Due to substantial diversity of
data presentation, eighteen of them were excluded, leaving nine studies that made the
final meta-analysis [19,23-25,28,30,37,39,45]. A total of 3607 patients were analyzed, 516 of
whom were LVI-positive. Overall, results from the random-effects meta-analysis model
indicate that high preoperative PSA is a risk factor for LVI in the final histopathology
(p = 0.0008; MD = 5.53; 95% CI 2.30, 8.75).

2.2.6. Prostate Volume

A total of four studies investigated the correlation between prostate volume and
LVI [24-26,39]. Due to substantial diversity of data presentation, one of them was excluded,
leaving three studies that made the final meta-analysis [24,25,39]. A total of 1854 patients
were analyzed, 328 of whom were LVI-positive. Overall, results from the random-effects
meta-analysis model indicate that prostate volume is uncorrelated with LVI in final speci-
mens (p = 0.71; MD = —0.85; 95% CI —5.33, 3.63).



Int. J. Mol. Sci. 2024, 25, 856

13 of 21

2.3. Results of the Systematic Review

The review of collected data revealed several clinical, pathological, imaging, and other
prognostic factors correlated with LVI in RP specimens (Table 2 and Figure 5).

Table 2. Quantity of articles analyzing clinicopathological prognostic factors found to be significantly
correlated with LVI in at least two separate studies.

Predictor Number of Studies Patients with LVI/All Patients (%)
PSA 19 31,958/371,858 (8.6)
age 4 30,538/360,953 (8.5)
GS 4 695/5272 (13.2)
cT stage 4 241/2454 (9.8)
PPBC 3 121/1470 (8.2)
PSAD 2 83/649 (12.8)

LVI = lymphovascular invasion; PSA = prostate-specific antigen; GS = Gleason score; cT stage = clinical T stage;
PPBC = percent of positive biopsy cores; PSAD = prostate-specific antigen density.

Preoperative factors correlated Preoperative factors uncorrelated

with LVI in meta-analyses with LVIin meta-analyses

e Gleason score e age

* PSA
» tumor stage

* BMI
e prostate volume

Preoperative factors correlated with LVI in at least one study

Clinical

Pathological

(at least one G allele at CA9 rsSSZQ&
* EGFR
e In1-ghrelin
» percent free PSA
e PSA
* PSA density
¢ PSCA mRNA expression
* RDW-SD
« serum cholinesterase
« total cholesterol

KuPA and uPAR

&

4 )

e Gleason score
e DSGbS5 expression in bioptates
* PPBC

o J

¢ PIRADS score
e prostate volume
e tumor volume

&

age
BMI

DRE abnormality
race

tumor stage

-/

Figure 5. A visual overview of various clinicopathological preoperative factors that correlated
with LVI in at least one study. LVI = lymphovascular invasion; PSA = prostate-specific antigen;
BMI = body mass index; CA9 = carbon anhydrase 9; EGFR = epidermal growth factor receptor;
PSCA = prostate stem cell antigen; mRNA = messenger ribonucleic acid; RDW-SD = red blood cell dis-
tribution width; uPA = urokinase-type plasminogen activator; uPAR = urokinase-type plasminogen ac-
tivator receptor; DSGb5 = disialosyl globopentaosyl ceramide; PPBC = percent of positive biopsy cores;
PIRADS = Prostate Imaging Reporting & Data System; DRE = digital rectal examination.
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2.3.1. Preoperative Clinical Factors

We identified ten preoperative clinical factors, acquired from blood or urine samples, cor-
related with LVI: three of them were associated with PSA—preoperative PSA (including PSA
at diagnosis) was reported by twenty-seven studies [11-13,17,19-26,28,30-32,34,37-39,42—48],
and nineteen of them revealed a significant correlation [11-13,17,19,21-24,26,30,34,37-39,42,46-48];
PSA density (PSAD) was reported by two studies [24,37]; and percent free PSA was reported
by one study [44]. The other factors significantly correlated with LVI included carrying
at least one G allele at carbon anhydrase 9 (CA9) rs3829078 (acquired from serum) [42],
serum epidermal growth factor receptor (EGFR) [43], urine In1-ghrelin [10], serum prostate
stem cell antigen (PSCA) messenger ribonucleic acid (mRNA) expression [41], red blood
cell distribution width (RDW-SD) [17], serum cholinesterase [29], low serum total choles-
terol [14], serum urokinase-type plasminogen activator (uPA) [31], and serum uPA receptor
(uPAR) [31]. Other, uncorrelated preoperative clinical factors included PSA velocity [34]
and platelets [18].

2.3.2. Preoperative Pathological Factors

This systematic review revealed four preoperative pathological factors correlated with
LVI: biopsy GS, reported by eight studies [11,19,20,26,30,31,38,39] and associated with
LVI by four of them [26,30,38,39]; percent of positive biopsy cores (PPBC), reported by
four studies [11,30,35,37] and significantly correlated with LVI by three of them [11,30,37];
number of positive biopsy cores, reported by one study [39]; and disialosyl globopentaosyl
ceramide (DSGDb5) expression in biopsy specimens, reported by one study [15]. Other
pathological factors in our review were uncorrelated in particular studies, such as perineural
invasion in biopsy specimens [20,40] and total number of biopsy cores [39].

2.3.3. Preoperative Imaging-Related Factors

Our review identified three preoperative imaging-related factors associated with
LVI: PIRADS score, reported and correlated with LVI by one study [33]; prostate volume,
reported by four studies [24-26,39] and correlated with LVI by one of them [39]; and tumor
volume, associated with LVI by one study [38].

2.3.4. Other Preoperative Factors

We identified various other preoperative factors correlated with LVI, which included
the following: age, reported by twenty studies [11-13,17,21-26,28,30,32,36-39,46—48] and
correlated by four of them [25,38,47,48] (two studies did not provide the p-value [21,46],
although one of them [21] reported no correlation); body mass index (BMI), reported by five
studies [17,25-27,39] and correlated with LVI by one of them [27]; digital rectal examination
abnormality, reported by two studies [20,26] and associated with LVI by one of them [26];
race, reported by two studies [23,48] and associated with LVI by one of them [48] (in case
of the study by Jamil et al. [48], African American (AA) and other races were associated
with higher LVI prevalence in comparison to Caucasian race); and clinical tumor stage
(cT), reported by eight studies [11,19,24,26,30,31,37,38] and associated with LVI by four
of them [11,26,30,38]. Additionally, one study [13] reported a correlation between the
risk group classification and LVI. Another study [25] revealed that D’ Amico classification
correlated with LVI. Both classification systems are multifactorial; thus, we did not include
them in Figure 5.

3. Discussion

LVI is considered an adverse pathological feature and has been consistently associated
with an increased risk of disease progression and poor outcomes. Studies have shown
that patients with LVI are more likely to have biochemical recurrence, tumor metastasis,
and lower survival rates [2-4]. Additionally, LVI is also associated with unfavorable sub-
pathologies, including cribriform and intraductal patterns [50]. In this study, we aimed to
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identify preoperative clinical and pathological factors that correlate with LVI, to enhance
our ability to predict its occurrence and guide treatment decisions.

Predicting the occurrence of LVI in prostate cancer may have significant implications
for patient prognosis and treatment planning. By preoperatively identifying patients
at higher risk of LVI, clinicians could potentially offer closer surveillance, neoadjuvant
therapy, or more aggressive surgical strategies, for instance, omitting the nerve-sparing
technique, opting for wider tissue margins, or using a more extended lymph node dissection
(LND) template.

Accurate detection of metastatic lymph nodes enables clinicians to make informed
decisions regarding appropriate treatment approaches, such as extended LND or targeted
radiation therapy [51]. Traditional imaging techniques such as computed tomography
(CT) and magnetic resonance imaging (MRI) have limitations in detecting small or mi-
crometastatic lymph nodes [52]. Thus, incorporating the evaluation of LVI status into
preoperative assessments can help identify patients who may benefit from more extended
LND templates or adjuvant therapies. Despite the established association between LVI
and lymph node metastasis (LNM), it is noteworthy that existing prognostic nomograms
and other risk evaluation tools often do not incorporate LVI and many of its predictors
as risk factors. To improve risk stratification and enhance the clinical utility of prognostic
tools, it might be beneficial to incorporate LVI and associated risk factors into algorithms to
provide a more comprehensive assessment of the individual patient’s risk profile, facilitat-
ing more informed treatment decisions. Furthermore, identified prognostic factors for LVI
could have an impact on the biopsy-associated decision process. Many pathologists do not
include LVI in biopsy specimen reports, which may be caused by the relative rarity of this
finding [53] or the resemblance to many histopathological artifacts [50]. Nevertheless, the
EAU guidelines state that patients with LVI-positive biopsy should be excluded from active
surveillance [9]. Thus, including additional markers could have an impact on clinicians’
and pathologists’ decisions regarding inclusion of LVI in the biopsy report.

Predicting LVI occurrence enables researchers to identify high-risk patient populations
for further investigation. Clinical trials can be designed specifically to evaluate novel
treatment approaches or interventions targeting patients with LVI. Improved understanding
of LVI’s biological mechanisms and associated biomarkers may lead to the development of
targeted therapies or interventions as well as more accurate prognostic tools.

It is crucial to acknowledge that further research and data are needed to refine the
accuracy of LVI prediction. While certain clinicopathological factors, such as preoperative
PSA, cT stage, and biopsy GS, have shown significant correlations with LVI, there may
be additional as-yet-unknown factors that are associated with its occurrence. Therefore,
ongoing investigations and prospective studies are warranted to enhance our understand-
ing of LVI predictors and develop comprehensive models that encompass a broader range
of variables.

An intriguing aspect of this study is the observed lack of correlation between age
and LVI. While our findings suggest no significant association, it is noteworthy that ex-
isting literature in the field presents inconsistent perspectives on the role of age as a risk
factor in PCa [54,55]. Some studies indicate an association between older age and worse
prognosis with unfavorable outcomes, whereas others underscore the insignificance of this
correlation [56]. Importantly, the studies included in our meta-analysis on the age-LVI
association were primarily retrospective, contributing to the complexity of our observations.
Furthermore, it is crucial to highlight that although the heterogeneity in our meta-analysis
was low (12 = 25%), the highest-volume studies by Rakic et al. and Jamil et al. (see Table 1),
unfortunately, were not incorporated into the meta-analysis due to differences in data
presentation. These studies, displaying a statistically significant correlation between LVI
and age, were excluded due to the unavailability of specific parameters (mean, range, SD)
necessary for the meta-analysis. This underscores the challenge of synthesizing evidence
from diverse studies and emphasizes the need for standardized reporting in future research.
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Our study is burdened with some limitations that should be acknowledged. Firstly,
many included studies in our systematic review were of retrospective nature, which in-
troduces inherent limitations such as potential selection bias and the inability to establish
causal relationships. Additionally, the reliance on retrospective data may be associated with
incomplete or missing information, leading to potential inaccuracies or inconsistencies in
the results. Secondly, the studies included in our analysis were predominantly single-center
studies, which may limit the generalizability of the findings. The results might have been
influenced by specific patient populations, treatment protocols, or institutional practices.
Thirdly, the factors associated with LVI in our meta-analyses are major prognostic factors
for PCa aggressiveness itself. To establish the mechanisms behind LVI, it would be valuable
to search for prognostic factors correlated with LVI, but not with a higher stage, grade, or
other adverse pathological outcomes, in future studies.

In conclusion, our study has identified several preoperative clinical and pathological
factors that correlate with LVI in PCa patients. These factors hold potential as predictive
markers for the presence of LVI and may improve risk stratification and treatment planning.
The association of LVI with worse outcomes, as demonstrated in previous studies, under-
scores the importance of predicting LVI to guide treatment decisions. Further research
is warranted to validate our findings, investigate underlying mechanisms, and develop
comprehensive risk stratification models that incorporate LVI as a predictive factor.

4. Materials and Methods
4.1. Search Strategy

Two review authors (J.K. and M.S.) independently performed a computerized system-
atic literature search of the PubMed, Embase, and Web of Science databases in June 2023.
Only articles written in English with the full text available, without time limitations, were
considered. The following terms and keywords were employed:

e  PubMed: ‘prostate cancer” AND (‘microvascular invasion” or ‘lymphovascular inva-
sion’) using Medical Subject Headings (MeSH) terms;

e Embase: (‘prostate cancer’/exp OR ‘prostate cancer’ OR ((“prostate’/exp OR prostate)
AND (‘cancer’/exp OR cancer))) AND (lymphovascular OR microvascular) AND invasion;

o  Web of Science: (ALL = (prostate cancer)) AND ALL = (lymphovascular invasion OR
microvascular invasion).

The references of the relevant review articles were also manually screened to ensure
that no additional eligible papers were inadvertently omitted.

4.2. Inclusion Criteria

All authors participated in the design of the search strategy and inclusion criteria.
Our procedure for evaluating records identified during the literature search followed the
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) criteria [57].
The study protocol was registered a priori on the International Prospective Register of
Systematic Reviews (PROSPERO) with the registration number CRD42023389021. The
final list of included articles was selected with the consensus of all collaborating authors,
verifying that they met the inclusion criteria.

4.3. Study Eligibility and Quality/Risk of Bias Assessment

Studies were assessed for eligibility using the PICO (population, intervention, com-
parison, outcome) approach:

e  Population: patients with PCa who underwent RP.

e Intervention: RP and final histopathological examination; patients with LVI in
final specimens.
Comparison: patients without LVI in final histopathology.
Outcome: preoperative clinicopathological factors and their correlation with LVI in
RP specimens.
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Additionally, studies included in the systematic review were required to fulfill the
following inclusion criteria: (1) original article, (2) human research, (3) English language,
(4) access to the full manuscript, (5) prostate cancer, (6) LVI evaluated in RP specimens,
and (7) association between various preoperative clinicopathological factors and LVI as-
sessed (p-value revealed). The exclusion criteria were: (1) non-comparative studies—
reviews, letters, conference papers, editorial comments, replies from authors, or case reports,
(2) studies not reporting outcomes of interest.

The included studies underwent quality evaluation based on the Newcastle-Ottawa
Scale (NOS) guidelines [58], encompassing three key domains:

(1) Selection of the study population;
(2) Comparability of the groups;
(3) Ascertainment of the outcome.
A summary of the quality assessment is provided in Table S1.
The assessment of the risk of bias (RoB) followed the principles outlined in the Cochrane
Handbook for Systematic Reviews of Interventions [59].

4.4. Statistical Analysis

Means and standard deviations (SDs) or medians and interquartile ranges (IQRs) were
utilized for continuous variables. All median and IQR values were converted to means and
SDs using the methodology described by Hozo et al. [60]. Pooled estimates were obtained
using means and SDs for continuous variables and event rates for categorical variables. The
effect measure used for continuous variables was the mean difference (MD), and odds ratio
(OR) was used for categorical variables. The study applied 95% confidence intervals (95%
CI). Heterogeneity was assessed through the Chi-square-based Q test and 12. While not
every meta-analysis demonstrated significant heterogeneity among the included studies,
random-effect models were consistently employed in each case. This decision was based on
the high overall heterogeneity observed across all studies included in the systematic review.

It is noteworthy to highlight that specific studies were excluded from certain meta-
analyses due to variations in data presentation. For instance, when median and range
information were available, we could derive the mean and incorporate the corresponding
articles into the meta-analysis. However, in instances where articles solely provided the
median value for a particular parameter, inclusion in the meta-analysis became unfeasible.
Similar criteria were applied to categorical parameters (e.g., cT stage). If the data presenta-
tion did not permit the event rates to be inferred (e.g., number of patients with cT1, cT2,
and ¢T3, with and without LVI), the study was excluded from the meta-analysis, even if it
presented an association with a certain parameter. In the subsections of each meta-analysis,
all included and excluded studies were meticulously cited, enabling a comprehensive
individual examination of each excluded study.

5. Conclusions

In conclusion, our study demonstrates that several preoperative clinicopathological
factors are significantly correlated with LVI in final histopathological specimens of PCa
patients. Notably, preoperative PSA levels, clinical T stage, and biopsy Gleason score
emerged as the strongest predictors of LVI in PCa patients. These findings highlight the
importance of considering these factors in the preoperative assessment of PCa patients
to accurately predict the likelihood of LVI occurrence. While factors such as prostate vol-
ume, BMI, and age did not exhibit significant correlations with LVI, further research is
warranted to explore additional potential predictors and refine the predictive models. Ad-
ditionally, integrating novel predictors into future approaches, such as the development of
preoperative nomograms, could enhance risk stratification, disease staging, and treatment
decision-making. Overall, our findings contribute to a better understanding of LVI in PCa
and provide valuable insights for clinical practice and future research endeavors.
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Simple Summary: Prostate cancer (PCa) patients often face uncertainties in treatment decisions, par-
ticularly regarding lymphadenectomy. This study, involving 96 PCa patients, explores the significance
of lymphovascular invasion (LVI) laterality in influencing lymph node invasion (LNI) patterns. Out
of these patients, 63.5% exhibited LVI exclusively on the left, 25.0% on the right, and 11.5% on both
sides. Significant correlations were observed between LVI laterality and lymph node involvement
(p < 0.001), especially on the right side. Left-sided LVI correlated with higher cancer stage (p = 0.047)
and greater odds of bilateral lymph node involvement. This pioneering study emphasizes the need
for future prospective, multi-center investigations, ideally incorporating preoperative LVI assessment,
to refine PCa treatment decisions.

Abstract: Background. Lymphovascular invasion (LVI) is a vital but often overlooked prognostic
factor in prostate cancer. As debates on lymphadenectomy’s overtreatment emerge, understanding
LVI laterality gains importance. This study pioneers the investigation into PCa, aiming to uncover
patterns that could influence tailored surgical strategies in the future. Methods. Data from 96 patients
with both LVI and lymph node invasion (LNI) were retrospectively analyzed. All participants under-
went radical prostatectomy (RP) with modified-extended pelvic lymph node dissection (mePLND).
All specimens underwent histopathological examination. The assessment of LVI was conducted
separately for the right and left lobes of the prostate. Associations within subgroups were assessed
using U-Mann-Whitney and Kruskal-Wallis tests, as well as Kendall’s tau-b coefficient, yielding
p-values and odds ratios (ORs). Results. Out of the 96 patients, 61 (63.5%) exhibited exclusive
left-sided lymphovascular invasion (LVI), 24 (25.0%) had exclusive right-sided LVI, and 11 (11.5%)
showed bilateral LVI. Regarding nodal involvement, 23 patients (24.0%) had LNI solely on the left, 25
(26.0%) exclusively on the right, and 48 (50.0%) on both sides. A significant correlation was observed
between lateralized LVI and lateralized LNI (p < 0.001), particularly in patients with right-sided
LVI only. LN-positive patients with left-sided LVI tended to have higher pT stages (p = 0.047) and
increased odds ratios (OR) of bilateral LNI (OR = 2.795; 95% confidence interval [CI]: 1.231-6.348)
compared to those with exclusive right-sided LVI (OR = 0.692; 95% CI: 0.525-0.913). Conclusions.
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Unilateral LVI correlates with ipsilateral LNI in PCa patients with positive LNs, notably in cases of
exclusively right-sided LVI. Left-sided LVI associates with higher pT stages and a higher percentage
of bilateral LNI cases.

Keywords: prostate cancer; radical prostatectomy; lymphovascular invasion; histopathological
examination; lymph node invasion; nodal involvement lateralization; pelvic lymph node dissection

1. Introduction

Lymphovascular invasion (LVI), also referred to as microvascular invasion or vessel
tumor embolus, is a critical histopathological feature observed in various malignancies [1-8].
In prostate cancer (PCa), the second-most prevalent solid tumor globally, LVI has emerged
as a pivotal factor linked to adverse prognostic outcomes [9-13]. In the context of radical
prostatectomy (RP), a primary treatment modality for localized PCa, the significance of LVI
is underscored by its association with unfavorable clinical outcomes, including lymph node
invasion (LNI) [10,12]. Despite LVI being a well-established risk factor for nodal metastasis,
there is currently no debate regarding the lateralization of LVI and its potential association
with lateralized LNI. To our knowledge, this study represents the first comprehensive
analysis of LVI lateralization in PCa, aiming to elucidate its potential correlation with
lateralized nodal involvement and explore relevant clinicopathological differences.

Our primary objective is to explore whether the lateralization of LVI, occurring ex-
clusively in the left lobe, right lobe, or both lobes of the prostate, holds significance in
terms of LNI. Specifically, we aim to determine if there is an association between the side
of LVI and ipsilateral LNI. Additionally, we seek to investigate potential differences in
clinicopathological data among patients exhibiting varying patterns of LVI lateralization.
By addressing these questions, our study endeavors to contribute novel insights into the
intricate relationship between LVI lateralization and nodal metastasis in PCa, paving the
way for more informed clinical decision-making in the management of this prevalent ma-
lignancy, with implications for the potential application of unilateral lymphadenectomy,
particularly in the context of ongoing debates around the feasibility and advantages of this
approach [14,15].

2. Materials and Methods
2.1. Patient Population and Surgical Technique

A cohort of 1016 patients with histologically confirmed PCa undergoing RP at the
University Center of Excellence in Urology, Wroctaw, Poland, between 2012 and 2022 was
analyzed. Exclusion criteria encompassed neoadjuvant therapy, absence of LVI in final
histopathology (pL0), negative lymph nodes (pNO0), and incomplete clinicopathological
data. Following the exclusion criteria, the study ultimately comprised 96 men with positive
lymph nodes (LNs) and LVI. Patient selection is depicted in Figure 1. Clinical T staging
followed the 2016 TNM classification, with prostate biopsies obtained through transrec-
tal ultrasound (TRUS)-guided systematic, targeted, or combined approaches. Baseline
characteristics and clinical parameters were retrospectively collected. Preoperative data
included age, preoperative serum PSA levels, biopsy Gleason score (Gleason Grading
Groups, GGG), and clinical tumor (cT) stage assessed via digital rectal examination (DRE),
bone scintigraphy, and magnetic resonance imaging (MRI). Surgical approaches for RP
comprised either open with an ascending technique or laparoscopic with transperitoneal
access. Modified-extended pelvic lymph node dissection (mePLND) was conducted, in-
volving the obturator fossa, external, internal, and common iliac vessels, presacral regions,
and Marcille’s fossa. A comprehensive description of the lymphadenectomy template
was previously published in our other study [16]. Perioperative and histopathological
data included pathological T (pT) stage, postoperative Gleason Grading Group (GGG),



Cancers 2024, 16, 925

3o0f14

number of removed LNs, and positive LN count. Excised LNs underwent histopathological
examination as separate specimens.

1016 patients with prostate cancer who
underwent radical prostatectomy
between 2012 and 2022

N

v neoadjuvant therapy

Excluded: 38 patients who undemeﬁ

978 patients who underwent radical
prostatectomy as a primary treatment

o/

Excluded: 834 pLo patients

144 pL1 patients

v

( Excluded: 33 pNO patients )

101 pL1 pN1 patients

|

Excluded: 5 patients with missing data
v

96 pL1 pN1 patients
with complete data

Figure 1. Flowchart illustrating the process of patient selection. pL0: negative lymphovascular
invasion (LVI) in histopathological examination; pL1: positive LVI in histopathological examination;
pNO: negative lymph node invasion (LNI) in histopathological examination; pN1: positive LNI in
histopathological examination.

2.2. Histopathological Examination

Following the Stanford protocol guidelines, surgical specimens underwent collection
and processing. The specimens were fixed in a neutral buffered formalin solution, followed
by embedding in paraffin. Utilizing a microtome, tissue samples were sectioned and
stained with hematoxylin and eosin (H&E). Experienced uropathologists evaluated slides,
adhering to a standardized reporting system. Pathological staging adhered to the American
Committee’s guidelines for the Staging System for Prostate Cancer, and Gleason scores
were determined in accordance with the International Society of Urological Pathology
(ISUP) PCa grading consensus [17,18]. A detailed examination of pathological findings
included the assessment of LVI presence, with documentation of laterality—whether LVI
was exclusive to the left, right, or both sides of the prostate gland. LVI was defined as the
unequivocal presence of tumor cells within endothelial-lined spaces lacking underlying
muscular walls or the presence of tumor emboli in small intraprostatic vessels [19,20]. LVI
analysis encompassed evaluations in both prostate and seminal vesicles. Within our study
cohort, all patients exhibited LVI exclusively in prostate specimens, with no instances
of LVI in seminal vesicles. Although the presence of LVI in seminal vesicles was not an
exclusion criterion, it is an infrequent occurrence in our center’s experience. In situations
of diagnostic ambiguity, podoplanin (D2-40 or PDPN) staining was employed to assist
uropathologists in their decision-making process.
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2.3. Statistical Analysis

Statistical analyses were conducted using PS Imago Pro 9.0 with a Polish license.
Continuous variables were presented as means + standard deviation (SD) or median
(range), while categorical variables were expressed as numbers (percentage). The normal
distribution of variables was assessed using Shapiro-Wilk tests, revealing a significant
deviation from the normal distribution for all analyzed variables [21]. Consequently,
nonparametric measures were employed.

To compare mean levels between two groups with categorical variables, the U-Mann—
Whitney test was utilized. The Kruskal-Wallis test assessed differences in mean levels
among groups with categorical variables, each with at least three levels. Additionally,
Kendall’s tau-b coefficient was applied to determine the statistical dependence between
two variables. A two-sided testing approach was consistently employed, considering
statistically significant differences when the p-value was less than 0.05.

Odds ratios (ORs) were calculated to assess the odds for LNI lateralization in sub-
groups, specifically in patients with LVI exclusively in the left lobe, exclusively in the right
lobe, and in both lobes. A confidence interval (CI) of 95% was applied for these calculations.

The utilization of a Marimekko chart was employed as a graphical representation to
elucidate associations between LVI and LNI while highlighting their respective ratios. This
approach was chosen for its effectiveness in visually conveying the intricate relationships
and proportions between these variables, offering a comprehensive and accessible portrayal
of the data.

3. Results
3.1. Patient Population

The mean age of patients at the time of diagnosis was 64.3 years, ranging from 41 to
78 years, and the median prostate-specific antigen (PSA) level was 22.0 ng/mL. Preopera-
tive staging and grading involved the assessment of clinical tumor (cT) stage and Gleason
Grading Group (GGG) at biopsy. Clinical examination included both digital rectal examina-
tion (DRE) and magnetic resonance imaging (MRI) evaluation. Following histopathological
examination of RP specimens, 1 patient (1.0%) had pT2a disease, 5 patients (5.2%) had
pT2c disease, 14 patients (14.6%) had pT3a disease, and 76 patients (79.2%) presented with
pT3b disease. The mean number of dissected LNs was 21.5 (range: 5-74), while the mean
number of positive LNs was 4.2 (range: 1-30). The median percentage of positive LNs
(calculated by dividing the number of positive LNs by the total number of resected LNs)
was 13.4% (range: 2-100%). LNI was evenly distributed between unilateral and bilateral
occurrences, each observed in 48 patients (50%). The tumor location involved both lobes of
the prostate in all cases, with varying percentages of tissue occupancy. Table 1 presents the
comprehensive clinicopathological data for the entire study population.

3.2. Unilateral and Bilateral Lymphovascular Invasion

Unilateral LVI was identified in 85 patients (88.5%), with 61 patients (71.8%) exhibiting
LVI exclusively in the left lobe and 24 patients (28.2%) exclusively in the right lobe. Bilateral
LVI was observed in 11 patients (11.5%). Regarding pT stage, unilateral LVI was identified
in 1 patient (1.2%) with pT2a disease, 5 patients (5.9%) with pT2c disease, 14 patients
(16.5%) with pT3a disease, and 65 patients (76.5%) with pT3b cancer. All men with bilateral
LVI exhibited pT3b disease in the final histopathology. The mean number of dissected LNs
was 21.2 (range: 5-74) in unilateral LVI patients and 23.5 (range: 12-35) in bilateral LVI
patients. Additionally, the mean number of positive LNs was 4.1 (range: 1-30) in unilateral
LVI patients and 4.4 (range: 1-9) in bilateral LVI patients. The mean percentage of positive
LNs was 19.7% (range: 2.4-100%) in unilateral LVI patients and 17.7% (range: 4.5-31.6%) in
bilateral LVI patients.

In the group of 96 pL1 pN1 patients included in the study and 38 unincluded pL1 pNO
patients (n = 144), 87 (60.4%) had LVI only on the left side, 40 (27.8%) had LVI only on the
right, and 16 (11.1%) had LVI on both sides of the prostate.
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Table 1. Characteristics of patient population.

Clinicopathological Data All Patients (1 = 96)
Age 64.3 + 6.8; 64.5 (41-78)
Preoperative PSA 27.9 4+ 25.8; 22.0 (2.3-174)
cT stage

cT1 3(3.1%)

cT2 52 (54.2%)

cT3 37 (38.5%)

cT4 4 (4.2%)

Biopsy GGG

1 17 (17.7%)

2 22 (22.9%)

3 22 (22.9%)

4 17 (17.7%)

5 18 (18.8%)

pT stage
pT2a 1 (1.0%)
pT2c 5(5.2%)
pT3a 14 (14.6%)
pT3b 76 (79.2%)
Pathological GGG

1 0 (0.0%)

2 13 (13.5%)

3 30 (31.3%)

4 12 (12.5%)

5 41 (42.7%)
Number of removed LNs 21.5 £ 10.5; 20.0 (5-74)
Number of positive LNs 4.2 +4.7;3 (1-30)

% of positive LNs 19.5 4 17.2%; 13.4% (2-100%)
LVI laterality
Unilateral 85 (88.5%)
Bilateral 11 (11.5%)
LNI laterality
Unilateral 48 (50.0%)
Bilateral 48 (50.0%)

All continuous data are presented as mean + SD and median (range). All interval data are presented as number and
percent. PSA: prostate-specific antigen; cT: clinical tumor stage; GGG: Gleason Grading Group; pT: pathological
tumor stage; LNs: lymph nodes; LVI: lymphovascular invasion; LNI: lymph node invasion.

Table 2 shows the clinicopathological data in the subgroups of 85 unilateral LVI
patients and 11 bilateral LVI patients. Figure 2 depicts the patient distribution, classifying
them into unilateral left, unilateral right, and bilateral groups based on LVI laterality.
Similarly, Figure 3 illustrates the distribution of patients, categorizing them into unilateral
left, unilateral right, and bilateral groups based on nodal invasion laterality.
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Table 2. Comparison of clinicopathological data in patients with unilateral and bilateral lymphovas-
cular invasion.

Clinicopathological Data Patients with Unilateral LVI Patients with Bilateral LVI

(n = 85) (n=11)
Age 64.6 £ 6.5; 64.6 (42-78) 61.3 £ 8.6; 64.2 (41-71)
Preoperative PSA 28.1 +24.8;22.9 (2.3-174.0) 26.3 + 33.7;14.3 (7.9-124.9)
Clinical T stage
cT1 3(3.5%) 0 (0.0%)
cT2 45 (52.9%) 7 (63.6%)
cT3 34 (40.0%) 3(27.3%)
cT4 3(3.5%) 1(9.1%)
Biopsy GGG

1 17 (20.0%) 0 (0.0%)

2 17 (20.0%) 5 (45.5%)

3 18 (21.2%) 4 (36.4%)

4 16 (18.8%) 1(9.1%)

5 17 (20.0%) 1(9.1%)

Laterality
Left 61 (71.8%) -
Right 24 (28.2%) -
Pathological T stage
pT2a 1(1.2%) 0 (0.0%)
pT2c 5(5.9%) 0 (0.0%)
pT3a 14 (16.5%) 0 (0.0%)
pT3b 65 (76.5%) 11 (100.0%)
Pathological GGG

1 0 (0.0%) 0 (0.0%)

2 12 (27.1%) 1(9.1%)

3 23 (27.1%) 7 (63.6%)

4 11 (12.9%) 1(9.1%)

5 39 (45.9%) 2 (18.2%)
Number of removed LNs 21.2 +10.9; 20.0 (5-74) 23.5 +7.2;24.0 (12-35)
Number of positive LNs 4.1 £5.0; 3.0 (1-30) 444+27;5.0(1-9)

% of positive LNs 13.13?3/3 (jztfi%oc/;;o) 20.83/;7(2.[5%3?10{2%)

All continuous data are presented as mean 4 SD and median (range). All interval data are presented as number
and percent. LVI: lymphovascular invasion; PSA: prostate-specific antigen; cT: clinical tumor stage; GGG: Gleason
Grading Group; pT: pathological tumor stage; LNs: lymph nodes.
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Figure 2. The visual illustration of patients’ distribution, categorizing them into unilateral left,
unilateral right, and bilateral groups based on lymphovascular invasion (LVI) laterality. Yellow color
represents the number of patients with positive lymph nodes only on the left side, red color represents
patients with nodal involvement exclusively on the right side, and blue color represents patients with
bilateral nodal invasion. n: number of patients; RL: LVI in the right lobe; LL: LVI in the left lobe.

Figure 3. The visual illustration of patients’ distribution, categorizing them into unilateral left,
unilateral right, and bilateral groups based on nodal invasion laterality. Yellow color represents the
number of patients with positive lymph nodes only on the left side, red color represents patients with
nodal involvement exclusively on the right side, and blue color represents patients with bilateral
nodal invasion. n: number of patients; RL: lymphovascular invasion (LVI) in the right lobe; LL: LVI
in the left lobe.
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3.3. Unilateral Left and Unilateral Right Lymphovascular Invasion

In the cohort of 85 patients with unilateral LVI, the majority, 61 individuals (71.8%),
exhibited LVI exclusively in the left lobe, while 24 patients (28.2%) had LVI isolated to the
right lobe. Regarding pT stage, unilateral left LVI patients exhibited the following distribu-
tion: 2 patients (3.3%) had pT2c disease, 8 patients (13.1%) had pT3a, and 51 (83.6%) had
pT3b disease. In unilateral right LVI patients, 1 patient (4.2%) had pT2a disease, 3 patients
(12.5%) had pT2c disease, 6 patients (25.0%) had pT3a, and 14 (58.3%) had pT3b. The mean
numbers of positive LNs were 4.3 (range: 1-23) and 3.8 (range: 1-30) in the unilateral
left and right LVI groups, respectively. A comprehensive presentation of clinicopathologi-
cal data, including associations with LVI laterality along with corresponding p-values, is
provided in Table 3.

Table 3. Comparison of clinicopathological data in patients with unilateral left and unilateral left
right lymphovascular invasion.

Patients with Unilateral Left LVI Patients with Unilateral Right LVI

Clinicopathological Data (1 = 61) (1 = 24) p-Value
Age 64.6 + 6.4; 64.9 (42.2-76.8) 64.8 + 6.8; 63.8 (54.2-78.0) 0.792
Preoperative PSA 30.2 +27.4;24.2 (2.3-174.0) 229 + 15.9;19.7 (4.4-76.0) 0.287
Clinical T stage 0.463
cT1 3 (4.9%) 0 (0.0%)
cT2 31 (50.8%) 14 (58.3%)
cT3 24 (39.3%) 10 (41.7%)
cT4 3 (4.9%) 0 (0.0%)
Biopsy GGG 0.143
1 9 (14.8%) 8 (33.3%)
2 14 (23.0%) 3 (12.5%)
3 13 (21.3%) 5 (20.8%)
4 10 (16.4%) 6 (25.0%)
5 15 (24.6%) 2 (8.3%)
Pathological T stage 0.047
pT2a 0 (0.0%) 1(4.2%)
pT2c 2 (3.3%) 3 (12.5%)
pT3a 8 (13.1%) 6 (25.0%)
pT3b 51 (83.6%) 14 (58.3%)
Pathological GGG 0.464
1 0 (0.0%) 0 (0.0%)
2 8 (13.1%) 4 (16.7%)
3 14 (23.0%) 9 (37.5%)
4 9 (14.8%) 2 (8.3%)
5 30 (49.2%) 9 (37.5%)
Number of removed LNs 21.5 +10.2; 20.0 (5-67) 20.5 + 12.6; 18.5 (9-74) 0.379
Number of positive LNs 4.3 £4.5;3.0 (1-23) 3.8 £6.2;2.0 (1-30) 0.069
% of positive LNs 20.8% =+ 18.5%; 16.7% (2.4-100%) 16.9% =+ 16.7%; 10% (3.6—-61.1%) 0.135
LNI laterality <0.001
Unilateral left 19 (31.1%) 2 (8.3%)
Unilateral right 7 (11.5%) 16 (66.7%)
Bilateral 35 (56.4%) 6 (25.0%)

All continuous data are presented as mean 4 SD and median (range). All interval data are presented as number
and percent. LVI: lymphovascular invasion; PSA: prostate-specific antigen; cT: clinical tumor stage; GGG: Gleason
Grading Group; pT: pathological tumor stage; LNs: lymph nodes.
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3.4. Odds Ratios and Patient Distribution

Unilateral left LVI patients exhibited an OR of 3.609 (95% CI: 0.925-14.077) for exclusive
ipsilateral LNI, an OR of 0.185 (95% CI: 0.092-0.374) for exclusive contralateral LNI, and
an OR of 2.795 (95% CI: 1.231-6.348) for bilateral LNI. Meanwhile, unilateral right LVI
patients demonstrated an OR of 2.862 (95% CI: 1.531-5.348) for exclusive ipsilateral LNI,
an OR of 0.725 (95% CI: 0.579-0.908) for exclusive contralateral LNI, and an OR of 0.692
(95% CI: 0.525-0.913) for bilateral LNI. The detailed ORs and their 95% Cls are outlined
in Table 4, while Figure 4 visually represents the proportional relationships in our study
cohort through a Marimekko chart.

Table 4. Odds ratios and 95% confidence intervals illustrating the associations between lymphovas-
cular invasion laterality and lymph node invasion laterality in prostate cancer patients.

Patients with Patients with
LNI Laterality Unilateral Left LVI OR (95% CI) Unilateral Right LVI OR (95% CI)
(n=61) (n =24)
Unilateral left 19 (31.1%) 3.609 (0.925-14.077) 2 (8.3%) 0.725 (0.579-0.908)
Unilateral right 7 (11.5%) 0.185 (0.092-0.374) 16 (66.7%) 2.862 (1.531-5.348)
Bilateral 35 (57.4%) 2.795 (1.231-6.348) 6 (25.0%) 0.692 (0.525-0.913)

40

20

nodal involvement lateralization

]
0

LNI: lymph node invasion; LVI: lymphovascular invasion; n: number of patients; OR: odds ratio; CI: confidence interval.

unilateral left (63.5%) unilateral right (25.0%) bilateral (11.5%)

100
80
| .

20 40 60 80 100
LVI lateralization

M unilateral left LNI
B unilateral right LNI

I bilateral LNI

Figure 4. The Marimekko chart depicting the proportional relationship between lymphovascular
invasion and lymph node invasion. LVI: lateralization; LNI: lymph node invasion; n: number
of patients.

4. Discussion

This study is the first to evaluate the laterality of LVI in PCa and its correlation with
the lateralization of nodal involvement. While the impact of LVI on lateralized LNI has
been explored in various malignancies such as thyroid, oropharyngeal, and rectal cancers,
the specific investigation of LVI laterality in the setting of PCa has not been previously
undertaken [22-29]. Existing studies have primarily focused on the broader question of
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whether LVI influences lateralized LNI, omitting an in-depth exploration of LVI laterality
itself [22,23].

LVl is a significant histopathological finding linked to unfavorable outcomes such as
biochemical recurrence (BCR), nodal metastases, and other adverse histopathological con-
sequences [30]. Notably, various studies support LVI as an independent factor associated
with a worse prognosis. The meta-analysis by Jiang et al. reported a correlation between
LVIand BCR (HR =1.25; 95% CI:1.17, 1.34; p < 0.001, multivariate analysis) as well as nodal
involvement (OR = 18.56; 95% CI: 7.82-44.06) [30]. This aligns with findings from previous
meta-analyses and large cohort studies [12,13,31,32]. Additionally, existing research has
identified associations between LVI and distant metastases [33,34].

The ongoing debate in the PCa field regarding ipsi- and contralateral LNI, coupled
with emerging studies on sentinel LN mapping, particularly heightens the relevance of
our investigation [15,16,35-37]. Bilateral pelvic lymphadenectomy performed during RP
remains the gold standard for nodal staging [38]. Despite its debatable therapeutic util-
ity and an increased risk of procedure-associated morbidity, its position in the current
guidelines is well-established [38—43]. Nonetheless, a growing perspective suggests that
a subset of patients may benefit from unilateral PLND. A recent investigation conducted
by Martini et al. identified the absence of high-risk disease features as a potential char-
acteristic that might offer substantial benefits to patients undergoing ipsilateral PLND
while omitting contralateral LNs [15]. Future investigations could enhance the process
of patient selection for unilateral lymphadenectomy by incorporating additional factors.
LVI, a histopathological parameter assessable not only in the final histopathology but also
preoperatively through prostate biopsy, holds potential for providing valuable insights into
the lateralization of PCa progression and metastasis, particularly when considering the
distinct assessment of the left and right lobes separately. With the inclusion of preoperative
factors that could facilitate early patient selection in the management process, LVI, along
with other parameters, could play a significant role in determining candidates for unilateral
lymphadenectomy [44]. Moreover, this study holds significance in the era of continually
advancing imaging techniques that could offer greater insights into the lateralization con-
cept in PCa [45,46]. Integrating multiple factors (such as LVI, dominant tumor location, or
perineural invasion) assessed individually on the right and left sides of the prostate, along
with modern imaging techniques, could pave the way for unilateral lymphadenectomy in
selected patients. This approach may help avoid the adverse outcomes associated with
bilateral PLND, including longer operative time and a higher burden of perioperative
complications [39].

Our study revealed that lateral LVI is associated with lateralization of LNI in LN-
positive PCa patients (p < 0.001). This correlation is particularly pronounced in unilateral
right pL1 patients, as over half of patients (35/61; 56.4%) with LVI exclusively on the left
side of the prostate exhibited bilateral LNI. Notably, LN-positive patients exhibiting LVI
exclusively on the right side appear to manifest a lower risk disease phenotype compared to
those with exclusive left-sided LVI. This observation aligns with the identified correlation
with pT stage (p = 0.047), emphasizing a predilection for exclusively right-sided LNI.
However, cautious interpretation of these findings is warranted due to the limited size of
the patient cohort and the proximity of the p-value confirming the correlation with pT stage
to the significance threshold (p = 0.047). Furthermore, the dissonance between the left- and
right-LVI groups may also be attributed to the complex anatomical lymphatic drainage.
Although studies have explored lymphatic drainage patterns and their association with
specific lymph node groups, the complexity of intraprostatic lymphatic vessels remains
unclear [47-49]. Moreover, the obstruction of intraprostatic lymphatic system, and the
surgical manipulation itself, could lead to uneven distribution of unilateral right and left
LVI patients [50].

In the unilateral left LVI group, the occurrence of ipsilateral LNI was 2.71 times
higher (19/7) than contralateral LNI. Conversely, in the unilateral right LVI group, patients
with ipsilateral LNI were 8 times more prevalent (16/2) than those with contralateral
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LNI. Notably, among patients with bilateral nodal metastases (1 = 48), the majority (35/48,
72.9%) exhibited unilateral left LVIin the prostate gland, while only seven individuals (7/48,
14.6%) had bilateral LVI. Several factors may contribute to these observations, including the
relatively small cohort size, and the lack of information on nerve-sparing approaches during
surgery, as well as lymphatic system complexity. Nevertheless, we believe that our study
can contribute additional insights to the concept of lateralization in PCa nodal metastasis,
potentially enriching the discussion on unilateral lymphadenectomy and identifying the
patients who could benefit the most from this approach. Perhaps incorporating the laterality
of LVI into the existing parameters of the lateralization concept could provide another
argument either in favor of or against unilateral PLND in selected patients.

In discussing the limitations of our study, it is imperative to acknowledge the con-
straints posed by the relatively small patient cohort. The modest sample size may have
impacted the statistical power, influencing the significance of p-values. This limitation
underscores the necessity for further investigations with larger cohorts to validate and
strengthen the observed correlations. Additionally, the retrospective and single-center
nature of the data collection poses inherent limitations. A multi-center approach and a
prospective study design would enhance the generalizability and robustness of the find-
ings. Furthermore, the inclusion of LVI status from biopsy specimens, in addition to the
final histopathology, could provide a more comprehensive understanding of the temporal
aspects of LVI development and progression. A notable consideration is the absence of data
on dominant tumor location, which could offer valuable insights into the laterality issue.
Although the tumors in our patient cohort were predominantly located in both lobes, the
lack of information on specific tumor locations within the lobes limits our ability to explore
the potential impact of tumor localization on LVI laterality. Finally, the racial disparity in
PCa diagnosis and management, particularly evident in the contrasting outcomes between
African-American and Caucasian men, underscores a crucial aspect of PCa research. Thus,
it is important to note that our study’s patient cohort consisted solely of Caucasian men
from the Polish population, limiting the generalizability of our findings.

5. Conclusions

In this retrospective analysis, we observed a correlation between unilateral LVI and
ipsilateral LNI in patients with positive LNs in PCa, particularly pronounced in cases
where LVI exclusively occurred in the right prostate lobe. Notably, individuals with LVI
restricted to the left side tended to exhibit higher pT stages in our study cohort. To the
best of our knowledge, this study represents the first investigation on the laterality of
LVI in PCa. However, cautious interpretation is warranted given the study’s limited
sample size. Future inquiries should ideally adopt a prospective, multi-center design,
encompassing more extensive data on primary tumor location. Moreover, integrating
preoperative LVI assessment at biopsy, alongside the standard postoperative evaluation
in final histopathology, has the potential to enhance our overall comprehension of PCa
progression. Additionally, it could provide valuable insights into preoperative decision-
making alterations.
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Introduction: Lymphovascular invasion (LVI) is a pivotal histopathological
parameter in prostate cancer (PCa), holding significant prognostic implications.
Our study pursued a dual objective: firstly, to identify preoperative factors
associated with LVI, aiming to unveil markers facilitating the recognition of
patients prone to LVI during postoperative examination; and secondly, to
assess postoperative outcomes correlated with LVI.

Methods: We retrospectively analyzed 861 nonmetastatic PCa patients who
underwent radical prostatectomy (RP), investigating preoperative factors and
postoperative outcomes. Surgical specimens were processed following
established guidelines. Statistical analyses utilized non-parametric tests to
assess the association between LVI and both pre- and postoperative factors.
Furthermore, logistic regression analyses were utilized to develop models aimed
at identifying the most significant predictors of LVI and pN1 status, respectively.

Results: Numerous preoperative factors exhibited significant correlations with
LVI, offering valuable clinical insights. Logistic regression identified magnetic
resonance imaging (MRI)-based clinical tumor stage (cT) 3-4, biopsy Gleason
Grading Group (GGG) 3-5, preoperative prostate specific antigen (PSA) >20 and
percentage of positive biopsy cores (PPBC) >50% as the strongest preoperative
predictors of LVI. Additionally, the study uncovered an association between LVI
and postoperative outcomes, including postoperative PSA (p value <0.001),
extracapsular extension (ECE) (<0.001), positive surgical margins (PSM)
(<0.001), perineural invasion (PNI) (<0.001), pathological tumor stage (pT)

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1349536/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1349536/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1349536/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1349536/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1349536/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1349536/full
https://orcid.org/0009-0005-4441-1877
https://orcid.org/0000-0001-8394-6018
https://orcid.org/0000-0002-1913-9518
https://orcid.org/0000-0002-7533-7818
https://orcid.org/0009-0002-6159-7165
https://orcid.org/0000-0003-1446-2970
https://orcid.org/0000-0002-4898-960X
https://orcid.org/0000-0003-4240-7899
https://orcid.org/0000-0002-1360-0422
https://orcid.org/0000-0002-5933-3753
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2024.1349536&domain=pdf&date_stamp=2024-05-03
mailto:bartosz.malkiewicz@umw.edu.pl
mailto:jkarwacki.md@gmail.com
https://doi.org/10.3389/fonc.2024.1349536
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2024.1349536
https://www.frontiersin.org/journals/oncology

Karwacki et al.

10.3389/fonc.2024.1349536

(<0.001), pathological lymph node status (pN) (<0.001), postoperative GGG
(<0.001), and operative time (0.023). Notably, the study revealed a novel and
substantial association between LVI and an increased number of positive lymph
nodes in pN+ patients in the univariate analysis (<0.001). Furthermore, we have
found an association between LVI and pN1 status in the logistic regression
analysis (odds ratio [OR] = 23.905; p <0.001).

Conclusion: Our findings underscore the pivotal role of LVI in influencing the
prognosis of prostate cancer (PCa). The study acknowledges the challenges
associated with preoperative LVI assessment and emphasizes the need for future
research to unravel the factors associated with this histopathological finding.
Significantly, our research stands out as the first, to the best of our knowledge,
to reveal the association between LVI and the number of positive lymph nodes in

pN+ patients.

KEYWORDS

prostate cancer, radical prostatectomy, lymphovascular invasion, histopathological
examination, oncologic staging, prognostic factors

1 Introduction

Lymphovascular invasion (LVI), also known as microvascular
invasion (1-3) or vessel tumor embolus (4-6), is most often
defined as the unequivocal presence of tumor cells within
endothelial-lined spaces (7). In the context of prostate cancer
(PCa), the second most common malignancy in men worldwide
(8), LVI has emerged as a pivotal histopathological parameter with
significant prognostic implications.

The pathological evaluation of radical prostatectomy (RP)
specimens assumes paramount importance in predicting patient
outcomes accurately. Traditionally, key histopathological
determinants such as Gleason score, pathological tumor (pT) stage,
lymph node status (pN), or surgical margin status have informed
prognostication. However, multiple systematic reviews and meta-
analyses consistently demonstrate that the presence of LVI in final
histopathology (pL1) is associated with adverse clinical outcomes,
including higher rates of biochemical recurrence, diminished survival
rates, and an increased likelihood of unfavorable histopathological
features such as perineural invasion (PNI), positive surgical margins
(PSM), and nodal involvement (7, 9-11). In cases where evidence of
LVT is identified within a prostate cancer needle biopsy specimen, it is
recommended that patients forego active surveillance (AS) and opt
for radical treatment (12, 13). The presence of LVI in the final
histopathological assessment is considered unfavorable, as it is
associated with other adverse pathological outcomes and
unfavorable survival rates, as indicated by the guidelines of the
European Association of Urology (EAU) (13).

The controversy surrounding LVI primarily emanates from the
reliance on retrospective studies for data analysis. Furthermore,
it is exacerbated by instances where LVI exhibits significance in
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predicting biochemical recurrence (BCR) only within univariate
settings but loses significance in multivariate analyses, as observed
in certain studies (4, 14, 15). Additionally, the issue is compounded
by the considerable variability in reported LVI frequencies, ranging
widely from 3.6% to 53% (16, 17).

Our study aims to address the existing gaps in the literature by
focusing on the pivotal role of LVI in PCa prognosis. Specifically,
our primary objective is to identify preoperative factors associated
with the presence of LVI, shedding light on potential predictive
markers in the context of PCa. Additionally, our research group
endeavors to elucidate the intricate relationship between LVI and
adverse histopathological outcomes, thereby enhancing our
understanding of the broader implications of LVI in this context.
Through our investigation, we aim to contribute valuable insights to
the field, ultimately advancing the clinical management and
prognostication of PCa patients.

2 Materials and methods

2.1 Patient population and
clinicopathological data

We analyzed 861 patients with histologically confirmed
nonmetastatic PCa who underwent RP at University Center of
Excellence in Urology in Wroctaw, Poland, between September
2012 and November 2021. The exclusion criteria comprised missing
LVI status (pLx). We decided not to exclude patients with the
history of neoadjuvant therapy. In pursuit of maximizing our
dataset, we opted to include patients with missing data. The
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patient counts (n) with available data for each covariate can be
found in Tables 1, 2, situated adjacent to the respective variables.

The clinical T stage was assessed according to the TNM
classification from 2016 (18); the prostate biopsy was obtained
by TRUS-guided systematic, targeted, or combined biopsy.
The following baseline characteristics and clinical parameters were
retrospectively collected and evaluated for each patient. Preoperative
data included: age at the time of surgery, body weight and body mass
index (BMI), smoking status and pack-years, biopsy serum PSA (PSA
at diagnosis) and preoperative serum PSA level, testosterone level,
albumin level, preoperative hemoglobin level, platelet-to-lymphocyte
ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), biopsy Gleason
score (Gleason Grading Groups, GGG), percentage of positive
systematic biopsy cores (PPBC), clinical T (cT) stage assessed after
digital rectal examination (DRE), scintigraphy results, ¢T and cN
stages proposed after MRI, prostate volume, and EAU risk
group classification.

The surgical approach for RP involved either open with an
ascending technique or laparoscopic with extra- or transperitoneal
access. In both cases, a modified-extended pelvic lymphadenectomy
(mePLND) was performed (19), encompassing the removal of
tissues around the obturator fossa, internal and external iliac
arteries, extending to the distal part of the common iliac artery,
as well as presacral regions and Marcille’s fossa. Peri- and
postoperative data we collected included: blood loss, blood
transfusion, postoperative hemoglobin, postoperative PSA,
extracapsular extension (ECE), surgical margins, PNI, LVI status
(pLO or pLl), pathological T (pT) and pN stages, postoperative
Gleason scores, number of positive lymph nodes in pN+ patients,
and operative time.

2.2 Pathologic examination

Surgical specimens were collected and processed according to
the Stanford protocol guidelines. The specimens were fixed in a
neutral buffered formalin solution and embedded in paraffin. Tissue
samples were sectioned using a microtome and stained with
hematoxylin and eosin (H&E). Experienced uropathologists
evaluated the sample slides and documented the results based on
a standardized reporting system. Pathological stages were defined
according to the American Committee’s guidelines for the Staging
System for Prostate Cancer (20), and Gleason scores were
determined following the International Society of Urological
Pathology (ISUP) PCa grading consensus (21). Detailed
pathological findings for the presence of LVI, PNI, ECE, and
surgical margins were also examined and documented. LVI was
defined as the unequivocal presence of tumor cells within
endothelial-lined spaces with no underlying muscular walls (22)
or the presence of tumor emboli in small intraprostatic vessels (23).
The analysis of LVI included evaluations of both prostate and
seminal vesicle specimens. In our study cohort, all patients showed
LVI exclusively in prostate specimens, with no instances observed
in seminal vesicles. While the presence of LVI in seminal vesicles
was not a speciﬁc exclusion criterion, it is a rare event based on our
center’s experience. In cases where diagnostic uncertainty arose,
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podoplanin (D2-40 or PDPN) staining was utilized to aid
uropathologists in their decision-making process.

2.3 Statistical analysis

All statistical analyses were carried out using PS Imago Pro 9.0,
2022, polish license. Data were expressed as means + SD and/or
median (range) for continuous variables and number (percentage)
for categorical variables. To assess the normal distribution of
variables, we employed the Shapiro-Wilk tests (24). The
distribution of all variables subjected to analysis significantly
deviated from a normal distribution. Consequently, the research
team relied on nonparametric measures with lower formal
requirements. Specifically, the U-Mann-Whitney test was used to
compare mean levels between two groups with dichotomous
variables. The Kruskal-Wallis test assessed differences in mean
levels among groups with categorical variables, each having at
least three levels. Additionally, Kendall’s tau-b coefficient was
applied to determine if two variables can be considered
statistically dependent. In all cases, a two-sided testing approach
was applied. Statistically significant differences between groups
occur when the test statistic (p-value) is less than 0.05.
Additionally, logistic regression made it possible to identify
significant preoperative factors that are the strongest predictors of
LVI. In the analyses, a stepwise estimation method was employed,
involving the iterative selection of variables for the model. In the
initial step, the model is computed for all potential variables.
Subsequent iterations eliminate the least fitting variables that
disrupt the model’s significance and coefficient of determination.
Ultimately, the method enables the attainment of the most optimal
model tailored to the selected variables. Initially, six models were
tested, each comprising seven variables (cT, cN, biopsy GGG,
biopsy PSA (or PSA at diagnosis), preoperative PSA, PPBC, and
MRI based cT), which were appropriately coded. Furthermore, we
conducted an additional logistic regression analysis to identify
significant factors that serve as predictors of pN1 status, aiming
to evaluate the significance of LVI as a potential determinant for
nodal involvement. This model incorporated eight variables,
including postoperative GGG, pT stage, PPBC, preoperative PSA
level, ECE, PSM, PNI, and LVI. Additionally, we carried out a linear
regression analysis to identify predictors associated with the
number of positive lymph nodes in pN1 patients.

3 Results

Mean patient age at diagnosis was 64.1 years (range 31 to 80), and
mean PSA was 14.0 ng/mL. The mean percent of positive biopsy
cores (PPBC) was 39.7% (range 0 to 100%). 4 (0.5%) of the 861
patients had pT1 disease after histopathological examination, 489
(57.1%) had pT2 disease, 362 (42.3%) had pT3 disease, and 1 patient
(0.1%) had pT4 disease. Of 647 patients, 143 (22.1%) showed lymph
node involvement. In the whole analyzed cohort of 861 patients, 152
(17.7%) obtained pLl status in the final histopathology.
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TABLE 1 Association of lymphovascular invasion with preoperative clinicopathological parameters in 861 patients who underwent
radical prostatectomy.

Characteristic pLO (n = 709; 82.3%) pLl (n = 152; 17.7%)

Demographic characteristics

Age at RP, years 708 64.1 £ 6.3, 65 (31-80) 152 63.9 * 6.6, 64 (41-78) 0.714
Body mass, kg 602 85.4 + 13.4, 85 (52-130) 136 87.3 + 13.5, 85 (52-140) 0.230
BMI 595 27.9 + 3.9, 27.7 (18-43.9) 134 28.3 + 4,279 (18.4-45.2) 0.414
Pack-years (in smokers) 125 21.4 + 13.5, 20 (2-80) 27 25 + 16, 20 (0.6-60) 0.275

Clinical parameters

Biopsy PSA, ng/ml 458 11.6 + 10.6, 8.4 (1-104) 87 22.3 +22.8, 17 (2.8-149) <0.001
Preoperative PSA, ng/ml 664 11.6 + 10.4, 8.6 (0-97.5) 145 24.6 +23.3,18.7 (0.4-174) <0.001
Testosterone, ng/ml 338 3.7 £ 1.6, 3.5 (0.1-9.6) 63 39+ 1.9, 3.8 (0.1-9) 0.400
Albumins, ng/ml 313 44 £0.3,45 (3.5-5.7) 52 4.4 103,44 (3.3-4.9) 0.064
Preoperative Hgb, g/dl 692 14.1 + 1.3, 14.9 (9.4-19) 147 14.7 +£ 1.2, 14.9 (10.2-17.3) 0.493
PLR 304 139.8 + 55.5, 129.9 (7.5-335.6) 52 139.6 + 52, 133.8 (61.8-274.7) 0.933
NLR 307 3.2 + 34,26 (04-38.2) 52 3.5 + 4.6, 2.5 (0.9-34.6) 0.984
Clinical T stage <0.001

cT1 77 96.3% 3 3.7%

cT2 523 85.9% 86 14.1%

cT3 66 54.5% 55 45.5%

cT4 1 25% 3 75%

Pathological parameters

Biopsy GGG <0.001
GGG1 372 92.8% 29 7.2%
GGG2 153 84.1% 29 15.9%
GGG3 67 71.3% 27 28.7%
GGG4 74 72.5% 28 27.5%
GGG5 28 46.7% 32 53.3%
PPBC, % 364 35 + 23, 31 (0-100) 86 51 + 29, 58 (0-100) <0.001

Imaging parameters

Preoperative scintigraphy 0.823
no changes 301 82.9% 62 17.1%
3 or less changes 11 68.8% 5 31.3%
over 3 changes 2 100% 0 0%
MRI T stage <0.001
cT1 16 100% 0 0%
cT2 137 85.1% 24 14.9%
cT3 20 52.6% 18 47.4%
cT4 1 100% 0 0%
MRI N stage 0.003
cNO 177 82.3% 38 17.7%
(Continued)
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TABLE 1 Continued

Characteristic pLO (n = 709; 82.3%) pLl (n = 152; 17.7%) p value
Imaging parameters
N1 5 45.5% 6 54.5%

Prostate volume, ml 544 40.5 + 19.6, 36 (2-220) 107 42 +18.8, 40 (15-130) 0.239
Other
EAU risk group <0.001

1 146 96.1% 6 3.9%

2 179 94.2% 11 5.8%

3 234 75.5% 76 24.5%

4 54 55.1% 44 44.9%

All continuous data is presented as mean + SD and/or median (range). All interval data is presented as number and percent. n, number of patients; pL0, patients without lymphovascular invasion
in final histopathology; pL1, patients with lymphovascular invasion in final histopathology; RP, radical prostatectomy; BMI, body mass index; PSA, prostate specific antigen; Hgb, hemoglobin;
PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; cT, clinical tumor stage; GGG, Gleason Grading Group; PPBC, percentage of positive biopsy cores; MRI, magnetic
resonance imaging; cN, clinical lymph node status; EAU, The European Association of Urology.

TABLE 2 Association of lymphovascular invasion with various peri- and postoperative clinicopathological parameters in 861 patients who underwent
radical prostatectomy.

Characteristic pLO (n = 709; 82.3%) pL1 (n = 152; 17.7%) p value

Clinical parameters

Blood loss, ml 656 657.7 + 413.1, 600 (0-3,300) 143 733 £ 520.6, 600 (100-3,600) 0.244
Blood transfusion 695 0.2 + 0.8, 0 (0-10) 151 0.3 + 1.1, 0 (0-8) 0.278
Postoperative Hgb, g/dl 673 12.3 + 1.3, 12.3 (6.7-16.6) 142 12.2 + 1.4,12.2 (7.3-16.8) 0.254
Postoperative PSA, ng/ml 342 0.2 + 1.3, 0 (0-18) 95 1.4 + 4.5, 0.1 (0-35) <0.001
Histopathological parameters
ECE <0.001
negative 475 95.4% 23 4.6%
focal 115 74.7% 39 25.3%
diffuse 115 56.4% 89 43.6%
Surgical margin <0.001
negative 376 90.8% 38 9.2%
<3 mm 139 79.4% 36 20.6%
>3 mm 171 69.5% 76 30.5%
PNI <0.001
negative 75 97.4% 2 2.6%
positive 608 81.1% 142 18.9%
Pathological T stage <0.001
pT1 4 100% 0 0%
pT2 474 96.9% 15 3.1%
pT3 226 62.4% 136 37.6%
pT4 0 0% 1 100%
(Continued)
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TABLE 2 Continued

Characteristic

pLO (n = 709; 82.3%)

10.3389/fonc.2024.1349536

pLl (n = 152; 17.7%) p value

Histopathological parameters

Pathological N stage <0.001
pN- 463 91.9% 41 8.1%
pN+ 36 25.2% 107 74.8%
Postoperative GGG <0.001
GGG1 121 99.2% 1 0.8%
GGG2 276 92.6% 22 7.4%
GGG3 164 78.8% 44 21.2%
GGG4 62 79.5% 16 20.5%
GGG5 76 53.5% 66 46.5%
Positive LNs in pN+ patients 36 1.9 +2.1,1(1-12) 107 4.07 + 4.8, 3 (1-31) <0.001
Other
Operative time, minutes 665 174.3 + 47.8, 165 (60-375) 148 184.6 + 49.4, 180 (75-375) 0.023

All continuous data is presented as mean + SD and/or median (range). All interval data is presented as number and percent. n, number of patients; pL0, patients without lymphovascular invasion
in final histopathology; pL1, patients with lymphovascular invasion in final histopathology; Hgb, hemoglobin; PSA, prostate specific antigen; ECE, extracapsular extension; PNI, perineural
invasion; pT, pathological tumor stage; pN, pathological lymph node status; GGG, Gleason Grading Group; LNs, lymph nodes.

Tables 1, 2 show the association of LVI with pre- and
postoperative clinicopathological variables. On univariate
analyses, LVI was associated with higher PSA at diagnosis (biopsy
PSA; p < 0.001), preoperative PSA (<0.001), clinical T stage
(<0.001), biopsy GGG (<0.001), PPBC (<0.001), clinical T stage
assessed with MRI (<0.001), MRI N stage (0.003), the EAU risk
group (<0.001), postoperative PSA (<0.001), ECE (<0.001), PSM
(<0.001), PNI (<0.001), higher pT stage (<0.001), pN stage (<0.001),
postoperative GGG (<0.001), higher number of positive LNs in pN+
patients (<0.001), and with higher operative time (0.023).

The results of the logistic regression, conducted with the
backward elimination method, are presented in Table 3. Among
the identified predictors, MRI findings denoting clinical stage cT3-
4, biopsy GGG of 3-5, preoperative PSA levels =20, and PPBC
exceeding 50% emerged as the most influential factors. In the
multivariate analysis, it is notable that both biopsy GGG and
preoperative PSA levels were not statistically significant, as
indicated by their respective p-values of 0.051 and 0.077.
Nevertheless, patients with GGG 3-5 exhibited an odds ratio (OR)
of 3.005 for having LVI, while patients with preoperative PSA levels

exceeding 20 ng/ml demonstrated OR of 2.899. The logistic
regression model underscored the significance of MRI clinical
stage ¢T3-4 and a PPBC exceeding 50% as the strongest
predictors. These factors exhibited OR of 4.739 and 7.364,
respectively. The initial model incorporated three additional
variables: clinical stage cT1-2 vs. cT3-4, cNO vs. <N+, and biopsy
PSA <20 vs. 220. Summary results for the regression model from
Table 3 were as follows: n = 861, percentage of correct classifications
= 88.1%, Nagelkerke’s R2 = 0.458, Cox and Snell’s R2 = 0.287,
Hosmer-Lemeshow Test = 0.208. To ensure robust and reliable
results, a total of six different models were tested with varying
coding schemes for the same variables, exploring different threshold
levels. All six models are presented in the Supplementary Table 1 in
the Supplementary Material.

The results of logistic regression, investigating predictors of pN1
status, are summarized in Table 4. Among the analyzed factors, three
showed statistical significance: pT3-4 (OR = 5.315; p < 0.001),
extracapsular extension (ECE) (OR = 4.795; p = 0.016), and LVI
(OR = 23.905; p < 0.001). The analysis included 295 patients.
Additionally, the results of linear regression, examining predictive

TABLE 3 Logistic regression results with LVI occurrence in a final histopathological examination as a dependent variable.

Predictors B Wald Statistical significance Exp(B)
Biopsy GGG 3-5 1.100 3.807 0.051 3.005
MRI cT3-4 1.556 7.128 0.008 4739
PPBC >50% 1.997 10.058 0.002 7.364
Preoperative PSA >20 1.064 3.122 0.077 2.899
Model constant -9.481 32.997 0.000 0.000

B, unstandardized regression weight; exp(B), odds ratio; GGG, Gleason Grading Group; MRI, magnetic resonance imaging; cT, clinical tumor stage; PPBC, percent of positive biopsy cores; PSA,

prostate specific antigen.
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TABLE 4 Logistic regression results with pN1 as a dependent variable.

10.3389/fonc.2024.1349536

Predictors B Wald Statistical significance Exp(B)
Postoperative GGG 3-5 -0.329 0.489 0.485 0.720
pT3-4 1.671 13.355 0.000 5.315
PPBC >50% 0.888 1.497 0.221 2.430
Preoperative PSA >20 0.071 0.018 0.893 1.074
ECE 1.568 5.769 0.016 4.795
PSM 0.434 0.767 0.381 1.544
PNI -0.398 0.118 0.731 0.672
LVI 3.174 45.440 0.000 23.905
Model constant -8.311 11.673 0.001 0.000

B, unstandardized regression weight; exp(B), odds ratio; GGG, Gleason Grading Group; pT, pathological tumor stage; PPBC, percent of positive biopsy cores; PSA, prostate specific antigen; ECE,
extracapsular extension; PSM, positive surgical margin; PNI, perineural invasion; LVI, lymphovascular invasion.

factors for the number of positive lymph nodes in pN1 patients, are
provided in Supplementary Table 2 in the Supplementary Material.
Due to the limited number of included patients (n = 74), the
significance of these results is deemed unsatisfactory. However, for
transparency and completeness, we have chosen to present these
findings in the Supplementary Material.

Over a median follow-up period of 42 months, ranging from 3
to 102 months, 70 out of 423 patients (16.5%) experienced PSA
failure, and 43 out of 414 patients (10.4%) exhibited disease
progression. During this observation period, 10 out of 408
patients (2.5%) died, with 2 of these deaths attributed to PCa.
The 5-year overall survival rate was 98.8%, and the 5-year cause-
specific survival rate stood at 100%. Among 58 patients, the time
from RP to BCR was known, with a mean duration of 19.2 months.
In 42 patients classified as L0, the mean BCR-free survival period
was 18.6 months, while in the remaining 16 patients classified as L1,
it extended to 20.8 months with no statistically significant
correlation observed.

4 Discussion

The objective of our research was two-fold. Primarily, we aimed
to identify preoperative factors that are associated with the presence
of LVIL. This goal was driven by the aspiration to uncover
preoperative markers that could aid in the identification of
patients prone to LVI during postoperative examination. The
rationale behind this endeavor is clear: if patients with evidence
of LVT in their biopsy specimens can be identified preoperatively, it
is imperative that they opt for RP or radiotherapy instead of
embarking on active surveillance. In line with this, our findings
point to several preoperative factors that demonstrate a significant
correlation with LVI, providing valuable insights for clinical
practice. As we consider future research directions, it is crucial to
emphasize the ideal scenario: investigating the correlation of
preoperative factors with LVI in biopsy specimens rather than
relying solely on the final histopathological examination, as
conducted in our study. This approach holds the potential to
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enhance risk stratification and further refine therapeutic decision-
making in PCa management. The logistic regression identified
preoperative PSA, PPBC, and GGG as robust predictors of LVI,
consistent with findings from previous studies (5, 15, 25-32).
Notably, we also identified MRI-based cT as a significant
predictor of LVI, a factor not previously described in the
literature to the best of our knowledge. While Kizilay et al.
demonstrated a correlation between LVI and PIRADS score, Shin
et al. (33) tumor visible of MRI was uncorrelated with LVI
(p = 0.876) (33, 34). Our study suggests that cT, as determined by
radiologists based on MRI, could be a valuable predictor for pLl
PCa. This factor may play a pivotal role in treatment planning,
serving as an influential decision-making element.

Our secondary goal was to assess postoperative outcomes
correlated with LVI, and among these outcomes, one of the most
important discoveries was the relationship between LVI and the
number of positive LNs in patients with nodal involvement. The
mean number of positive LNs demonstrated a noteworthy
discrepancy between patients without and with LVI in the pN+
group, registering means of 1.9 and 4.07, respectively, with a median
of 1 and 3 (p < 0.001). This observation underscores the substantial
clinical relevance of LVI within the context of PCa prognosis,
particularly given the established association of nodal metastasis
and poorer survival outcomes, as documented in prior studies
(35-37).

Considering the pivotal finding of our study, which, to our best
knowledge, is the first to establish a correlation between LVI and an
elevated number of positive LNs in pN+ patients, it becomes
increasingly apparent that the judicious selection of patients at
higher risk of harboring LVT in their histopathological specimens is
vital. Such patients could benefit from a more personalized
therapeutic approach, potentially involving the consideration of
LND as an integral component of their treatment strategy or/and a
wider LND template. Notably, our study revealed instances of LVI
in patients classified as low-risk according to their biopsy GGG,
with 7.2% exhibiting LVI in the postoperative histopathological
examination. These findings highlight the need for future
investigations to focus on the analysis of preoperative factors that
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may predict LVI in biopsy specimens, as this represents the sole
opportunity for risk stratification before surgery.

In essence, our study emphasizes the critical implications of LVI
in PCa, underscoring the need for tailored approaches in patient
management, particularly in selecting the appropriate candidates for
radical treatment, even in cases traditionally considered low-risk. On
the contrary, a study conducted by Semba et al. has brought to light a
paradox where low-risk patients demonstrate favorable oncological
outcomes despite the presence of LVI in final histopathological
specimens (38). This observation underscores the pressing need for
future research endeavors focused on unraveling the preoperative
factors associated with LVI within a broader patient population. It is
worth considering that future studies should place a particular
emphasis on discerning the importance of LVI in intermediate-risk
patients. This demographic represents a challenging ‘grey area’ where
making treatment decisions can be notably complex. Determining
whether to opt for radical treatment or active surveillance, whether to
conduct lymph node dissection, and other critical decisions are all
aspects that demand further exploration within this patient subgroup.

One of the inherent challenges in interpreting LVT lies in the
difficulty of its proper assessment during histopathological
examination. This intricacy may contribute to the substantial
heterogeneity observed in the reporting of LVI across different
studies, with incidences ranging widely from 3.6% to 53% (16, 17).
The underlying reasons for such variability remain elusive and
warrant further investigation. In our study, pL1 patients comprised
17.7% of the investigated population, aligning with the range
described in the literature.

Our study is not without limitations. Notably, a majority of the
patients in our cohort underwent open RP, which may not entirely
align with current global trends favoring robotic or laparoscopic
approaches. Additionally, the presence of missing data for some
patients, albeit a consequence of the study’s large sample size, may
have introduced a degree of selection bias. Furthermore, the
retrospective and single-center nature of our study can impact its
generalizability to broader clinical settings. It’s important to
acknowledge that our study had limited power to conduct
comprehensive survival analyses, as a substantial number of
patients lacked complete data on survival and biochemical
recurrence. Nevertheless, it’s essential to underscore that the
primary aim of our investigation was not to extensively evaluate
the effect of LVI on survival outcomes but rather to discern its
preoperative and postoperative correlates. Furthermore, we did
not conduct multivariate analysis specifically on postoperative
outcomes associated with LVI. Consequently, the force of
correlation between LVI and the number of positive LNs in pN+
patients was explored in univariate analysis only. Lastly, our study is
rooted in clinical and histopathological data from PCa patients.
However, it lacks specific data on the pathomorphological
characteristics of the tumors. Therefore, a more comprehensive
investigation of histological subtypes (such as intraductal
adenocarcinoma or the cribriform pattern) could provide new
insights into LVI across various subtypes, thus potentially
improving the quality of the scientific evidence. Despite these
limitations, it is essential to emphasize that postoperative
outcome assessment, while in a univariate setting, contributes
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valuable insights to the broader understanding of LVI’s clinical
implications in PCa.

In conclusion, our study adds a significant dimension to the
understanding of LVI’s clinical implications in PCa. By revealing its
association with the number of positive LNs, we emphasize the
importance of identifying LVI as a prognostic factor, particularly in
patients with lymph node involvement. Ideally, further studies
should focus on the assessment of LVI during the biopsy. The
preoperative factors linked to LVI provide actionable insights for
risk stratification and clinical decision-making. Although the
interpretation of LVI remains challenging and the reported
incidences are highly variable, our study contributes to bridging
the knowledge gap in this field and offers critical guidance for the
diagnosis of PCa patients. Subsequent investigations should aim to
unravel the underlying factors contributing to the observed
heterogeneity in reporting LVI and to validate the practical utility
of preoperative markers in clinical practice. Moreover, future
research endeavors should focus on low- and intermediate-risk
PCa patients. Emphasizing the assessment of LVI in biopsy
specimens, rather than relying solely on RP specimens, would be
crucial for enhancing preoperative risk stratification. Ideally,
prospective, multi-center studies are warranted to provide a more
comprehensive understanding of LVD’s clinical implications across
diverse patient populations.

5 Conclusions

Our study highlights the pivotal role of LVI in PCa prognosis.
Analyzing 861 PCa patients, we identified key preoperative predictors
for LVI, including MRI-based cT, biopsy GGG, preoperative PSA,
and PPBC. Notably, our research reveals a novel association between
LVI and an increased number of positive LNs in pN+ patients in the
univariate analysis. Despite study limitations, such as its retrospective
nature and potential selection bias, our findings emphasize the
significance of LVI in PCa, urging personalized approaches in
patient prognosis-related decision-making. Future studies should
delve into LVDs implications for intermediate-risk patients and
address the heterogeneity in LVI reporting across studies, as well as
LVI as a possible biopsy finding.
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moim wkladem bylo wspottworzenie bazy danych pacjentéw oraz porzadkowanie danych w celu
przygotowania do analizy statystycznej. Dodatkowo, zajmowatem si¢ tworzeniem opisu zalezno$ci
miedzy jednostronng limfoangioinwazja a zmiennymi Kkliniczno-patologicznymi, ktore zostaty

przedstawione w tabeli 3. Ponadto, przeprowadzitem edycje grafiki 4.

Wyrazam zgod¢ na wigczenie wyzej wymienionych prac, ktérym jestem wspolautorem, do cyklu

publikacji, na podstawie ktorych bedzie oparta rozprawa doktorska lek. Jakuba Karwackiego.
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moim udzialem byto wspoltworzenie bazy danych pacjentéw oraz praca merytoryczno-redakcyjna nad
wstepnym manuskryptem. Pomagalem w interpretacji wynikow analizy statystycznej oraz udzielalem

wsparcia w pisaniu dyskusji.

Wyrazam zgod¢ na wlaczenie wyzej wymienionych prac, ktérym jestem wspoélautorem, do cyklu
publikacji, na podstawie ktérych bedzie oparta rozprawa doktorska lek. Jakuba Karwackiego.

........................



UNIWERSYTET MEDYCZNY

IM. P1ASTOW SLASKICH WE WROCLAWIU

Prof. dr hab. n. med. Agnieszka Haton Wroctaw, 13.05.2024
Katedra Patologii Klinicznej i Doswiadczalnej
Uniwersytet Medyczny im. Piastow Slaskich we Wroctawiu

OSWIADCZENIE WSPOLAUTORA

Os$wiadczam, ze w nizej wymienionych pracach:

1. Karwacki, J.; Gurwin, A.; Jaworski, A.; Jarocki, M.; Stodolak, M.; Diubak, A.; Szuba, P.;
Leminski, A.; Kaczmarek, K.; Halon, A.; Szydelko, T.; Malkiewicz, B. 2024. Association of
Lymphovascular Invasion with Lymph Node Metastases in Prostate Cancer—Lateralization
Concept. Cancers, 16(5), 925
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Kaczmarek, K.; Halon, A.; Szydelko, T.; Malkiewicz, B. 2024. The clinical meaning of
lymphovascular invasion: preoperative predictors and postoperative implications in prostate

cancer - a retrospective study. Frontiers in Oncology, 14

moja rolg bylo przeprowadzenie analizy patomorfologicznej preparatéw pochodzacych z zabiegow
prostatektomii radykalnej, a takze ocena merytoryczna opisu metodologii badania histopatologicznego

w manuskrytach.

Wyrazam zgode na wigczenie wyzej wymienionych prac, ktérym jestem wspélautorks, do cyklu
publikacji, na podstawie ktérych b¢dzie oparta rozprawa doktorska lek. Jakuba Karwackiego.
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Kaczmarek, K.; Haton, A.; Szydetko, T.; Matkiewicz, B. 2024. The clinical meaning of
lymphovascular invasion: prcoperative predictors and postoperative implications in prostatc

cancer - a retrospective study. Frontiers in Oncology, 14

mojg rolg byto wspottworzenie pierwotnej formy manuskryptow, w ktérych bylem odpowiedzialny za

wspoéltworzenie tresci dyskusji oraz uporzadkowanie danych tabelarycznych.
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Leminski, A.: Kaczmarek. K.; Halod. A.: szydetho, 1.: Malkiewicz, B. 2024, Association of
Lymphovascular Invasion with Lymph Node Metastases in Prostate Cancer— Luteralization
Concept. Cancers, 16(5), 925
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Karwacki, J.; Latkowska, M.: Jarocki, M.: Jaworski. A.; Szuba, P.; Poterek, A.: Leminski. Al
Kaczmarek. K.; Halof, A.: Szydelko. T.: Malkiewicz, B. 2024. The clinicul meaning of
lymphovascular invasion: preoperative predictors and postoperative implications in prostate

cancer - a retrospective study, Frontiers in Uneology. 14
mojg rolg bylo wspaltworzenic pierwotnej  formy  manuskryptu. Skupilem si¢ na wsparciu
merytorycznym przy opisywaniu wynikow. a takze pomoglem utworzy¢ zrab metodologii oraz dyskusji

powyzszych pracy naukowej.

Wyrazam zgode na whyezenie wyzej wymienionych prue, Korym jestem wspolautorem. do cykiu

publikacji. na podstawie kiorych bedzie oparta rozprawa dokturska lek. Jakuba Karwuckicgo.
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Leminski, A.; Kaczmarek, K.; Haton, A.; Szydetko, T.; Matkiewicz, B. 2024. Association of
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Concept. Cancers, 16(5), 925

2. Karwacki, J.; Latkowska, M.; Jarocki, M.; Jaworski, A.; Szuba, P.; Poterek, A.; Leminski, A.;
Kaczmarek, K.; Haton, A.; Szydetko, T.; Matkiewicz, B. 2024. The clinical meaning of
lymphovascular invasion: preoperative predictors and postoperative implications in prostate

cancer - a retrospective study. Frontiers in Oncology, 14

moja rolag bylo wspolprojektowanie metodologii badan oraz wspoltworzenie pierwotnej formy

manuskryptow, a takze pomoc przy wspottworzeniu tabel i grafik.

Wyrazam zgod¢ na wigczenie wyzej wymienionych prac, ktérym jestem wspolautorem, do cyklu

publikacji, na podstawie ktorych bedzie oparta rozprawa doktorska lek. Jakuba Karwackiego.
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Matkiewicz, B. 2024. Preoperative Factors for Lymphovascular Invasion in Prostate Cancer: A

Systematic Review and Meta-Analysis. International Journal of Molecular Sciences, 25(2), 856,

moim udzialem bylo wspéitworzenie pierwotnego manuskryptu publikacji, a takze pomoc w ustaleniu

odpowiednich fraz zastosowanych podczas systematycznego przegladu literatury.

Wyrazam zgod¢ na wlaczenie wyzej wymienionych prac, ktorym jestem wspélautorem, do cyklu
publikacji, na podstawie ktérych begdzie oparta rozprawa doktorska lek. Jakuba Karwackiego.
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Systematic Review and Meta-Analysis. International Journal of Molecular Sciences, 25(2), 856

moja rola byla korekta finalnej formy manuskryptu, a takze wsparcie merytoryczne podczas procesu

analizy statystycznej w ramach prowadzonych metaanaliz.

Wyrazam zgod¢ na wlaczenie wyzej wymienionych prac, ktéorym jestem wspolautorem, do cyklu
publikacji, na podstawie ktérych b¢dzie oparta rozprawa doktorska lek. Jakuba Karwackiego.
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Malkiewicz. B. 2024. Preoperative Factors for Lymphovascular Invasion in Prostate Cancer: A

Systematic Review and Meta-Analysis. International Journal of Molecular Sciences, 25(2), 856,

moim udzialem bylo merytoryczne wsparcie podczas rewizji pierwotnej wersji artykulu, a takze konsultacja

strategii wyszukiwania publikacji w ramach przegladu systematycznego.

2. Karwacki. J.: Gurwin, A.; Jaworski, A.; Jarocki, M.; Stodolak, M.; Dlubak, A.; Szuba, P.; Leminski, A.;
Kaczmarek, K.; Halon, A.; Szydelko, T.; Malkiewicz, B. 2024. Association of Lymphovascular Invasion

with Lymph Node Metastases in Prostate Cancer—Lateralization Concept. Cancers, 16(5), 925,

moja rola bylo wspélprojektowanie metodologii badania oraz ocena merytoryczna przeprowadzonej analizy

statystycznej.

3. Karwacki, J.; Latkowska, M.; Jarocki, M.; Jaworski, A.; Szuba, P.; Poterek. A.; Leminski, A.; Kaczmarek,
K.: Halon, A.; Szydelko, T.; Malkiewicz, B. 2024. The clinical meaning of lymphovascular invasion:

preoperative predictors and postoperative implications in prostate cancer - a retrospective study. Frontiers

in Oncology, 14,
moja rola bylo przeprowadzenie edycji oraz rewizji pierwotnej formy manuskryptu.

Wyrazam zgode na wlaczenie wyzej wymienionych prac, kiorym jestem wspolautorem, do cyklu publikacji, na

podstawie ktorych bedzie oparta rozprawa doktorska lek. Jakuba Karwackiego.
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moj3 rola bylo wspottworzenie grafik oraz rewizja tresci w ostatecznej formie manuskryptu. Ponadto,
pomoglam w opracowaniu oraz interpretacji analizy statystycznej,

Wyrazam zgod¢ na wlaczenie wyzej wymienionych prac, ktérym jestem wspélautorkg, do cyklu
publikacji, na podstawie ktérych bedzie oparta rozprawa doktorska lek. Jakuba Karwackiego.
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