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W MIEJSCOWO ZAAWANSOWANYM LUB PRZERZUTOWYM RAKU UROTELIALNYM

WYBIERZ KURS NA DLUZSZE ZYCIE

Z LEKIEM PADCEV W POROWNANIU ZE STANDARDOWA
CHEMIOTERAPIA WYBRANA ZGODNIE Z DECYZJA BADACZA

PADCEV to innowacyjne leczenie ukierunkowane na nektyne-4, wydtuzajace mOS do 12,9 miesiecy
u pacjentéw, ktorzy otrzymali wczesniej chemioterapie zawierajaca platyne i inhibitor
PD-1 lub PD-L1 w poréwnaniu ze standardowa chemioterapia wybrang przez
badacza (mOS, 12,9 vs 9 miesiecy; HR = 0,70, 95% Cl: 0,56-0,89; p = 0,001)*2,

“~ PADCEVY

enfortumab wedotyny

Proszek do sporzadzania koncentratu roztworu do infuzji
20mgi30mg

WSKAZANIA

Produkt leczniczy PADCEV w skojarzeniu z pembrolizumabem jest wskazany w pierwszej linii leczenia raka urotelialnego
nieresekcyjnego lub z przerzutami u dorostych pacjentéw, ktérzy kwalifikuja sie do chemioterapii opartej na pochodnych platyny?.
Produkt leczniczy PADCEV jest wskazany w monoterapii raka urotelialnego miejscowo zaawansowanego lub z przerzutami
u dorostych pacjentéw, ktérzy otrzymali wczesniej chemioterapie oparta na pochodnych platyny i inhibitor receptora programowanej
Smierci komorki 1 lub inhibitor ligandu programowanej $mierci komérki 11,

Cl - przedziat ufnosci; HR - wspotczynnik ryzyka; mOS - mediana przezycia catkowitego; PD-1 - inhibitor receptora programowanej Smierci komérki 1;

PD-L1 - inhibitor ligandu programowanej $mierci komoérki 1.
Referencje: 1. Charakterystyka Produktu Leczniczego PADCEV. 2. Powles T et al. Enfortumab vedotin in previously treated advanced urothelial carcinoma. N Engl J Med

2021; 384(12): 1125-1135.
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Informadja o leku

Niniejszy produkt leczniczy bedzie dodatkowo monitorowany. Umozliwi to szybkie zidentyfikowanie nowych informacji o bezpieczenistwie. Osoby nalezace do fachowego personelu medycznego powinny zgfaszac wszelkie podejrzewane dziatania niepozadane. Aby dowiedziec sie, jak zgtaszac dziatania niepozadane — patrz punkt 4.8.
Charakterystyki Produktu Leczniczego (ChPL).

Nazwa produktu leczniczego: Padcev 20 mg proszek do sporzadzania koncentratu roztworu do infuzji, Padcev 30 mg proszek do sporzadzania koncentratu roztworu do infuzji. Sktad jakosciowy i ilosciowy: Jedna fiolka proszku do sporzadzania koncentratu roztworu do infuzji zawiera 20 mg enfortumabu wedotyny (Padcev 20 mg) albo 30 mg
enfortumabu wedotyny (Padcev 30 mg). Po rekonstytucji kazdy ml roztworu zawiera 10 mg enfortumabu wedotyny. Enfortumab wedotyny skada sie z w peni ludzkiego prze(lwtla#a l9G1 kappa, sprzezonego ze Srodkiem niszczacym mikrotubule, monometylo aurystatyng E (ang. Monomethyl Auristatin E, MMAE) za posrednictwem maleimidokaproilo
‘walino-cytrulinowego tacznika rozszczepianego przez proteaze. Petny wykaz substancji pomocniczych, patrz punkt 6.1 ChPL. Posta¢ Proszek do roztworu do infuzji. ia do ia: Produkt leczniczy Padcev w skojarzeniu z pembrolizumabem jest wskazany w pierwszej linii leczenia raka
urotelialnego nieresekcyjnego lub z przerzutami u dorostych pacjentow, ktérzy kwalifikuja sie do chemioterapii opartej na pochodnych platyny. Produkt leczniczy Padcev jest wskazany w i raka I migjscowo lubz i u dorostych pacjentdw, ktrzy otrzymali wezesniej chemioterapie oparta na pochodnych
platyny i inhibitor receptora programowanej Smierci komérki 1 lub inhibitor Mgandu pmgramawanej $mierci komdrki 1 (patrz punkt 5.1 ChPL). Dawkowanie i sposb podawania: Leczenie produktem leczniczym Padcev powinien rozpocza¢ i nadzorowac lekarz majacy doswiadczenie w stosowaniu terapii przeciwnowotworowych. Przed rozpoczeciem
leczenia nalezy zapewnic dobry dostep zylny (patrz punkt 4.4 ChPL) wedotyny w i wynosi 1,25 mg/kg mc. ie do 125 mg u pacjentéw o masie ciata > 100 kg) i podaje si ja we wlewie dozylnym przez 30 minut w 1., 8.1 15. dniu 28-dniowego cyklu do czasu progresji choroby lub wystapienia
niemozliwych do zaakceptowania objawdw toksycznosci. Zalecana dawka enfortumabu wedotyny w skojarzeniu z pembrolizumabem wynosi 1,25 mg/kg mc. (maksymalnie do 125 mg u pacjentow o masie ciata > 100 kg) i podaje sie ja we wlewie dozylnym przez 30 minut w 1.i8. dniu kazdego trzytygodniowego (21-dniowego) cyklu do czasu progresji
choroby lub wystapienia nlemozllwy(h do zaakceptowania objawdw toksycznosci. Zalecana dawka pembmhzumabu 10 200 mg co 3 tygodnie albo 400 mg co 6 tygodni podawana we wlewie dozylnym przez 30 minut. Jezeli oba leki sa podawane tego samego dnia, pacjenci powinni otrzyma¢ pembrolizumab po enfortumabie wedotyny. Dodatkowe

informacje na temat I patrz ChPL i Zalecane zmniej dawki enfortumabu wedotyny w przypadku dziatari niepozadanych znajduje sie w ponizszej tabeli (Tabela 1):
Stopie zmniejszenia dawki
Dawka poczatkowa 1,25 mg/kg mc. do 125 mg
Pierwsze zmniejszenie dawki 1,0mg/kg mc. do 100 mg
Drugie zmniejszenie dawki 0,75 mg/kg mc. do 75 mg
Trzecie ie dawki 0,5 mg/kg mc. do 50 mg
Modyfikacje dawki: Informacja o przerwaniu, zmniejszeniu i jieniu dawki wedotyny u pacjentéw z rakiem migjscowo lub i znajduje sie w ponizszej tabeli (Tabela 2):
Dziatanie niepozadane Nasilenie* Modyfikacja dawki*
Reakdje skérne ji zespot Ste Johi (ang. St Johi Syndrome, SJS) lub martwica | Natychmiast wstrzymac podawanie i objac pacjenta opieka spejalistyczng
loksy(znu rozptywna naskorka (ang. Toxic Epidermal Necrolysis, TEN), lub zmiany pecherzowe
Potwierdzony SJS lub TEN; stopieri 4. lub nawracajacy stopier 3. Zakoriczy¢ leczenie
Pogorszenie stopnia 2. = Wstrzymac podawanie do uzyskania stopnia < 1.
Stopien 2.z goraczka - Rozwazy( objecie pacjenta opiekq specjalistyczng
Stopien 3. « Wznowi¢ podawanie w tej samej dawce lub rozwazy¢ zmniejszenie dawki o jeden stopien (patrz Tabela 1)
Hiperglikemia Glikemia « Wstrzymac podawanie, dopdki zwiekszone stezenie glukozy nie zmniejszy sie do wartosci < 13,9 mmol/l (< 250 mg/dI)
> 13,9 mmol/l (> 250 mg/dl) « Wznowic leczenie w tej samej dawce
zapalenie Srodmiaz Stopien 2. Wstrzymac podawanie do uzyskania stopnia < 1., nastepnie wznowic podawanie w tej samej dawce lub rozwazy¢ zmniejszenie dawki o jeden stopieri (patrz Tabela 1)
horoba ptuc (ang d ILb) Stopien > 3. Zakoriczy¢ leczenie
Neuropatia obwodowa Stopien 2. « Wstrzymac podawanie do uzyskania stopnia < 1.
W przypadku pierwszego wystapienia wznowic leczenie w tej samej dawce
« W przypadku nawrotu wstrzymac podawanie do uzyskania stopnia < 1., a nastepnie wznowic leczenie w dawce zmniejszonej o jeden stopieri (patrz Tabela 1)
Stopien 3. Zakoriczyc leczenie
*Toksycznosci oceni 1g Wspélnych Kryteriéw Terminologii Zdarzeri National Cancer (ang. National Cancer Institute Common Termmalﬂgy[mena farAdverseEvemx NCI- (T(A) wersja 5,0, zgodnie z ktdrymi stopieri 1. oznacza nasilenie tagodne, stopieri 2. umic topient 3. ciezkie, a stopien 4. j iu. Specjalne
grupy pacjentow: Pagjenciw, podeleym wieku: Nie ma koniecznosci dostosowania dawki u pacjentow w wieku > 65 lat (pa(rz punkts 2ChPL). Zaburzeni i Niema § dawki u pacjentow zfagodnymi [Klirens kreatyniny (ang. Creatinine Clearance, CrCL) > 60-90 ml/min], umiarkowanymi (CrCL 30-60 ml/min) ani ciezkimi
(CrCL15- < 30 ml/min) iami czynnosci nerek. wedotyny ni pacjentow ze schytk y ig nerek (CrCL < 15 ml/min) (patrz punkt 5.2 ChPL). Zaburzenia czynnosci wqtroby: Nie ma koniecznosci dostosowania dawki u pacjentow zfagodnymi zaburzeniami czynnosci watroby [bilirubina catkowita od 1do 1,5 x gérnej
granicy normy (GGN) i dowolna aktywnos¢ aminotransferazy asparaginianowej (AST) lub bilirubina catkowita < GGN i AST > GGN]. Enfortumab wedotyny oceniano tylko w ograniczonej grupie pacjentow z umiarkowanymi i cizkimi zaburzeniami czynnosci watroby. Nalezy spodziewac sie, ze zaburzenia czynnosci watroby zwiekszaja ogdlnoustrojow
ekspozycje na MMAE (lek cytotoksyczny); dlatego tez nalezy cisle monitorowac pacjentow w kierunku potencjalnych dzlahn niepozadanych. Ze wzgledu na nleW|equ liczbe danych dotyczacych pacjentow z umi i i ciezkimi iami czynnosci watroby nie mozna podac konkmmy(h zalecen dotyczacych dawkowania (patrz punkt 5.2 ChPL).
Dzieciimfodziez: Stosowanie enfortumabu wedotyny u dzieci i mfodziezy nie jest wiasciw leczenie raka miejscowo. i. Sposob podawania: Produkt leczniczy Padcev podaje sig dozylnie. Zalecana dawka musi by¢ podawana we wlewie dozylnym przez 30 minut. Er wedotyny nie mozna
podawac we wstrzyknigciu ﬂozylnym ani w szybkim wstrzyknieciu dozylnym (bolus). Instrukcja dotyczaca rekonstytudji i rozciericzenia produktu leczniczego przed podaniem, patrz punkt 6.6 ChPL. Przeciwwskazania: Nadwrazliwos¢ na substancje czynng lub na ktorakolwiek substancje pomocnicza wymieniong w punkcie 6.1 ChPL. Specjalne
ia i $rodki 2 yez] ia: Identyfikowalnosé: W celu poprawienia identyfil kawa\noscl hla\oglanych produktow Ieczm(zy(h nalezy dokfadnie odna(owac nazwgl numer serii podawanego produktu. Reakcje skorne: Reakqe skame 2wiazane z podawaniem enfovtumabu wedotyny s3 wynikiem j jego wiazania do nektyny-4
j ekspresji w skorze. W pr; ypadkuw ia goraczki lub objawéw g ktdre moga by¢ pi bjawami cigzkiej skome], ¢ pacjentow. D iu reakgji skomnych o i N Zwigzku tumabu w postaci wysypki
p\amlsm grudkowej. Czestos¢ keji skomych byta wieksza, gdy b wedotyny podawan jarzeni i w jiu d wedotyny i (patrz punkt 4.8 ChPL). U pacjentow leczonych dotyny wystepowaly rowniez skorne dziafania ni iezkim
nasileniu, w tym SJS i TEN, ze skutkiem Smiertelnym, gtownie w trakcie pierwszego cyklu leczenia. Nalezy monitorowac pacjentow w kierunku reakji skornych, poczawszy od pierwszego cyklu i przez caly czas leczenia. W przypadku ienia reakgji skomnych o nasileniu fagodnym do mozna rozwazy¢ iednie leczenie, takie jak
miejscowe podawanie kortykosteroidow i podawanie lekéw przeciwhistaminowych. W razie podejrzenia SJS lub TEN, lub w przypadku wystapienia zmian nalezy iast wstrzymac Ie(zeme i ub}q( pacjentéw opieka spedalistyczna; potwierdzenie h\slo\ogl(zne w lym mzwazeme wykonama kilku biopsji, ma kluczowe znaczenie dla
wczesnego fozpoznania, poniewaz diagnoza i interwencja i¢ rokowanie. Nalezy i¢ produkt leczniczy Padcev w ferdzenia 1S ub TEN, reakjistopnia 4. lub nawracajac 6mych stopnia 3. W przypadku iar 2, wystapi K 2.2gorqakq lubwystapieniareaki 6
stopnia 3. nalezy wstrzymac leczenie do uzyskania stopnia < 1.1 rozwazyc objecie pacjentow opieka specjalistyczng. Wznowic leczenie w tej samej dawce lub rozwazyc zmniejszenie dawki o jeden stopien (patrz punkt 4.2 ChPL). Nieinfekcyj nezapaleme pu¢/ILD: U paqemow Ieaony(h wedotyny wystep jne zapal
ILD o cigzkim nasileniu, zagrazajq(e zyciu lub prowadzqce do zgonu. Czestos¢ wystepowania nieinfekcyjnego zapalenia ptuc/ILD, w tym zdarzeni o cigzkim nasileniu, byta wieksza podczas podawania enfortumabu wedotyny w skojarzeniu z w do wedotyny w i (patrz punkt 4.8 (hPL)
Pacjentéw nalezy ¢ w kierunku i podmiotowych objawéw niei jnego zapalenia ptuc/ILD, takich jak niedotlenienie, kaszel, dusznos¢ lub nacieki $rodmiazszowe w badaniach radiologicznych. W przypadku zdarzeri stopnia = 2. nalezy podac kortykosteroidy (np. prednizon lub jego odpowiednik w dawce poczatkowej

1-2mg/kg mc./dobe, ktdra nastepnie nalezy stopniowo zmniejszac). Nalezy wstrzymac leczenie produktem leczniczym Padcev w przypadku nieinfekcyjnego zapalenia ptuc/ILD stopnia 2. i rozwazy¢ zmniejszenie dawki. Nalezy zakoriczy¢ leczenie produktem leczniczym Padcev w przypadku nieinfekcyjnego zapalenia ptuc/ILD stopnia > 3. (patrz punkt 4.2
ChPL). Hiperglikemia: Hiperglikemia i kwasica ketonowa cukrzycowa (ang. Diabetic Ketoacidosis, DKA), w tym przypadki zgondw, wystepowaty u pacjentow z cukrzyca w wywiadzie lub bez niej, leczonych enfortumabem wedolyny (patrz punkt 4.8 ChPL). Hlpergllkemla wystepowata czesciej u pacjentow z wezesniej istniejaca hiperglikemia lub wysokim
wskaznikiem masy ciata (BMI > 30 kg/m?). Pacjentéw ze stezeniem HbATc > 8% w punkcie wyjsciowym wykluczono z badar Klinicznych. Przed podaniem dawki i okresowo przez caly czas trwania leczenia zgodnie i i nalezy monit ie glukozy u pacjentow z cukrzyca lub narazonych na ryzyko cukrzycy badz hiperglikemii.
Jezeli stezenie glukozy jest podwyzszone, tj. ma wartos¢ > 13,9 mmol/l (> 250 mg/dI), nalezy odstawi¢ produkt leczniczy Padcev do czasu az stezenie glukozy nie zmniejszy sie do wartosci < 13,9 mmol/I (< 250 mg/dl) i wdrozy¢ odpowiednie leczenie (patrz punkt 4 2 ChPL). Ciezkie zakazenia: Donoszono o wystepowaniu ciezkich zakazen, takich jak
posocznica (w tym przypadkéw smiertelnych) u pacjentow leczonych enfortumabem wedotyny. Podczas leczenia nalezy Scisle monitorowac pacjentow w kierunku pojawienia sie ewentualny(h ciezkich zakazen. eurapana obwodowa: Podczas podawania enfortumabu wedotyny wystepowata neuropatia obwodowa, gtéwnie neuropatia obwodowa
czuciowa, w tym reakcje stopnia = 3. (patrz punkt 4.8 ChPL). Pacjentdw z wezesniej istniejaca neuropatia obwodowq stopnia 2. wykluczono zbadari klinicznych. Pacjentow nalezy ¢w kierunku jawdw lub nasilenia istniejacej neuropatii obwodowej, poniewaz tacy pacjenci mogq wymagac opdznienia w podawaniu, zmniejszenia
dawki lub odstawienia enfortumabu wedotyny (patrzTabela 1). Produkt leczniczy Padcev nalezy patii obwodowej ia > 3. (patrz punkt 4.2 ChPL). Zaburzenia oka: U pacjentow leczonych enfortumabem wedotyny wystepowaty zaburzenia oka, gtwnie zespot suchego oka (patrz punkt 4.8 ChPL). Nalezy monitorowac
pagjentéw w kierunku zaburzenia oka. W ramach profilaktyki zespotu such ka nalezy rozwazy¢ tezi ki ie na badani i , jezeli objawy oczne nie ustapity lub ulegty pogorszeniu. Wynaczynienie w miejscu podania wlewu: W przypadku wynaczynienia obserwowano uszkodzenie skéry i tkanek miekkich po podaniu
enfortumabu wedotyny (patrz punkt 4.8 ChPL). Przed mzpo(zg(lem padawama produktu Ieanlaegn Padcev nalezy zapewnic dobry dostep zylny i w trakcie podawania monitorowac mozliwe wynaczynienia w miejscu podania wlewu. Jezeli nastapi wynaczynienie, nalezy przerwac wlew i monitorowac pacjenta w kierunku wystapienia dziatan
Toksycznos¢ dla zarodka lub ptodu i ja: Kobiety w ciazy nalezy poir ¢o potencjalnym ryzyku dla ptodu (patrz punkty 4.6 5.3 ChPL). Kobietom w wieku rozrodczym nalezy zaleci¢ wykonanie testu uqzawego w ciagu 7 dni przed rozpoczeciem leczenia wedotyny, e sk nej ji
w trakcie leczenia i przez co najmniej 6 miesiecy od zakoriczenia leczenia. Zaleca sie, aby mez(zyznl \e(zenl enfortumabem wedotyny nie sptodzili dziecka w czasie trwania leczenia i przez co najmniej 4 miesiace od podania ostatniej d prudnkm Ieczmczego Padcev. Informacja dla pacjenta: Lekarz przepisujacy Padcev ma ohOW|qzek omowic z pacjentem
ryzyka zwiazane z leczeniem tym produktem leczniczym, w tym z leczeniem skoj po przepisaniu leku pacjent powinien otrzymac ulotke dla pacjenta maz karte dla pacjenta. Dziatania it jie profilu bezpieczeristwa: Enfortumab wedotyny w. Bezp\eczenstwo slosowama
wedotyny w i oceni 793 padjentéw, ktdrzy otrzymali co najmniej jedng dawke enfortumabu wedotyny w dawce 1,25 mg/kg mc. w dwach badaniach fazy | (EV-101i EV-102), trzech badaniach fazy II (EV-103, EV-2011 EV- 203) oraz jednym badaniu fazy Ill (EV-301) (patrz punkt Dziatania niepoz
enfortumabem wedotyny w monoterapii ponizej). Mediana czasu ekspozydji pacjentéw na enfortumab wedotyny wynosita 4,7 miesiaca (zakres: od 0,3 do 55,7 miesiaca). Najczestszymi dziataniami niepozadanymi enfortumabu wedotyny byly: fysienie (47,7%), zmme]xzony ape\yl (47,2%), zmeczenie 146 8%), biegunka (39,1%), neumpana
obwodowa czuciowa (38,5%), nudnosci (37,8%), $wiad (33,4%), zaburzenia smaku (30,4%), niedokrwistos¢ (29,1%), zmniejszenie masy ciata (25,2%), wysypka plamisto-grudkowa (23,6%), suchosc skory (21,8%), wymioty (18,7%), zwigkszona aktywnosc amil j (17%), hi i (14,9%), zespdt suchego oka (12,7%),
2wigkszona aktywnos¢ aminotransferazy alaninowej (12,7%) i wysypka (11,6%). Najczestszymi ciezkimi dziataniami niepozadanymi (= 2%) byly biegunka (2,1%) i hiperglikemia (2,1%). Dwaduesaa Jeden procent pacjentow trwale odstawito enfortumab wedotyny z powodu dziafari niepozadanych; najczestszym dziataniem niepozadanym (= 2%)
prowadzacym do od: dawki byfa neurupana bwodowa czuciowa (4, 8%' Dziatania mepozqdane prowadzace do przerwania podawania dawki wystqplfy 2% pacjentow; najc: (=2%) i do przerwania podawania dawki byly: neuropatia obwodowa czuciowa (14,8%), zmeczenie (7,4%), wysypka
plamisto- gmdkuwa (4“/'\V i ie aktywnosci I j (3,4%) ie aktywnosci alaninowej (3 Z%) istos (:,Z%) ia (3. 2%), e liczba neutrofiléw (3%), biegunka (2,8%), wysypka (2,4%) i neuropatia obwodowa ruchowa (2,1%). Trzydzlesclaslem pm(empaqemuw
wymagalo: i ia dziataii niepoz j i dziataniami niepoz i (= 2%) ido ia dawki byly: bwodowa czuciowa (10,3%), zmeczenie (5,39%), wysypka plamisto-grudkowa (4,2%) i zmniejszony apetyt (2,1%).
Jezeli enfortumab wedotyny jest padawany w skojarzeniu z pembrolizumabem, przed rozpoczeciem leczenia nalezy zapoznac sie z ChPL i ieczeri stosowania wedotyny w skojarzeniu z pembmllzumabem oceniano u 564 pacjentdw, ktorzy otrzymali co najmniej jedna dawke enfonumabu wedotyny wynoszaca
1,25 mg/kg mc. w skojarzeniu z pembrolizumabem w jednym badaniu fazy Il (EV-103) oraz jednym badaniu fazy Ill (EV-302) (patrz punkt Dziatania niepozadane u pacjentow leczonych wedotyny w skoj i i ponizej). Mediana czasu ekspozycji pacjentéw na enfortumab wedotyny w skojarzeniu
z pembrolizumabem wynosita 9,4 miesiaca (zakres: od 0,3 do 34,4 miesiaca). Najczestszymi dziataniami niepozadanymi enfortumabu wedotyny w skojarzeniu z pembrolizumabem byty: neuropatia obwodowa czuclcwa (53,4%), Swiad (41, 1%', zmgczeme (40,4%), biegunka (: 39 ,2%), ysienie (38,5%), wysypka plamisto-grudkowa (36%), zmniejszona
‘masa ciafa (36%), zmniejszony apetyt (33,9%), nudnosci (28,4%), niedokrwistos¢ (25,7%), zaburzenia smaku (24,3%), suchosc skéry (18,1%), zwigkszona aktywnos¢ aminotransferazy alaninowej (16,8%), likemia (16,7%), zwiekszon: j (15, 4%) zespclsn(hego oka (14,4%), wymioty (13,3%), wysypka
plamista (11,3%), niedoczynnos¢ tarczycy (10,5%) i neutropenia (10,1%). Najczestszymi cigzkimi dziataniami niepozadanymi (= 2%) byly biegunka (3%) i nieinfekcyjne zapalenie ptuc (2,3%). Trzydziesci szes¢ procent pacjentow trwale odstawito enfortumab wedotyny z powodu dziatan ni i dziafaniami i (= 2%)
prowadzacymi do odstawienia byty neuropatia obwodowa czuciowa (12,2%) i wysypka plamisto-grudkowa (2%). Dziatania niepozdane prowadzace do przerwania podawania dawki enfortumabu wedotyny wystapity u 72% pacjentow. Naj i dziataniami niepoz i (= 2%) i do przerwama padawama dawkl byty neuropatia
obwodowa czuciowa (17%), wysypka plamisto-grudkowa (6,9%), biegunka (4,8%), zmeczenie (3,7%), nieinfekcyjne zapalenie ptuc (3,7%), hiperglikemia (3,4%), neutropenia (3,2%), zwiekszona aktywnos¢ aminotransferazy alaninowej (3%), $wiad (2,3%) i i istosc (2%). Dziatania ni jszenia dawki
wedotyny wystapity u 42,4% pacjentéw. Najczestszymi dziataniami niepozadanymi (> 2%) prawadzqcyml do zmniejszenia dawki byty neuropatia obwodowa czuciowa (9,9%), wysypka plamisto-grudkowa (6,4%), zmeczenie (3,2%), biegunka (2,3%) i neutropenia (2,1%). Dziatania niepozadane ubserwuwane pod(zas badan klinicznych enfortumabu
wedotyny w i lub w skojarzeniu I lub zgfaszane po wedotyny do obrotu wymieniono w tym punkcie wedtug czestosci wystepowania. Czestosc okreslono w nastepu]qcy sposob: bardzo czesto (= 1/10); czesto (= 1/100 do < 1/10); niezbyt czesto (= 1/1000 do < 1/100); rzadko (= 1/10 000 do
< 1/1000); bardzo rzadko (< 1/10 000); czgstosc nieznana (czgstosc nie moze by¢ okreslcna na podstawie dostepnych danych). W obrebie kazde] grupy 0 okreslonej czestosci ia objawy 3 ione zgodnie ze zmniejszaj sle (lgzkosuq Dziatania niepozadane u paqentow leczonych enfortumabem wedotyny
w monoterapii: Zakazenia i zarazenia pasozytnicze: (zgsto: posocznica. ia krwi i uktadu Bardzo czesto: ni . Nieznana': ia, goraczka neutropeniczna, j liczba neutrofili i i odzywiania: Bardzo czgsto: hij i apetyt. Nieznana': cukrzycowa
kwasica ketonowa. Zaburzenia uktadu nerwowego: Bardzo czesto: neuropatia obwodowa czuciowa, zaburzenia smaku. Czesto: neuropatia obwodowa, neuropatia obwodowa ruchowa, neuropatia obwodowa czuciowo-ruchowa, parestezja, niedoczulica, zaburzenia chodu, ostabienie miesni. Niezbyt czesto: Polineuropatia demielinizacyjna,
polineuropatia, neurotoksycznosc, dysfunkcja ruchowa, zaburzenia czucia, atrofia miesni, neuralgia, porazenie nerwu strzatkowego, utrata czucia, uczucie pieczenia skdry, uczucie pieczenia. Zaburzenia oka: Bardzo czesto: zespét g0 ok ia uktadu klatki piersiowej i srodpiersia: Czesto: nieinfekcyjne zapalenie ptuc/
ILD2 Zaburzenia zotadka i jelit: Bardzo czesto: biegunka, wymioty, nudnosci. Zaburzenia skoryltkanlﬂ podskdrnej: Bardzo czesto: fysienie, wiad, wysypka, wysypka plamisto-grudkowa, suchos¢ skory. (zgsla wykwwl polekowy, ztuszczanie skdry, zapalenie spojowek, dermatoza pecherzowa, powstawanie pecherzy, zapalenie jamy ustnej, zespot
erytrodystezji dtoniowo-podeszwowej, wyprysk, rumier, wysypka rumieni wysypka plamista, wysypka grudkowa, wysypka Swiadowa, wysypk Niezbyt czesto: uogdlnione ztuszczaj e skory, rumier wi fowy, wysypka jaca, pemfigoid, wysypka plamisto-pecherzykowa, zapalenie skary, alergiczne zapalenie
skory, kontaktowe zapalenie skdry, wyprzenie, podraznienie skory, wyprysk zastoinowy, pecherz z krwia. Nieznana': Martwica toksyczno-rozptywna naskérka, przebarwienia skory, odbarwienie skory, zaburzenia plgmentaql Zespdt Stevensa-Johnsona, martww(a naskorka, zwiazane z lekiem symetryczne wyprzenie | wykwity zgieciowe. Zaburzenia
ogélne i stany w miejscu podania: Bardzo czesto: zmeczenie. Czgsto: wynaczynienie w miejscu wlewu. Badania dlagnustycme Bardzo czesto: zwigkszona aktywnosc aminotransferazy alaninowej, zwigkszona aktywnusc i j masa ciata. Urazy, zatrucia i powiktania po zabiegach: Czesto: reakcje
2Zwiazane z wlewem. Dmlama niepozadane u pacjentéw leczonych wedatyny w skoj iu z Zakazenia i zarazenia pasozytnicze: (zesto: posocznica. krwi i uktadu Bardzo czgsto: ni istos¢. Nieznana': ia, goraczka neutropeniczna, zmniejszona liczba
neutrofili. i Bardzo czesto: ni S¢ tarazycy. iz i odzywiania: Bardzo czesto: hiperglikemi; ieje apetyt. Nieznana': cukrzycowa kwasica ketonowa. Zaburzenia uktadu nerwowego: Bardzo czesto: neuropatia obwodowa czuciowa, zaburzenia smaku. Czsto: neuropatia
obwodowa ruchowa, neuropatia obwodowa czuciowo-ruchowa, parestezja, niedoczulica, zaburzenia chodu, oslableme ‘migsni. Niezbyt czesto: neurotoksycznosc, zaburzenia czucia, miastenia rzekomoporazna, neuralgia, porazenie nerwu strzatkowego, uczucie pieczenia skory. Zaburzenia oka: Bardzo czesto: zespot suchego oka. Zaburzenia ukfadu
oddechowego, klatki piersiowej i Srodpiersia: Bardzo czesto: nieinfekcyjne zapalenie puc/ILD. Zaburzenia zotadka i jelit: Bardzo czesto: biegunka, wymioty, nudnosci. Zaburzenia skory i tkanki podskdrnej: Bardzo czesto: tysienie, Swiad, wysypka, wysypka plamisto-grudkowa, suchos¢ skdry, wysypka plamista. Czesto: wysypka, ztuszczanie
skory, zapalenie spojowek, dermatoza pecherzowa, powstawanie pecherzy, zapalenie jamy ustnej, zespét erytrodystezji dfoniowo-podeszwowej, wyprysk, rumien, wysypka rumieniowata, wysypka plamista, wysypka grudkowa, wysypka SW|qduwa, wysypka pecherzykowa, rumieri wielopostaciowy, zapalenie skory. Niezbyt czesto: wykwit polekowy,

uogdlnione ztuszczajace zapalenie skory, wysypka zlusl(za]q(a pemfi guld komaklowe zapalemeskory, wyprzenie, podraznienie skory, wyprysk zastoinowy. Nieznana': martwica toksyc plywna naskorka, p y, odbarwienie skory, zaburzenia pigmentadji, zespot Stevensa-Johnsona, martwica naskorka, zwigzane z lekiem symetryczne
wypvzenle iwykwity zgieciowe. ki facznej: (zesto: zapalenie miesni. Zaburzenia ogélne i stany w miejscu podania: Bardzo czesto: zmeczenie. (zgsto: wynaczynienie w miejscu wlewu. Badani dlagnostycme Bardzo czesto: zwiekszona aklywm)scammmranxfemzy a\amnawej,zmgkszana aktywnos¢
j masa ciata. Czesto: lipaza podwyzszona. Urazy, zatrucia i powiklania po zabiegach: Czesto: reakdje zwiazane z wlewem. 'Na podstawie danych na calym $wiecie po produktu do obrotu. 2Obejmuje: zespét ostrej ni chorobe

phuc, chorobe ptuc o podtozu immunologicznym, Srédmiazszowq chorobe ptuc, zmetnienie ptuc, organizujace sie zapalenie ptuc, zapalenie ptuc, zwtdknienie ptuc, toksycznos¢ ptucng i sarkoidoze. Opis wybranych dziatar niepozadanych: Immunogennosé: tacznie 697 pacjentéw zbadano w kierunku immunogennosci enfortumabu wedotyny podanego
w dawce 1,25 mg/kg mc. w monoterapii; 16 pacjentow potwierdzono jako dodatnich pod wzgledem cbecnosu przeciwciat przeciwlekowych (ang. Anti-Drug Antibodies, ADA) w punkcie wyjsciowym, a sposréd pacjentéw ujemnych w punkcie wyjsciowym (N = 681), facznie 24 (3,5%) byto poniej dodatnich. tacznie 490 pacjentow zbadano w kierunku

|mmnnogennosu enfortumabu wedolyny po podawaniu enfortumabu wedotyny w skojarzeniu z 24 padjentow jako dodatnlch pod wzglgdem obecnosci ADA w punkie wyjsciowym, a sposrod pacjentow ujemnych w punkcie wyjsclowym (N = 466), tacznie 14 (3%) byto pézniej dodatnich. Czgstos¢ wystepowania
przeciwciat przeci wedotyny leczeniem byta spdjna z oceng po pod: wedotyny w i oraz w skoj; ‘e wzgledu na i liczbe pacjentdw, u ktdrych potwi $¢ przeciwciat przeciwko produktowi leczniczemu Padcev, nie mozna wyciagnac wnioskow
dotyczacych mozliwego wptywu i $ci na skutecznosc, bezpieczeristwo stosowania i { produktu. Reakeje skdrne: W badaniach klinicznych enfortumabu wedotyny w monoterapii reakcje skorne wystapity u 57% (452) sposrod 793 pacjentéw leczonych enfortumabem wedotyny w dawce 1,25 mg/kg mc. Reakdje skdme o ciezkim

nasileniu (stopien 3. lub 4.) wystapity u 14% (108) pacjentw i wiekszos¢ z tych reakgji obejmowata wysypke plamisto-grudkowa, zapalenie jamy ustnej, wysypke rumieniowata, wysypke lub wykwit polekowy. Mediana czasu do wystapienia reakgji skornych o ciezkim nasileniu wynosita 0,7 miesiaca (zakres od 0,1 do 8,2 miesiaca). Ciezkie reakcje skéme
wystapity u4,3% (34) pacjentéw. Wsrdd pacjentow, u ktorych wystapity reakcje skore i dla ktdrych byty dostepne dane dotyczace ustapienia (N = 366), u 61% objawy ustapity catkowicie, u 24% uzyskano czesciowa poprawe, a u 15% nie wystapita poprawa w momencie ostatniej oceny. Sposréd 39% pacjentéw z resztkowymi reakcjami skornymi podczas
ostatniej oceny 38% miato zdarzenia stopnia > 2. W badaniach Klinicznych enfortumabu wedotyny w skojarzeniu z pembrolizumabem reakcje skorne wystapity u 70% (392) sposréd 564 pacjentow, a wiekszosc tych reakcji skornych obejmowata wysypke plamisto-grudkowa, wysypke plamista oraz wysypke grudkowa. Ciezkie (stopnia 3. lub 4.) reakje
skéme wystapity u 17% (97) pacjentow (stopnia 3.: 16%, stopnia 4.: 1%). Mediana czasu do wystapienia cigzkich reakdji skornych wynosita 1,7 mleslqca (zakres: 0d 0,1do 17,2 m\eslq(a) Wsmd paqentcw, uktorych wyslquy reakcje skorne i ktorzy mieli dane dotyczace ustapienia (N = 391), u 59% objawy ustapity catkowicie, u 30% uzyskano czesciow
poprawe, au10% nie wystapita poprawa w momencie ostatniej oceny. Sposrdd 41% pacjentéw z resztkowymi reakcjami skornymi w momenci iej oceny 27% miato zd fuc/ILD: W badaniach Klinicznych wedotyny w jne zapalenie ptuc/ILD wystapito u 26 (3,3%) sposrod
793 pacjentow leczonych enfortumabem wedotyny w dawce 1,25 mg/kg mc. Mniej niz 1% pacjentow doswiadczyto ciezkiego (stopieri 3. lub 4.) nlemfek(y]nego zapalenia ptuc/ILD (sluplen 3 0,5%, stopieri 4.: 0,3%). Nieinfekcyjne zapalenie ptuc/ILD doprowadzito do przerwania leczenia enfortumabem wedotyny u 0,5% pacjentéw. Nie byto zgonow
z powodu nieinfekcyjnego zapalenia ptuc/ILD. Mediana czasu do wystapienia nieinfekcyjnego zapalenia ptuc/ILD dowolnego stopnia wynosita 2,7 miesiaca (zakres od 0,6 do 6,0 miesiecy), a mediana czasu trwania nieinfekcyjnego zapalenia ptuc/ILD wynosita 1,6 miesiaca (zakres od 0,1 do 43,0 miesiecy). Sposréd 26 pacjentéw, u ktérych wystapito
nieinfekcyjne zapalenie ptuc/ILD, u 18 (30,8%) objawy ustapity. W badaniach klinicznych enfortumabu wedotyny w skojarzeniu z pembrolizumabem nieinfekcyjne zapalenie ptuc/ILD wystapito u 58 (10,3%), sposréd 564 pacjentéw. Cigzkie (stopnia 3. lub 4.) nieinfekcyjne zapalenie ptuc/ILD wystapito u 20 pacjentéw (stopnia 3.: 3,0 %, stopnia 4.: 0,5%).
Nieinfekcyjne zapalenie ptuc/ILD doprowadzito do przerwania Ieczema enfortumabem wedotyny u 2,1% pacjentow. U dwdch pacjentéw nieinfekcyjne zapalenie ptuc/ILD zakoriczyto sie zgonem. Mediana czasu do wystapienia jakiegokolwiek stopnia nieinfekcyjnego zapalenia ptuc/ILD wynosita 4 miesiace (zakres: od 0,3 do 26,2 miesiaca). Hiperglikemia:
W badaniach klinicznych wedotyny w ia (stezenie glukozy we krwi > 13,9 mmol/l) wystapita u 17% (133) sposrod 793 pacjentéw leczonych enfortumabem wedotyny w dawce 1,25 mg/kg mc. Cigzkie zdarzenia hiperglikemii wystapity u 2,5% pacjentow, u 7% pacjentow wystapita cigzka (stopnia 3. lub 4.)
hiperglikemia, a u 0,3% pacjentéw nastapit zgon, u jednego pacjenta hiperglikemia a u drugiego kwasica ketonowa cukrzycowa. Czestos¢ wystepowania hiperglikemii stopnia 3.-4. systematycznie rosta u pacjentow z wyzszym wskaznikiem masy ciata i u pacjentow z wigkszym stezeniem hemoglobiny A1C (HbA1c) w punkcie wyjsciowym. Mediana czasu
do wystapienia hiperglikemii wynosita 0,5 miesiaca (zakres od 0 do 20,3). Wsrod pacjentow, u ktdrych wystapita hiperglikemia i dla ktdrych byly dostepne dane dotyczace ustapienia (N = 106), u 66% objawy ustapity catkowicie, u 19% nastapita czeSciowa poprawa, a u 15% nie wystapita poprawa w momencie ostatniej oceny. Sposrod 34% pacjentow
zresztkowq hiperglikemia podczas ostatniej oceny 64% miato zdarzenia stopnia > 2. Neuropatia obwodowa: W badaniach Klinicznych enfortumabu wedotyny w monoterapii neuropatia obwodowa wystapita u 53% (422) sposréd 793 pacjentéw leczonych enfortumabem wedotyny w dawce 1,25 mg/kg mc. Pie¢ procent pacjentow doswiadczyto ciezkiej
(stopieri 3. lub 4.) neuropatii obwodowej, w tym zdarzeni czuciowych i ruchowych. Mediana czasu do wystapienia neuropatii obwodowej stopnia > 2. wynosita 4,6 miesiaca (zakres od 0,1 do 20,2). Wsréd pacjentow, u ktérych wystapita neuropatia i dla ktdrych byly dostepne dane dotyczace ustapienia (N = 340), u 14% objawy ustapity catkowicie, u 46%
nastapita czesciowa poprawa, a u 41% nie wystapita poprawa w momencie ostatniej oceny. Sposrod 86% pacjentow z resztkowa neuropatia podcz: iej 51% miato zdarzeni ia > 2. Zaburzenia oka: W badaniach Klinicznych wedotyny w ii 30% pacjentéw miato zespét suchego oka w trakcie leczenia enfortumabem
wedotyny w dawce 1,25 mg/kg mc. Leczenie przerwato 1,3% pacjentdw, a 0,1% trwale przerwato leczenie z powodu zespotu suchego oka. Cigzki (stopnia 3.) zespét suchego oka wystapit jedynie u 3 pacjentow (0,4%). Mediana czasu do wystapienia zespotu suchego oka wynosita 1,7 miesiaca (zakres od 0 do 30,6 miesiaca). Specjalne grupy pacjentow:
Pagjenci w podeszlym wieku: Enfortumab wedotyny w skojarzeniu z pembrolizumabem oceniano u 173 pacjentdw < 65 roku zycia i 391 pacjentéw > 65 roku chla Ogolme ags(usc wys(epowanla zdarzen niepozadanych byta wyzsza u pacjentow w wieku = 65 lat w porownaniu z pacjentami w wieku < 65 lat, szczegélnie w przypadku cigzkich zdarzert
niepozadanych (odpowiednio 56,3% i 35,3%) oraz zdarzeri > stopnia 3. (odpowiednio 80,3% i 64,2%), podobnie jak w grupie kontrolnej jacej ¢ dziatar niepoz Po dopuszczeniu pmduklu Ieanlaegn do obrotu istotne jest zgtaszanie podejrzewanych dziatari niepozadanych. Umozliwia to
nieprzerwane monitorowanie stosunku korzysci do ryzyka stosowania produktu leczniczego. Osoby nalezace do fachowego personelu medycznego powinny zgfaszac wszelkie ji dziatania nie za posrednictwem Dep: Dziatar Produktéw Leczniczych Urzedu Rejestracji Produktow Leczniczych,
Wyrobéw Medycznych i Produktéw Biobdjczych, Al. Jerozolimskie 181, PL-02 222 Warszawa, tel.: +48 22 4921 301, faks: +48 22 4921 309, Strona internetowa: https://smz.ezdrowie.gov.pl. Podmiot odpowiedzialny: Astellas Pharma Europe B.V., Sylviusweg 62, 2333 BE Leiden, Holandia. Numery pozwoleri na dopuszczenie do obrotu:
EU/1/21/1615/001-002 — wydane przez Komisje Europejska. Kategoria dostepnosci: Produkt leczniczy wydawany na recepte do zastrzezonego stosowania — Rpz.

a y Produktu Leczniczego dostepna na stronie Furopejskiej Agendi Lekdw http://y europa.eu lub na stronie e i i rystyki-produktow-leczniczych. MAT-PL-PAD-2025-00007 | Styczeri 2025
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Informacja o leku
— B etmi a.TM Nazwa produktu leczniczego: Betmiga 25 mg, Betmiga 50 mg; tabletki o przedtuzonym uwalnianiu. Sktad jakosciowy i ilosciowy:
> = g Kazda tabletka zawiera 25 mg lub 50 mg mirabegronu. Petny wykaz substancji pomocniczych, patrz punkt 6.1 Charakterystyki Produktu
mirabegron . . . - . . . .

Leczniczego (ChPL). Posta¢ farmaceutyczna: Tabletka o przedtuzonym uwalnianiu. Wskazania do stosowania: Objawowe leczenie
naglacego parcia na mocz, czestomoczui (lub) nietrzymania moczu spowodowanego naglacymi parciami, ktére moga wystapic u dorostych pacjentow z zespotem pecherza nadreaktywnego
(ang. overactive bladder, 0AB). Dawkowanie i sposob podawania: Dawkowanie: Dorosli (w tym pacjenci w podesztym wieku): Zalecana dawka to 50 mg raz na dobe. Szczegdlne grupy
pacjentdw: Zaburzenia czynnosci nerek i watroby: Produktu leczniczego Betmiga nie badano u pacjentéw z kraricowym stadium niewydolnosci nerek (GFR < 15 ml/min/1,73 m? pc. lub
pacjenci wymagajacy hemodializy) czy u pacjentéw z ciezkimi zaburzeniami czynnosci watroby (klasa C wg skali Child-Pugh), z tego wzgledu nie zaleca sie jego stosowania w tej grupie
pacjentéw (patrz punkt 4.415.2 ChPL). Zalecenia dotyczace dawki dobowej u pacjentéw z zaburzeniami czynnosci nerek lub watroby, gdy stosuje sie silne inhibitory CYP3A i gdy sie ich nie
stosuje. Gdy nie stosuje sie silnych inhibitoréw CYP3A: tagodne i umiarkowane zaburzenia czynnosci nerek* oraz fagodne zaburzenia czynnosci watroby**: 50 mg. Ciezkie zaburzenia
czynnosci nerek* oraz umiarkowane zaburzenia czynnosci watroby**: 25 mg. Gdy stosuje sie silne inhibitory CYP3A: tagodne i umiarkowane zaburzenia czynnosci nerek* oraz fagodne
zaburzenia czynnosci watroby**: 25 mg. Ciezkie zaburzenia czynnosci nerek* oraz umiarkowane zaburzenia czynnosci watroby**: nie zaleca sie stosowania produktu. (* Zaburzenia
czynnosci nerek: tagodne: GFR od 60 mil/min/1,73 m? pc. do 89 ml/min/1,73 m? pc.; umiarkowane: GFR od 30 mi/min/1,73 m? pc. do 59 ml/min/1,73 m? pc., ciezkie: GFR od 15 mi/min/1,73 m? pc.
do 29 mi/min/1,73 m? pc. ** Zaburzenia czynnosci watroby: fagodne: klasa A wg skali Child-Pugh; umiarkowane: klasa B wg skali Child-Pugh. Silne inhibitory CYP3A: patrz pkt 4.5 ChPL). Pte¢:
Nie ma koniecznosci dostosowania dawki w zaleznosci od ptci. Dzieci i mtodziez: Nie okreslono dotychczas bezpieczeristwa stosowania i skutecznosci mirabegronu u dzieci w wieku do 18 lat.
Dane nie sq dostepne. Sposéb podawania: Tabletke nalezy potkna¢ w catosci, popijajac ptynami, nie nalezy jej zu¢, dzieli¢ ani kruszy¢. Mozna j3 przyjac z positkiem lub bez positku.
Przeciwwskazania: Nadwrazliwos¢ na substancje czynng lub na ktérakolwiek substancje pomocnicza wymieniong w punkcie 6.1 ChPL. Cigzkie niekontrolowane nadcisnienie tetnicze
[ci$nienie skurczowe > 180 mmHg i (lub) ci$nienie rozkurczowe > 110 mmHg]. Specjalne ostrzezenia i Srodki ostroznosci dotyczace stosowania: Zaburzenia czynnosci nerek: Nie
przeprowadzono badan produktu Betmiga u pacjentéw z kraricowym stadium niewydolnosci nerek (GFR < 15 ml/min/1,73 m? pc. lub pacjenci wymagajacy hemodializy), z tego wzgledu
nie zaleca sie jego stosowania w tej grupie pacjentow. Dane dotyczace pacjentéw z ciezkimi zaburzeniami czynnosci nerek (GFR od 15 ml/min/1,73 m? pc. do 29 ml/min/1,73 m? pc.) s
ograniczone; na podstawie badan farmakokinetycznych (patrz punkt 5.2 ChPL) zaleca sie zmniejszenie dawki do 25 mg w tej grupie pacjentéw. Nie zaleca sie stosowania tego produktu
leczniczego u pacjentow z ciezka niewydolnoscia nerek (GFR od 15 ml/min/1,73 m? pc. do 29 ml/min/1,73 m? pc.), przyjmujacych jednoczesnie silne inhibitory CYP3A (patrz punkt 4.5 ChPL).
Zaburzenia czynnosci watroby: Nie przeprowadzono badan produktu Betmiga u pacjentow z ciezkimi zaburzeniami czynnosci watroby (klasa C wg skali Child-Pugh), z tego wzgledu nie
zaleca sie jego stosowania w tej grupie pacjentéw. Nie zaleca sie stosowania tego produktu leczniczego u pacjentéw z umiarkowanymi zaburzeniami czynnosc watroby (klasa B wg skali
Child-Pugh) przyjmujacych jednoczesnie silne inhibitory CYP3A (patrz punkt 4.5 ChPL). Nadcisnienie tetnicze: Mirabegron moze zwiekszac cisnienie tetnicze krwi. Nalezy zmierzy¢ cisnienie
krwi przed rozpoczeciem stosowania mirabegronu i monitorowac je okresowo w trakcie leczenia, szczegdlnie u pacjentow z nadcisnieniem tetniczym. Istniejg ograniczone dane dotyczace
pacjentow z nadcisnieniem 2. stopnia [ciSnienie skurczowe > 160 mmHg i (lub) cisnienie rozkurczowe > 100 mmHg]. Pacjenci z wrodzonym lub nabytym wydtuzeniem odstepu QT:
W badaniach klinicznych produkt leczniczy Betmiga, w dawkach terapeutycznych, nie powodowat znaczacego klinicznie wydfuzenia odstepu QT (patrz punkt 5.1 ChPL). Jednakze, ze
wzgledu na to, Ze pacjenci z wydfuzeniem odstepu QT w wywiadzie lub pacjendi przyjmujacy produkty lecznicze, o ktdrych wiadomo, ze wydtuzaja odstep QT, nie byli wtaczeni do tych
badan, dziatanie mirabegronu u tych pacjentéw nie jest znane. Nalezy zachowac ostroznos¢, stosujac mirabegron u tych pacjentéw. Pacjenci ze zwezeniem drogi odptywu moczu z pecherza
moczowego i pacjenci przyjmujacy antymuskarynowe produkty lecznicze w leczeniu OAB: Po wprowadzeniu produktu leczniczego do obrotu, u pacjentéw przyjmujacych mirabegron,
w grupie pacjentow ze zwezeniem drogi odptywu moczu z pecherza moczowego (ang. bladder outlet obstruction, BOO) i u pacjentéw przyjmujacych antymuskarynowe produkty lecznicze
w leczeniu OAB, zgtaszano zatrzymanie moczu. Kontrolowane badanie kliniczne dotyczace bezpieczeristwa stosowania przeprowadzone u pacjentéw z BOO nie wykazato zwiekszenia
wystepowania zatrzymania moczu u pacjentéw przyjmujacych produkt leczniczy Betmiga. Tym niemniej nalezy zachowac ostroznos¢, stosujac produkt leczniczy Betmiga u pacjentéw
z istotnym klinicznie BOO. Nalezy réwniez zachowac ostroznosc, stosujac produkt leczniczy Betmiga u pacjentw przyjmujacych antymuskarynowe produkty lecznicze w leczeniu OAB.
Dziatania niepozadane: Podsumowanie profilu bezpieczenstwa: Bezpieczeristwo stosowania produktu leczniczego Betmiga oceniano u 8433 pacjentéw z 0AB, z ktdrych 5648 otrzymato
co najmniej jedna dawke mirabegronu w ramach programu klinicznego I1/1ll fazy, a 622 pacjentéw otrzymywato produkt leczniczy Betmiga przez co najmniej 1 rok (365 dni). W trzech,
trwajacych 12 tygodni, badaniach klinicznych Il fazy, przeprowadzonych metoda podwéjnie $lepej préby, kontrolowanych placebo, 88% pacjentéw ukoriczyto leczenie tym produktem
leczniczym, a 4% pacjentéw przerwato leczenie ze wzgledu na zdarzenia niepozadane. Wiekszo$¢ dziatan niepozadanych wykazywato nasilenie tagodne do umiarkowanego. Najczestszymi
dziataniami niepozadanymi zgtaszanymi przez pacjentow, ktérym podawano produkt leczniczy Betmiga w dawce 50 mg, w trzech, trwajacych 12 tygodni, badaniach klinicznych Ill fazy,
przeprowadzonych metoda podwdjnie slepej proby, kontrolowanych placebo, byty tachykardia i zakazenia uktadu moczowego. Tachykardia wystepowata z czestoscia 1,2% u pacjentéw
otrzymujacych produkt leczniczy Betmiga w dawce 50 mg. Tachykardia prowadzita do zaprzestania leczenia u 0,1% pacjentéw otrzymujacych produkt leczniczy Betmiga w dawce 50 mg.
Zakazenia uktadu moczowego wystepowaty z czestoscig 2,9% u pacjentow otrzymujacych produkt leczniczy Betmiga w dawce 50 mg. Zakazenia uktadu moczowego nie prowadzity do
zaprzestania leczenia u zadnego z pacjentdw otrzymujacych produkt leczniczy Betmiga w dawce 50 mg. Ciezkie dziatania niepozadane obejmowaty migotanie przedsionkéw (0,2%).
Dziafania niepozadane obserwowane w trakcie trwajacego rok (dfugotrwatego) badania klinicznego kontrolowanego substancja czynng (antagonista receptoréw muskarynowych) byty
podobnego rodzaju i o podobnym nasileniu, jak dziatania niepozadane zgtaszane w trzech, trwajacych 12 tygodni, badaniach klinicznych Ill fazy, przeprowadzonych metoda podwéjnie
Slepej proby, kontrolowanych placebo. Ponizej przedstawiono dziatania niepozadane obserwowane w trakcie stosowania mirabegronu w trzech, trwajacych 12 tygodni, badaniach
klinicznych 11l fazy, przeprowadzonych metoda podwdjnie slepej proby, kontrolowanych placebo. Czestos¢ dziatan niepozadanych zdefiniowano w nastepujacy sposéb: bardzo czesto
(=1/10); czesto (= 1/100 do < 1/10); niezbyt czesto (= 1/1000 do < 1/100); rzadko (= 1/10 000 do < 1/1000); bardzo rzadko (< 1/10 000) i czestos¢ nieznana (nie moze by¢ okreslona na
podstawie dostepnych danych). W obrebie kazdej grupy o okreslonej czestosci wystepowania dziatania niepozadane wymieniono zgodnie ze zmniejszajacym sie nasileniem. Zakazenia
i zarazenia pasozytnicze: czesto: zakazenie uktadu moczowego; niezbyt czesto: zakazenie pochwy, zapalenie pecherza moczowego. Zaburzenia psychiczne: czestos¢ nieznana: bezsennosc*,
stan splatania®. Zaburzenia uktadu nerwowego: czesto: bél gtowy*, zawroty gtowy*. Zaburzenia oka: rzadko: obrzek powiek. Zaburzenia serca: czesto: tachykardia; niezbyt czesto: kotatanie
serca, migotanie przedsionkéw. Zaburzenia naczyniowe: hardzo rzadko: przetom nadcisnieniowy*. Zaburzenia zotadka i jelit: czesto: nudnosci®, zaparcia®, biegunka®; niezbyt czesto:
niestrawnos¢, zapalenie zotadka; rzadko: obrzek warg. Zaburzenia skory i tkanki podskérnej: niezbyt czesto: pokrzywka, wysypka; wysypka plamista, wysypka grudkowa, Swiad; rzadko:
alergiczne zapalenie naczyn, plamica, obrzek naczynioruchowy*. Zaburzenia migsniowo-szkieletowe i tkanki tacznej: niezbyt czesto: obrzek stawdéw. Zaburzenia nerek i drég moczowych:
rzadko: zatrzymanie moczu*. Zaburzenia uktadu rozrodczego i piersi: niezbyt czesto: swiad pochwy i sromu. Badania diagnostyczne: niezbyt czesto: wzrost cisnienia tetniczego, wzrost GGT,
wzrost AspAT, wzrost AIAT. (*) Obserwowane po wprowadzeniu produktu leczniczego do obrotu. Zgtaszanie podejrzewanych dziatan niepozadanych: Po dopuszczeniu produktu leczniczego
do obrotu istotne jest zgtaszanie podejrzewanych dziatan niepozadanych. Umozliwia to nieprzerwane monitorowanie stosunku korzysci do ryzyka stosowania produktu leczniczego. Osoby
nalezace do fachowego personelu medycznego powinny zgtaszac wszelkie podejrzewane dziatania niepozadane za posrednictwem Departamentu Monitorowania Niepozadanych Dziatan
Produktéw Leczniczych Urzedu Rejestracji Produktow Leczniczych, Wyrobéw Medycznych i Produktéw Biobéjczych: Al. Jerozolimskie 181C, PL-02 222 Warszawa, tel.: +-48 22 49 21 301,
faks: +48 22 49 21 309, strona internetowa: https://smz.ezdrowie.gov.pl. Podmiot odpowiedzialny: Astellas Pharma Europe B.V., Sylviusweg 62, 2333 BE Leiden, Holandia. Numery
pozwolen na dopuszczenie do obrotu: EU/1/12/809/001-006, EU/1/12/809/008-013, EU/1/12/809/015-018 wydane przez Komisje Europejska. Kategoria dostepnosci: Produkty

lecznicze wydawane z przepisu lekarza — Rp.

Charakterystyka Produktu Leczniczego dostepna na stronie internetowej Europejskiej Agencji Lekéw http://www.ema.europa.eu/ lub na stronie www.astellas.com/pl/product-introductions/
charakterystyki-produktow-leczniczych.
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REFUNDAUA

W PLB.56.

nm(CRP(

PROSPER**: p = 0,0011
XTANDI + ADT: n =933
Placebo + ADT: n = 468
HR: 0,734 (95% Cl: 0,608-0,885)
Mediana OS przy kontroli: 67,0 miesigca
w poréwnaniu do 56,3 (placebo)

mHSPC

ARCHES?*: p < 0,0001
XTANDI + ADT: n =574
Placebo + ADT: n = 576; HR: 0,66 (95% Cl: 0,53-0,81)
Mediana OS przy kontroli:
Nie osiggnieto, szacunkowo 44,6 miesiecy
dla wszystkich grup*

Redukcja ryzyka
zgonu o0 27%

Redukcja ryzyka
zgonu o 34%

Szczegdtowy zakres wskazan w informacji o leku.

mHSPC - hormonowrazliwy rak gruczotu krokowego z przerzutami (ang. metastatic hormone-sensitive
prostate cancer); nmCRPC - oporny na Kkastracje rak gruczotu krokowego bez przerzutéow
(ang. non-metastatic castration-resistant prostate cancer); mCRPC - oporny na kastracje rak gruczotu
krokowego z przerzutami (ang. metastatic castration-resistant prostate cancer); ADT - terapia
antyandrogenowa (ang. androgen deprivation therapy); Cl - przedziat ufnosci (ang. confidence interval);
HR - wspdtczynnik ryzyka (ang. hazard ratio); OS - catkowity czas przezycia (ang. overalf survival).

)astellas

m(CRPC

AFFIRMS: p < 0,0001
XTANDI + ADT: n = 800
Placebo + ADT: n = 399

HR: 0,63 (95% Cl: 0,53-0,75)
Mediana OS: 18,4 miesigca
w poréwnaniu do 13,6 (placebo)

Redukcja ryzyka
zgonu o0 37%

PREVAIL#: p = 0,0008
XTANDI + ADT: n =872
Placebo + ADT: n = 845

HR: 0,835 (95% Cl: 0,75-0,93)
Mediana OS: 35,5 miesiaca
w poréwnaniu do 31,4
(placebo)

Redukcja ryzyka

zgonu o 17%
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Nazwa produktu leczniczego: Xtandi 40 mg, kapsutki miekkie. Xtandi 40 mg, tabletki powlekane. Sktad jakosciowy i ilosciowy: Kazda kapsutka miekka zawiera 40 mq enzalutamidu. Kazda tabletka powlekana zawiera 40 mg enzalutamidu. Substancja pomocnicza
0znanym dziataniu: Kazda kapsutka miekka zawiera 57,8 mg sorbitolu. Petny wykaz substancji pomocniczych, patrz punkt 6.1 Charakterystyki Produktu Leczniczego (ChPL). Postac farmaceutyczna: Kapsutka, miekka. Biate lub prawie biate podtuzne kapsutki migkkie (okoto
20 mm x 9 mm) z nadrukiem ,ENZ” po jednej stronie, wykonanym czarnym tuszem. Tabletka powlekana. Z6tte okragte tabletki powlekane, z wyttoczeniem ,E 40”. Wskazania do stosowania: Produkt leczniczy Xtandi jest wskazany: w monoterapii lub w pofaczeniu
zleczeniem deprywacja androgendw w leczeniu biochemicznie nawracajacego (ang. biochemical recurrent, BCR) hormonowrazliwego raka gruczotu krokowego wysokiego ryzyka (ang. non-metastatic hormone-sensitive prostate cancer, nmHSPC) bez przerzutow u dorostych
mezczyzn, ktorzy nie klasyfikuja sie do radioterapii ratunkowej (patrz punkt 5.1 ChPL); w potaczeniu z leczeniem deprywacja androgendw w leczeniu hormonowrazliwego raka gruczotu krokowego z przerzutami (ang. metastatic hormone-sensitive prostate cancer, mHSPC)
u dorostych mezczyzn (patrz punkt 5.1 ChPL); w leczeniu opornego na kastracje raka gruczotu krokowego wysokiego ryzyka (ang. castration-resistant prostate cancer, CRPC) bez przerzutow u dorostych mezczyzn (patrz punkt 5.1 ChPL); w leczeniu CRPC z przerzutami

u dorostych mezczyzn, u ktérych nie wystepuja objawy lub wystepuja tagodne objawy po niepowodzeniu leczenia deprywacja androgendw i u ktdrych chemioterapia nie jest jeszcze klinicznie wskazana (patrz punkt 5.1 ChPL); w leczeniu CRPC z przerzutami u dorostych
mezczyzn, u ktorych podczas lub po zakoriczeniu leczenia docetakselem nastapita progresja choroby. ie i sposéb p ia: Leczenie enzalutamidem powinien rozpoczac i nadzorowac lekarz majacy doswiadczenie w leczeniu raka gruczotu krokowego.
Dawkowanie: Zalecana dawka enzalutamidu to 160 mg (cztery kapsutki miekkie po 40 mg lub cztery tabletki powlekane po 40 mg) w jednorazowej dawce dobowej. U pacjentéw z CRPC lub mHSPC niekastrowanych chirurgicznie nalezy w trakcie leczenia kontynuowac

iczng kastracje analogami hormonu jacego hormon luteinizujacy (LHRH). Pacjenci z BCR nmHSPC wysokiego ryzyka moga by leczeni produktem leczniczym Xtandi z analogiem LRHR lub bez analogu LRHR. W przypadku pacjentéw otrzymujacych produkt
leczniczy Xtandiz lub bez analogu LRHR leczenie mozna wstrzymac, jezeli stezenie PSA jest niewykrywalne (< 0,2 ng/ml) po 36 tygodniach terapii. Leczenie nalezy wznowic, gdy stezenie PSA wzrosto do > 2,0 ng/ml u pacjentow majacych wezesniej prostatektomie radykalng
lub > 5,0 ng/ml u pacjentéw, ktérzy mieli wczesniej pierwotng radioterapie. Leczenie nalezy kontynuowac, jezeli stezenie PSA jest wykrywalne (= 0,2 ng/ml) po 36 tygodniach terapii (patrz punkt 5.1 ChPL). W przypadku pominiecia przyjecia produktu Xtandi o zwyklej porze
przepisang dawke nalezy przyjac tak szybko jak to mozliwe. W przypadku pominiecia dawki w danym dniu leczenie nalezy wznowic nastepnego dnia, przyjmujac zazwyczaj stosowana dawke dobowa. Jesli u pacjenta wystapia objawy toksycznosci stopnia > 3. lub trudne do
tolerowania dziatania niepozadane, nalezy przerwac stosowanie produktu na tydzien lub do czasu zmniejszenia objawdw do stopnia < 2. Nastepnie nalezy wznowic stosowanie produktu w tej samej lub, jezeli jest to uzasadnione, zmniejszonej dawce (120 mq lub 80 mg).
Jednoczesne stosowanie z silnymi inhibitorami CYP2C8: Jesli jest to mozliwe, nalezy unikac jednoczesnego stosowania silnych inhibitorow CYP2(8. Jesli konieczne jest jednoczesne stosowanie silnych inhibitoréw CYP2C8, nalezy zmniejszy¢ dawke enzalutamidu do 80 mg raz
na dobe. W przypadku przerwania jednoczesnego stosowania silnych inhibitoréw CYP2(8 nalezy wznowi¢ ie enzalutamidu w dawce j przed rozpoczeciem leczenia silnymi inhibitorami CYP2C8 (patrz punkt 4.5 ChPL). Pagjenci w podesztym wieku: Nie ma
koniecznosci dostosowania dawki u pacjentow w podesztym wieku (patrz punkty 5.1 5.2 ChPL). Zaburzenia czynnosci wqtroby: Nie ma koniecznosci dostosowania dawki u pacjentow z lekkimi, umiarkowanymi lub ciezkimi zaburzeniami czynnosci watroby (odpowiednio
klasa A, B lub Cwg skali Child-Pugh). Jednak u pacjentow z ciezkimi zaburzeniami czynnosci watroby obserwowano wydtuzenie okresu péttrwania enzalutamidu (patrz punkty 4.4 5.2 ChPL). Zaburzenia czynnosci nerek: Nie ma koniecznosci dostosowania dawki u pacjentéw
zlekkimi lub umiarkowanymi zaburzeniami czynnosci nerek (patrz punkt 5.2 ChPL). Nalezy zachowac ostroznosc u pacjentow z ciezkimi zaburzeniami czynnosci nerek lub w kraricowym stadium choroby nerek (patrz punkt 4.4 ChPL). Dziecii miodziez: Stosowanie enzalutamidu
u dzieci i mtodziezy nie jest whasciwe we wskazaniu leczenia CRPC, mHSPC lub BCR nmHSPC wysokiego ryzyka u dorostych mezczyzn. Sposéb podawania: Produkt leczniczy Xtandi stosuje sie doustnie. Kapsutek miekkich nie nalezy zuc, rozpuszczac ani otwierac, lecz nalezy
potknac w catosci, popijajac woda, z positkiem lub bez positku. Tabletek powlekanych nie nalezy przecinac, rozkruszac ani zu¢, lecz nalezy potknac w catosci, popijajac woda, z positkiem lub bez positku. Przeciwwskazania: Nadwrazliwos¢ na substancje czynng lub na
ktorakolwiek substancje pomocnicza wymieniong w punkcie 6.1 ChPL. Kobiety, ktdre s w ciazy lub moga zajs¢ w ciaze (patrz punkty 4.6 i 6.6 ChPL). Specjalne zenia i Srodki znosci dotyczace ia: Ryzyko napadu drgawkowego: Stosowanie
enzalutamidu powiazano z wystepowaniem napadéw drgawkowych (patrz punkt 4.8 ChPL). Decyzje o kontynuowaniu leczenia pacjentéw, u ktérych wystapity napady drgawkowe, nalezy podejmowac w kazdym przypadku indywidualnie. Zespét tylnej odwracalnej
encefalopatii: U pacjentéw otrzymujacych Xtandi rzadko zgtaszano zespdt tylnej odwracalnej encefalopatii (ang. posterior reversible encephalopathy syndrome, PRES). PRES jest rzadko wystepujacym, odwracalnym zaburzeniem neurologl(znym w ktérym objawy takie jak:
drgawki, bdl gtowy, splatanie, slepota oraz inne zaburzenia widzenia i zaburzenia neurologiczne moga sie szybko nasila¢i ktéremu towarzyszy lub nie — nadcisnienie tetnicze. Rozpoznanie PRES wymaga potwierdzenia radiologicznym badaniem obrazowym mdzgu, najlepiej
rezonansem magnetycznym. U pacjentéw, u ktdrych potwierdzono PRES, zaleca sie przerwanie stosowania Xtandi. Drugie pierwotne nowotwory: W badaniach klinicznych zgtaszano przypadki wystepowania drugiego pierwotnego nowotworu ztosliwego u pacjentéw
leczonych enzalutamidem. W badaniach klinicznych 3. fazy najczesciej zgtaszanymi zdarzeniami u pacjentow leczonych enzalutamidem oraz czesciej niz w przypadku placebo byty rak pecherza moczowego (0,3%), gruczolakorak okreznicy (0,2%), rak przejsciowokomarkowy
(0,2%) i czerniak ztosliwy (0,2%). Nalezy zaleci¢ pacjentom, aby niezwhocznie zgtosili sie do lekarza, jesli podczas leczenia enzalutamidem zauwazg objawy krwawienia z przewodu pokarmowego, krwiomocz makroskopowy lub inne objawy, takie jak trudnosci w oddawaniu
moczu lub nagte parcie na mocz. Jednoczesne stosowanie z innymi produktami leczniczymi: Enzalutamid jest silnym induktorem enzymow i moze powodowac brak skutecznosci wielu powszechnie stosowanych produktow leczniczych (patrz przyktady w punkcie 4.5 ChPL).

W izajac leczenie enzalutamidem, nalezy dokonac przegladu jednoczesnie stosowanych produktéw. Na ogét nalezy unikac stosowania enzalutamidu jednoczesnie z produktaml leczniczymi, ktdre sq wrazliwymi substratami wielu enzymow metabolizujacych lub
nosnikéw (patrz punkt 4.5 ChPL), jezeli ich dziatanie terapeutyczne ma duze znaczenie dla pacjenta i jezeli d Jawk ia nie jest fatwo Ine poprzez monitorowanie skutecznosci lub stezenia tych produktéw w osoczu. Nalezy unikac jednoczesnego
stosowania z warfaryng i przeciwzakrzepowymi produktami leczniczymi, pochodnymi kumaryny. Jezeli produkt Xtandi jest stosowany jednoczesnie z przeciwzakrzepowymi produktami leczniczymi metabolizowanymi przez CYP2(9 (takimi jak warfaryna lub acenokumarol),
nalezy wprowadzi¢ dodatkowe moni ie czasu p bii o (ang. J ized Ratio, INR) (patrz punkt 4.5 ChPL). Zaburzenia czynnosci nerek: Nalezy zachowac ostroznosc u pacjentow z ciezkimi zaburzeniami czynnosci nerek, poniewaz enzalutamid
nie byt badany w tej grupie pacjentéw. Ciezkie zaburzenia czynnosci watroby: U pacjentéw z ciezkimi zaburzeniami czynnosci watroby obserwowano wydtuzenie okresu péttrwania enzalutamidu, co moze wigza sie ze zwiekszona dystrybucja tkankowa. Znaczenie kliniczne
tej obserwadji jest nieznane. Mozna jednak przewidzie, ze czas do osiagniecia stezenia w stanie stacjonarnym wydtuzy sie, a czas do osiagniecia mak Inego dziatania kologicznego, jak réwniez czas wystapienia i zmniejszenia indukcji enzyméw (patrz punkt 4.5
ChPL) moze sie zwiekszyc. Istniejace choroby uktadu krazenia: Z badar klinicznych 3. fazy wytaczono pacjentow z niedawno przebytym zawatem migsnia sercowego (w ostatnich 6 miesigcach) lub niestabilng dusznica (w ostatnich 3 miesigcach), pagjentow z niewydolnoscia
serca klasy lll lub IV wedtug NYHA (ang. New York Heart Association), z wyjatkiem przypadkéw, gdy frakcja wyrzutowa lewej komory (ang. Left Ventricular Ejection Fraction, LVEF) wynosita > 45%, pacjentéw z bradykardia lub nieleczonym lub niepoddajacym sie leczeniu
nadcisnieniem tetniczym. Nalezy wzia¢ to pod uwage, przepisujac produkt leczniczy Xtandi tym pacjentom. Leczenie deprywacja androgenéw moze wydtuzac odstep QT: U pacjentéw, u ktérych w wywiadzie stwierdzono czynniki ryzyka wydtuzenia odstepu QT oraz
u pacjentéw przyjmujacych jednoczesnie leki, ktére moga wydtuzac odstep QT (patrz punkt 4.5 ChPL), przed rozpoczeciem stosowania produktu Xtandi nalezy ocenic stosunek korzysci do ryzyka, uwzgledniajac mozliwos¢ wystapienia czestoskurczu komorowego typu torsade

m

de pointes. Stosowanie w czasie chemioterapii: Nie okreslono bezpieczeristwa stosowania i skutecznoscl produktu Xtandi w czasie chemi ii. Jednoczesne pod. ie enzalutamidu nie ma klinicznie i wptywu na farmakokinetyke pod go dozylnie
docetakselu (patrz punkt 4.5 ChPL), jednak nie mozna wykluczy¢ zwiekszenia czestosci wystep: ii indul j docetaksel |§zk|e reake skorne Podczas stosowania enzalutamidu zglaszano ciezkie skorne dziatania niepozadane (SCAR), w tym zespot
Stevensa-Johnsona, ktére moga zagrazac zyciu lub by¢ Smiertelne. W momencie przepisywania, pacjentow nalezy pomformowa( 0 objawach przedmiotowych i podmiotowych oraz starannie moni ¢ pacjenta w celu wykrycia reakdji skornych. W przypadku wystapienia

objawéw przedmiotowych i podmiotowych sugerujacych taka reakcje, enzalutamid nalezy natychmiast odstawic i (w razie potrzeby) rozwazy¢ odpowmdme leczenie alternatywne. Reakje nadwrazliwosci: Po zastosowaniu enzalutamidu obserwowano reakce
nadwrazliwosci, objawiajace sie m.in. wysypka lub obrzekiem twarzy, jezyka, warg lub gardfa (patrz punkt 4.8 ChPL). Xtandi w monoterapii u pacjentéw z BCR nmHSPC wysokiego ryzyka: Wyniki badania EMBARK sugeruja, ze Xtandi w monoterapii i w potaczeniu z leczeniem
deprywacja androgendw nie s3 rownowaznymi opcjami terapeutycznymi u pacjentéw z BCR nmHSP wysokiego ryzyka (patrz punkt 4.8 i 5.1 ChPL). Xtandi w potaczeniu z leczeniem deprywacja androgenow nalezy rozwazyc jako preferowang opcje leczenia, z wyjatkiem
sytuagji gdy dodanie leczenia deprywacja androgenéw moze skutkowac nieakceptowalng toksycznoscia albo ryzykiem. Substancje pomocnicze: Produkt leczniczy Xtandi zawiera 57,8 mg sorbitolu (E420) w kapsutce migkkiej i mniej niz T mmol sodu (mniej niz 23 mg)
w tabletce powlekanej, to znaczy lek uznaje sie za , wolny od sodu”. Dziatania niepozadane: Podsumowanie profilu bezpieczeristwa: Najczestszymi dziataniami niepozadanymi s3 astenia/zmeczenie, uderzenia goraca, nadcisnienie tetnicze, ztamania i przewracanie sie.
Inne wazne dziatania niepozadane obejmuja zaburzenia, chorobe niedokrwienna serca i napady drgawkowe. Napad drgawkowy wystapit u 0,6% pacjentéw leczonych enzalutamidem, u 0,1% pacjentéw otrzymujacych placebo i u 0,3% pacjentéw leczonych bikalutamidem.
U pacjentow leczonych enzalutamidem rzadko obserwowano zespét tylnej odwracalnej encefalopatii (patrz punkt 4.4 ChPL). W zwiazku z leczeniem enzalutamidem zgtaszano zespot Stevensa-Johnsona (patrz punkt 4.4 ChPL). Ponizej zamieszczono dziafania niepozadane
obserwowane podczas badan klinicznych wg czestosci wystepowania. (zestosc¢ okreslono w nastepujacy sposb: bardzo czesto (> 1/10), czesto (= 1/100 do < 1/10), niezbyt czesto (> 1/1000 do < 1/100), rzadko (> 1/10 000 do < 1/1000), bardzo rzadko (< 1/10 000),
czestosc nieznana (czestos¢ nie moze byc okreslona na podstawie dostepnych danych). W obrebie kazdej grupy o okreslonej czestosci wystep ia objawy niepozadane sa wymienione zgodnie ze zmniejszajacym sie nasileniem. Dziatania niepozadane zidentyfik

w kontrolowanych badaniach klinicznych i po wprowadzeniu produktu do obrotu: Zaburzenia krwi i uktadu chfonnego: Niezbyt czesto: leukopenia, neutropenia. (zestos¢ nieznana*: trombocytopenia. Zab ia ukfadu i logicznego: Czestosc nieznana*: obrzek twarzy,
obrzek jezyka, obrzek warg, obrzek gardfa. Zaburzenia psychiczne: Czesto: lek. Niezbyt czesto: omamy wzrokowe. Zaburzenia ukfadu nerwowego: Czesto: bél gtowy, zaburzenia pamieci, utrata pamieci, zaburzenia uwagi, zaburzenia smaku, zespét niespokojnych nég,
zaburzenia funkgji poznawczych. Niezbyt czesto: napady drgawkowe®. (zestos¢ nieznana®: zespdt tylnej odwracalnej encefalopatii. Zaburzenia serca: Czgsto: choroba niedokrwienna sercat. (zestos¢ nieznana®: wydtuzenie odstepu QT (patrz punkty 4.4 4.5 ChPL). Zaburzenia
naczyniowe: Bardzo czesto: uderzenia goraca, nadcisnienie. Zaburzenia zotqdka i jelit: (zestos¢ nieznana*: nudnosci, wymioty, biegunka. Zaburzenia wqtroby i drdg Zotciowych: Niezbyt czesto: zwigkszona aktywnos¢ enzymow watrobowych. Zaburzenia skdry i tkanki
podskdrnej: Czesto: suchos¢ skory, Swiad. (zestos¢ nieznana®: rumien wiel fowy, zespot Stevensa-Johi wysypka. Zab ia migsniowo-szkie i tkanki tqcznej: Bardzo czesto: ztamania®. (zestos¢ nieznana*: bol miesni, skurcze migsni, ostabienie miesni, bol
plecow. Zaburzenia uktadu rozrodczego i piersi: Czesto: ginekomastia, bol brodawki sutkowej’, tkliwosc piersi. Zaburzenia ogdine i stany w miejscu podania: Bardzo czesto: astenia, zmeczenie. Urazy, zatrucia i powiktania po zabiegach: Bardzo czesto: upadek. * Zgtoszenia
spontaniczne po wprowadzeniu produktu do obrotu. ¥ Na podstawie oceny waskiego zapytania SMQ ,,Drgawkl obejmujacego napad padaczkowy, napad typu grand ma/, ztozone napady czesciowe, napady czgsuowe istan padaczkowy Obejmuje to rzadkie przypadki

q "

napadow padaczkowych z powiktaniami prowadzacymi do zgonu. ' Na p ie oceny waskiego zapy SMQ , Zawat migsnia sercowego” i ,Inna niedokrwienna choroba serca”, w tym pujacych termindw pi ych zaobserwowanych u co najmniej dwéch
pacjentow w randomizowanych, kontrolowanych placebo badaniach 3. fazy: dfawica piersiowa, choroba wiericowa, zawat migsnia sercowego, ostry zawat migsnia sercowego, ostry zespét wiericowy, niestabilna dfawica piersiowa, niedokrwienie migsnia sercowego
i miazdzyca tetnic wieficowych. * Obejmuje wszystkie terminy preferowane ze stowem ,zlamanie” w odniesieniu do kosci. * Dziatania niepozadane enzalutamidu w monoterapii. Opis wybranych dziataii niepozadanych: Napad drgawkowy: W kontrolowanych badaniach
klinicznych napad drgawkowy wystapit u 31 pacjentw (0,6%) sposrad 5110 pacjentow leczonych dawka dobowa 160 mg enzalutamidu, u czterech pacjentow (0,1%) otrzymujacych placebo i u jednego pacjenta (0,3%), ktoremu podawano bikalutamid. W oparciu o dane
niekliniczne oraz dane z badar ze schematem zwiekszajacych sie dawek wydaje sie, ze wielkos¢ dawki jest waznym prognostykiem ryzyka wystapienia napadu drgawkowego. Z kontrolowanych badar klinicznych wykluczono pacjentow, u ktorych wezesniej wystapit napad
drgawkowy lub istnieja czynniki ryzyka wystapienia napadu drgawkowego. W jednoramiennym badaniu 9785-CL-0403 (UPWARD) oceniajacym czestosci wystepowania napadéw drgawkowych u pacjentow z czynnikami predysponujacymi do ich wystapienia (u 1,6% napad
drgawkowy w wywiadzie) u 8 z 366 (2,2%) pacjentéw leczonych enzalutamidem wystapit napad drgawkowy. Mediana czasu leczenia wynosita 9,3 miesiaca. Nie jest znany mechanizm obnizania progu drgawkowego przez enzalutamid, ale moze on wynikac z tego, ze jak
pokazuja dane z badan in vitro, enzalutamid oraz jego aktywny metabolit wiaza sie z kanatem chlorkowym bramk GABAimoga | ¢ jego aktywnosc. Choroba niedokrwienna serca: W randomizowanych badaniach Klinicznych kontrolowanych placebo choroba
niedokrwienna serca wystapita u 3,5% pacjentow leczonych enzalutamidem w potaczeniu z ADT w pordwnaniu z 1,2% pacjentow otrzymujacych placebo w potaczeniu z ADT. U czternastu (0,4%) pacjentéw leczonych enzalutamidem w potaczeniu z ADT i 3 (0,1%) pacjentéw
leczonych placebo w potaczeniu z ADT wystapito zdarzenie w postaci choroby niedokrwiennej serca, ktore doprowadzita do zgonu. W badaniu EMBARK choroba niedokrwienna serca wystapita u 5,4% pacjentéw leczonych enzalutamidem w potaczeniu z leuproreling i 9%
pagjentow leczonych enzalutamidem w ramach monoterapii. U zadnego pacjenta leczonego enzalutamidem w potaczeniu z leuproreling i u jednego (0,3%) pacjenta leczonego enzalutamidem w monoterapii wystapito zdarzenie w postaci choroby niedokrwiennej serca,
ktora dopi izita do zgonu. Ginek ia: W badaniu EMBARK ginekomastie (wszystkich stopni) zaohserwowano u 29 sposréd 353 (8,2%) pacjentow leczonych enzalutamidem w potaczeniu z leuproreling i u 159 sposrod 354 (44,9%) pacjentow leczonych enzalutamidem
w monoterapii. Ginekomastii stopnia 3. lub wyzszego nie zaobserwowano u zadnego pacjenta leczonego enzalutamidem w potaczeniu z leuproreling i zaobserwowano u 3 pacjentéw (0,8%) leczonych enzalutamidem w pii. Bd! brodawki sutkowej: W badaniu
EMBARK bl brodawki sutkowej (wszystkich stopni) zaohserwowano u 11 sposrad 353 (3,1%) pacjentéw leczonych enzalutamidem w pofaczeniu z leuproreling i u 54 sposréd 354 (15,3%) pacjentow leczonych enzalutamidem w monoterapii. Bolu brodawki sutkowej stopnia
3. lub wyzszego nie zaobserwowano u zadnego pacjenta leczonego enzalutamidem w potaczeniu z leuproreling lub enzalutamidem w pii. Tfiwos¢ piersi: W badaniu EMBARK tkliwos¢ piersi (wszystkich stopni) zaohserwowano u 5 sposrad 353 (1,4%) pacjentow
leczonych enzalutamidem w potaczeniu z leuproreling i u 51 sposrad 354 (14,4%) pacjentow leczonych enzalutamidem w monoterapii. Tkliwosci piersi stopnia 3. lub wyzszego nie zaobserwowano u zadnego pacjenta leczonego enzalutamidem w potaczeniu z leuproreling
lub enzalutamidem w monoterapii. Zgtaszanie podejrzewanych dziatari niepozadanych: Po dopuszczeniu produktu leczniczego do obrotu istotne jest zgtaszanie podejrzewanych dziafan niepozadanych. Umozliwia to nieprzerwane monitorowanie stosunku korzysci do ryzyka
stosowania produktu leczniczego. Osoby nalezace do fachowego personelu medycznego powinny zgtaszac wszelkie podejrzewane dziatania niepozadane za posrednictwem Departamentu Moni ia Niepozadanych Dziatan Produktow Leczniczych Urzedu Rejestradji
Produktéw Leczniczych, Wyrobéw Medycznych i Produktéw Biobojczych, Al. Jerozolimskie 181C, PL-02 222 Warszawa, tel.: +48 22 49 21 301, faks: +48 22 49 21309, strona internetowa: https://smz.ezdrowie.gov.pl. Podmiot odpowiedzialny: Astellas Pharma Europe
B.V., Sylviusweg 62, 2333 BE Leiden, Holandia. Numery pozwoleri na dopuszczenie do obrotu: Xtandi 40 mg, kapsutki miekkie: EU/1/13/846/001; Xtandi 40 mg, tabletki powlekane: EU/1/13/846/002; wydane przez Komisje Europejska. K epnosci
Produkt leczniczy wydawany z przepisu lekarza — Rp. Informacja na podstawie ChPL z 25.04.2024 1.

Charakterystyka Produktu Leczniczego dostepna na stronie internetowej Europejskiej Agencji Lekdw http://www.ema.europa.eu lub na stronie www.astellas.com/pi/product-introductions/charakterystyki-produktow-feczniczych.
MAT-PL-XTD-2024-00034

* Mediany czasu catkowitego przezycia nie osiagnieto w zadnej z leczonych grup'.

1. ChPL XTANDI. 2. Armstrong AJ i wsp. J Clin Oncol 2019; 37(32): 2974-2986. 3. Armstrong AJ i wsp. J Clin Oncol 2022; 40(15): 1616-1622. 4. Hussain M i wsp. N Engl J Med 2018;
378(26): 2465-2474. 5. Sternberg CN i wsp. N Engl J Med 2020; 382(23): 2197-2206. 6. Scher Hl i wsp. N Engl J Med 2012; 367(13): 1187-1197. 7. Beer TM i wsp. Eur Urol 2017; 71: 151-154.
8. Armstrong Al et al. Eur Urol 2020; 78(3): 347-357. 11
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Diphereline® to
rozpoczync

¥
Postaw na ULTRA-nhiskie ‘%ieienia‘T
i wydtuzaj OS

99% pacjentdw osiggneto ultra-niskie stezenia T
po zastosowaniu Diphereline SR 11,25 mg™

Diphereline® to jedyny analog GnRH z udowodniong korelacjg
pomiedzy poziommem T a czasem przezycia catkowitego (OS)™!

T - testosteron; OS - czas catkowitego przezycia °
* W retrospektywnej analizie zbiorczej danych z trzech prospektywnych badar fazy Ill udowodniono, ze nadir stezenia testosteronu I P 5 E N
<10 ng/dl osiagniety podczas leczenia tryptoreling wptywa na poprawe OS i DSS u pacjentéw z zaawansowanym rakiem gruczotu krokowego'

Odsetek liczby pacjentéw leczonych tryptoreling 11,25 mg, u ktdrych nadir stezenia testosteronu wynosit <10 ng/dl'

Ultra-niskie stezenia T - znacznie ponizej rekomendowanego poziomu kastracyjnego; dolna granica oznaczalno$ci stezenia testosteronu

w badaniu klinicznym wynosita 0,2 nmol/I (6 ng/dl)!

Badanie przeprowadzone na tryptorelinie, brak szczegdtowych danych dla pozostatych substancji czynnych z grupy analogéw GnRH

1. Klotz L et al. 2023, BJUI Compass, 1-11 DIP-PL-000726

*
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Diphereline® SR 11,25 mg (Triptorelinum); Skiad jakosciowy i ilosciowy: 1 fiolka zawiera 11,25 mg tryptoreliny (Triptorelinum) w postaci tryptoreliny pamoinianu. Posta¢ farmaceutyczna:
Proszek i rozpuszczalnik do sporzadzania zawiesiny o przedtuzonym uwalnianiu do wstrzykiwan (im. lub sc.) Wskazania do stosowania: Rak gruczotu krokowego Leczenie raka gruczotu krokowego
kiedy wymagane jest obnizenie stezenia testosteronu do stezenia charakterystycznego dla braku czynnosci gruczotow ptciowych (stezenia kastracyjnego). Pacjendi, ktdrzy uprzednio nie byli
poddawani terapii hormonalnej, lepiej reaguja na leczenie tryptoreling. Dawkowanie i sposéb podawania: Jedno wstrzykniecie domiesniowe lub podskore preparatu
o przedtuzonym uwalnianiu co 3 miesiace. U pacjentow z rakiem gruczotu krokowego z przerzutami opornym na kastracje, niepoddajacym sie leczeniu operacyjnemu, otrzymujacych tryptoreling oraz
kwalifikujacych sie do leczenia inhibitorami biosyntezy androgendw, leczenie tryptoreling powinno by¢ kontynuowane. Przeciwwskazania: Nadwrazliwos¢ na GnRH, jej analogi lub na ktérakolwiek
substancje pomocnicza. Stosowanie tryptoreliny jest przeciwwskazane w okresie ciazy i karmienia piersia. Specjalne ostrzezenia i Srodki ostroznosci dotyczace stosowania: Stosowanie
analogéw GnRH moze zmniejszac gestos¢ mineralng kosci. U mezczyzn wstepne dane wskazuja, ze stosowanie bisfosfoniandw w skojarzeniu z analogami GnRH moze zmniejszy¢ utrate gestosci kosci.
Zachowanie szczegdInej ostroznosci jest konieczne u pacjentéw z dodatkowymi czynnikami ryzyka osteoporozy (np. przewlekte naduzywanie alkoholu, palenie papieroséw, dtugoterminowa terapia
lekami zmniejszajacymi gestos¢ mineralng kosci, np. leki przeciwdrgawkowe lub kortykosteroidy, dodatni wywiad rodzinny w kierunku osteoporozy, niedozywienie). W rzadkich przypadkach
stosowanie analogéw GnRH moze ujawni¢ obecnos¢ wczesniej nierozpoznanego gruczolaka wywodzacego sie z komérek gonadotropowych przysadki. U pacjentdw tych moze wystapi¢ udar
przysadki, objawiajacy sie nagtym bélem gtowy, wymiotami, zaburzeniami widzenia i porazeniem miesni oka. Istnieje zwiekszone ryzyko wystapienia epizodu depresyjnego (z mozliwymi
przypadkami ciezkiej depresji) u pacjentéw bedacych w trakcie leczenia agonistami hormonu uwalniajacego gonadotropine, takich jak tryptorelina. Pacjentéw nalezy odpowiednio poinformowac¢
i leczy¢ w zaleznosci od wystepujacych objawdw. Pacjenci z depresja powinni by Scisle kontrolowani podczas terapii. Na poczatku leczenia tryptorelina, podobnie jak inne analogi GnRH, powoduje
przemijajacy wzrost stezenia testosteronu w surowicy. W rezultacie, sporadycznie, w pierwszych tygodniach leczenia w pojedynczych przypadkach rozwijato sie przemijajace nasilenie przedmiotowych
i podmiotowych objawdw raka gruczotu krokowego. W poczatkowej fazie leczenia nalezy rozwazy¢ dodatkowe podanie odpowiedniego antyandrogenu, aby przetamac poczatkowy wzrost stezenia
testosteronu w surowicy i nasilenie objawdw klinicznych. U niewielkiej liczby pacjentow moze dojs¢ do przejéciowego nasilenia podmiotowych i przedmiotowych objawdw raka gruczotu krokowego
(przejsciowe zaostrzenie objawéw nowotworu) i przejsciowego nasilenia bélu zwigzanego z choroba nowotworowg (bl zwiazany z przerzutami), ktére mozna leczy¢ objawowo. Podobnie jak
w przypadku innych analogéw GnRH obserwowano izolowane przypadki ucisku (kompresji) rdzenia kregowego lub niedroznosci cewki moczowej. Jezeli rozwinie sie ucisk (kompresja) rdzenia
kregowego lub niewydolnos¢ nerek, nalezy wdrozy¢ standardowe leczenie, a w ekstremalnych przypadkach nalezy rozwazy¢ wykonanie pilnej orchidektomii (usuniecie jadra). W pierwszych
tygodniach leczenia wskazane jest staranne monitorowanie terapii, szczegélnie u pacjentdw z przerzutami do kregostupa, narazonych na ryzyko ucisku rdzenia kregowego oraz u pacjentéw
z niedroznoscia uktadu moczowego. Po kastradji chirurgicznej tryptorelina nie indukuje dalszego zmniejszenia stezenia testosteronu w surowicy. Dtugotrwata deprywacja androgenu, zaréwno po
obustronnej orchidektomii (usuniecie jadra), jak i po podaniu analogéw GnRH, zwiazana jest ze zwiekszonym ryzykiem utraty masy kostnej i moze prowadzi¢ do osteoporozy oraz wzrostu ryzyka
ztaman kosci. Deprywacja androgenowa moze wydtuza¢ odstep QT. U pacjentéw z wystepujacym w wywiadzie wydtuzeniem odstepu QT lub z czynnikami ryzyka jego wystapienia, jak rowniez
u pacjentéw otrzymujacych leczenie towarzyszace, ktdre moze powodowac wydtuzenie odstepu QT lekarz powinien oszacowac stosunek korzysci do ryzyka, w tym mozliwo$¢ wystapienia zaburzen
rytmu serca typu torsade de pointes, przed wtaczeniem produktu leczniczego Diphereline SR 11,25 mg. Ponadto, w badaniach epidemiologicznych obserwowano, Ze u pacjentéw moze doj$¢ do zmian
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hiperlipidemia, zwiekszenie apetytu, bél stawdw, bél kosci, skurcze migsni, ostabienie migsniowe, bél migSniowy, parestezje, bezsennos, drazliwos¢, nokturia, zatrzymanie moczu, ginekomastia, bdl
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Introduction The combination of magnetic resonance imaging (MRI) and ultrasound (US) allows

for better lesion targeting and diagnostic probability compared to random prostate biopsies. The Artemis
Fusion Biopsy system and ExactVu micro-US technology capitalize on this advantage and provide higher-
resolution imaging of the prostate during biopsy. Their accuracy in measuring prostate volume and
resulting implications on prostate specific antigen (PSA) density and risk stratification, however, has not
been evaluated. We hypothesized that PSA densities as measured by these modalities will demonstrate
clinically insignificant differences compared to standard measurement.

Material and methods We retrospectively reviewed all prostate fusion biopsy cases performed at our
health system with Artemis or ExactVu systems from April 2021 to July 2023 and compared the PSA
density calculated from the volume obtained with these systems to standard measurement with ellip-
soid calculation from MRI. Change in National Comprehensive Cancer Network (NCCN) prostate cancer
risk stratification was analyzed for each system.

Results Artemis MRI segmentation (0.179 ng/ml, p = 0.04) and US (0.181 ng/ml, p = 0.067) underes-
timated and ExactVu micro-US (0.247 ng/ml, p <0.001) overestimated PSA density. Risk stratification
changed in 1.2% of Artemis MRI segmentation cases, 1.6% of Artemis US cases, and 1.2% of ExactVu
micro-US cases.

Conclusions Despite differences in PSA density, choice of fusion biopsy system has minimal clinical im-
pact on risk stratification and any of these studied systems may be used without fear of misrepresenting
a patient’s disease state.
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INTRODUCTION

Fusion of multi-parametric magnetic resonance
imaging (mpMRI) and ultrasound (US) allows for
better lesion targeting and diagnostic probability
of clinically significant prostate cancer compared
to template prostate biopsies using US alone [1].

Cent European J Urol. 2025; 78: 1-4
doi: 10.5173/ceju.2024.0249

Numerous fusion systems are currently FDA ap-
proved, and, in addition to their utility in target-
ing prostatic lesions, aid in clinical decision making
through prostate volume measurement.

The Artemis™ (Eigen, Grass Valley, CA, USA) fu-
sion system provides two prostate volume mea-
surements: standard US manual measurement and

This is an Open Access article distributed under the terms of the Creative Commons

Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
License (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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proprietary segmentation software which permits
fine tuning of the volume measurement to the
gland’s morphology on MRI using 3D reconstruc-
tion [2]. Once automated segmentation is complete,
the reading radiologist contours the measurement
to obtain a prostate volume.

The ExactVu™ (Exact Imaging, Inc, Markham,
ON, CA) micro-ultrasound system provides high
spatial resolution images for volume measurement
and cancer detection, which can be further leveraged
through fusion [3, 4]. Using an ellipsoid or bullet-
shaped measurement paradigm to calculate prostate
volume from an mpMRI has been shown to provide
significantly different results in PSA density, mak-
ing it imperative providers understand the modal-
ity used to measure prostate volume and hence the
resulting PSA density [5].

Accuracy of MRI fusion and micro-US in measuring
prostate volume and the resultant implications for
PSA density-based decision making, however, have
not been evaluated. We hypothesized that PSA den-
sity as calculated by volume measurements using ei-
ther Artemis MRI segmentation, Artemis US, or Ex-
actVu micro-ultrasound will demonstrate clinically
insignificant differences compared to MRI ellipsoid
calculation.

MATERIAL AND METHODS

We retrospectively reviewed all cases of prostate fu-
sion biopsy performed with either Artemis™ or Ex-
actVu™ at our academic health system from April
2021 to July 2023. Patients without a pre-biopsy
MRI were excluded.

Table 1. PSA density as calculated by different modalities

Prostate volumes as measured by Artemis MRI seg-
mentation, Artemis US measurement, and ExactVu
micro-US measurement were used to calculate PSA
density. These were compared to PSA density cal-
culated from standard MRI ellipsoid measurement
as the gold standard using a paired t-test with sta-
tistical significance set at p <0.05 in Microsoft Excel
(Microsoft Corporation, Redmond, WA).

Change in National Comprehensive Cancer Net-
work (NCCN) risk stratification on the basis of the
PSA density criterion for very low risk prostate can-
cer (PSA density <0.15 ng/ml/g) was analyzed for
all comparisons to assess the clinical impact of the
discrepancies in measured volume.

RESULTS

In total, prostate volumes were available for 172 pa-
tients with Artemis MRI 3D segmentation, 189 with
Artemis US 3D segmentation, and 340 with Exac-
tVu micro-US prostate measurement and ellipsoid
volume calculation. 3D-segmented prostate volumes
of both Artemis system MRI and US are general-
ly larger than the ellipsoid calculation — resulting
in lower average PSA density. The converse was
true for the ExactVu micro-ultrasound resulting in,
on average, an overestimation of PSA density. Mean
PSA density differed significantly from MRI ellip-
soid-based calculation when volume was measured
with Artemis MRI with segmentation and ExactVu
micro-US but did not reach significance for Artemis
US (Table 1).

NCCN risk stratification changed in 2/172 (1.2%)
Artemis 3D-MRI cases (1 risk progression, 1 regres-

Artemis MRI segmentation vs ellipsoid MRI

Artemis MRI Ellipsoid MRI

Mean difference

n=172 [ng/mi] [ng/ml] p-value (abs. value) % Error Changes to NCCN risk stratification (N)
Mean 0.179 0.196 0.04 0.044 18.15 Stage progression 1
Variance 0.032 0.046 - - - Stage regression 1
Artemis US vs ellipsoid MRI
n=189 AT:;EGJS Elll[pnsg/lgqll\]/lRl p-value Mizgsdgelazr;ce % Error Changes to NCCN risk stratification (N)
Mean 0.181 0.193 0.067 0.046 21.44 Stage progression 1
Variance 0.027 0.037 - - - Stage regression 2
ExactVu US vs ellipsoid MRI
n =340 Exactvu US Ellipsoid MRI p-value Mean difference % Error Changes to NCCN risk stratification (N)
[ng/ml] [ng/ml] (abs. value)
Mean 0.247 0.180 <0.001 0.079 24.69 Stage progression 4
Variance 0.083 0.032 - - - Stage regression 0

MRI — magnetic resonance imaging; NCCN — National Comprehensive Cancer Network; US — ultrasound
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sion); 3/189 (1.6%) Artemis US cases (1 risk progres-
sion, 2 regression); and 4/340 (1.2%) ExactVu cases
(all risk progression).

DISCUSSION

Although our modalities for measuring prostate
volume provide statistically significant differences
in PSA density, these discrepancies do not result
in clinically significant differences in NCCN risk
stratification, allowing clinical decision making
to proceed confidently. Stated differently, while pros-
tate volumes as measured with different modalities
may vary, this study suggests that direct compari-
sons of risk assessment can be made with PSA den-
sity measurements from any of the studied imaging
systems without compromising accuracy and clini-
cal relevance.

A study from over a decade ago investigated
variation in PSA density measurement between
trans-rectal-US, trans-abdominal US, computed
tomography (CT) scans finding only CT produced sta-
tistically significant differences in PSA density [6],
but the dearth of literature comparing the imaging
advancements in the interim decade persists.

To our knowledge, this is the first study to inves-
tigate variation in PSA density and its impact
on prostate cancer risk stratification, and we hope
that our findings inform others’ practice and en-
courage discourse and further investigation.

In light of our findings, the question remains
whether current a prostate-specific antigen density
(PSAd) thresholds, established in the era of earlier
imaging, remain accurate with the myriad new im-
aging systems used for fusion prostate biopsy which
offer new techniques to measure prostate volume.
A PSAd threshold to distinguish clinically significant
and insignificant prostate cancer of 0.10 ng/ml/cc
was first established in 1994 on retrospective review
of prostate volumes calculated with direct measure-
ment of prostatectomy pathology specimens and
TRUS ellipsoid measurement [7].

The practice patterns of prostate cancer and the
tools we use have naturally changed significantly
in the intervening 30 years. The need for re-eval-
uation of PSAd thresholds with new imaging
techniques is well established: the currently used
0.15 ng/ml/cc was deemed too high and not sensi-
tive enough when prostate volume was measured
by a spherical formula for dimensions measured
by US [8].

As mpMRI became more prevalently used in pros-
tate cancer care in the late 2000s and early 2010s,
the improved visualization offered made measure-
ment by the ellipsoid formula and early semi-auto-

mated segmentation programs more precise, bring-
ing a threshold of 0.15 ng/ml/cc to favor especially
when combined with Prostate Imaging-Reporting
and Data System (PI-RADS) scores to make clinical
decisions [9, 10].

With quality of MRI improved and more robust seg-
mentation schemes developed, Pellegrino et al. [11]
suggests, instead, a PSAd threshold of 0.20 ng/ml/cc
for patients with a negative MRI to undergo pros-
tate biopsy as the current threshold of 0.15 ng/ml/cc
is too non-specific except in the case of low qual-
ity MRI imaging. If this higher threshold was used
in our analysis, all Artemis 3D-MRI and US risk
changes two of the four ExactVue risk discrepancies
would no longer have occurred.

In contrast, increasing the PSAd threshold is not
fully supported by the literature base; despite the
more accurate contouring of segmentation software,
PSAd cannot be relied on in isolation of other pa-
tient factors. Use of PSAd alone to make decisions
on whether or not to biopsy risks missing clinically
significant cancer, with 15% of clinically significant
cancers would be missed in patients with PI-RADS
score of 3 and PSAd below 0.15 ng/ml/cc [12].
Finally, if there is one situation where new meth-
ods of prostate volume measurement differ most
from the ellipsoid formula and thus PSAd would be
most affected, it would be in cases of abnormal pros-
tate anatomy such as post-transurethral resection
of the prostate [13].

Altogether, further investigation is needed to de-
cide if PSAd thresholds need to be changed as the
landscape of peri-biopsy prostate imaging evolves.
To aid in this, clear documentation of prostate vol-
ume methods should be included in studies of PSAd
and its uses in dictating clinical decisions. With our
findings and the existing literature base in mind,
it is the authors’ assertion that PSAd thresholds
likely should be reconsidered given the diversity
of methods used across practices, the greater
granularity provided by modern imaging systems
and their accompanying software-based enhance-
ment and measurement capabilities, and the rich
store of other risk-stratifying data points (PI-RADS
score, genomic classifiers, etec.) for which PSAd can
serve as an adjunct.

This study is limited by its single-institution retro-
spective design, inclusion of only two of the many
available fusion biopsy imaging systems, inability
to make direct comparisons between imaging mo-
dalities as measurement by one fusion system was
mutually exclusive of measurement with the oth-
er, and the small role PSA density plays in NCCN
risk stratification as it only separates very low risk
and low risk disease. Nevertheless, the distinction
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between very low risk and low risk prostate cancer
in the context of the broader clinical picture may
still dictate a patient’s decision and a Urologist’s
recommendation.

Future studies validating these findings outside
of our health system and including other fusion bi-
opsy imaging systems in comparisons would broad-
en the implications of these findings and be valuable
in supporting that confidence in decision-making.

CONCLUSIONS

The measured volumes across the studied fusion
biopsy systems differ considerably, but PSA den-
sity values as calculated by Artemis MRI segmen-

tation, Artemis US, or ExactVu micro-ultrasound
do not demonstrate significant differences in NCCN
risk stratification when compared to measurement
by MRI ellipsoid calculation. They can therefore be
safely used to make clinical decisions without fear
of misrepresenting the patient’s medical condition.
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Introduction There is minimal research on the types of complications patients experience after radical
cystectomy (RC). Moreover, the impact of these complications is not well qualified. The primary purpose
of this study is to qualify complications after RC and quantify rates of emergency department (ED) utilisa-
tion and readmissions to the hospital. The secondary purpose is to associate risk factors for ED visits and
hospital readmission.

Material and methods Patients were retrospectively analysed, who underwent RC for bladder cancer.
ED visits within 90 days of discharge from RC and readmission at both 30 and 31-90 days of discharge
were collected. Complications were graded using the Clavien-Dindo system and classified using the
Memorial Sloan-Kettering Cancer Center complication system.

Results Three hundred and eighty-six patients were included. The in-house complication rate before
discharge was 36%, and the 90-day complication rate after discharge was 54.8%. 33.7% of patients had
>1 ED visit postoperatively, 18.7% were readmitted within 30 days, and 17.3% within 31-90 days of dis-
charge. The primary reason for ED presentation, readmission at 30 and 31-90 days was infection. Cuta-
neous ureterostomy (CU) was associated with greater likelihood of presentation to the ED and readmis-
sion 31-90 days postoperatively (p <0.01). Overall survival (OS) was worse in patients who presented
to the ED and/or were readmitted at both the 30- and 31-90-day marks (p <0.01).

Conclusions ED utilisation and readmission rates after RC are high. The most common complication

is infection. Patients with a CU are at higher risk for healthcare utilisation. OS is worse in patients with

an ED visit or readmission to the hospital, and these patients may require closer monitoring.

INTRODUCTION

Radical cystectomy (RC) for bladder cancer is
a procedure urologists perform with high morbidity
and mortality. Outcomes for RC are well reported
in the literature. Estimates are around 50% for post-
operative complications within 3 months of surgery
[1]. Further, oncologic outcomes have been exten-
sively published, with disease-free survival at 5 years

Cent European J Urol. 2025; 78: 5-13
doi: 10.5173/ceju.2024.0166

ranging from 53 to 74%, cancer-specific survival
66 to 80%, and overall survival (OS) 61 to 80% [2].
Most current research focuses on how to minimise
immediate postoperative complications and/or maxi-
mise patient survival. This is critical information
that warrants considerable time studying. However,
there is a paucity of research on the types of com-
plications patients experience after RC. Moreover,
the impact of these complications is not well quali-

This is an Open Access article distributed under the terms of the Creative Commons
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License (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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fied, namely emergency department (ED) utilisation
and readmission rates after RC.

Because RC has such high postoperative morbidity,
it is surprising that more papers do not qualify
the specific types of complications patients experi-
ence, but rather the grade of complication alone.
Shabsigh et al. attempted to qualify complication
type after RC into 11 categories, in what has be-
come known as the Memorial Sloan-Kettering Can-
cer Center (MSKCC) complication system [3]. Using
this framework, some have noted that either urinary
tract infections (UTIs) or gastrointestinal (GI) com-
plications are the most common postoperative com-
plications, but there is no consensus on this [4, 5].
ED visits after RC are also difficult to quantify, with
some estimates around 7-14% up to 90-days after
surgery [4, 6]. Readmission rates are slightly bet-
ter understood: around 23-28% at 30 days postop-
eratively and about 39% within 90 days of surgery,
but additional study is still lacking [6-8]. Moreover,
models that can predict risk factors for patients
who are most likely to visit the ED after surgery
and/or be readmitted are needed.

The primary purpose of this study is to qualify com-
plications after RC and quantify rates of ED utilisa-
tion and readmissions to the hospital. The second-
ary purpose of this paper is to associate risk factors
for ED visits and readmission to the hospital.

MATERIAL AND METHODS

After obtaining Atrium Health Wake Forest Baptist
Medical Center institutional review board approval
(IRB00100649), a retrospective analysis of all pa-
tients who underwent RC at our institution from 2012
to 2023 was conducted. All operations were performed
for a diagnosis of bladder cancer, and any patients who
had a cystectomy performed for non-oncologic purpos-
es were excluded. A total of 8 operating surgeons were
included, all of whom had either completed a urologic
oncology fellowship and/or had been in practice as an
attending urologist for at least 10 years,

A variety of preoperative and perioperative variables
including patient age, gender, race, body mass index
(BMI), Charlson Comorbidity Index (CCI), comor-
bidities (diabetes, hypertension, chronic obstructive
pulmonary disease [COPD], and coronary artery
disease [CAD]), urinary diversion type, operative ap-
proach, operative time (OT), length of stay (LOS),
and tumour pathology were collected. Neoadjuvant
and adjuvant chemotherapy was inconsistently docu-
mented in the medical record and so was not includ-
ed. ED visits were tracked within the first 90 days
of discharge from the hospital for RC, as well as the
reason for ED visit based on MSKCC standardised

complications [3]. All reasons for ED visits or re-
admission were counted for each patient such that
some patients had multiple causes for an ED visit
or readmission. Readmissions to the hospital were
charted at both 30 and 31-90 days from discharge
after RC along with the reason for readmission us-
ing MSKCC criteria. Most recent-follow up, OS, and
cancer-specific survival were also collected on each
patient. All patients received a phone call from clin-
ic staff approximately 3 days after discharge from
RC to assess how they were doing postoperatively
and were seen in clinic within one month of RC
by the operating surgeon. Postoperative follow-up af-
ter this was based on provider discretion.

The independent samples t-test was used to compare
continuous variables for analysis involving 2 groups.
The chi-squared test was used to compare categori-
cal variables for analysis involving 2 or more groups.
Because only 2 patients in the study received an In-
diana pouch, they were excluded from any analysis
on urinary diversion type. Based on univariable analy-
sis showing a significant difference in ED visitation
and readmission 31-90 days after discharge by diver-
sion type, binary logistic regression was also run with
2 separate outcomes: ED visitation, and readmission
31-90 days after discharge from RC. Variables with
p <0.01 and/or clinical relevance were selected for in-
clusion in the binary logistic regression model ensur-
ing no collinearity between variables. Kaplan-Meier
survival curves with log-rank test were created to com-
pare OS between patients who did and did not pres-
ent to the ED after discharge as well as patients who
were and were not readmitted 30 days and 31-90 days
after discharge from RC. All statistical analysis was
performed using SPSS Statistics Version 28 (Armonk,
NY). Clinical significance was set at p <0.05.

Bioethical standards

The study was approved by Atrium Health Wake
Forest Baptist Medical Center institutional review
board approval (approval No. IRB00100649).

RESULTS

A total of 386 patients met the inclusion criteria for
analysis in the study. The full complement of patient
demographics can be found in Table 1. Of these,
78 (20.2%) were women. The median age at surgery
was 68 years, and the median CCI was 5. In total,
219 (56.7%) patients had an open RC and 167 (43.3)
had robotic RC. Most patients had an ileal conduit
diversion (n = 317, 82.3%), followed by cutaneous
ureterostomy (CU; n = 50, 13%), percutaneous neph-
rostomy tube (PCN; n = 9, 2.3%), neobladder (n = 8,
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2.1%), and Indiana pouch (n = 2, 0.52%). The medi-
an length of stay (LOS) was 5 days, and the median
OT was 348 minutes. One hundred and thirty-seven
(35.5%) patients had a complication before ever be-

Table 1. Demographics of the study population. The follow-
ing table lists baseline demographic, surgical, and postop-
erative characteristics of the study population. Numbers
listed are either total with percentages for categorical vari-
ables in parentheses, or medians with interquartile ranges
for continuous variables

Variable Total (%) or Median (IQR)
Patients 386
Age at surgery (years) 68 (60-74)
Female 78 (20.2)
Race
Caucasian 337 (87.3)
Black 38(9.8)
Hispanic 3(0.78)
Asian 3(0.78)
Other 5(1.3)
Hypertension 203 (52.6)
Diabetes 94 (24)
Coronary artery disease 70 (18.1)
COPD 49 (12.7)
CCl 5 (4-6)
Approach
Open 219 (56.7)
Robotic 167 (43.3)
Diversion
lleal conduit 317/386 (82.1)
Indiana pouch 2/386 (0.5)
Neobladder 8/386 (2.1)
Cutaneous ureterostomy 50/386 (13)
PCN 9/386 (2.3)
LOS 5(4-7)
Operative time (minutes) 348 (296—-402)
Complication before discharge 139 (36)
Reason for complication
Infectious 16
Bleeding 10
Surgical 6
Genitourinary 23
Gastrointestinal 25
Wound 12
Thromboembolic 4
Cardiac 23
Pulmonary 6
Neurological 6
Miscellaneous 4
Clavien-Dindo grade
I 59 (43.1)
I 45(32.8)
Illa 8(5.8)
lilb 6 (4.4)
IVa 3(2.2)
Vb 12 (8.8)
\Y 4(3)

Table 1. Continued

Variable Total (%) or Median (IQR)

Tumour pathology

T0 45/383 (11.7)
Ta 13/383 (3.4)
Tis 28/383 (7.3)
Tl 30/383 (7.8)
T2a 63/383 (16.4)
T2b 55/383 (14.4)
T3a 50/383 (13.1)
T3b 32/388 (8.4)
T4a 59/383 (15.4)
T4b 8/383 (2.1)
Follow-up (months) 13 (4-33.8)
ED visit within 90 days of discharge 130(33.7)
Number of ED visits 1(1-2)
Readmission within 30 days of discharge 72 (18.7)
Readmission 31-90 days from discharge 67 (17.3)
>1 readmission <90 days from discharge 115 (29.8)
Died 171 (44.4)
Cancer-specific death 115/160 (71.9)
Overall survival (months) 12 (4-25)

CCl — Charlson Comorbidity Index; COPD — chronic obstructive pulmonary disease;
LOS — length of stay; PCN — percutaneous nephrostomy

ing discharged from the hospital during initial stay,
of which 59 (43%) were Clavien grade I, 45 (32.8%)
grade I1, 8 (5.8%) grade Illa, 6 (4.4%) grade I1Ib, 3 (2.2%)
grade IVa, 12 (8.8%) grade IVb, and 4 (3%) grade V.
Mean follow-up was 35 months, and 171 (44.3%) pa-
tients had died by the end of the study window with
a median OS of 12 months. One hundred and fifteen
deaths (67.3%) were due to bladder cancer specifically.
Postoperatively, 130 (33.7%) patients had at least
one ED visit postoperatively. The primary reason for
the first ED visit after RC was infectious aetiologies
(n = 47), followed by GI (n = 26), and then GU rea-
sons (n = 23). No significant differences were seen
in OT, operative approach, LOS, age at surgery, gen-
der, race, CCI, or medical comorbidities aside from
hypertension between patients who did and did not
present to the ED within 90 days after discharge
from RC (p >0.05). Diversion type differed based
on ED visits, with a significantly greater propor-
tion of CU patients visiting the ED after discharge
(p <0.001). Postoperative complications prior to dis-
charge from RC, Clavien-Dindo grade, and tumour
pathology were not significantly different (p >0.05).
OS was significantly longer in patients who did not
present to the ED within 90 days of discharge from
RC (Figure 1A; p = 0.001). On multivariable logistic
regression, CU diversion patients were 3 times more
likely to visit the ED relative to ileal conduit patients
when controlling for gender, operative approach, tu-
mour pathology, and race (Table 5; p <0.001).
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For 30-day readmissions, 72 (18.7%) patients
were readmitted (Table 2). The most common rea-
son for readmission was infectious (n = 24), then
GI (n = 20), and GU (n = 10) aetiologies. No sig-
nificant differences were seen in OT, operative ap-
proach, urinary diversion type, LOS, age at surgery,
gender, race, CCI, or medical comorbidities aside
from hypertension between patients who were and
were not readmitted within 30 days of discharge
from RC (p >0.05). Postoperative complications
during initial hospital stay were more common
in patients who were not readmitted within 30 days
of RC (p = 0.031). Clavien-Dindo grade and tumour

pathology were not significantly different (p >0.05).
OS was greater in patients not readmitted within
30 days of RC (Figure 1B; p <0.001).

Sixty-seven (17.3%) patients were readmitted be-
tween 31 and 90 days of discharge from RC. The
most common reason for readmission was infectious
(n = 27), then GU (n = 16), and GI (n = 13) aetiolo-
gies. No significant differences were seen in OT, op-
erative approach, LOS, age at surgery, gender, race,
CCI, or medical comorbidities aside from COPD
between patients who were and were not readmit-
ted within 90 days of discharge from RC (p >0.05).
Diversion type differed based on 31-90-day readmis-

mulative Survival

Cu

Time (months)

No ED visit 107 42 16 7 2 0
(censored) ()] o) [} © ©

ED wisit 62 14 2 0 0 0
(censored) ) © ©

p<0.001

umulative Survival

Not readmitted 30-days 132 48 18 7 2 0
(censored) (O} O] O] O] ©

Readmitted 30-days

psietes 36 17 17 0 [ 0

0] © ©

C

No Readnmitted 90-days
Yes 90-days

Not readmitted 31-90-days

(censored) 136 22

@ 0]

Readmitted 31-90-days. 3 7

Figure 1. Kaplan-Meier survival curve. The following figure compares overall survival based on: A) ED visit versus no ED visit after
discharge; B) Readmission versus no readmission 30 days after discharge; C) Readmission 31-90 days after discharge. Overall
survival is in months on the x-axis, and cumulative survival is displayed on the y-axis. Each death during the study window was
recorded as an event for the survival curve. Censored patients are displayed with a hash mark on the graphs. Log-rank values
are displayed on each graph. Number at risk table is also provided under each graph.
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sion status, with a significantly greater proportion
of CU patients readmitted (p <0.001). Postoperative
complications during initial hospital stay and Cla-
vien-Dindo grade were not significantly different
(p >0.05). Tumour pathology differed between those

Table 2. Risk factors for emergency department visits after
discharge from radical cystectomy. The following compares
patient variables between those who did and did not present
to the ED after RC to identify risk factors for ED utilisation.
The first row shows the MISKCC reasons for ED visitation.
Numbers listed are either totals with percentages for cat-
egorical variables in parentheses or means with standard
deviations for continuous variables. Indiana pouch patients
are not listed because they were excluded from analysis.
Associated p-values are also listed for each comparison

Variable ED visit No ED visit value
(n=130) (n=256) P
Reason for first ED visit

Infectious 47

Bleeding 4

Surgical 3

Genitourinary 23

Gastrointestinal 26 B B

Wound 13

Thromboembolic 4

Cardiac 4

Pulmonary 6

Neurological 0

Miscellaneous 0
Operative time (minutes) 355.2 (101.8) 346 (89.2) 0.389
LOS (days) 7.2(8.8) 17.2 (139) 0.410
Age (years) 67 (9) 66.4 (11.1) 0.588
CCl 5.1(2) 5.4(2) 0.147
Female 33(25.4) 45 (17.6) 0.071
Race - - 0.295
Approach

Open 81 (62.3) 138 (53.9) 0.115

Robotic 49 (37.7) 118 (46.1)

Diversion

lleal conduit 95 (73) 222 (88)

Neobladder 5(3.8) 3(1.2) <0.001

Cutaneous ureterostomy 29 (22.3) 21(8.3)

PCN 1(0.8) 8(3.1)
Post.operatlve complication prior 52 (40) 85 (33.2) 0.392
to discharge
Clavien-Dindo grade - - 0.527
Tumour pathology - - 0.138
Diabetes 38(29.2) 54 (21) 0.076
Hypertension 80 (61.5) 123 (48) 0.012
Coronary artery disease 26 (20) 44 (17.1) 0.498
COPD 12 (9.2) 37 (14.5) 0.145
Overall survival (months) 11.3(12.2) 20.8 (20.4) 0.001

CClI = Charlson Comorbidity Index; COPD — chronic obstructive pulmonary disease;
LOS — length of stay; PCN — percutaneous nephrostomy

who were and were not readmitted between 31 and
90 days of discharge from RC, with a greater propor-
tion of higher-stage tumours in patients readmitted
(p = 0.042). OS was greater in patients not readmit-
ted within 31-90 days of RC (Figure 1C; p = 0.001).

Table 3. Risk factors for 30-day readmission after discharge
from radical cystectomy. The following compares patient
variables between those who were and were not readmitted
to the hospital after RC within 30 days of discharge

to identify risk factors for 30-day readmission. The first row
shows the MSKCC reasons for readmission. Numbers listed
are either totals with percentages for categorical variables
in parentheses or means with standard deviations for contin-
uous variables. Indiana pouch patients are not listed because
they were excluded from analysis. Associated p-values are
also listed for each comparison

L No
Readmission readmission
Variable 30-days d p-value
(n=72) 30-days
(n=314)

Reason for readmission
Infectious 24
Bleeding 2
Surgical 2
Genitourinary 10
Gastrointestinal 20 B B
Wound 8
Thromboembolic 4
Cardiac 3
Pulmonary 3
Neurological 0
Miscellaneous 2
Operative time (minutes) 359.6 (97.2) 346.7(92.6) 0.297
Length of stay (days) 7.4 (10.3) 15.3(125.4) 0.594
Age (years) 66.4 (11) 66.9 (9.4) 0.749
ccl 4.9(1.8) 5.4 (2) 0.064
Female 17 (23.6) 61(19.4) 0.425
Race - - 0.347
Approach

Open 81 (62.3) 138(53.9)  0.115

Robotic 49 (37.7) 118 (46.1)
Diversion

lleal conduit 55 (76.4) 262 (84.5)

Neobladder 2(2.8) 6(1.9) 0.288

Cutaneous ureterostomy 14 (19.4) 36 (17.1)

PCN 1(1.4) 8(2.6)
Pospoperahve complication prior 18 (25) 121 (38.5) 0031
to discharge
Clavien-Dindo grade - - 0.104
Tumour pathology - - 0.138
Diabetes 38(29.2) 54 (21) 0.076
Hypertension 80 (61.5) 123 (48) 0.012
Overall survival (months) 10.5(11.2) 19.3(19.5) <0.001

CCl — Charlson Comorbidity Index; COPD — chronic obstructive pulmonary disease;
PCN — percutaneous nephrostomy
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On multivariable logistic regression, CU diversion
patients were 3.47 times more likely to be readmit-
ted 31-90 days after discharge from RC relative
to ileal conduit patients when controlling for gen-
der, operative approach, tumour pathology, and race
(Table 6; p <0.001).

DISCUSSION

The complication frequency in our cohort after RC
was in line with previous publications. Thirty-six per

Table 4. Risk factors for 90-day readmission after discharge from
radical cystectomy. The following compares patient variables be-
tween those who were and were not readmitted to the hospital
after RC within 30 days of discharge to identify risk factors for
90-day readmission. The first row shows the MISKCC reasons for
readmission. Numbers listed are either totals with percentages
for categorical variables in parentheses or means with standard
deviations for continuous variables. Indiana pouch patients are
not listed because they were excluded from analysis. Associated
p-values are also listed for each comparison

cent of patients had some form of complication after Variable Regg_’g‘:i"“ readm?ssion value
RC before discharge from the hospital, and 75.9% (n=6\7/) 90-days P
of these were low grade (< grade II). Other literature (n=319)
has reported in-house complication rates around :qufzsc%r;lszr readmission -
35% [9]. When also including complications after Bleeding 1
discharge requiring readmission within 90 days Surgical 2
of discharge, the complication rate was 54.8%. Cur- Genitourinary 16
rent meta-analysis estimates are that ~60% of pa- a,a;z;oéntesmal 153 -
tients will experience a complication within 90 days Thromboembolic 3
of RC, concurring with our findings [1, 9, 10]. Calm”ac 4
We saw that prior to discharge from RC, GI and GU ,ZZS:S{;Z& é
causes were the most likely type of complication, Miscellaneous 1
with infectious aetiologies a distant third. Howev- Operative time (minutes) 344.1(93.3)  350(93.8) 0.641
er, for both 30- and 90-day readmissions, infection Length of stay (days) 7.9(10.9) 6.4 (5.5) 0.255
was the most common complication. In their 90-day g (years) 659(12.8)  6658(88) 0575
analysis of morbidity and mortality from RC, Hirobe cal 53(2.1) 53(1.9) 0.937
et al. [4] noted that UTI was the most frequent com- Formale 15 (22.4) 63 (15.7) 0695
plication patients experienced, followed by wound foce - - 0208
infections and then paralytic ileus. Yuh et al. [11] :

. . . Approach
found an overall greater rate of complications in Open 41(612) 178 (55.8) 0418
their RC analysis (80%) than our study, but in terms Robotic 26 (38.8) 141 (44.2)
of classifications, infectious was most common after Diversion
RC. Katsimperis et al. [10] elected to separate UTI lleal conduit 45 (67) 272 (86.3)
and infectious complications in their classification Ejﬂigfi;retemstomy 20(()30) 380((29'_55)) <0.001
system, but again found that 25% of all postoperative PCN 2(3) 7(2.2)
complications could be attributed to either of these Postoperative complication
issues. A unique strength of our study is the addi- prior to discharge 20(29.8) 115(37.3) 0248
tional inclusion of complications prior to discharge, Clavien-Dindo grade - - 0.590
which appears to differ in classification from those Tumour pathology
seen after discharge based on our results. Maibom T0 8/66(12.1)  37/317 (11.7)
et al. [9] attempted to identify risk factors for specific E"s 15?666((15 ) ;éﬁg gi;
RC complications in their meta-analysis. They saw T1 1/66(1.5)  29/317 (9.2)
mixed results but noted that continent reservoirs T2a 6/66(9.1)  57/317(9.1)  0.042
over ileal conduits may be a risk factor for postop- gg g;gg 82;; 433531177((1135)
erative UTI, as is a higher CCI [9] Looking at GI T3b 10/66 (15.2)  22/317 (6.9)
complications, it appears that increasing age is most Tda 13/66 (19.7)  46/317 (14.5)
likely to contribute to an increased risk of these issues Tap Y66 (15) | 7/317(2.2)
[9]. Further study is needed to properly identify risk =~ Diabetes 19(284) 73(229) 0339
factors of each MSKCC complication type after RC. Hypertension 40(59.7) 163 (51.1) 0200
We found that 33.7% of our RC cohort presented Coronary artery disease 12 (17.9) 58 (18.2) 0.624
to the ED at least once postoperatively within 90 days CoPD 2(3) 47 (14.7) 0.009
of discharge. The most common reason for an ED vis- Overall survival (months) 104 (11) 19.6(19.4)  0.001

it was an infectious aetiology, followed by GI and GU
reasons. Baack Kukreja et al. [12] reported an over-

CClI - Charlson Comorbidity Index; COPD — chronic obstructive pulmonary disease;
PCN — percutaneous nephrostomy
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Table 5. Regression model for emergency department visitation after radical cystectomy. The following table is a binary lo-
gistic regression model with emergency department visit after radical cystectomy as the outcome. For urinary diversion, ileal
conduit is the referent group. Indiana pouch patients are not listed because they were excluded from analysis

Variable B SE Significance Exp(B) %
Upper Lower

Gender 0.48 0.27 0.078 1.6 0.95 2.75
Approach -0.28 0.23 0.23 0.76 0.48 1.19
Diversion - - 0.003 - - -

lleal conduit Referent - - - - -

Neobladder 1.39 0.77 0.070 4.0 0.89 18.0
cu 1.10 0.32 <0.001 3.0 1.59 5.66
PCN -1.22 1.07 0.25 0.29 0.036 2.41
Tumour pathology 0.015 0.045 0.73 1.02 0.93 1.11
Race -0.012 0.18 0.95 0.99 0.70 1.40

B — unadjusted odds ratio; Cl — confidence intervals; CU — cutaneous ureterostomy; Exp(B) — adjusted odds ratio; PCN — percutaneous nephrostomy; SE — standard error

Table 6. Regression model readmission 31-90 days after radical cystectomy. The following table is a binary logistic regression
model with emergency visit after radical cystectomy as the outcome. For urinary diversion, ileal conduit is the referent group.
Indiana pouch patients are not listed because they were excluded from analysis

Variable B SE Significance Exp(B) %
Upper Lower
Gender 0.17 0.34 0.61 1.19 0.61 2.31
Approach -0.14 0.28 0.63 0.87 0.50 1.53
Diversion - - 0.01 - - -
lleal conduit Referent - - - - -
Neobladder -19.20 14156.22 0.99 0.001 0.001 -
cu 1.24 0.35 <0.001 3.47 1.76 6.83
PCN 0.60 0.83 0.47 1.82 0.36 9.17
Tumour pathology 0.11 0.06 0.063 1.11 0.99 1.25
Race -0.017 0.23 0.94 0.99 0.62 1.56

B — unadjusted odds ratio; Cl — confidence intervals; CU — cutaneous ureterostomy; Exp(B) — adjusted odds ratio; PCN — percutaneous nephrostomy; SE — standard error

all ED visit rate of 38.5% after RC and found that
differences in management recovery pathways had
no effect on likelihood of an ED visit. Spencer et al. [6]
found that 14% of their RC cohort who were not
readmitted still required an ED visit after surgery.
Hirobe et al. [4] found that 7% of their RC cohort
required an ED visit despite not being readmitted
to the hospital. Our overall ED visit rate is similar
to much of the current body of literature, although
studies are too limited to compare. On univariable
analysis, history of hypertension was significantly
associated with an ED visit after RC. There is al-
most no current information on risk factors for ED
department utilisation after RC, but it has been well
established that cardiopulmonary comorbidities
are a risk factor for increased ED utilisation after
major surgeries in other fields [13]. CU diversions

also were a risk factor for ED visitation after RC,
and they remained significant on logistic regres-
sion. While there is literature on the relationship be-
tween diversion and readmission status, little exists
on ED utilisation, and more work is needed in this
area. OS was also worse in those who presented
to the ED. It is not unexpected that patients who re-
quired an ED visit fared worse postoperatively, and
these may be patients who providers need to follow
closer. We also feel our results highlight the need for
standard protocol development in patient manage-
ment after RC to reduce ED utilisation overall.

Readmissions to the hospital were within estab-
lished ranges in our patient population, but few
modifiable risk factors were seen on analysis. Some
researchers have identified neobladder as a risk
factor for readmission after RC [14-17]. Others
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have not found an association between readmission
to the hospital and any urinary diversion [18].
CU is not included in many current papers and
is a unique risk factor for readmission in the
31-90-day window after discharge we identified
in our patient population, which remained signifi-
cant on logistic regression. While Kim et al. [15] did
not study CU, they did find urinary diversion only
played a role in the likelihood of readmission in the
late period after RC (31-90 days), which we simi-
larly discovered. This finding could be explained in
2 ways: 1) CU is usually done in patients with mul-
tiple co-morbidities and who are more fragile. These
patients usually require a shorter OT, and for this
reason, a CU is selected as the urinary diversion
of choice; 2) stents for CU are typically removed dur-
ing the first month, and the risk of stricture requir-
ing re-stenting and readmission is thus increased.
It is due to this second point that some urologists
recommend prolonged stenting for CU [19]. Postop-
erative complications prior to discharge were also
associated with a lower rate of readmission in the
30-day window after discharge. Minillo et al. [20]
found that LOS >15 days predicted lower likelihood
of readmission after RC. LOS was not associated
with readmission in our study, but patients with
postoperative complications may have closer follow-
up and monitoring secondary to complex hospital
stays leading to less need for readmission long-term
after RC. As seen with ED visits, OS was worse in
those who were readmitted after RC; providers need
to follow these patients closer postoperatively.

We acknowledge that our study is inherently limited
by its retrospective nature, most notably due to se-
lection bias in our cohort. Furthermore, we cannot
fully account for ED visits and readmissions out-
side of our healthcare system. Moreover, we elected
to limit our analysis to 90 days of discharge from RC
and so cannot comment on complications outside
of this window. While we did have standardised
follow-up criteria in the first month after surgery
for the study cohort, it was up to provider discretion
after this, which limits the strength of our conclu-
sions. Though the MSKCC criteria for complication
after RC are widely employed, other urologists may
elect to categorise complications in a different way
than we did for our analysis. Lastly, we did not have
a full complement of neoadjuvant or adjuvant che-
motherapy regimens on all patients, and so no analy-
sis was performed on these potentially confounding
variables. Strengths of our study include a large
sample size and capturing ED visits, which many
studies lack. Furthermore, we identified risk factors

for ED visitation and readmission, which can guide
practitioners in appropriate management after RC.

CONCLUSIONS

The complication rate after RC is high both during
initial hospital stay and within the first 90 days after
discharge. Nevertheless, most complications are low
grade. ED utilisation after RC remains poorly under-
stood, but our results indicate that around one-third
of patients will have at least one ED visit within
the first 90 days of discharge from RC. Readmis-
sion rates are also high, 30 and 31-90 days after
discharge. The most likely reason for ED presenta-
tion and readmission is infection, with GI and GU
as the next most common. CU diversion appears to
be a risk factor for ED visits and readmission 90 days
after discharge from RC, which is a novel finding.
Postoperative complications may also be associated
with lower readmission rates to the hospital within
30 days of discharge, but further research is needed.
OS is worse for patients who presented to the ED and
who were readmitted at the 30- and 31-90-day in-
tervals, which is not unexpected given that these pa-
tients often had more complex postoperative issues.
We feel that our findings have multiple implications
for physicians’ practice. Preoperatively, patients
should be counselled appropriately in terms of both
the likelihood and type of complications to expect af-
ter RC. Urologists should also fully consider all di-
version options for patients in preoperative planning
for RC, making note of our analysis showing increased
ED use and readmission with CU. Furthermore, ED
providers can be better educated on RC patients,
specifically the most likely reasons for patient pre-
sentation to the ED and how to appropriately triage
and manage them. Patient management protocols af-
ter RC also remain an area open to further research
to better improve care for RC. Ultimately, healthcare
utilisation after RC is high, and measures to identify
these patients most at risk early on after RC can help
prevent excess strain on the system and lead to cost
savings in the future.
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Introduction Historically, the anal canal plays a substantial role in both screening and diagnosis of pro-
state cancer with digital rectal examination (DRE) and transrectal ultrasound (TRUS) guided biopsy, re-
spectively. However, in patients with a prior history of abdominoperineal resection the transrectal route
towards the prostate capsule cannot be utilized and thus alternative approaches have to be employed.
The aim of this systematic review and proportional meta-analysis is to evaluate the available alternative
prostate biopsy techniques in patients without rectal access.

Material and methods The systematic literature review was performed using MEDLINE, Scopus,
EMBASE, and the CENTRAL register for randomized controlled trials (RCTs). The following search algo-
rithm was used: “resection of rectum” OR “abdominoperineal resection” OR “without rectal access”
AND “prostate biopsy” (PROSPERO 2023 CRD42023459080).

Results A total of 21 studies and 203 patients were included in this systematic review and meta-analysis,
while 6 different prostate biopsy techniques were detected in the current literature. The transperineal
approach under transperineal US (TPUS) and the transgluteal approach guided by computed tomogra-
phy (CT) were associated with 0.74 [0.48; 0.94] and 0.70 [0.49; 0.89] pooled diagnostic yield estimates
as well as 0.01 [0.00; 0.01] and 0 [0.00; 0.01] pooled complication rate estimates. The performance

of multiparametric magnetic resonance imaging (mpMRI) prior to transgluteal CT-guided prostate
biopsy seemed to significantly affect the biopsy result (p = 0.0002).

Conclusions Based on current data, the TPUS-guided prostate biopsy has the highest pooled diagnostic
yield estimate. However, this conclusion is based on poor evidence and more reliable and well-organized
studies are needed to thoroughly explore this problem.

INTRODUCTION

Prostate cancer is the second most common malig-
nancy detected in men with virtually one million
new cases reported every year. In fact, prostate
cancer accounts for 10.0% of new malignancies
diagnosed annually in males and is responsible
for 300,000 deaths every year [1, 2]. Some well-
established risk factors associated with prostate
cancer are age, with almost 75.0% of men above
80 years displaying some kind of latent disease,
family history, African-American race and certain

Cent European J Urol. 2025; 78: 14-22
doi: 10.5173/ceju.2024.0097

genetic factors, for instance, BRCAI and BRCA2
mutations [3-7].

The fact that prostate cancer incurs a substantial in-
cidence and mortality burden of that magnitude pos-
es an invincible need for a well-coordinated screen-
ing program [8]. Although there are no consensus
guidelines for prostate cancer screening most of the
experts’ recommendations incorporate prostate-
specific antigen (PSA) measurement as the initial
screening tool [8-11]. In addition to PSA, digital rec-
tal examination (DRE) can be utilized to aid screen-
ing and can potentially increase the intrinsically

This is an Open Access article distributed under the terms of the Creative Commons

Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
License (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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low specificity of PSA, especially when it is per-
formed by an experienced clinician [12].

After shared-decision making, a reasonable step
for a patient with adequate life expectancy and ab-
normal findings in screening tests is prostate biopsy
[13]. Historically, transrectal ultrasound (TRUS)
guided biopsy has been the mainstay of obtaining
prostate specimens from patients with increased
suspicion of prostate cancer [14]. Its cancer detec-
tion rates (CDRs) have been reported to be as high
as 37.5% in patients with elevated PSA levels, while
the introduction of a novel prostate imaging tech-
nique, more specifically the multiparametric mag-
netic resonance imaging (mpMRI), in combination
with TRUS has increased the detection of clinically
important lesions [15, 16].

From the aforementioned data, it has been dem-
onstrated that the anatomical proximity between
the prostate and the rectum is a feature of high
significance regarding both the screening and the
diagnosis of prostate cancer. The abdominoperi-
neal resection (APR) is the cornerstone of surgical
treatment in cases of rectal cancer, ulcerative colitis
and familial polyposis [17]. During this procedure,
the rectum along with the mesorectum, the anus,
perineal soft tissue and pelvic floor musculature are
resected [18].

Considering that the detection of synchronous and
metachronous prostate and rectal cancers is highly
prevalent, the screening and diagnosis of prostate
cancer after APR are a common diagnostic challenge
for healthcare providers [19].

Taking into account the prevailing occurrence
of rectal cancer beyond the age of 50, which is the
same age category with men of high risk for pros-
tate cancer, a prostate cancer screening by measur-
ing PSA levels before undergoing APR has been
suggested [20, 21]. In case of elevated levels of PSA
after APR, several methods have been proposed
in order to acquire sufficient prostate tissue to reli-
ably establish a diagnosis [22].

The aim of this study is to perform a systematic re-
view of the current literature with respect to man-
agement of a patient without rectal access and el-
evated conjecture regarding the presence of prostate
cancer and to provide through a pooled proportional
meta-analysis and insight on the most effective and
safe prostate biopsy technique in these untypical pa-
tients.

MATERIAL AND METHODS

A literature search was performed (9% of June 2023)
using the MEDLINE, the CENTRAL, the EMBASE
and the SCOPUS databases (PROSPERO 2023

CRD42023459080). The following terms were used
in the search text fields; “resection of rectum”
OR “abdominoperineal resection” OR “without rec-
tal access” AND “prostate biopsy”.

Published observational and interventional studies
describing prostate biopsy techniques in patients
without rectal access and evaluating its efficiency
were included. Reviews, letters, commentaries and
articles whose texts were not available in English
were excluded.

The abstracts of all articles were screened and the
full texts of all the relevant articles were examined
for possible inclusion by 2 separate reviewers. Sub-
sequent to the initial study, selection was the cita-
tion searching of the already included studies. Upon
the conclusion of the compilation of studies a risk of
bias assessment was performed utilizing the 2013
National Heart, Lung and Blood Institute (NHLBI)
quality assessment tool and the Risk Of Bias In Non-
randomized Studies — of Exposures (ROBINS-E)
of the Cochrane group for case series and observa-
tional cohort studies, respectively [23, 24].
Efficiency of the prostate biopsy technique used was
identified as the primary outcome because it ensures
the feasibility of the method, while complications
rate was the secondary outcome because it is associ-
ated with direct harm to the patients. The sample
size and the number of patients with positive pros-
tate biopsy were used to pool the diagnostic yield
of each biopsy technique. A random-effects model
was assumed using the DerSimonian-Laird ap-
proach with Freeman-Tukey double arcsine trans-
formed proportion at 95.0% CI.

RESULTS

A flow diagram of the selection procedure is present-
ed in Figure 1. We initially identified 754 papers and
after removal of duplicates, 647 were considered eli-
gible for title-abstract based screening. Subsequent-
ly, 33 articles were selected for full text screening,
15 of them were excluded due to the reasons pre-
sented in Figure 1, while 17 of them met the inclu-
sion criteria and were finally included. Further-
more, references of the included studies along with
articles published by high impact journals were
hand-searched and 4 additional articles that were
lost from the initial search were also included.
A summary of the included studies’ characteristics
along with some of their most important results
is presented in order to provide a brief outlook
on the available data before their more thorough re-
view (Table 1).

A total of 203 patients were included in this system-
atic review and meta-analysis and 6 different pros-
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tate biopsy techniques were detected in the current
literature; transperineal approach with cognitive
guidance by intravenous urogram (IVU) and ultra-
sound (US), transgluteal approach guided by com-
puted tomography (CT), transperineal approach
under concurrent transperineal US (TPUS), trans-
perineal approach under concurrent transurethral
US, transperineal approach under fluoroscopy guid-
ance and transperineal approach during mpMRI
and transabdominal ultrasound fusion.

The first case of prostate biopsy in a patient with-
out rectal access was described by Schapira [26]
in 1982. In this case the prostate was approached
transperineally with the patient in lithotomy posi-
tion, while the lesion was targeted cognitively based
on the findings of an IVU and a sonogram that both
were previously performed. The histological exami-
nation revealed fragments of prostatic adenocarci-
noma.

The transperineal route and the advancement
of the needle to the prostate capsule under trans-
perineal ultrasound guidance was the procedure
of choice in 8 studies [27-34]. In pooled estimates,
overall diagnostic yield of this technique was 0.74
[0.48; 0.94] (Figure 2). After moderator analysis,
for age, PSA level and pre-biopsy mpMRI perfor-
mance, it emerged that none of these moderators
significantly affected the diagnostic yield of the
technique (p = 0.2997, p = 0.9891, p = 0.3368, re-

spectively). Regarding the safety of the technique,
the complication rate in pooled estimates is as high
as 0.01 [0.00; 0.18].

A novel approach to the prostate, which was intro-
duced by Krauss et al. [35] in 1993, utilizes CT im-
aging as a guide and the gluteal region as the needle
inserting point all the way to the prostatic gland.
This technique was described by 7 studies [35-41].
In pooled estimates, its overall diagnostic yield was
0.70 [0.49; 0.89] (Figure 3). The primary pooled pro-
portional analysis was followed by moderator analy-
sis for age, PSA level and pre-biopsy mpMRI per-
formance. It was concluded that pre-biopsy mpMRI
was the sole moderator significantly affecting
the outcome (p = 0.0002). Only 4 complication
events were observed throughout these 7 studies
leading to a pooled estimate of 0.00 [0.00; 0.01].
Transurethral ultrasound was the imaging tech-
nique of choice regarding needle guidance in 6 cases
described by Kirby et al. [42] and Seaman et al. [43].
The first author published a case report of a patient
with a previous abdominoperineal resection and
a significantly elevated PSA level (>30 ng/ml). This
patient had undergone two prior prostate biopsies
with the third attempt being performed by placing
the patient in lithotomy position and under mild se-
dation inserting an ultrasound transducer into the
prostatic urethra with the help of a flexible cysto-
scope. Perineal prostatic biopsies were then obtained
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while circumferential real-time ultrasonic images
were acquired. The histologic specimens originat-
ing mainly from the posterior prostate confirmed the
presence of benign prostatic gland tissue. This par-
ticular technique was applied by Seaman et al. [43]
in 5 patients without rectal access and lead to the di-
agnosis of prostate cancer in 3 of them.

Instead of cognitively combining prior mpMRI and
real-time ultrasound images, De Vulder et al. [44]
described the first case of a patient with a history
of abdominoperineal resection and rising PSA who

Table 1. Basic characteristics of the studies

Publication

Author (year) Study design M(ig?r:SA
Schapira [26] 1982 Case report . NA
Krauss et al. [35] 1993 Case report . 13.5
Twidwell et al. [27] 1993 Case series . 6.5
Filderman et al. [28] 1994 Case series . 16.5
Fornage et al. [29] 1995 Case report . 17.0
Kirby et al. [42] 1995 Case report . >30.0
Seaman et al. [43] 1996 Case series . 13.5
Papanicolaou et al. [36] . 1996 Case series . 34
D’Amico et al. [45] . 2000 Case report . 435
Shinohara et al. [31] 2003 Case series . 22
Cantwell et al. [37] 2008 Retrospective study . 11.1
Goenka et al. [38] 2015 Retrospective study . 114
Caglic et al. [40] 2016 Case report . 14.2
Hansen et al. [34] 2016 Case series . 14.5
Olson et al. [39] 2016 Retrospective study . 7.8
Amin et al. [30] 2020 Case report . NA
Merrick et al. [46] 2020 Case report . 8.84
Kailavasan et al. [32] 2021 Case series 9.4
Patel et al. [41] 2021 Retrospective study . 14.1
De Vulder et al. [44] 2021 Case report . NA
Park et al. [33] 2023 Retrospective study . 22.6

underwent mpMRI-US fusion biopsy. MRI images
were pre-imported into the ultrasound system and
a region of interest, meaning the area suspected
of being malignant, was identified. A transabdomi-
nal ultrasound approach was necessary in order
to begin the fusion with the cranial and caudal most
aspects of the pubic symphysis being the primary
fusion points. Then, the ultrasound probe was
placed to the perineum and prostate biopsies were
obtained free hand establishing a Gleason 8 pros-
tatic adenocarcinoma.

Prostate approach Guidance P'\jzacssgé,
Transperineal Cognitive IVU, US guided n=1,NA
Transgluteal . CT n=1,NA
Transperineal . us n=2,NA
Transperineal . us n=2,NA
Transperineal . us n =1, combined 8
Intraluminal . Transurethral US n=0
Transperineal Transurethral US n=3,NA
Transgluteal . CcT n=6, NA
Transperineal . Cognitive mpMRI MRI guided n=1,6(3+3)
Transperineal . us n=23,6.6
Transgluteal . CT n=14,7.4
Transgluteal CT n =8, combined 8
Transgluteal Cognitive mpMRI, CT guided n=2,7.5
Transperineal Cognitive mpMRI, US guided n=7,8
Transgluteal CT n=31,7
Transperineal . us n=1,7
Transperineal . CT planned, fluoroscopy guided n=1,9
Transperineal Cognitive mpMRI, US guided n=3,7
Transgluteal Cognitive mpMRI, CT guided n=9,7
Transperineal MRI-transperineal US fusion n=1,8
Transperineal Cognitive mpMRI, US guided n=7,7.5

CT — computed tomography; GS — Gleason score; IVU — intravenous urogram; mpMRI — multiparametric magnetic resonance imaging; US — ultrasound; PCa — prostate

cancer; PSA — prostate-specific antigen

Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Twidwell et al. 2 10 161% 020[0.03;056) —@———
Filderman et al 2 5 122% 0.40[0.05;0.85] —_—l
Fornage et al 1 1 51% 1.00[0.02; 1.00] -
Shinohara et al 23 28 208% 0.82[0.63;0.94) ——
Amin et al 1 1 51% 1.00[0.02; 1.00) -
Kailavasan et al 3 3 94% 1.00([0.29;1.00] —_—a
Park et al 7 9 156% 0.78[0.40;0.97) N
Hansen et al 7 9 156% 078[0.40,097) —
Total (95% Cl) 66 100.0% 0.74 [0.48; 0.94] —————
Heterogeneity: Tau™ = 0.0429; Chi" = 16.19,df =7 (P = 0.02), I’ = 57%
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Study Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Krauss et al. 1 1 4.1% 1.00[0.02; 1.00]
Papanicolaou et al. 6 10 14.9% 0.60[0.26; 0.88) —a—
Cantwell et al. 14 22 19.4% 0.64[0.41;0.83) —a—
Goenka et al. 8 16 17.7% 0.50[0.25;0.75) —a—
Olson et al. 31 65 23.4% 0.48[0.35; 0.60] ——
Caglic et al. 2 2 62% 1.00[0.16; 1.00] R
Patel et al. 9 9 14.2% 1.00[0.66; 1.00] — A
Total (95% ClI) 125 100.0%  0.70 [0.49; 0.89] ———
Heterogeneity: Tau® = 0.0311; Chi® = 16.87, df = 6 (P < 0.01); 1> = 64%
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Figure 2. Forest plot transperineal ultrasound-guided prostate
biopsy.

Figure 3. Forest plot transgluteal computed tomography
prostate biopsy.
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The 2 last prostate biopsy protocols have only been
described once. The first one refers to a patient
with prior proctocolectomy due to ulcerative colitis
and increasing values of PSA. Firstly, the patient
underwent a prostate MRI in order to identify re-
gions highly suspicious for cancer. Then the patient
was placed into the imaging bore of the open intra-
operative magnet in the lithotomy position under
general anesthesia. Intraoperatively, new MRI im-
ages were obtained and according to the correlation
of both MRI examinations and using appropriate
software, a stereotactic transperineal approach to
the lesion was achieved. The histopathologic evalua-
tion revealed a Gleason 6 prostate adenocarcinoma,
while no complications were reported [45].

The second case report involves a patient with PSA
level of 8.84 ng/ml who underwent total colectomy
due to ulcerative colitis. The biopsy locations were
pre-planned based on a pre-biopsy CT. Intraopera-
tively, the patient under intravenous (IV) sedation
was placed in dorsal lithotomy position, then saline
with dilute contrast were administered into the blad-
der and into the catheter bulb, while a brachyther-
apy template was used for needle placement. The
needle position was confirmed via anterio-posterior
and lateral fluoroscopy. At biopsy 32 cores were ob-
tained and established the diagnosis of a Gleason 9
prostatic adenocarcinoma [46].

DISCUSSION

To our knowledge this is the first systematic review
and meta-analysis evaluating prostate biopsy tech-
niques in patients without rectal access. Based on
the current data available the majority of the pro-
cedures were described in diminutive patient num-
bers, while only the transperineal approach under
US guidance and the transgluteal approach under
CT guidance were reported in an adequate num-
ber of studies with bearable heterogeneity making
it feasible to perform a pooled proportional meta-
analysis. The studies’ risk of bias was assessed using
the NIH quality assessment tool and the ROBINS-E
tool for case series and single arm retrospective
studies, respectively.

The non-consecutive nature of the cases, the lack
of baseline characteristics presentation and the
concealment of the follow-up period were features
that in some cases undermined the quality of the
case series studies (Table 2). Regarding the single
arm retrospective studies, during the planning stage
of ROBINS-E assessment, age, PSA level, prior un-
successful biopsies, Gleason score, prostate size,
comorbidities, inflammation or prostatic intraepi-
thelial neoplasia and radiation dose were noted as

potential confounding factors. After diligent ex-
amination of the available single arm retrospective
studies it was concluded that there was sufficient
potential for confounding that an unadjusted result
was not reliable. Thus, these studies were consid-
ered of very high risk of bias [33, 37-39, 41].
Prostate cancer and rectosigmoid cancer hold 2 po-
sitions among the most frequent diagnosed cancers
in men [47]. In fact, it has been observed that these
2 types of cancer tend to co-occur within the same
patient in a rate that ranges from 1.9% to 5.0%
[48, 49]. In most of the cases the cancers do not oc-
cur simultaneously, but they follow a subsequent
path, with the rectosigmoid cancer being the first
one detected in 41.0% of the cases [50].

Given abdominoperineal resection is required not
only in 40.0% of patients with rectal cancer but also
occasionally for the management of inflammatory
bowel disease, Fournier gangrene and fecal incon-
tinence not amenable to sphincter sparing surgery
the need for a standardized protocol regarding
the prostate cancer diagnosis in men without rectal
access is of paramount importance [51, 52].

One of the major advantages of the transperineal
route to the prostatic capsule is the improved sam-
pling of the far lateral peripheral zone. This is at-
tributed to the relatively parallel course of the nee-
dle to the long axis of the prostate at the mid portion
and the base allowing to obtain more prostatic tis-
sue from the peripheral zone [53].

According to our analysis, the transperineal approach
of the prostate under transperineal ultrasound guid-
ance was associated with a diagnostic yield of 0.74
[0.48; 0.94]. This result complies with the pooled de-
tection rate of a previously published meta-analysis,
which evaluated the diagnostic effectiveness of free
hand transperineal prostate biopsy with the Preci-
sion Point Transperineal Access System in patients
with rectal access and achieved a prostate cancer de-
tection rate of 68.0% [54]. The slightly higher detec-
tion rate in our analysis might be explained by the
fact that patients without rectal access might pres-
ent with larger and more clinically significant can-
cers due to delayed diagnosis [55].

To our surprise, the visual registration of prior
mpMRI did not seem to affect the diagnostic yield
of the technique. This does not accord with preced-
ing studies that had proven the superiority of cogni-
tively combining pre-biopsy magnetic resonance im-
aging with transrectal ultrasound than ultrasound
guidance alone [56].

Moreover, in order for an invasive procedure to be-
come the mainstay in diagnosis of a condition it is
essential to be accurate as well as safe for the pa-
tient. According to our analysis, the pooled compli-
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cation rate estimate of transperineal biopsy under
TPUS guidance was calculated to be as low as 1.0%.
The most recent systematic review comparing the
transperineal with the traditional transrectal route
stated that the transperineal approach seems to pro-
tect patients from rectal bleeding and fever but sig-
nificantly increases patient pain [57]. These reports
come to an agreement with our included studies
where no infectious complications were observed and
only one patient felt mild perineal discomfort.

One of the major concerns when utilizing the trans-
perineal course to the prostate is the association
of the procedure with increased danger for post-
biopsy urinary retention. More specifically, in a re-
cent nationwide study where 73,630 patients were
included, it was indicated that the patients who
underwent a transperineal prostate biopsy were
of higher risk for urinary retention and were more
likely to have stayed overnight immediately post-
operatively [58]. In our analysis, acute urinary re-
tention occurred in 2 patients postoperatively [34].

The higher risk of urinary retention might be re-
lated to general anaesthesia use or to the higher
number of cores obtained.

Our systematic literature review has proven the fea-
sibility of the transperineal biopsy under local an-
aesthesia given that local anesthesia was preferred
in the majority of the cases [27-30, 33].

The most commonly utilized prostate biopsy tech-
nique in patients without rectal access was the trans-
gluteal approach under CT guidance. One of the most
important features of this technique is the clear de-
piction of the pelvis anatomy and the higher quality
of the prostate visualization when compared with the
ultrasound. These 2 characteristics not only diminish
the likelihood of bowel, bladder and surrounding vas-
culature injury but also help overcome the intrinsic
complexity of prostate sampling in patients that had
undergone anorectal resection [22].

According to our analysis, the transgluteal approach
of the prostate under CT guidance was associated
with a pooled diagnostic yield of 0.70 [0.49; 0.89].

Table 2. Case series quality evaluation using the NIH quality assessment tool

Twidwell et al. Filderman etal. Seaman etal. Papanicolaou  Shinoharaetal. Hansenetal. Kailavasan et al.
[27] [28] [43] etal. [36] [31] [34] [32]
L Wa.s th.e study question Yes Yes Yes Yes Yes Yes Yes
or objective clearly stated?
2. Was the study population
clearly and fully described, Yes Yes Yes Yes Yes Yes Yes
including a case definition?
3. Were t_he cases No NR Yes Yes Yes Yes
consecutive?
4. Were the subjects NR No Yes Yes No Yes Yes
comparable?
5. Was the |Qtervenhon Yes Yes Yes Yes Yes Yes Yes
clearly described?
6. Were the outcome
measures clearly defined,
valid, reliable and Yes Yes Yes Yes Yes Yes Yes
implemented consistently
across all study participants?
7. Was the length NA NA NA NA NR NA NA
of follow-up adequate?
8. Were the statistical
methods well described? No No No No No No No
3é\sl\éfirbeefjh?e results well No Yes No No Yes Yes Yes
Poor Fair .
) Poor o Fair
(non-consecutive (a description o
(great (a description
nature of cases, ) of the L
A differences - of the statistical .
no baseline : . statistical Fair
- in baseline methods used
) ) characteristics methods used (there
Quality rating : PSA and age, and a more
- available, L and a more were great Good Good
(good, fair, poor) L the statistical adequate . )
no statistical adequate ) ) differences in
methods and ) ) interpretation )
methods interpretation baseline PSA)
- follow-up of the results
description ) of the results
) duration were would be
and no risk not reported) would be desired)
classification) P desired)

NA — not applicable; NR — not reported
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This might be explained by the fact that in most cas-
es biopsies were performed according to a quadrant
approach, while an extended peripheral zone biopsy
scheme where 12 cores are acquired may increase
cancer detection rates with this technique [59].
There are no prior data in respect of the efficacy
of CT as a needle guide during prostate biopsy.
This might be related to the superiority of other
techniques and especially MRI in prostate visual-
ization, which can also improve the initial detection
of prostate cancer [60]. In fact our moderator anal-
ysis regarding the pooled diagnostic yield of CT-
guided transgluteal prostate biopsy demonstrated
that prior mpMRI prostate visualization signifi-
cantly affected the result (p = 0.0002). Moreover,
it has been described that CT can also be combined
with prostate-specific membrane antigen (PSMA)
positron emission tomography (PET) and achieve
a prostate cancer detection rate of 96.0% [61].
Concerning its safety profile, CT-guided transglu-
teal biopsy in patients without rectal access has
apooled complication rate estimate of 0% [0%; 1.0%].
In the included studies only 4 minor complication
events were recorded, including 1 event of gross
spontaneously resolving hematuria and 3 peripros-
tatic hematomas, while no major complications were
observed. At this point it is important to underline
that in contrast with the conventional transrectal
US-guided prostate biopsy where post-biopsy infec-
tion is an issue of great concern, when following
the transgluteal approach to the prostate as the rec-
tum is not transgressed the risk of infectious com-
plications is diminished [62]. Thus, no antibiotic
prophylaxis was routinely administered in virtually
all the studies utilizing the transgluteal approach,
minimizing the potential burden of antibiotic-resis-
tant bacteria development [63].

Towards the direction of vanishing infectious com-
plications from prostate biopsy favors the trans-
perineal approach as well, which seems to lower
theincidence of post-biopsy sepsisin comparison with
the traditional transrectal approach (0.1% vs 0.8%,
respectively) [64]. Both the transperineal and the
transgluteal approach could be considered as alter-
native choices in patients receiving immunosup-
pression or transplant recipients who have usually
been exposed in extended hospitalizations or com-
plex antibiotic regimens and their colon is colonized
by multi-resistant bacteria [65, 66].

This systematic review and proportional meta-
analysis has several limitations. First of all, both
the lack of head-to-head comparisons between
the techniques and the studies’ design, that were
almost exclusively in case series or single arm

retrospective studies format, made pooled propor-
tional meta-analysis the sole feasible choice and
inserted great risk of bias in the resulting evidence,
respectively. Also, the limited number of patients
included in the analysis undermined the certain-
ty of evidence emerging from the analysis. Last
but not least, most of the techniques were described
once or twice in case reports and as a result a statis-
tical analysis of their results would not be reliable
and thus a narrative presentation was preferred
in order to achieve historical thoroughness on the
subject.

Given that transperineal prostate fusion biopsy con-
stitutes a safe and reliable prostate biopsy technique
for selected patients with rectal access, it could be
considered the standard of care as well for patients
without a rectum [67]. However, this novel approach
is not available in all clinical settings due to both
limited equipment and technical knowledge.

CONCLUSIONS

Taking into account that prostate cancer and recto-
sigmoid cancer are 2 malignancies with prevailing
occurrence in men aged over 50 and that ano-rec-
tal resection is indicated in a significant proportion
of men with rectosigmoid cancer and men suffering
from other conditions, such as inflammatory bowel
disease (IBD) or Fournier gangrene, a thorough eval-
uation of the available prostate biopsy techniques
that omit the traditional transrectal route was
necessary. Several procedures have been reported
in the current literature including with the most
commonly utilized techniques being the transperine-
al approach under concurrent TPUS and the trans-
gluteal approach guided by CT which were associat-
ed with 0.74 [0.48; 0.94] and 0.70 [0.49; 0.89] pooled
diagnostic yield estimates as well as 0.01 [0.00; 0.01]
and 0 [0.00; 0.01] pooled complication rate estimates.
However, the level of evidence is still suboptimal
due to the small retrospective, case series and case
report format of the included studies. Thus, well
designed multi-institutional prospective studies are
required to elucidate the diagnostic efficacy of each
different technique in this unique population.
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Introduction The incidence of prostate cancer is increasing in Poland, particularly due to the aging popu-
lation. This review explores the potential of deep learning algorithms to accelerate prostate contouring
during fusion biopsies, a time-consuming but crucial process for the precise diagnosis and appropriate
therapeutic decision-making in prostate cancer. Implementing convolutional neural networks (CNNs) can
significantly improve segmentation accuracy in multiparametric magnetic resonance imaging (mpMRiI).
Material and methods A comprehensive literature review was conducted using PubMed and IEEE
Xplore, focusing on open-access studies from the past five years, and following PRISMA 2020 guidelines.
The review evaluates the enhancement of prostate contouring and segmentation in MRI for fusion
biopsies using CNNs.

Results The results indicate that CNNSs, particularly those utilizing the U-Net architecture, are pre-
dominantly selected for advanced medical image analysis. All the reviewed algorithms achieved a Dice
similarity coefficient (DSC) above 74%, indicating high precision and effectiveness in automatic prostate
segmentation. However, there was significant heterogeneity in the methods used to evaluate segmenta-
tion outcomes across different studies.

Conclusions This review underscores the need for developing and optimizing segmentation algorithms
tailored to the specific needs of urologists performing fusion biopsies. Future research with larger
cohorts is recommended to confirm these findings and further enhance the practical application

of CNN-based segmentation tools in clinical settings.

Key Words: fusion biopsy <> convolutional neural networks (CNNs) <> deep learning

«» prostate cancer ¢« prostate segmentation

INTRODUCTION

Prostate cancer is the second most common cancer
in men of all age ranges, with estimated number of
new cases 1,466,718 in 2022 in the world [1]. In Po-
land, there is an increasing trend in prostate cancer
incidence, with forecasts indicating a 55.2% increase
in cases compared to the year 2019 [2]. Vital priority
in coming years should be to increase the capacity
of the healthcare system to diagnose prostate can-
cer for the early detection of clinically significant
prostate cancer (CSPCa) and the implementation
of appropriate therapeutic decisions. We posit that
optimizing fusion biopsies holds promise as a solu-

Cent European J Urol. 2025; 78: 23-39
doi: 10.5173/ceju.2024.0064

tion to this challenge. This can be achieved through
the integration of deep learning algorithms into the
biopsy process. In recent years, there has been rapid
development in artificial intelligence (AI) and ma-
chine learning due to the implementation of deep
learning [3]. It is important to clarify that while ML
and DL are related, they are not the same (Figure 1).
Machine learning uses input datasets and algo-
rithms to uncover patterns and make predictions.
The two primary approaches in machine learning
are supervised and unsupervised learning. The key
difference lies in the type of data used to train the
model. In supervised learning computer is trained
on dataset that are similar to the problem at hand.

This is an Open Access article distributed under the terms of the Creative Commons
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Once the model learns the relationship between
the input and the output, it can classify new un-
known datasets and make predictions or decisions
based on them. On the other hand, unsupervised
learning using unannotated data. Model learns from
input data without expected values, and the avail-
able dataset does not provide answers to the given
task. Thus, the main goal of supervised learning
is to predict or classify new, unseen data based on the
learned patterns, while unsupervised learning aims
to discover hidden patterns, structures, or relation-
ships within the data. Due to the extensive nature
of classical machine learning methods and their di-
vergence from the topic of this review, we recom-
mend the article by Kufel et al. [4] for those inter-
ested in a more in-depth discussion of this subject.
A comprehensive review of the literature on auto-
matic prostate segmentation in multiparametric
magnetic resonance imaging (mpMRI) images re-
veals a significant focus on assisting radiologists
in their image interpretation tasks. While these stud-
ies demonstrate the potential of segmentation algo-
rithms to enhance diagnostic accuracy and efficiency,
they largely neglect the practical application of these
tools within the workflow of urologists performing
fusion biopsy procedures.

Our experience indicates that a part of urologists in-
dependently delineate prostate contours on mpMRI
scans, highlighting the need for segmentation algo-
rithms that seamlessly integrate into their workflow.
To fulfill this gap, future research should prioritize
the development and evaluation of segmentation
tools tailored to the specific needs of urologists dur-
ing fusion biopsy procedures.

We undertake assess the improvement by Al in
the contouring and segmentation of the prostate
in MRI used for fusion biopsy and try compare
the effectiveness of different algorithms build
in CCNs architecture.

The principles of fusion biopsy

The distinction between clinically significant and
clinically insignificant prostate cancer does not have
a sharp boundary; it is more of a balance between
the characteristics of the tumor and the patient him-
self. CSPCa can cause morbidity or death, but insig-
nificant not. This distinction is crucial because the
treatment itself carries the risk of harmful side ef-
fects for the patient. Due to the fact that transrectal
ultrasound (TRUS)-guided systematic biopsy does
not detect up to 20% of clinically significant cancers,
a better alternative was sought [5]. Today, the most
sensitive method to detect CSPCa is fusion biopsy
(Figure 2) [6-8]. Currently, there are three types

of Fusion biopsies: visual estimation TRUS-guid-
ed biopsy (known also as “cognitive”), in-bore
MRI-guided biopsy and software-based co-regis-
tration guided biopsy with MRI to ultrasound fu-
sion. It is based on the analysis of mpMRI in search
of lesions suspicious of neoplastic features (regions
of interest — ROI) and obtaining a biopsy from these
lesions. It has been more than 10 years since tar-
geted mpMRI-GB was introduced into the diagnos-
tic pathway for detecting early prostate cancers [9]
European Association of Urology (EAU) in its guide-
lines has approved the higher sensitivity of mpMRI
compared to ultrasound-guided biopsy to detect
prostate cancer for International Society of Urologi-
cal Pathology (ISUP) grade >2 [10, 11]. Studies in-
dicate that for the ISUP 1 group, systematic biopsy
is more sensitive than mpMRI-GB; however, this
often leads to overdiagnosis and possible overtreat-
ment [12]. mpMRI consists of T2 high-resolution
weighted imaging (T2w) that assesses the content
of water in tissues and at least two functional MRI
techniques. These two techniques include diffusion-
weighted imaging (DWI; Figure 3), which evaluates
the diffusion of water molecules between different
tissues (from DWI, the apparent diffusion coeffi-
cient [ADC], is calculated) and dynamic contrast-
enhanced imaging (DCE). DCE assesses the spread
of contrast agent in the prostate gland, which,
in the case of present tumor tissues, fills them more
quickly (due to tumor angiogenesis) and also wash-
es them out more rapidly [13]. T2W images are es-
pecially significant as enable the differentiation
of the zonal anatomy of the prostate gland — the pe-
ripheral zone exhibits high signal intensity, the cen-
tral zone shows decreased intensity, and the tran-
sition zones have heterogeneous intensity. These
images also facilitate the evaluation and identifica-
tion of cancer foci, which most commonly manifest
as low intensity within the peripheral zone. DWI
and DCE are utilized for further assessment of the

Artificial Intelligence

Machine Learning

Deep Learning

Figure 1. Interdependence between artificial intelligence,
machine learning and deep learning.
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prostate anatomy and ROI. Integral analysis of these
imaging modalities significantly increases precision
and sensitivity in the detection of neoplastic lesions
within the prostate gland [6]. To optimize and uni-
fy the evaluation of mpMRI, the American College
of Radiology, European Society of Urogenital Radiol-
ogy (ESUR), and the AdMeTech Foundation devel-
oped a standardized method for assessing mpMRI
images, commonly known as PI-RADS (Prostate
Imaging-Reporting and Data System) [14]. PI-RADS
employs a stratification system that assigns values
ranging from 1 to 5. It is advised that for lesions
categorized as grade 3, a biopsy should be contem-
plated, whereas for lesions classified with values
of 4 and 5, the execution of a biopsy is emphatical-
ly recommended [15]. Over the years, the authors
achieved the intended effect and enhanced the qual-
ity of prostate cancer detection due to PI-RADS [16].
PI-RADS has also been incorporated into repre-
sentative clinical guidelines and has been used
in clinical research as a tool for risk stratification
and determining the biopsy pathway [15, 17]. Re-
search assessing the effectiveness of PI-RADS cri-
teria via targeted biopsy has demonstrated signifi-

3

cant predictive power in determining the likelihood
of prostate cancer, alongside a notable correlation
with the Gleason score. The current version in use
is PI-RADS 2v1.

The mentioned fusion biopsy techniques mainly
differ in the way the needle is targeted in the ROI
(Figure 4). In the cognitive method, the operator
analyzes prostate gland map and, based on their
own experience, collects samples from the pros-
tate. This is a low cost method, but the learning
curve is high. In the in-bore biopsy method, the
biopsy is performed while the patient lies inside
the MRI scanner. This method’s advantage lies
in its minimal image distortion detection, while its
drawbacks include the high cost associated with
prolonged MRI usage and the limited availability
of this testing form. Prince and his research group
in their study demonstrated a higher sensitivity to
detect CSPCa through in-bore compared to fusion
MRI-targeted biopsy [18]. The final method is soft-
ware-assisted fusion biopsy, which involves manu-
ally or automatically, delineating the entire pros-
tate on mpMRI and identifying ROIs. This phase,
if manually, is not infrequently laborious, tedious,

> W R, \ A L

Figure 2. Fusion performed on Urostation (Koelis). Contouring: A) The first step is to mark 3 points that generate the original
outline: green — the top of the prostate gland, red — the base above the entrance to the urethra, and blue — the back wall

of the gland. The software then generates the primary outline which we already contour by marking yellow points and adjust-
ing it to the outline of the gland: B) mid, C) apex, D) base. On the finished outline we mark changes using T2 and ADC or DWI
sequences, for more discrete lesions we use contrast sequences. Trinity software allows overlapping of images. The next step

is to repeat these steps, but this time we work on the ultrasound image from the endorectal transducer generated live.

E) After creating two contours, the apparatus performs a fusion of the images, which we check and confirm, and after confirma-
tion we receive the superimposed lesions on the ultrasound image and can proceed to the actual part of the biopsy.
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and time-consuming, highly depending on clinician
experience and skills [19].

Concurrently, TRUS is performer in real-time, and
with the aid of software, the mpMRI images are
merged. This co-registration is crucial step in the
Fusion process, where the three-dimensionally (3D)
segmented area of the prostate on MRI images is
,combined” or aligned with the 3D captured area
of the prostate on real-time US images. Following
the completion of the co-registration, the process
advances to the biopsy phase of the prostate gland.
Two methods of image registration between mpMRI
and real-time TRUS are available on the market:
static, which directly overlays images without con-
sidering changes in the prostate visualization caused
by compression from the US probe or the patient’s
positioning, and elastic, where the software accom-
modates differences in the gland’s chape between
MRI scans and TRUS.

The biopsy fusion stations available on the market
are presented in Table 1.

The principles of deep learning

Deep learning is powered by neural networks, which
mimic the information-transmitting behavior of hu-
man neurons. Similar to our brains, deep learning
begins with the introduction of information, such as
an image or sound. This information is then passed
through the network, analyzed by successive layers
until an output is generated. Each layer comprises
numerous neurons that process the input data.

The number of hidden layers distinguishes between
artificial neural networks (ANNs), which have one
hidden layer, and deep neural networks (DNNs),
which have multiple hidden layers (Figure 5).
Regardless of the training method employed, ma-
chine learning algorithms improve their perfor-
mance on new data as they are exposed to more
training examples. The primary distinction be-
tween ANNs and DNNs lies in their data require-
ments. DNNs demand significantly more input data,
as they must learn to classify data independently.
In contrast, ANNs rely on pre-processed and labeled
data. One of the examples of DNN are CNNs [4].
Currently, the most widespread architecture in the
medical industry is CNNs [21], which are primarily
used for the analysis of advanced imaging, including
MRI scans. CNNs are inspired by the functioning
of the animal visual cortex, which attempts to emu-
late hierarchical, layered information processing
[22]. A CNN, in contrast to traditional techniques,
allows unsupervised learning and selects its own
feature maps automatically while training. The ba-
sic unit of the neural network consists of: an input

Table 1. The biopsy fusion stations available on the market

Biopsy fusion stations Producer
UroNav Philips
BiopSee . MedCom
BioJet . DK Technologies
Urostation . Koelis
Semirobotic Artemis 7 . Eigen
Virtual Navigator 7 . Esaote

FRONT

LEFT

Figure 4. Example of fusion.
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layer, connected “nodes” (equivalent of neurons)
called hidden layers, and an output layer. Within
the scope of hidden layers are convolutional layers
(conv), pooling layers, flatten layer, and fully con-
nected (FC) layers. Convolutional layers are made
up of filters/kernels and, similar to neuronal cells,
aim to extract features from the image that help
in understanding the image. CNNs learn these fil-
ters, which convert the given image to extract its fea-
tures like edges, colors or textures. Then, the output
of the conv layer goes to an activation function layer
where the ultimate goal is to map the representa-
tion in the input to a different output as per the
requirements of the task. The activation function
is nonlinear because without this, a neural network,
no matter how many layers it has, would behave
like a single layer perceptron, capable of learning
only linear data. Then the image size is reduced in
the pooling layer. This layer may realize the reduc-
tion using max or average pooling by converting
a square (typically two by two pixels) into one pixel.
In this way, overfitting is avoided, which is the phe-
nomenon of the model being too closely fitted to the
training data, critically important for maintaining
the model’s ability to generalize to previously un-
seen data. Such condensed data then go to a layer
where neurons receive input from all the neurons
of the previous layer. This is the FC layer, which can
be likened to bridge between the features extracted
by the previous layers and the final outcome/predic-
tion, such as identifying the contours of the prostate
in the mpMRI case [23]. The performance of CNNs
can be influenced by various factors, with the most
crucial ones being the selection of activation func-
tions and the number of hidden layers. Networks
trained on extensive datasets encompassing phe-
notypic and pathophysiologic variations will inher-
ently be more robust compared to networks trained
on limited datasets lacking such variety.

Artificial Neural Network
(Single Layer ML)

Deep Neural Network
(Multiple Layer ML)

— Input Layer Q — Hidden Layer — Output Layer

The ORSI Academy presents in an understandable
manner the application of CNNs in creating soft-
ware that assists operators during robotic surger-
ies as well as for training purposes [24]. If anyone
is interested in more comprehensive explanation
of deep learning, we highly recommend review ar-
ticle created by Alzubaidi et al. [21]

Analysing the experiments conducted by various
researchers, we noticed that most of algorithms
to a greater or lesser extent drew from the achieve-
ments of Ronneberger, Fischer, and Brox, i.e.,
CNNs named U-Net [25]. U-Net is a powerful tool
for identifying and separating different parts or un-
usual areas in medical images (Figure 6). It works
by analyzing images at various levels of detail.
This architecture consists of an encoder-decoder
structure with skip connections. The encoder part
of the network gradually reduces spatial dimen-
sions while increasing the number of feature chan-
nels through successive convolutional and pooling
layers. This process captures hierarchical feature
representations at multiple scales. The decoder
part, on the other hand, performs upsampling and
convolution operations to progressively reconstruct
the segmented output. Skip connections are estab-
lished between corresponding encoder and decoder
layers to enable the integration of both low-level
and high-level features, aiding in the preservation
of fine details during the segmentation process.
One of the limitations of using these algorithms
is their requirement for a vast database for training.
Another limitation is the significant computational
power of computer hardware that must be provided
for CNNs to operate. Nowadays, researchers are try-
ing to overcome these limitations by data augmenta-
tion, transfer learning, and creating more efficient
network architectures [26-28].

input
image |»|
tile

output
segmentation

> > |
3 2 & map

=» conv 3x3, ReLU
copy and crop
¥ max pool 2x2
4 up-conv 2x2
= conv 1x1

Figure 5. A simplified example of artificial neural network and
deep neural network [20].

Figure 6. U-Net architecture (example for 32 x 32 pixels in the
lowest resolution) [25].
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Consumer platforms

It is important to highlight that various software
platforms utilizing deep learning algorithms for the
automatic contouring of the prostate gland are avail-
able on the market. However, the majority of these
platforms are designed for evaluating mpMRI based
on the PIRADS v 2.1 scale by radiologists, rather
than as integral components of fusion biopsy work-
stations (Table 2).

MIM Symphony Dx™ utilizes Al to automatical-
ly segment the prostate gland and identify ROIs.
Its automatic segmentation is based on multi-atlas
segmentation, wherein a collection of MRI scans
with manually segmented prostates by experts
serves as the foundation. The atlas subjects are reg-
istered to the test case using a normalized intensi-
ty-based free-form deformable algorithm. Deform-
able image registration (DIR) is a technique used
in medical imaging to align two or more images
of the same anatomy acquired from different per-
spectives or at different times. The volumes of in-
terest (VOIs) are then transformed to the test case
using this deformable registration and combined
using Simultaneous Truth and Performance Level
Estimation (STAPLE) methods. STAPLE consid-
ers the original contours and computes a probabi-
listic estimate of the true representation of their
combination. Atlas performance declined when
tested with images of differing contrast and MRI
vendors. A study published in 2018 evaluated
an automatic multi-atlas-based segmentation
method for generating prostate contours. The simi-
larity coefficients between the selections of one and
two experts served as benchmarks for assessing
the quality of the atlas (expert radiation oncolo-
gists with 10 and 26 years of experience). The seg-
mentation results were DSC (mean =o¢) 0.81 £0.15
and Hausdorff distance (mm) (mean *o) 2.7 *1.9.
Segmentation time averaged less than 90 seconds
per patient [29].

Philips DynaCAD automates segmentation for
clinical use. However, its performance remains un-
clear due to the proprietary nature of the software
and the lack of performance metrics such as the Dice
score. According to the official website, UroNav does
not include an algorithm for automatic segmenta-
tion but instead imports segmented images from the
DynaCAD system. A significant limitation is that us-
ing this functionality requires the purchase of both
products.

Al-Rad Companion also provides automated
segmentation of the prostate, but no scientific re-
ports on segmentation speed or accuracy have been
found.

It is crucial to mention that the aforementioned
software primarily serves to contour the prostate
on desktop computers or laptops and not on fusion
biopsy workstations. The literature includes review
papers on Al-based software for automatic prostate
segmentation, but these are predominantly intended
for radiologists. We have selected software’s directly
associated with companies producing fusion biopsy
platforms as these are directly related to the work
of urologists.

ProMap Contour™ is an added software option
to the Koelis Trinity® system. There are no articles
assessing the time required for automatic segmen-
tation, its accuracy, or validation. The advantage
of this product lies in its integration into a plat-
form used for performing fusion biopsies, enhancing
the workflow for urologists.

ProFuse CAD Semirobotic Artemis (Eigen).
This software is part of the Siemens Healthineers fu-
sion biopsy platform and offers automated prostate
gland contouring and segmentation. It utilizes deep
learning algorithms to generate accurate contours
on T2-weighted MRI scans. We were unable to lo-
cate any studies that validate its accuracy and speed
in segmentation

In the reviewed literature, CNN-based algorithms
achieved comparable accuracy in prostate segmenta-
tion tasks compared to MIM Symphony Dx™ . Howev-
er, CNN-based algorithms demonstrated significant-
ly faster segmentation times in the four studies that
directly assessed this metric. While MIM Symphony
Dx™ achieves competitive accuracy, its segmenta-
tion speed is slower than CNN-based approaches.
The segmentation speed of MIM Symphony Dx™
is reported to be under 90 seconds per patient, where-
as CNN-based algorithms achieve segmentation
times in the range of seconds. It is important to note
that the studies referenced here have a relatively
small sample size, and further research with larger
cohorts is warranted to solidify these findings.

MIM Symphony Dx™ relies on a multi-atlas seg-
mentation technique, which may be less generaliz-
able to MRI scans with significant variations in con-
trast or acquired from different vendors compared
to CNNs.

Table 2. Software along with their companies

MIM Symphony Dx™ MIM Software Inc.

Philips DynaCAD Philips
Al-Rad Companion Siemens Healthineers
ProMap Contour™ Koelis Trinity®

ProFuse CAD Semirobotic Artemis (Eigen)
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LITERATURE REVIEW
Search strategy

To conduct a comprehensive review, we search lit-
erature across PubMed and IEEE Xplore. These
sources were selected because of their extensive
publications of research in this area of study. Search
included observational, randomized and non-ran-
domized studies. It was limited to articles in English
language with an abstract and published in peer-
reviewed journals during the last 5 years in open
access. Search was performed by title or abstract,
utilizing keywords, as follows: for PubMed: (imag-
ing-guided biopsy OR fusion biopsy) AND (mpM-
RI OR T2W) AND ( deep learning OR CNN) AND
(prostate segmentation OR prostate OR prostate
contour), for IEEE Xplore (“All Metadata”:fusion
biopsy) AND (“All Metadata”:prostate contour) OR
(“All Metadata”:prostate segmentation) AND (“All
Metadata”:convolutional neural network) Filters Ap-
plied: 2019-2024. The last search was conducted on
20.05.2024. The search was supplemented by check-
ing published reviews, and their references. Exclu-
sion criteria were reviews, letters, non-peer reviewed
articles, conference abstracts and proceedings. Our
method for identifying and evaluating data complied
with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) 2020 state-
ment and checklist.

Data extraction

The full texts of the qualified papers chosen for re-
view were acquired, and the reviewers independently
collected all study data, resolving disagreements via
consensus. The references, year of publication, study
setting, ML approach, improvement of segmentation
time, performance measures used and accuracy at-
tained were all extracted for every included paper,
and comparative analyses were conducted on the ex-
tracted dataset. Two independent authors (MZ, PC)
screened and extracted the studies. A third reviewer
(AK) was consulted in the event of discordance re-
sulting in agreement in all instances.

Risk of bias

Our study assessment aims to evaluate the meth-
odological quality and potential sources of bias that
could influence the reported findings. For instance,
studies that rely solely on single-center datasets
or imbalanced class distributions may introduce bi-
ases that affect the model generalizability. Addition-
ally, the lack of clear documentation of preprocess-

ing steps, considerations for model-fitting problems
and hyperparameter tuning could hinder reproduc-
ibility.

Comparative analysis

Database searches provides 44 results. After title
and abstract screening, the full texts of 31 report-
ed studies were analyzed, but only 12 were found
eligible for inclusion. The excluded articles are out-
lined in Supplementary Table 1. A flowchart based
on PRISMA 2020 statement is shown in Figure 7.
The results section is divided into three parts: seg-
mentation accuracy, validation, and improvement
of segmentation time.

Segmentation accuracy of prostate

Results in the segmentation accuracy of prostate cat-
egory are shown in Table 3.

The Dice similarity coefficient (DSC) is a diagnostic
tool that assesses the degree of similarity between
two sets of data. The DSC score ranges between
0 and 1, where 0 indicates no similarity, and 1 rep-
resents perfect overlap. The Hausdorff distance
to evaluate the results of the algorithm developed.
The Hausdorff distance is a measure used to quantify

[ Identification of ies via and regi }

)

Records removed before
screening:
Records marked as ineligible
by automation tools (n = 111)
(no open access)

Records identified from*:
Databases — PubMed
MEDLINE, IEEE Xplorer »

Identification

[

|

Total studies identified from
databases (n = 44)

|

Records meeting initial
conditions (n = 44)

| None duplicates

Exclusions
1. Removed preprints (n = 1)

v

2. Removed review articles (n = 4)
3. Removed position paper (n = 1)
i 4. No open access (n = 7)

Screening

Full text records screened and
assessed for eligibility >
(n=231) Reports excluded:

Lack of information about

contouring prostate (n = 4)
Classification of PI-RADS
lesions (n = 4)

Irrelevant topic for our paper
(n=9)

TRUS images (n = 1)

Not utilize the convolutional
neural network approach (n = 1)

Studies included in review
(n=12)

[ Included ] [

Figure 7. PRISMA numerical flow guideline for systematic
review employed in this study.
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the difference between two sets of points. The Pear-
son correlation coefficient values range from -1 to 1,
with 1 and -1 denoting a strong linear relationship
between two variables, while a value proximate
to 0 indicates an absence of linear correlation be-
tween the variables.

DSC ranged from 0.74 to 0.94, indicating good to ex-
cellent agreement between CNN segmentation and
expert annotations.

While DSC appears as the predominant metric
for evaluating prostate segmentation algorithms
in the reviewed studies, a closer examination re-
veals a lack of uniformity in the utilization of oth-
er validation metrics. Within the twelve studies re-
viewed, only two employed the Hausdorff distance,
and two others utilized the Pearson correlation
coefficient.

Among studies reviewed, only one compared the ac-
curacy and time efficiency between the algorithm
and human performance in segmenting the prostate
[31], while another compared the consistency of hu-
mans and Al in delineating the prostate [40].

Table 3. Segmentation accuracy of prostate

Soerensen et al. [31] created an algorithm demon-
strates a narrow range in the DSC test <0.90, in-
dicating consistency in the algorithm’s accuracy
in segmentation in various cases. Besides testing
the algorithms on an internal database of T2-MRI
scans, for further evaluation of the code’s generaliza-
tion capabilities, the tested its efficacy on two pub-
licly available datasets: The results demonstrated
a performance of 0.87 £0.05 on the PROMISE12
dataset and 0.89 =0.05 on the NCI-ISBI dataset.
Researchers confirmed a high level of precision of au-
tomated segmentation obtained 2.8 mm Hausdorff
distance. The culmination of the experiment was
the application of ProGNet in practice, during work
in the clinic. ProGNet (average DSC = 0.93 +0.03)
significantly outperformed radiology technicians (av-
erage DSC = 0.90 £0.03, p <0.0001) in an 11-case set
of prospective fusion biopsy tests.

Liu et al. [40] developed novel CNN for automatic
segmentation of the prostatic transition zone (TZ)
and peripheral zone. DSC was used to evaluate the
segmentation performance. DSCs for peripheral

Investigators Mean DSC

Human experts (mean DSC)

Pearson correlation

Mean HD coefficient

Bardis et al. [30] 0.940

0.92 +0.02 (100)

0.981

None Not used (95% Cl: 0.966-0.989)

DSC = 0.89 (retrospective
internal test)

Algorithm reduced
the mean HD by 2.8

Soerensen et al. [31]

Ushinsky et al. [32]
Palladino et al. [33]

Hassanzadeh et al. [34]
Ren and Ren [35]
Huang et al. [36]

Qian et al. [37]

Su et al. [38]
Qian et al. [39]

Liu et al. [40]

Comelli et al. [41]

(retrospective internal test)
0.93 +£0.03 (prospective 11 patients)
0.898

0.7773 for internal dataset
0.7709 for external dataset

0.873
0.9394
0.8782

0.908 (for PROMISE12)
0.892 (for ProstateX)

0.9071
0.8912 (for ProstateX)

PZ 0.74 +£0.08 internal testing dataset
TZ 0.86 +0.07 internal testing dataset
PZ external data 0.74 +0.07
TZ external data 0.79 +0.12

ENet showed a mean DSC of 0.9089 +0.0387,

U-Net of 0.9014 +0.0469, and
ERFNet of 0.8718 +0.0644

0.90 +0.03 (prospective 11

mm compared to the

patients) radiology technicians
None Not used 0.974
None Not used
None Not used
none Not used
None 10.9443
None 9.87 (for PROMISE12)
10.45 (for ProstateX)
None Not used
None Not used
Expert 1 vs expert 2
PZ0.71 £0.13
p <0.05
T20.75 +0.14 Not used
p <0.051
when taking expert 1’s
annotations as the ground truth
None Not used

!Authors used Wilcoxon Signed-Rank Test
DSC — Dice similarity coefficient; ENet — efficient neural network; ERFNet — efficient residual factorized convNet; HD — Hausdorff distance; PZ — peripheral zone;

TZ — transition zone
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zone (PZ) and prostatic transition zone (TZ) were
0.74 =0.08 and 0.86 *0.07 in the internal testing
dataset (ITD) respectively. In the external testing
dataset (ETD), DSCs for PZ and TZ were 0.74 £0.07
and 0.79 *£0.12, respectively. The inter-reader con-
sistency (Expert 2 vs Expert 1) were 0.71 +0.13 (PZ)
and 0.75 +0.14 (TZ)

Validation

Results in the validation category are shown in Ta-
ble 4.

The most commonly used technique for training and
validation was k-fold cross-validation. In each iter-
ation of this procedure, the dataset is divided into
k subsets, with k-1 subsets used for training and the
remaining subset used for validation. This process
is repeated k times, ensuring that each subset is
used exactly once for validation. This approach aims
to optimize the utilization of the available dataset
for robust model evaluation.

Number of epochs ranged widely, from 10 to 500.
The studies employed a diverse range of databases,
encompassing both in-house image collections and
publicly accessible datasets such as PROMISE12 and
ProstateX:

* In-house database 6 studies,

* PROMISE12 6 studies,

* ProstateX 3 studies,

* Other datasets 2 studies.

PROMISE12 data set contained prostate MR images
with well-curated prostate organ labels.

The definition of “ground truth” (gold standard) var-
ies across studies. Certain investigations utilize radi-
ologists, whereas others rely on urologists.

Improvement of segmentation time

Results in the improvement of segmentation time
category are shown in Table 5.

Soerensen et al. [31] describe a promising result
in their experiment: after a 20-hour training ses-
sion, the ProGNet algorithm segmented a single case
in roughly 35 seconds, resulting in the completion
of a database of 100 clinical cases in about 1 hour. For
comparison, radiologists took an average of 10 minutes
per case. Completing the entire database took about
17 hours. ProGNet can save up to 17 times more time
according to this trial. A limitation of this result may
be the comparison of the algorithm with radiology
technicians. In many facilities around the world, the
aforementioned segmentation is performed by physi-
cians with specialties in urology or radiology.

In another study, Ushinksy et al. modified tradi-
tional 2D-2D U-Net technique creating hybrid 3D-

2D U-Net to assess its clinical utility in identifying
and segmenting the entire prostate gland in mpMRI
images [32]. (The algorithm is similar with developed
by another researcher team Michelle Bardis et al.
However, Michelle Bardis adapted their network to
segment not only the entire prostate but also PZ and
TZ by producing 3 separate, collaborative CNNs).
Algorithm was verified by a board-certified urolo-
gist. On each axial T2WI included in the training
database, two specialist radiologists contoured the
prostate gland to create ground truth for assess-
ing the segmentation quality by the algorithm. Re-
search team from United States implemented for the
quantitative evaluation of the segmentation overlap
of the prostate image post manual and automatic
segmentation, the authors employed the DSC. Addi-
tionally, the Pearson correlation coefficient was uti-
lized to assess the neural network in predicting pros-
tate volume. Findings are documented in Table 5.
The authors noted that manual segmentation of the
prostate requires approximately 5-10 minutes per
patient. Accordingly, the neural network was able
to segment the prostate in 9.4 seconds per patient.
Comelli et al. [41] presents three deep-learning ap-
proaches, namely U-Net, efficient neural network
(ENet), and efficient residual factorized convNet
(ERFNet), whose aim is to tackle the fully-auto-
mated, real-time, and 3D delineation process of the
prostate gland on T2-weighted MRI. They found
that ENet and U-Net are more accurate than ERF-
Net, with ENet much faster than U-Net. Specifically,
ENet obtains a segmentation time of about 6 sec-
onds using central processing unit (CPU) hardware
to simulate real clinical conditions where graphics
processing unit (GPU) is not always available.
Despite the absence of automatic segmentation speed
assessment in the remaining eight studies, they pro-
vide significant insights into the accuracy of these
algorithms, highlighting the potential for integrat-
ing CNNs into clinical practice.

DISCUSSION

Based on the studies and comparisons we collected,
we have reached several conclusions, summarized
below.

In comparative experiments involving ANNs and hu-
man experts, the algorithms demonstrated compa-
rable, and in some cases even superior, performance
in prostate segmentation (Soerensen et al. [31] and
Liu et al. [40]). In studies where algorithms were
solely compared to ground truth annotations made
by radiologists or urologists, the DSC did not fall
below 74%. It is important to note, however, that
a significant limitation of these experiments is
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Table 4. Validation

Investigators

Ground truth

Number of epoches

Type of used database

Evaluation

Data augmentation

Bardis et al.
(30]

Soerensen
etal. [31]

Ushinsky
etal. [32]

Palladino
et al. [33]

Hassanzadeh
et al. [34]

Ren and Ren
(35]

Huang et al.
[36]

Qian [37]

A board-certified
subspecialty-trained
abdominal radiologist with more
than 10 years of experience

Urologic oncology expert
with 7 years of experience

Two specialist radiologists
images who were verified
by a board-certified urologist

Ground truth was created using
a semi-automatic procedure

Experienced readers at each center
used a contouring tool then A second
expert (C.H.) who has read more
than 1,000 prostate MRIs, to make
sure they were consistent

Three clinicians with 5 years
of experience spent 3 months
annotating the segmented region.
The other three specialists examined
and corrected the annotated regions

Experienced readers at each center
used a contouring tool then A second
expert (C.H.) who has read more
than 1,000 prostate MRIs, to make
sure they were consistent.
I12CVB — An experienced radiologist

Experienced readers at each center
used a contouring tool then
A second expert (C.H.) who has read
more than 1,000 prostate MRls,
to make sure they were consistent
(PROMISE12)

In order to verify the generalization
performance of the prostate
segmentation algorithm, prostate
masks were marked on the MR
images of 40 randomly selected
patients from the ProstateX dataset
by a professional radiologist

U-NetA, U-NetB,
and U-NetC were
trained for 50,000,
18,000,
and 3,800 iterations
U-NetA trained for
approximately
7 hours, while U-NetB
and U-NetC each
trained for 5 hours*

150

Not provided

Not provided
(less than 2 hours)

25 epochs

400-500 epoch

200 epoch

10

Own database 242
T2-weighted images
(6,292 axial images)

Own database: 905
T2-MRI and 26 T2-MRI
(PROMISE12)

30 T2-MRI (NCI-ISBI)

procedure for 11 patients

Own database:
299 MRI
(7,774 images)

ProstateX as training set
(internal)
and own dataset:
MRI Local Hospital —
6 patients (external)

PROMISE12 []

50 MRI (1377 image
slices) volumes
for training,

30 MRI volumes
for testing
(without grand truth)

Own database:
180 patients
(122 healthy and
58 prostate cancer
patients) scanned

on the GE 3.0T 750 MR

PROMISE12 50 MRI
(1,377 image slices)
volumes for training,
30 MRI volumes
for testing and 12CVB

PROMISE12 dataset
and ProstateX dataset

Included datasets were
split into 60% training,
20% validation,
and 20% test sets
for model development

A deep learning model,
ProGNet, was trained
on 805 cases. ProGNet
was retrospectively tested
on 100 independent
internal and 56 external
cases.
Algorithm was
prospectively
implemented as part
of the fusion biopsy

Five-fold cross-validation

20% of the images were
used for testing and the
remaining images were
split with a ratio
of 0.8 in training set
and 0.2 in validation set

Ten-fold cross-validation

Five cross-validation
approach

Not explicitly stated

Five-fold cross-validation

Not explicitly stated

Not explicitly stated

Not explicitly stated

Not explicitly stated

Random rotation
within a 10-degree
range, horizontal flip,
vertical flip, zoom,
horizontal and vertical
translation, and
elastic transformation
(result = 150,000
slices)

Rotation, random
merging, zooming
in and out

Rotation, zooming
in and out, random
horizontal or
vertical flip, random
movement along the
X-axis and Y-axis

Not explicitly stated
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Table 4. Continued

Investigators Ground truth Number of epoches Type of used database Evaluation Data augmentation
Experienced readers at each center
second export (L. who s read Elasic deformation,
Su et al. [38] P o Not explicitly stated PROMISE12 Not explicitly stated rotation with 90, 180,
more than 1,000 prostate MRIs, X
: 270, and flip
to make sure they were consistent
(PROMISE12)
Geometric
Qian et al. Rar?doml\/ selected 35vpat|ents ProstateX and . o tran'sformat'lons,local
MR images to label their prostate 60 Five-fold cross-validation disturbance and
[39] PROMISE12 . .
contours combined disturbance
Not explicitly stated
PROSTATEX —two MRI research
fellows, where the contours
were later cross-checked by both
genitourinary (GU) radiologists Flipped horizontally,
(1015 years of post-fellowship PROSTATEX (internal rotated randomly
Liu et al. [40] experience interpreting over 1,000 100 testing) and WMHP Five-fold cross validation between [-5°,
prostate mpMRI) and clinical (external testing) 5°], elastic
research fellows transformations
WMHP — two clinical genitourinary
(GU) radiologists research fellows,
supervised by expert GU radiologists
A set of trained clinical experts
(FV, MP, GC, and GS authors) hand
segmented the prostate region.
. The simultaneous ground truth ) ) Six different
&olr]nelll etal. estimation STAPLE tool (Warfield, 100 Own dat?rzsi\t/. 85 axial Five-fold cross-validation modalities — not

Zou i Wells, 2004) was used to
combine the different segmentations
from the clinical experts
in a consolidated reference

explicitly stated

*An epoch refers to one complete pass through the entire training dataset. Iterations, on the other hand, can represent individual training steps within an epoch.
The number of iterations per epoch can vary depending on the batch size (number of images processed at once).

Table 5. Improvement of segmentation time

Author, reference Time

The three U-Nets completed their tasks of boun-
ding box creation, prostate segmentation, and
prostate zone classification in 0.196 second, 0.226
second, and 0.219 second

Bardis et al. [30]
Soerensen et al. [31] 35 seconds to segment each case

Ushinsky et al. [32] 9.4 seconds per patient

Palladino et al. [33] Not tested
Hassanzadeh [34] Not tested
Ren and Ren [35] Not tested
Huang et al. [36] Not tested
Qian [37] Not tested
Su et al. [38] Not tested
Qian et al. [39] Not tested
Liu et al. [40] Not tested

ENet —6.17 seconds
ERFNet — 8.59 seconds
U-Net —42.02 seconds

Comelli et al. [41]

ENet — efficient neural network; ERFNet — efficient residual factorized convNet

the lack of a human segmentation accuracy bench-
mark on the datasets used to evaluate the algo-
rithms. Integration of CNN-based segmentation into
clinical practice requires validation in larger cohorts.
Of the studies available to us, four assessed the speed
of prostate segmentation from T2-weighted images.
In each case, segmentation of a single instance took
less than one minute, with the fastest algorithms seg-
menting the prostate in approximately 0.3 seconds.
In comparison, manual segmentation is reported by
authors to take 5-10 minutes per patient [32], 10 min-
utes per patient [31]. From our experience, manual
segmentation takes about 4-10 minutes per patient,
depending on individual conditions and the quality
of mpMRI. Based on this information, it can be esti-
mated that Al-based CNNs can segment the prostate
800 to 2,000 times faster than humans. It is also im-
portant to remember that the speed of the algorithm
is primarily dependent on the computational power.

Challenges and limitations

In the course of our investigation and analytical
examination of deep learning algorithms applied
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to prostate delineation and automated segmentation
in mpMRI, we identified a notable lack of uniformity
in the methodologies employed for comparing re-
sults. The considerable heterogeneity in the assess-
ment protocols for the efficacy of neural networks
significantly impedes the qualitative comparison
of convolutional neural networks (CNNs). Studies
utilized different datasets and evaluation metrics,
making direct comparisons challenging. This diver-
sity often leads to the inability to compare studies
directly, including statistical data, thus impeding
meta-analysis. As of now, no guidelines or standard-
ization have been universally accepted. However,
some studies have designed experiments specifically
for network comparison [44].

We observed a significant lack of studies implement-
ing deep learning algorithms for automatic pros-
tate contouring in the practice of urologists per-
forming fusion biopsies. Despite numerous studies
on mpMRI contouring, these are predominantly in-
tended as tools for radiologists, not for enhancing
the workflow of urologists. In our review, we found
only two studies that described the integration
of deep learning algorithms into fusion biopsy sta-
tions, assessing their actual impact and accuracy in
prostate contouring [31, 33].

Evaluating automated prostate delineation for fu-
sion biopsy include significant inter-institutional
variability in clinical workflows. Established proto-
cols often entrust the delineation of prostate bound-
aries on T2-weighted MRI (T2W MRI) to radiologists
or radiology technicians. However, at our institution,
this task is handled by the urologists performing
the biopsy. While the literature extensively explores
deep learning algorithms for prostate delineation
by radiologists, there is little research on the use
of these algorithms by urologists. The final decision
on the suitability of the contour for mpMRI-TRUS
fusion biopsy rests with the urologist. Incorporating
Al at this stage with sufficient accuracy and stability
would significantly improve the urologist's workflow.
Another constraint pertains to the inherent com-
plexity of this domain. The development and imple-
mentation of deep learning algorithms for MRI-US
fusion require collaborative efforts among specialists
from various scientific disciplines. This interdisci-
plinary team should encompass software developers,
physicians specializing in urology and/or radiology,
as well as professionals in computer vision, biomedi-
cal engineering, or other relevant fields such as me-
chatronics.

A limitation of our review is the relatively small
sample size [12] which may limit generalizability
to a broader population and preclude meta-analysis.
To mitigate these limitations, we employed a rigor-

ous search strategy and carefully considered the in-
clusion and exclusion criteria for studies. We also ac-
knowledge that further research with larger sample
sizes is needed to confirm our findings.

The last notable limitation of this review is the lack
of open access to a significant number of articles.
By restricting access to knowledge and expertise,
it hinders comprehensive reviews, slows scientific
progress, and creates an uneven playing field.

Future directions for research and clinical practice

As proven above, there is a significant gap in research
on the implementation of CNNs for prostate segmen-
tation during MRI-targeted TRUS biopsies and their
integration into clinical practice. That is why the au-
thors of this review highly recommend more experi-
ments in this field. Benefits to clinical practice would
include speeding up the biopsy process. Implement-
ing automatic prostate segmentation to optimize
the process would allow time for one more patient
within the same timeframe as manual segmentation.
The number may not seem staggering, but multi-
plying it by the number of facilities performing this
examination would result in a satisfactory outcome
in expanding the bottleneck. It should be noted that
the rate of “machine” evaluation is predominantly
determined by the computational capacity of the
computer utilized. Hence, the greater the comput-
ing power dedicated to prostate segmentation,
the quicker the automatic segmentation process can
occur, potentially reaching to receive results even
in 1 second or less as we could see in results.

Maris [45] has published a case study in “Medical
Robotics” highlighting the PROST robot as a sig-
nificant advancement in integrating Al into pros-
tate biopsy procedures. The robot utilizes a prostate
segmentation model known as PROST-Net, initial-
ly described by Palladino et al. [33]. In validation
on ultrasound test data, PROST-Net achieved a Dice
coefficient of 0.78 for prostate segmentation. Follow-
ing the inclusion of additional data from a second
cohort, the model's accuracy improved, exceeding
a Dice coefficient of 0.80. The accuracy of prostate
segmentation in MRI images was assessed using
in-house MRIs, yielding a Dice coefficient greater
than 0.95. Moreover, following rigid fusion, the
Dice coefficient between MRI and ultrasound (US)
segmentations was determined to be 0.75. Post-fu-
sion, the distances between each lesion identified in
MRI and the corresponding lesion in US were mea-
sured. The authors observed that the application
of Al-driven image processing facilitates the automa-
tion of image fusion, as well as the identification and
localization of prostate lesions, thereby enhancing
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the procedure’s efficiency and reliability. The robot
is currently undergoing pre-clinical testing.

Another argument in favor would be the reduction
of the risk of human errors. The human factor is prone
to mistakes due to various external factors such as
fatigue, low quality of images, distractions etc. [46].
Liu et al. [40] in their experiment, demonstrated that
the algorithm was more consistent with the ground
truth than the second expert. The directions this
technological trend and its application might take in-
clude the integration of CNNs into clinical practice
on a larger scale for software-co-registered MRI-
targeted TRUS biopsy. Moving forward, automating
the fusion biopsies could involve the development
of technologies for automatic lesion delineation with-
in the prostate glands. A significant advancement has
recently been made in this field. An article published
in “The Lancet Oncology”, an internationally trust-
ed source of clinical research with an Impact Factor
of 41.6, investigates the performance of Al systems
in detecting CSPCa on MRI compared to radiologists
using the prostate imaging — reporting and Data Sys-
tem version 2.1 (PI-RADS 2.1). The authors dem-
onstrate that Al was, on average, superior to radi-
ologists using PI-RADS 2.1 in detecting CSPCa. The
study compared 62 radiologists against Al in a test
group comprising 400 cases [47].

CONCLUSIONS

Our review of the literature demonstrates that vari-
ous CNN architectures have shown substantial po-
tential in improving the accuracy and efficiency
of prostate segmentation in mpMRI images. Tataru
et al. [48] analyzed the application of machine
learning in the diagnosis of prostate cancer and
highlighted that studies have reported AUC values
as high as 0.91 using CNNs. This suggests that

CNNss offer superior sensitivity and specificity com-
pared to traditional radiological methods. Addition-
ally, algorithms such as random forest classifiers
and k-nearest neighbors have shown high predic-
tive accuracy, particularly when used in conjunction
with mpMRI. These techniques provide a robust set
of tools for clinicians in identifying CSPCa. The in-
tegration of CNNs into the segmentation of prostate
MRI images during fusion biopsy holds significant
promise for improving the detection and diagnosis
of CSPCa. Despite the advancements, there is a no-
table gap in the practical application of these tools
within clinical workflows. Future research should fo-
cus on creating user-friendly, efficient segmentation
tools that can be seamlessly integrated into the fu-
sion biopsy process. Future research should focus on
the development and refinement of these algorithms
to ensure their robustness and applicability in clini-
cal settings, as well as exploring methods to over-
come current limitations such as the need for large
training datasets and high computational power.
Ultimately, the successful implementation of these
advanced segmentation tools in clinical practice
could lead to more accurate and efficient prostate
cancer diagnoses, facilitating early detection and ap-
propriate therapeutic decisions. The ongoing evolu-
tion of Al in medical imaging heralds a promising
future for more precise and personalized prostate
cancer diagnostics and treatment.
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Supplementary Table 1. Ineligible studies for review

van Sloun et al. [I]
Tollens et al. [II]
Bonekamp et al. [Ill]
Suarez-lbarrola et al. [IV]
Yilmaz et al. [V]

Lin et al. [VI]
Penzkoferet al. [VII]

Lin et al. [VIII]
Hosseinzadeh et al. [IX]
Soni et al. [X]

Khosravi et al. [XI]

Schelb et al. [XII]

Winkel et al. [XIlI]
Kaneko et al. [XIV]
Jimenez-Pastor et al. [XV]
Guo et al. [XVI]

Zhang et al. [XVII]

Labus et al. [XVIII]

Zheng et al. [XIX]
Al-Bourini et al. [XX]
Khanet al. [XXI]
Saunderset al. [XXIl]
Alzate-Grisales et al. [XXIII]
Akhoondi and Baghshah [XXIV]
Elmahdy et al. [XXV]

Lee and Nishikwa [XXVI]
Huang et al. [XXVII]

Ren et al. [XXVIII]

Shao et al. [XXIX]

TRUS images

General review

General review

General review

Based on the patient after radiotherapy
No open access

Position paper

No open access

Lack of information about contouring prostate
Segmentation of the prostate cancer lesion region. Lack of information about contouring prostate

Lack of prostate segmentation description

Classification of PI-RADS lesions

Classification of PI-RADS lesions

No open access

No open access

Irrelevant topic for our paper

No open access

No open access

CSPCa lesion detection only

No open access

General review

Compares how the strategies of transfer learning and aggregated training

Segmenting csPCa regions from MRI images. Lack of information about conturing prostate
irrevelant topic for our paper — histopatological images

Irrelevant topic for our paper — automatic re-contouring of follow-up scans for adaptive radiotherapy
Mammograms segmentation/transferability of a traditionally transfer-learned CNN

No statistical results about whole prostate contouring

The algorithm does not utilize the convolutional neural network approach

Irrelevant topic for our paper — predict the Gleason Grade Group (GG-RP) of prostate cancer using bpMRI

CNN — convolutional neural networks; CSPCa — clinically significant prostate cancer; MRI — magnetic resonance imaging; PI-RADS — Prostate Imaging-Reporting and Data

System; TRUS — transrectal ultrasound

van Sloun RJG, Wildeboer RR, Mannaerts CK, et al. Deep Learning
for Real-time, Automatic, and Scanner-adapted Prostate (Zone)
Segmentation of Transrectal Ultrasound, for Example, Magnetic
Resonance Imaging-transrectal Ultrasound Fusion Prostate Biopsy.
Eur Urol Focus. 2021; 7: 78-85.

Tollens F, Westhoff N, von Hardenberg J, et al. MRT-gestutzte
minimal-invasive Therapie des Prostatakarzinoms [MRI-guided
minimally invasive treatment of prostate cancer]. Radiologe. 2021;
61: 829-838. German.

Bonekamp D, Schlemmer HP. Maschinelles Lernen und
multiparametrische MRT in der Friherkennung des
Prostatakarzinoms [Machine learning and multiparametric MRI
for early diagnosis of prostate cancer]. Urologe A. 2021; 60:
576-591. German.

Suarez-lbarrola R, Sigle A, Eklund M, et al. Artificial Intelligence
in Magnetic Resonance Imaging-based Prostate Cancer
Diagnosis: Where Do We Stand in 20217? Eur Urol Focus. 2022;
8:409-417.

VI

VII.

VL.

Yilmaz EC, Harmon SA, Belue MJ, et al. Evaluation of a Deep
Learning-based Algorithm for Post-Radiotherapy Prostate
Cancer Local Recurrence Detection Using Biparametric MRI.
Eur J Radiol. 2023; 168: 111095.

Lin'Y, Yilmaz EC, Belue MJ, et al. Evaluation of a Cascaded Deep
Learning-based Algorithm for Prostate Lesion Detection at
Biparametric MRI. Radiology. 2024; 311: e230750.

Penzkofer T, Padhani AR, Turkbey B, et al. ESUR/ESUI position
paper: developing artificial intelligence for precision diagnosis

of prostate cancer using magnetic resonance imaging. Eur Radiol.
2021; 31: 9567-9578.

Lin Y, Belue MJ, Yilmaz EC, Harmon SA, et al. Deep Learning-Based
T2-Weighted MR Image Quality Assessment and Its Impact

on Prostate Cancer Detection Rates. ] Magn Reson Imaging. 2024;
59:2215-2223.

Hosseinzadeh M, Saha A, Brand P, Slootweg |, de Rooij M, Huisman
H. Deep learning-assisted prostate cancer detection
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Introduction Cancer, next to cardiovascular diseases, remains the primary concern of modern medicine
in developed countries. Despite the unprecedented progress in targeted therapies and personalised
medicine, including immunotherapy and gene therapy, we are still unable to efficiently treat many
malignancies. One of the major obstacles to treating cancer is its ability to metastasise. Hence, a better
understanding of cancer biology with emphasis on the metastasis formation may hold the key to further
ameliorating cancer treatment. Nowadays, there is a growing body of evidence for the common denomi-
nator of neoplasia, which seems to be universal — cancer stem cells which are being found in a growing
number of cancers.

Material and methods We conducted a Web of Science and Medline database search using the terms
“cancer stem cells”, “carcinogenesis”, and “stem cells” in conjunction with “metastasis”, without setting
time limits.

Results The existence of cancer stem cells was proven both in animal models and in humans. We know
beyond doubt that cancer stem cells may be found in bladder cancer, breast cancer, and colon cancer,
among others. The cancer stem cells in the aforementioned cancers may initiate tumour formation

ex vivo and thus theoretically lead to tumour recurrence. Their role in the formation of metastases,
however, is still under investigation.

Conclusions Although their exact role is yet to be identified, it is now obvious that cancer stem cells give
rise to primary mass in solid tumours and differentiated cancer cells in leukaemias. However, the role
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INTRODUCTION sation of specific cancer cell subpopulations, which

further allows the development of advanced thera-
peutic options, specifically targeting those cells [2].
The aforementioned advances in the molecular biol-

In the modern world the widespread of cancer re-
mains a major health issue in industrialised and

developing countries. In 2023, in the United States
alone, over 600,000 cancer-related deaths are pro-
jected to occur [1]. Ongoing studies in the field
of cancer biology are conducted to ameliorate our
understanding of oncogenesis and develop novel
therapeutic options for cancer patients. Over the last
few decades, we achieved immense progress in the
field of cancer biology thanks to discovering novel
cellular biomarkers that allow precise characteri-

Cent European J Urol. 2025; 78: 40-51
doi: 10.5173/ceju.2024.0144

ogy and discoveries of cellular biomarkers or clus-
ters of differentiation, on the cellular surface as well
as intracellularly, have led to the observation that
the tumour mass contains a variety of cellular sub-
populations including cells with stem cell-like pheno-
type and properties [3]. Those cells have been named
cancer stem cells (CSCs) or tumour-initiating cells
(TICs) and presently are thought to play a pivotal
role in the cancer growth, spread, and relapse [4].
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Surprisingly, the first notion of the existence of the
cells that originate the tumour development comes
from the mid 19* century and Julius Cohnheim’s
concept of “embryonic rests”, i.e. embryonic cells
that were not utilised during ontogenesis, as an ori-
gin of all tumours [5]. Many decades later, further
research on germinal tumours has led to the dis-
covery of embryonic stem (ES) cells in mice [6] by
Stevens and Little, and as a consequence to the de-
velopment of cancer stem cells theory by Kleinsmith
and Pierce in 1964 [7], based on the observation that
ES cells produce various differentiated tissues as well
as embryonal carcinoma when transplanted in mice.
That concept was confirmed by Bonnet and Dick
in 1997, who observed that only a small population
of acute myeloid leukaemia cells is able to initiate
the acute myeloid leukemia and has vast self-re-
newal capacity [8]. Further studies have shown that
CSCs are also encountered in solid tumours - colon
and breast cancers among others [9]. The progeny
of CSCs transplanted into a new host consist of cells
with stem-like properties and differentiated cells
without tumourigenic potential. This observation
is of utmost importance because it signifies that
tumours, much like healthy tissues, are hierarchi-
cally organised and there is a fraction of cells that
is responsible for tumour initiation, formation, and
growth — namely CSCs.

A malignant tumour’s cellular architecture is high-
ly heterogeneous. Among the tumour cells, there
is a subgroup with the ability to self-renew despite
cytotoxic treatment [10]. Those cells are called can-
cer stem cells (CSC), a subpopulation of tumour
cells characterised by low, although sustained po-
tential for unlimited proliferation [11]. In addition
to the ability to divide and increase the pool of their
stem cells, CSCs are able to differentiate into non-
tumourigenic cancer target types, which most likely
constitute the majority of cells in the tumour mass
[12]. It appears that the presence of just one CSC
is sufficient to stimulate tumour growth. CSCs pre-
fer hypoxic niches with low pH and limited avail-
ability of nutrients, making them highly resistant
to challenging environmental conditions [13].
However, they are not autonomous entities but rath-
er components of a larger ecosystem, actively influ-
encing the tumour’s microenvironment by restruc-
turing it and receiving information from the niches
they inhabit [14]. The existence of CSCs should be
understood not through the prism of the hierarchy
of development of normal tissues in a binary ap-
proach based on stem and non-stem elements, but
based on the stem theory, understood as a series
of interactions with the microenvironment, cancer
cells, and other types of cells [15].

Considering the origin of CSCs, 3 crucial and well-
established processes should be taken into account:
spontaneous reprogramming of somatic cells, epi-
genetic and genetic changes such as methylation,
rearrangement, demethylation in the pool of stem,
progenitor and differentiated cells, and activation
of the tumour microenvironment (TME) [16].

CSCs are in general characterised by 4 features: hi-
erarchical cell organisation, hierarchy arising from
the presence of self-renewing cells and those exhib-
iting transient proliferation, the consistent identity
of CSC within the tumour structure, and the resis-
tance of CSC to classical chemotherapy and radio-
therapy [17].

RESULTS

Signal transduction pathways involved in cancer
stem cell regulation

In order for CSCs to multiply and self-renew, they
exploit dysfunction in stemness signalling pathways
[18]. The signalling pathways that determine the
specific features of CSCs mainly include the follow-
ing: JAK/STAT, Wnt/B-catenin, PI3K/Akt, PTEN36,
hedgehog, Notch, NF-xB, and Bcl-2 [19].

The JAK/STAT is an intracellular signalling pathway
involved in cellular proliferation, differentiation, and
the signal transduction [20]. This signalling pathway
also mediates the process of haematopoiesis, main-
taining proper immune function, tissue repair, and
apoptosis [21].

In breast cancer, it was noted that constant activa-
tion of STATS enables CSC survival and maintenance
of stemness, and interleukin-6 (IL-6) enables the tran-
sition of non-stem cancer cells into the cancer path-
way, which was discovered as one of the mechanisms
behind the self-renewal of glioma stem-like cells [22].
Wnt signalling pathway is involved in the processes
of cell differentiation, survival, proliferation, and
apoptosis [23]. The Wnt pathway consists of 3 sub-
pathways: the non-canonical planar cell polarity
(PCP) pathway, non-canonical Wnt/calcium path-
way, and canonical pathway [24].

Both canonical and non-canonical pathways have
a significant effect on CSCs. The canonical pathway
affects the proliferation of those cells, while the non-
canonical pathways enable the induction of CSC’s
dormancy. The Wnt/B-catenin pathway stimulates
the reactivation of dormant CSCs, which promotes
tumour recurrence [25].

The Notch signalling pathway performs a crucial
function in the process of organ formation and tis-
sue repair, and its disturbances broadly contribute
to the development of cancer. This pathway interacts
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with 4 NOTCH receptors [26]. The family of those
receptors mediates the transmission of information
in the cell over a short distance, and acts as a tran-
scription factor activated by a family of ligands: Del-
ta, Lag-2, and Serrate [27].

Increased activity of the Notch pathway is observed
in CSCs, and some even claim that this signalling
allows the tumour to achieve its native cancer phe-
notype. Consequently, this pathway causes these
cells to show a lower level of proliferation, which al-
lows them to survive in a dormant state and trigger
tumour recurrence. This translates into resistance
to anticancer therapy [28].

The Hedgehog pathway is a ligand-dependent sig-
nalling pathway in which the ligand can be Desert
hedgehog, Sonic hedgehog, and Indian hedgehog.
It plays an important role in the process of cell differ-
entiation, proliferation, tissue polarity, cell survival,
and stem cell formation [29].

There are indications that this pathway regulates
CSCs in pancreatic adenocarcinoma, glioblastoma mul-
tiforme, and chronic myeloid leukaemia (CML) [30].
The significant impact of the Hedgehog pathway on
CSCs has been demonstrated in a study of plasmo-
cytic myeloma (PCM), which consists of a population
of stem cells resembling memory B cells and a popu-
lation of malignantly differentiated plasma cells,
which constitute the majority. It turned out that
maintaining the signalling of this pathway keeps
PCM stem cells in an undifferentiated state, capable
of proliferation [31].

Specific markers are probably expressed on the sur-
face of CSCs. Those include the following: CD44,
CD24, CD29, CD90, CD133, epithelial-specific antigen
(ESA), and aldehyde dehydrogenase-1 (ALDH1) [32].
Other key markers of CSCs are transcription factors
like OCT-4 and SOX-2, and drug-efflux pumps like
ATP-binding cassette (ABC) drug transporters [33].
Of those, the surface marker CD133 has been ob-
served in the CSC population in variety of neo-
plasms, among others: breast cancer, brain tumours,
lung cancer, pancreatic cancer, prostate cancer, and
ovarian cancer [34].

Interestingly, CSCs undergo both the epithelial-to-
mesenchymal transition (EMT) and the mesenchy-
mal-to-epithelial transition (MET), both of which
promote tumour progression and metastasis [35].
Our review aims to determine the CSC’s supposed
role in tumour metastasis.

Stem cells and cancer stem cells — similarities
and differences

Generating mutations in cellular DNA using carcin-
ogens, i.e. causative agents, contributes to the devel-

opment of cancer. These substances can include ion-
ising radiation and various types of chemicals such
as components of cigarette smoke, alcohol, formalde-
hyde, oncogenic viruses, and many others [36].

It has been estimated that the number of single-
strand breaks and spontaneous base loss in nuclear
DNA is approximately 10,000 changes per cell per
day [37]. However, overcoming the carcinogenesis
barrier, countered by the DNA repair process and
apoptosis, requires a cell to accumulate between
3 and 7 mutations [38]. Somatic mutations can un-
dergo clonal amplification, the number of which in-
creases with age in human tissues [39]. Damaged
tissues can be repaired through the impact of stem
cells, which possess the ability to self-renew and di-
vide throughout their lifespan [40]. The accumula-
tion of genetic disorders at the level of epigenetic
regulators may cause the transformation of normal
stem-cells into CSCs, which is crucial in carcinogen-
esis [41].

Stem cells remain undifferentiated both in embry-
onic and adult stem cells. During the stem cell differ-
entiation process, the stem cell program is silenced,
but in the process of developing cancer, epigen-
etic reactivation of the stem cells leads to tumour
multiplication and progression [42]. It may result
in the transformation of a normal stem cell (NSC)
into a CSC. Therefore, normal haematopoietic stem
cells and cancer stem cells should present with simi-
lar features [43]. Firstly, both stem cells and CSCs
are capable of self-renewal and division [44]. How-
ever, the potential for self-renewal is internally lim-
ited and reaches the division limit depending on the
activity of p53 [45].

CSCs, on the other hand, can unlimited self-renewal
and unlimited division, without the risk of differen-
tiation, aging or cellular death [46]. Some differences
and similarities also occur in the type of cell division.
Stem cells usually divide asymmetrically. As a result
of this division, a SC gives rise to another stem cell
and a progenitor cell [45].

CSCs divide mainly by symmetric divisions, al-
though it is worth noting that both CSCs and SCs
have the capacity for both types of divisions. How-
ever, the symmetric division favoured by CSCs pro-
motes tumour growth and is accompanied by a loss
of the protective effect of p53 [47].

Another common feature is that they have com-
mon surface markers. CD34 is present both on the
surface of haematopoietic stem/progenitor cells
(HSPCs) and, judging by numerous reports, on the
surface of CSCs [48]. An important common feature
of both normal stem cells and CSCs is that both types
of cells inhabit niches, i.e. specialised microenviron-
ments, which consist of fibroblasts, immune cells,
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endothelial cells, perivascular cells, extracellular
matrix (ECM) components, cytokines, and growth
factors [49].

Therefore, there are reasons to believe that cells in
the niche, activated by the tumour, support not only
normal stem cells but also CSCs in the development
of its characteristic features [50].

It is worth mentioning that mesenchymal stem
cells (MSCs) interact with both adult stem cells and
CSCs in the microenvironments of both those cell
types and mobilise them to secrete cytokines such
as IL-10 and TGF-B. These actions are aimed at
stimulating CD4+4 T-cells to their anti-inflammatory
phenotype [51].

Both stem cells and CSCs are characterised by a sim-
ilar transcriptional profile. Even signalling pathways
such as Wnt and Notch are active among both stem
cells and CSCs, which increases their ability to prog-
ress [52].

Thirdly, normal cells capable of proliferation such
as immune cells and stem cells can reprogram their
metabolism similarly to cancer cells [53]. Cancer
cells show a preference for a metabolism focused
on glycolysis in terms of obtaining energy, even
in the presence of oxygen [54].

Although this process is less efficient than oxida-
tive phosphorylation in the context of obtaining
ATP molecules, cancer cells compensate for this
by increasing the rate of glycolysis and thus in-
creasing the rate of obtaining ATP [55]. In addition
to ATP cancer cells require intermediate products
and precursors that are important for the biosyn-
thesis of macromolecules necessary to increase tu-
mour mass, with reduced demand for nutrients [56].
A similar metabolic plasticity is demonstrated
by haematopoietic stem progenitor cells (HSPCs),
which are able to obtain ATP through mitochon-
drial respiration and glycolysis. Due to their small
mitochondrial mass, their metabolism is maintained
mainly by glycolysis [57].

Metastatic niche and the role of cancer stem cells
in metastasis formation

Cancer cells may spread to distant organs from
the primary tumour, leading to cancer dissemina-
tion, and consequently to the patient’s death. This
phenomenon is called metastasis [58]. Metasta-
sis is associated with detachment of the cells from
the primary tumour mass. This is followed by local
infiltration and angiogenesis. In the next stage, can-
cer cells move to blood and lymphatic vessels, and
from there they begin to invade distant organs [59].
At each stage, the process of cancer metastasis and
progression is supported by suppressing the host’s

immune system. This is possible by stimulating im-
munosuppressive cells and inhibiting immune effec-
tor cells [60].

There are several hypotheses regarding the me-
tastasis process, including: EMT, altered integrin
expression, a macrophage facilitation process, and
a macrophage origin involving either transforma-
tion or fusion hybridisation with neoplastic cells and
microRNAs (miRNAs) [61-63]. There are also muta-
tions in genes encoding proteins that determine the
invasive potential of the tumour, such as mutation
of pb53 (TP53), cyclin-dependent kinase inhibitor
2A (CDKN2A), phosphatase and tensin homologue
(PTEN), and phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit o (PIK3CA) [64].

Among many models of metastasis, there is also
one based on the premise that the metastasis pro-
cess can be initiated by CSCs [65]. CSCs show in-
creased EMT activity. EMT also contributes to the
development of a CSC-like phenotype in cells other
than CSCs [66]. EMT also contributes to the loss
of epithelial adhesion receptors, such as E-cadherin,
occludin, a-catenin, and claudin, and consequently
the loss of cell polarity. The consequence of this pro-
cess is an increase in the invasiveness of cancer cells
[67]. Through numerous transcription factors, EMT
also influences the maintenance of the proper struc-
ture of the cytoskeleton and extracellular matrix
degradation [68]. The intensified process of destruc-
tion of the normal matrix favours its replacement
by the cancer matrix. Additionally, this process may
lead to the destruction of the basement membrane,
which further enhances the metastatic process [69].
When analysing the metastasis formation process,
it is worth taking a closer look at microRNA It is
a short sequence RNA, the main purpose of which
is post-transcriptional silencing of selected genes
[70]. miRNA is involved in cancer progression and
metastasis, and it enables contact between cancer
cells and the TME [71].

According to the latest research, miRNAs can influ-
ence CSC properties such as tumourigenesis, self-re-
newal, and resistance to cytotoxic treatment, thereby
enhancing cancer progression [72]. Increased resis-
tance to chemotherapy and radiotherapy in CSCs
is also explained by increased expression of anti-
apoptotic proteins and increased levels of ATP-
binding cassette transporters [73]. It is currently
believed that ATP-binding cassette transporters may
be involved at every stage of tumourigenesis, includ-
ing metastasis [74].

As seen above, the metastasis process is a complex
process that consists of many factors and mecha-
nisms. However, the metastasis formation is not only
limited to changes that occur in tumour cells, but
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it additionally requires interaction with stromal cells
at both the local and systemic levels [75]. It is there-
fore worth looking at the TME, which plays a decisive
role in cancer progression. The relationship between
cancer cells and the TME is inseparable. This is pri-
marily observed in the context of reprogramming
of the TME by tumour-derived factors by which the
microenvironment enables its survival [76].

There are reasons to believe that the environment
has a special impact on cancer cells, thanks to which
they acquire the features of “stemness” [77]. It is
even believed that the tumour microenvironment
induces a change in the phenotype from differenti-
ated cancer cells to CSCs, and this plasticity particu-
larly influences resistance to therapy [78].

It is well known that CSCs live in a special microen-
vironment, which can be called the “stem-cell niche”,
and their survival is conditioned by various factors
from the niche, which act directly or in a paracrine
manner [79]. The entire tumour microenvironment
consists of fibroblasts, endothelial cells, immune
cells, and extracellular factors such as hormones,
growth factors, cytokines, extracellular matrix,
etc. The role of the TME is particularly important
in the process of metastasising, and it influences
the resistance to anti-cancer therapy [80]. Cancer
cells activate stromal cells in the microenviron-
ment, i.e. fibroblasts, smooth cells, adipocytes, mes-
enchymal, progenitor, and inflammatory cells. They,
in turn, stimulate the secretion of growth factors
and proteases, creating something like a chain reac-
tion in the carcinogenesis process [81].

Fibroblasts are the key component of the TME.
Cancer-associated fibroblasts (CAFs) belong to the
stromal cells. They secrete the extracellular matrix
components, creating a dense tumour network, and
contribute largely to tumour progression [82]. Can-
cer cells can move along collagen fibres and spread
further. Additionally, CAFs and cancer cells support
the release of matrix metalloproteinases (MMPs),
which degrade of the basement membrane, support-
ing cancer spread [83]. According to some studies,
especially concerning breast cancer and hepatocel-
lular cancer, it was observed that CAFs can produce
mechanisms of resistance to chemotherapy and in-
duction of CSCs [84]. This most likely occurs through
the interaction of hepatocyte growth factor (HGF),
IL-6, TGF-B, chemokines, and factors activating
Wnt signalling provided by CAFs [85].

One of those factors is periostin, which is secreted,
among others, by CAFs. It can activate the PI3K/Akt
and/or Wnt/B-catenin oncogenic pathways. There-
fore, because those pathways are pathologically dys-
regulated in CSCs, it may be speculated that perios-
tin, and thus CAFs, enhance the activation of CSCs

[86]. The tumour microenvironment is, as we know,
a place rich in factors promoting tumour prolifera-
tion and metastasis. Uncontrolled growth is a natural
consequence of tumorigenesis, but it is also associ-
ated with an increased demand for oxygen and gener-
ates problems in its supply. It therefore appears to be
a natural phenomenon that the tumour environment
is in a state of chronic hypoxia [87]. To counteract
hypoxia and acidification, TME stimulates angiogen-
esis, a process that allows the tumour to create ves-
sels supplying the tumour with oxygen and nutrients,
while removing unnecessary and harmful metabolic
products [88].

Because this phenomenon is crucial in tumour pro-
gression, it has become the subject of many studies.
It was hypothesised that even if angiogenesis inhibi-
tors were used and oxygen-poor conditions were cre-
ated, the tumour mass would continue to grow due
to CSCs and the associated activation of the Akt/f
catenin pathway. Later studies drew attention to the
fact that cancer stem cells produce vascular endo-
thelial growth factor (VEGF) at much higher levels
under various environmental conditions compared
to SCs [89]. It promotes angiogenesis and has mi-
togenic and anti-apoptotic effects. Additionally,
it increases vascular permeability and promotes cell
migration [90].

However, the functions of VEGF go beyond the abil-
ity to perform angiogenesis. It exhibits paracrine
and autocrine signalling because it can modulate
the host response to cancer by influencing immune
cells in the microenvironment, and VEGF receptors
modulate the function of fibroblasts in the tumour
stroma. This is believed to be one of the mechanisms
for maintaining the capacity of CSCs [91]. There
is a correlation between the number of CSCs in tu-
mour tissue and the number of immune cells that
infiltrate the tumour. It is suspected that CSCs im-
pair the process of antigen presentation to T lym-
phocytes using MHC-I. This leads to the develop-
ment of resistance to the cytotoxic effects of CD8+
T lymphocytes [92].

Dendritic cells (DCs) are the main elements of the
adaptive immune response and have the ability
to activate T lymphocytes, which is a defence mech-
anism against cancer. Of course, cancer can affect
DC functions by preventing their maturation or
through molecules originating from the microenvi-
ronment, inhibiting their activation [93].

Moreover, cancer-altered DCs may even promote tu-
mourigenesis. Recent studies based on renal cancer
draw attention to the role of CSCs in this process.
Renal cancer cells that expressed the surface marker
CD105 blocked the maturation of monocyte-derived
DCs in vitro at a higher rate than tumour cells
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negative for this marker. This is important because
CD105 is also a surrogate marker for CSCs [94].

We can also distinguish tumour-associated macro-
phages (TAMs) among the immune cells in the TME.
They can enhance immunosuppression, the process
of vascular formation, and the proliferation of cancer
cells, and thus may increase the tumour mass and
the probability of metastasising [95]. TAMs have
protective functions towards CSCs against chemo-
therapy, thus driving therapy resistance. Addition-
ally, TAMs increase the ability of CSCs to initiate
tumourigenesis [96].

The state of the CSC is regulated by many different
signals from the niche. One of them is transform-
ing growth factor B (TGF-B), a cytokine that gives
CSCs drug resistance [97]. TGF-p determines the
low immunogenicity of CSCs compared to non-CSCs.
The same effect is exerted by the other cytokines
like IL-4 and IL-10, which also have immunosup-
pressive effects, and high expression of which is ob-
served in CSCs [98]. One of its many functions is to
stimulate the production of T-reg cells, the function
of which is to suppress the immune response against
the tumour [99].

Bladder cancer

In 2018, bladder cancer was the 10*" most common
cancer in the world, with a predominance among
men. In this sex, bladder cancer was the sixth most
common cancer [100]. In the case of non-muscle
invasive bladder cancer (NMIBC), the first-line
treatment is bladder-sparing therapy. If the muscle
layer becomes infiltrated, as in the case of muscle-
invasive bladder cancer (MIBC), cystectomy is per-
formed along with lymph node dissection (LND).
The inclusion of neoadjuvant chemotherapy further
improves the prognosis. Although the combination
of these 2 methods is a standard approach in the case
of MIBC, it remains controversial [101].

If metastases occur, cytotoxic chemotherapy based
on cisplatin is initiated. Despite that, some patients
experience relapses and develop resistance to thera-
py. The utilisation of chemotherapy itself is associ-
ated with many side effects, most importantly with
renal toxicity [102].

Therefore, it seems extremely important to search
for novel, targeted methods of treatment of bladder
cancer, based on better understanding its biology.
It is crucial to look at its development and progres-
sion, including metastatic pathways.

The presence of CSCs was also discovered in bladder
cancer, where they showed typical CSC surface mark-
ers such as CD44, CD133, ALDH1, SOX2, and SOX4,
and a set of characteristic features such as self-renew-

al or the ability to initiate cancer, and an increased
expression of genes involved in EMT [103].

In superficial papillary carcinomas, the origin is
sought among intermediate cells. But even their
morphological structure resembles a normal epithe-
lium with a basal layer. This involves questioning
the theory that the intermediate cell is a universal
cell in the context of cancer formation. Believing
in the existence of a universal cell and trying to ex-
plain the existence of a basal-like target in NMIBC,
it should be noted that in the basal layer of papillary
carcinoma regeneration occurs through a process
of dedifferentiation, and the microenvironment most
likely contributes to this process [104].

Colon cancer

In the United States, colorectal cancer is the third
most frequently diagnosed cancer and the third lead-
ing cause of cancer death among men and women
[105]. It is expected that by 2035 in the world there
will be up to 2.5 million new cases of this type
of cancer, which makes it a significant global problem
that should be a focus of attention of researchers in
the context of searching for new therapeutic meth-
ods [106]. Therefore, it seems important to under-
stand the structure of cancer and the mechanisms
that contribute to its development.

It is highly probable that CSCs are present in colorec-
tal cancer, and further, they have been identified
as one of the causative factors capable of develop-
ing the tumour [107]. It is even believed that CSCs
are mainly responsible for cancer progression, in-
cluding the ability to metastasise and their resis-
tance to therapy [108].

Under normal conditions, stem cells present at the
bottom of the colon crypts divide and give rise to
daughter cells. These cells migrate upwards, differ-
entiate, and replace old epithelial layer cells. Some-
times, however, this process may be disturbed. It is
suspected that CSCs are formed under the influence
of the microenvironment, leading to abnormal divi-
sions and thus tumourigenesis [109].

When considering CSCs and their role in the de-
velopment of colorectal cancer, it is worth tak-
ing a closer look at leucine-rich-repeat-containing
G-protein-coupled receptor 5 (Lgr5), which is a pro-
tein that is expressed in columnar cells in intestinal
crypts. Crypt base columnar cells with positive Lgrb
show features of stem cells, and they were identified
as a potential stem marker in cancer [110]. More-
over, in the progression of colorectal cancer and its
metastases, a hierarchical structure characteristic
of CSCs was noticed, while functional CSCs them-
selves showed expression of Lgr5 [111].
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Based on the research, it was also discovered that
Lgr5-negative tumours sometimes progress, but
even then, those cells, just like Lgr5-positive cells,
have increased rDNA transcription and protein
synthesis at a level similar to that of stem cells.
This is related to microenvironmental signalling
and the induction of a certain plasticity of tumour
cells [112].

It is worth mentioning that Lgr5 stimulates canoni-
cal Wnt/B-catenin signalling [113], which has a prov-
en impact on the formation of CSCs.

Baker et al. noticed that the introduction of the
APC (adenomatous polyposis coli) mutation into
Lgr5-positive cells in mouse bodies resulted in the
formation of adenomas in the small and large intes-
tine. Thanks to this, the process was better under-
stood, and it was demonstrated that mutated CSCs
with a positive Lgr marker may be cancerous [114].
The existence of the 22-kDa transmembrane-4-L-six-
family member-1 (TM4SF1) protein, which consists
of 4 transmembrane domains, may also be crucial
in explaining this process. The protein itself is of-
ten called tumour-associated antigen L6, and its
increased expression is observed in many cancers,
including colon cancer [115]. TM4SF'1 is associated
with many tumour characteristics, such as growth,
invasiveness, and metastatic ability [116].

A study was conducted to look for the function
of TM4SF1 in the process of chemotherapy resistance
with the help of fluorouracil. Silencing TM4SF1 re-
sulted in reduced expression of surface markers
CD133, CD44, SOX2, and ALDHA1. When this in-
termembrane protein was overexpressed, CD133
and SOX2 were increased [117].

The aforementioned markers are characteristic
of CSCs. The ability of TM4SF1 to interfere with
the expression of these surface molecules demon-
strates that it has an impact on maintaining tumour
stemness and is important for CSCs-dependent CRC
progression.

Further research using RNA-Seq to identify the
differentially expressed genes (DEGs) attempted
to discover the connection between TM4SF1, EMT,
and cell stemness. It turned out, based on gene set
enrichment analysis (GSEA), that CRC with sup-
pressed TM4SF1 showed significant disruptions
in the Wnt pathway and a reduction in B-catenin lev-
els, but stimulation of the Wnt/B-catenin pathway
could reverse the effects of TM4SF1-deficiency [117].
Therefore, both this signalling pathway and the pro-
tein seem to be closely related.

The Wnt/B-catenin pathway is one of the main
pathways involved in the development of colorec-
tal cancer. This pathway also regulates CSCs and
is an important factor for maintaining the self-re-

newal capacity of CSCs. It influences the production
of CSCs from normal stem cells or non-CSCs cell
populations, contributing to their resistance to anti-
cancer therapy [118].

Moreover, myofibroblasts present in the niche are
able to stimulate the Wnt pathway, thereby restoring
the CSCs phenotype in more differentiated tumour
cells by secreting HGF [119].

Breast cancer

Breast cancer is the most frequently diagnosed can-
cer in the world and is currently the leading cause
of cancer-related death among women [120]. Accord-
ing to statistics from 2017 approximately 1.7 million
new cases of breast cancer are diagnosed worldwide
each year [121].

Its treatment depends on the stage. There are many
treatment methods, such as radical surgery, radio-
therapy, hormone therapy depending on the receptor
status, immunotherapy, chemotherapy, or a combi-
nation of several methods [122].

Randomised, controlled trials show that widespread
screening with and introduction of novel, targeted
therapies have led to a reduction in breast cancer
mortality [123].

However, this does not change the fact that breast
cancer is a significant social problem, and every ef-
fort should be made to ameliorate our understanding
of the mechanisms of cancer formation and metas-
tasis in order to further develop novel therapeutic
methods.

Despite all the abovementioned, resistance to ther-
apy is still observed. In the course of diagnostics
on the specificity of this cancer, a small group of can-
cer stem cells was identified in the breast tumour -
breast cancer stem cells (BCSC). It is suspected that
those cells are the cause of resistance and recurrence
of cancer [124].

In BCSCs, we are able to observe the functioning
of signalling pathways such as Notch, Hedgehog,
Wnt, ete. [125]. Those pathways are important and
recognised modulators of CSCs function. Thanks
to them, BSCSs are able to maintain their unique
characteristics.

Moreover, BCSCs interact with immune system cells
and host cells, creating a picture of the tumour mi-
croenvironment. This complex signalling between
microenvironmental cells and BCSCs leads to tu-
mour initiation and progression [126].

Cancer cells are surrounded by normal tissue
and CAFs, endothelial cells, and ECM, which to-
gether with immune cells create the abovemen-
tioned evolving environment. Breast tumours show
a certain phenotypic plasticity, which is achieved
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thanks to numerous signals from the tumour micro-
environment that influence their adaptation to the
ecological niche of the tumour [127].

Long non-coding RNA (IncRNA) represents the larg-
est class among non-coding RNA subtypes. It plays
an important role in the regulation of transcription
and post-transcriptional mechanisms. Its participa-
tion is observed in processes such as proliferation,
apoptosis, and cellular differentiation [128].
IncRNAs are hypothesised to be involved in “stem-
ness” maintenance. Their dysregulation is observed
in CSCs. Although they are found in low quantities,
there are reports describing IncRNAs that are spe-
cific to BCSCs. When analysing IncRNA, one may
come across IncROPM (a regulator of phospholipid
metabolism), related to PLA2G16 and thus to phos-
pholipid metabolism. Some studies suggest that In-
cROPM may up-regulate the expression of PLA2G16
by stabilising PLA2G16 mRNA. This causes achange
in phospholipid metabolism and the production
of free fatty acids, in particular arachidonic acid,
which is able to activate PISK/AKT, Wnt/B-catenin,
and Hippo/YAP signalling pathways [129]. These
pathways are, of course, closely related to CSCs, de-
termining their specific features.

The group of researchers also noted that luminal
or basal-like breast tumour may arise from mu-
tations of phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit o (PIK3CA) in mamma-
ry luminal stem cells. Moreover, it is believed that
basal-like cancer with a BRCA1l mutation could
arise from basal stem cells, and the loss of BRCA1
leads to uncontrolled division of stem cells, and the
population of cells with this mutation gives a chance
to develop cancer [130].

When analysing the process of breast cancer devel-
opment, it is crucial to mention the EGFR-HER2
module. HER2 is an epidermal growth factor whose
overexpression is observed in 20% of breast can-
cers. It can form heterodimers with EGFR, HERS3,
or HER4. The heterodimerisation process is be-
lieved to be one of the mechanisms of resistance
to anticancer therapy in cancers with HER2 over-
expression [131].
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INTRODUCTION

Introduction Prostate cancer (PC) remains a significant global health burden, necessitating accurate
staging for optimal treatment planning. Conventional imaging methods, including multiparametric
magnetic resonance imaging (mpMRI), computed tomography (CT), and bone scintigraphy (BS), exhibit
limitations in sensitivity and specificity. Gallium-68 prostate-specific membrane antigen positron emis-
sion tomography/computed tomography (8Ga PSMA-PET/CT) has emerged as a promising alternative,
with potential advantages in staging accuracy.

Material and methods A comprehensive review of current literature was conducted to assess the role
of ®8Ga PSMA-PET/CT in primary PC staging. The diagnostic performance of PSMA-PET/CT was com-
pared with conventional imaging techniques in detecting locoregional and distant metastases. Studies
evaluating sensitivity, specificity, and clinical utility in treatment decision-making were analyzed.
Results ®8Ga PSMA-PET/CT demonstrated superior sensitivity and specificity in detecting lymph node
and distant metastases compared to conventional imaging. It enables earlier and more precise disease
staging, potentially reducing the need for multiple imaging modalities. Emerging evidence suggests its
role in guiding therapeutic strategies, particularly in high-risk and recurrent PC cases. Despite its advan-
tages, limitations such as accessibility, cost, and occasional false-negative findings must be considered.
Conclusions %8Ga PSMA-PET/CT represents a transformative diagnostic tool for PC staging, offering en-
hanced accuracy compared to traditional imaging. Its integration into clinical practice could streamline
diagnostic pathways, improve treatment selection, and potentially optimize patient outcomes. Further
research and cost-effectiveness analyses are needed to establish its widespread implementation.

cancer-related deaths among males [1]. The Ameri-
can Cancer Society predicted approximately 288,300

Prostate cancer (PC) is the second-most-prevalent  new cases of PC and 34,700 deaths attributed to the
malignancy globally and the fifth leading cause of disease in 2023 [2].

Cent European J Urol. 2025; 78: 52-60 This is an Open Access article distributed under the terms of the Creative Commons
doi: 10 5173/ceju 2025.0014 Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
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For accurate local tumour staging, seminal vesicle
(SV) invasion (SVI) and extracapsular extension
(ECE) are critical parameters, and prostate mag-
netic resonance imaging (MRI) is the worldwide
standard imaging technique [3]. Traditional meth-
ods for evaluating locoregional lymph node metas-
tases (LNMs) and remote metastatic spread typi-
cally involve computed tomography (CT) and bone
scintigraphy (BS). However, the sensitivities of those
modalities remain modest at approximately 42%
for CT and 79% for BS [4, 5]. Consequently, patients
often require multiple imaging procedures before
treatment, to precisely evaluate the disease stage.
From a public health perspective, the rising num-
ber of new PC cases and, in turn, patients waiting
for rapid radiological imaging, demand optimised
staging protocols. Therefore, this study aimed to
assess the feasibility of single-stage examination
of primary PCa with the utilisation of single, nov-
el diagnostic tool. Investigating gallium-68 pros-
tate-specific membrane antigen positron emission
tomography/CT (#%Ga PSMA-PET/CT) presents
an encouraging avenue for addressing this question.
Leveraging the advanced imaging capabilities of this
diagnostic technique potentially offers a feasible so-
lution for conducting a single-stage examination
to diagnose primary PC. This cutting-edge technol-
ogy holds the potential to streamline the diagnostic
process, providing valuable insights into the feasibil-
ity of a more efficient and comprehensive approach
to PCa staging.

The aim of this review is to evaluate the potential
of ¥Ga PSMA-PET/CT as a primary diagnostic tool
in prostate cancer staging. Specifically, we aim to com-
pare its diagnostic accuracy with conventional imag-
ing techniques, assess its clinical applications in dif-
ferent stages of prostate cancer, and explore its role
in guiding treatment decisions. Additionally, we dis-
cuss the limitations and economic implications of inte-
grating PSMA-PET/CT into routine clinical practice.

IMAGING TECHNOLOGIES IN PRIMARY
STAGING

T-staging (magnetic resonance imaging)

T2-weighted MRI is the preferred method for local
staging, renowned and commonly accepted in in-
ternational guidelines with standardised protocol.
A meta-analysis by Caglic et al. [6] showed that the
sensitivity and specificity for extraprostatic exten-
sion (EPE) were 0.57 (95% confidence interval [CI]:
0.49-0.64) and 0.91 (95% CI: 0.88-0.93), respectively.
For SVI, the sensitivity was 0.58 (95% CI: 0.47-0.68),
and the specificity was 0.96 (95% CI: 0.95-0.97) [6].

N-staging (magnetic resonance imaging
and computed tomography)

MRI (T1-T2-weighted) and abdominal CT indirectly
evaluate nodal invasion by examining the lymph
node (LN) size. Typically, LNs with short axes mea-
suring >8 mm in the pelvic region and >10 mm out-
side the pelvis are indicative of malignancy. Reduc-
ing these threshold values increases the sensitivity
but decreases the specificity, making the optimal size
threshold uncertain [7, 8]. The sensitivities of CT and
MRI for detecting LN involvement are <40% [9, 10].
Significantly, the sensitivity of identifying micro-
scopic LN invasion through CT scans is <1% in pa-
tients with International Society of Urological Pa-
thology (ISUP) grade <4, prostate-specific antigen
(PSA) level <20 ng/ml, or localised disease [11-13].
In summary, such methods show limited sensitiv-
ity and specificity for N-staging and might not be
an optimal option for identifying lymph nodes in-
volvement.

M-staging (bone scintigraphy)

The *=Tec¢ bone scan (BS) is a widely used conven-
tional imaging technique that exhibits high sensitiv-
ity in assessing the pattern of active bone formation
across the entire skeleton, aiding in the detection
of both malignant and benign diseases. In a meta-
analysis assessing its effectiveness, BS demonstrat-
ed a sensitivity and specificity of 79% and 82%, re-
spectively [14]. Notably, the diagnostic output of BS
is significantly affected by factors such as the clini-
cal stage, PSA level, and ISUP grade of the tumour
[15]. A retrospective study of 703 patients with new-
ly diagnosed PC who were referred for BS showed
the association between age, PSA level, and Glea-
son score (GS). The findings revealed a substantial
increase in the incidence of bone metastases with
higher PSA levels and GS [16]. These factors play
crucial roles in determining the likelihood of detect-
ing bone metastasis through BS.

PROSTATE-SPECIFIC MEMBRANE
ANTIGEN POSITRON EMISSION
TOMOGRAPHY/COMPUTED
TOMOGRAPHY

Biological principles and clinical applications

PSMA-PET/CT is an advanced imaging modality de-
signed to identify PC cells. This technique utilises
aradioactive substance that specifically targets PSMA,
a protein expressed by PC cells. The PSMA PET preci-
sion surpasses that of other imaging modalities com-
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monly employed for PC detection. While PSMA ex-
pression is evident in both normal prostate epithelium
and PC cells, it is also detected in other tissues such as
the kidneys, small intestine, and salivary glands. No-
tably, PSMA expression in PC cells is approximately
1000-fold higher than that in normal tissues [17].
Elevated PSMA expression has been observed
in PCa cells, not only in primary focus but also
in lymph nodes, soft tissues, and bone metasta-
ses [18]. Additionally, PSMA is expressed during
the neovascularisation of various tumours and their
metastases [19, 20]. While PSMA expression has
been noted in benign granulomatous and inflam-
matory diseases, the precise mechanisms govern-
ing PSMA uptake have not been fully elucidated.
However, tracer accumulation in neovascular pro-
cesses, reduced vascular permeability, heightened
blood flow during inflammation, and other non-
specific elements may be contributing factors.
PSMA expression has also been observed in di-
verse bone-related illnesses and conditions [21-23].
The positive correlation between increased PSMA
expression, higher GS, and the development of
metastatic disease further underscores the signifi-
cance of PSMA as a valuable target in PC imaging
[24-26]. In contemporary PCa treatment, urolo-
gists are increasingly integrating PSMA-PET/CT
as a standard imaging tool. The evolving body
of evidence, encompassing its performance across
diverse PCa stages, along with the incorporation
of insights from new tracers, has fuelled a collective
effort among urologists to optimise the application
of this technology. While this tool is regularly uti-
lised in metastatic scenarios, where it might out-
perform traditional imaging methods and potential-
ly guide treatment decisions, interest in extending
its utility to localised PC has increased, particularly
in high-risk cases [27].

Prostate cancer recurrence detection

Biochemical recurrence (BCR) in PC, i.e. signalling
recurrence following curative-intent treatments
such as prostatectomy or radiation therapy, is char-
acterised by elevated PSA levels. BCR affects approx-
imately 4 in every 10 patients with PC, with approxi-
mately a quarter experiencing clinical recurrence
after 7-8 years [28]. Despite advancements in MRI
technology, pinpointing specific BCR sites through
imaging has proven challenging. The clinical signifi-
cance of disease detection lies in directing effective
treatment planning and minimising the unnecessary
treatment and its associated side effects [29].

Conventional imaging methods, such as BS and CT,
exhibit limited accuracy in identifying metastases

to lymph nodes and bones, particularly among pa-
tients with low PSA levels. In this scenario, MRI
has emerged as the preferred approach for detect-
ing local recurrence, boasting a sensitivity of ap-
proximately 75%. However, even though MRI out-
performs conventional imaging, its primary utility
lies in identifying local recurrence. For patients with
low PSA levels, experiencing BCR, radiation thera-
py of the prostate bed is the first-line salvage treat-
ment, making the identification of local recurrence
a critical but not the sole determinant for treatment
adjustments.

In the last 5 years, 8Ga PSMA-PET/CT has become
a revolutionary imaging technique for detecting PC
relapse. Numerous studies have consistently illus-
trated that PSMA exhibits superior sensitivity and
specificity compared to traditional approaches or
choline PET, particularly in identifying tumour re-
currence, especially in patients with low PSA levels
(<1.0 ng/ml) [30]. While promising results suggest
a significant clinical impact in altering approaches
based on PSMA PET evaluations of BCR, dem-
onstrating improvements in long-term outcomes
is crucial to validate the clinical utility of this trans-
formative molecular imaging technique [31].

While PSMA-PET/CT enhances the detection
of metastases in biochemically recurrent pros-
tate cancer, its impact is further underscored
by the recognition of metastasis-free survival (MFS)
as a validated intermediate endpoint in localised
prostate cancer. Recent guidelines highlight MF'S as
a crucial marker for evaluating the effectiveness of
treatment strategies in patients without detectable
metastases on conventional imaging but with bio-
chemical recurrence. Incorporating PSMA-PET/CT
findings into this framework may refine risk strati-
fication and treatment selection, as discussed in
Miszczyk et al. [32].

Detection of lymph node involvement

In a study by Van Leeuwen et al. [33], the main ob-
jective was to scrutinise the precision of Ga PSMA-
PET/CT for LN staging in patients diagnosed with
intermediate- and high-risk PC. Their findings indi-
cate that %Ga PSMA-PET/CT is a promising alter-
native to current imaging techniques for LN staging
in patients with PC undergoing radical prostatec-
tomy (RP) [33].

Cytawa et al. [34] used ®Ga PSMA-PET/CT for stag-
ing in 82 men with PC. They found PSMA-positive
disease in 83% of patients, and 80.5% of primary
tumours were visualised. PSMA-avid lymph nodes
were present in 20.7% of patients, and distant dis-
ease was identified in 17.1% of patients. The maxi-
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mum standardised uptake value (SUV__ ) of primary
tumours was weakly correlated with PSA levels and
GS. LN metastasis detection had a 35.0% sensitiv-
ity, 98.4% specificity, 63.6% positive predictive value
(PPV), 95.0% negative predictive value (NPV), and
93.0% accuracy [34].

In another study, patients diagnosed with PC
were compared based on whether they underwent
%8Ga PSMA-PET/CT or conventional imaging alone.
The analysis focused on predicting clinical regional
node-positive disease, metastatic disease, and the
treatment received. Of 6,139 patients, 14% received
a staging PET scan, 40% had conventional imaging
without a PET scan, and 45% had no recorded PET
or conventional imaging. Over time, the proportion
of patients undergoing staging PET increased, espe-
cially in the high-risk group. After adjusting for the
grade, patients who underwent PET had a higher
proportion of cN1 disease, but not cM1 disease, com-
pared to those who had conventional imaging alone
[35]. The results suggest an increasing use of PET
imaging, particularly for patients with high-risk PC,
and hints at its potential contribution to improved
nodal disease detection, possibly optimising patient
selection for definitive PC treatment.

In summary, %Ga PSMA-PET/CT has emerged
as a valuable staging tool for individuals initial-
ly diagnosed with intermediate- to high-risk PC.
It demonstrates effectiveness in detecting nodal
and distant metastases. Nevertheless, PSMA-PET/CT
is constrained in low-risk diseases due to the rela-
tively low occurrence of extraprostatic extension.

COULD PROSTATE-SPECIFIC
MEMBRANE ANTIGEN

POSITRON EMISSION
TOMOGRAPHY/COMPUTED
TOMOGRAPHY GUIDE THE TREATMENT
OF PROSTATE CANCER?

Accurate staging is a critical factor through which
PSMA-PET/CT can influence treatment strate-
gies. Traditional imaging modalities, such as BS
and CT scans, may sometimes miss small metastat-
ic lesions. In contrast, PSMA-PET/CT has shown
superior sensitivity, particularly for detecting
LN metastases and distant organ involvement.
This enhanced sensitivity can lead to a more precise
determination of the extent of the disease, influenc-
ing decisions regarding the treatment intensity
and modality.

Lima et al. [36] focused on PSMA-PET/CT for the
initial assessment of intermediate- and high-risk
PC. Patients were categorised based on whether
additional imaging modalities were used alongside

PSMA-PET/CT. The results of 57 patients were gath-
ered, with 77.2% (n = 44) having a CT scan or bone
scan (BS) prior to PSMA-PET/CT. Prostate cancer
management strategy was changed in 61.4% (n = 27),
when PSMA-PET/CT was performed following
CT and BS. BS and CT results were consistent with
PSMA-PET/CT in 43.2% and 44.8%, respectively.
In 30 cases, a curative strategy was used based on
PSMA-PET/CT findings. PSMA-PET/CT revealed
a negative predictive value of 95.2% in 23 patients
submitted to radical prostatectomy with bilater-
al pelvic lymphadenectomy. Prostate SUV values
on preoperative PSMA-PET/CT correlated with ini-
tial PSA, ISUP grade, PC risk staging, and presence
of extraprostatic lesions [36].

The superior sensitivity of PSMA-PET/CT in de-
tecting subclinical metastases has notable implica-
tions for prostate cancer treatment strategies. This
imaging modality often identifies oligometastatic
lesions that remain undetected by conventional im-
aging techniques, leading to a phenomenon known
as stage migration. Patients initially considered
to have localised disease may be reclassified as oligo-
metastatic, prompting reconsideration of treatment
approaches.

The detection of oligometastatic disease has opened
new avenues for personalised therapies. Local ther-
apies have shown efficacy in treating oligometa-
static lesions, offering potential benefits in delaying
disease progression and improving survival out-
comes [37, 38]. Furthermore, metastasis-directed
therapy (MDT) is increasingly being employed in
patients with low-volume metastatic prostate can-
cer, demonstrating promise in prolonging progres-
sion-free survival and delaying the need for system-
ic treatments. Recent evidence also suggests that
MDT can improve clinical outcomes in carefully
selected patients with oligometastatic disease, em-
phasising the role of targeted interventions in this
population [39].

By facilitating the identification of patients with
limited metastatic burden, PSMA-PET/CT enhanc-
es the ability to apply these personalised treatment
strategies. The precise detection of metastases al-
lows clinicians to tailor therapeutic interventions
more accurately, integrating local and metastasis-
directed therapies into the management plans
of patients who may have previously been man-
aged with systemic therapy alone. This integration
underscores the evolving role of PSMA-PET/CT
not only as a diagnostic tool but also as a pivotal
component in guiding contemporary prostate can-
cer treatment.

Taking the abovementioned data into consider-
ation, it may be speculated that indeed PSMA-PET/
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CT might in fact guide the therapeutic decisions
in PC treatment. However, due to the lack of long-
term follow-up of the patients treated based on the
PSMA-PET/CT findings, it is still too early for the
introduction of this diagnostic modality into the di-
agnostic algorithms and guidelines.

PROSTATE-SPECIFIC MEMBRANE
ANTIGEN POSITRON EMISSION
TOMOGRAPHY/COMPUTED
TOMOGRAPHY AS A SINGLE
DIAGNOSTIC TOOL FOR PROSTATE
CANCER STAGING

Prostate-specific membrane antigen positron
emission tomography/computed tomography for
T-staging

Precisely evaluating T-staging is vital to determine
the most suitable treatment course, thereby en-
hancing the likelihood of achieving the longest pro-
gression-free survival. Comprehension of the spatial
correlation among the suspected lesion and nearby
critical structures is crucial for effective surgical
and intensity-modulated radiotherapy planning.
MRI has been the traditional approach [40]. How-
ever, detecting subtle signs depends on the subjec-
tive evaluation of neurovascular symmetry and focal
low-signal intensity in the SV or periprostatic fat.
CT plays a restricted role in primary PC diagnosis and
is primarily employed for distant staging in patients
with PC or for assessing LNM and bone metastases in
metastatic PC cases. Despite its common usage in PC
management, CT imaging lacks adequate soft tissue
contrast and targeted molecular information [41].
Prostate MRI was initially used for staging in males
with known PC before treatment. In this setting,
prostate MRI provides information on the presence
or absence of ECE or the involvement of the neuro-
vascular bundles and SV, thus helping to differenti-
ate stage T2 disease from locally advanced disease.
Studies have compared PSMA-PET/CT and MRI.
Berger et al. [42] compared both techniques with his-
topathological analysis of prostatectomy specimens.
Their findings revealed that PSMA-PET/CT exhibits
supreme sensitivity in PCa lesions detection com-
pared to MRI. All 50 histopathologically confirmed
index lesions were identified by PSMA-PET/CT,
achieving a detection rate of 100%, while MRI de-
tected 47 (94%) lesions. Moreover, PSMA-PET/CT
demonstrated superior sensitivity for localising index
lesions compared to MRI (81.1% vs 64.8%) [42].
Another study comparing both modalities in patients
with intermediate- and high-risk PC found that
8Ga PSMA-PET/CT, MRI, and a combination of both

had similar cancer detection rates. However, MRI
outperformed ®Ga PSMA-PET/CT in detecting EPE
and SVI. In the evaluation of T staging, MRI was the
reference imaging modality. In summary, those stud-
ies indicate that both modalities have similar accura-
cies in detecting and localising PC foci. %¥Ga PSMA-
PET/CT shows better sensitivity and detection rates,
whereas MRI performs better at identifying EPE
and SVI. Therefore, MRI is still the reference imag-
ing modality for T-staging evaluation [43].

Li et al. [44] conducted a study involving a consecu-
tive cohort of 115 patients who underwent both tools.
They showed that ®Ga PSMA-PET/CT exhibits su-
perior diagnostic performance, especially in terms of
specificity, compared to MRI in individuals suspected
of having PC, with PSA levels of 4-20 ng/ml. Addition-
ally, the uptake values of %¥Ga PSMA-PET/CT (SUV
max or SUV ratio) were positively correlated with the
GS, suggesting the potential use of this imaging mo-
dality as a noninvasive tool for predicting PC risk and
determining malignancy severity. The findings reveal
that %Ga PSMA-PET/CT exhibits a superior sensitiv-
ity for detecting ECE in comparison to MRI, while
there is no significant difference in detecting SVI [44].
While BS plays an essential role in the overall stag-
ing of PC, particularly in identifying bone metasta-
ses (M-staging), its direct contribution to T-staging
is limited. T-staging is typically performed using
other imaging modalities, such as MRI [45].

Prostate-specific membrane antigen positron
emission tomography/computed tomography
for N-staging

The N staging of PC involves the assessment of LN
involvement. Determining whether PC has spread
to nearby LN plays a crucial role in cancer staging
that influences treatment decisions and prognosis.
Inarandomised controlled trial comparing ®Ga PSMA-
-PET/CT with conventional CT and BS, G®*Ga PSMA-
-PET/CT was superior to other tools in LNM detec-
tion, both in sensitivity and specificity. Additionally,
CT and BS identified more equivocal lesions com-
pared to ®Ga PSMA-PET/CT, and CT and BS result-
ed in superior radiation exposure than %Ga PSMA-
PET/CT [46].

In a recent meta-analysis that evaluated LNM iden-
tification using MRI and 68Ga PSMA-PET/CT, the
PSMA-PET/CT exhibited superior sensitivity and
comparable specificity. Moreover, 68Ga PSMA-PET/
CT has more positive outcomes in detecting smaller
LN than MRI [47].

Summarising, there is a growing body of evidence
justifying the sole use of PSMA-PET/CT in N-stag-
ing of prostate cancer.
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Prostate-specific membrane antigen positron
emission tomography/tomography for M-staging

Conventional imaging techniques are valuable for
detection of distant metastases, and CT can identify
sclerotic bone lesions and metastases in internal or-
gans. Nonetheless, CT has produced positive results
in only 14% of cases [48].

Accurately diagnosing bone metastasis in PC is be-
coming increasingly important for guiding both lo-
cal and systemic treatments. Globally, both tools
are utilised for assessing bone metastases in PC.
In a meta-analysis of a high-volume series con-
ducted by Liu et al. [49], the effectiveness of %Ga
PSMA--PET/CT with various radioligands was com-
pared to that of MRI with different parameters.
This comprehensive review and network meta-anal-
ysis of diagnostic tests, involving 45 studies with
2,843 patients and 4,263 lesions, recommended the
use of %Ga PSMA-PET/CT for diagnosing bone me-
tastasis in patients with PC.

%Ga PSMA-PET/CT surpasses planar BS in detect-
ing affected bone regions and assessing the overall
involvement of the bones in patients with PC.

In a comparative study by Pyka et al. [50], bone
metastasis was diagnosed in 60% of patients.
8Ga PSMA-PET/CT demonstrated sensitivities and
specificities ranging from 98.7% to 100% and 88.2%
to 100%, respectively, for overall bone involvement.
In contrast, for BS, the values were 86.7-89.3%
for sensitivity and 60.8-96.1% for specificity
(p <0.001), considering “optimistic” or “pessimistic”
classifications of equivocal lesions. A region-based
analysis of 1,115 bone regions with 410 metastases
showed a PSMA-PET/CT sensitivity and specificity
0f 98.8-99.0% and 98.9-100%, respectively, while BS
demonstrated a sensitivity of 82.4-86.6% and speci-
ficity of 91.6-97.9%. ®Ga PSMA PET/CT exhibited
superior performance in all subgroups, except for
the patient-based analysis of mCRPC [50].

Prostate-specific membrane antigen positron
emission tomography/computed tomography
and other diagnostic modalities in high-risk
prostate cancer

Hirmas et al. [26] compared the diagnostic efficacy of
8Ga PSMA-PET/CT with that of CT, MRI, and BS for
the primary staging of 21 patients with high-risk PC.
%8Ga PSMA-PET/CT demonstrated a markedly in-
creased concordance rate with BS, MRI, and CT (90%,
75%, and 73%, respectively). It exhibited similar pre-
cision to that of MRI in identifying prostate lesions
but superior accuracy in detecting suspicious pelvic
LNs. It outperformed CT in detecting suspicious pel-

vic LNs and extra-pelvic LNs, and outperformed BS
in detecting bone lesions. Utilisation of %Ga PSMA-
-PET/CT resulted in management changes for 11 pa-
tients. Those findings suggest potential advantages
of using %Ga PSMA-PET/CT over other modalities
in PC diagnosis and staging, particularly in terms
of specificity, accuracy in detecting LNs, and impact
on patient management. However, further research
and larger populations are needed for confirmation.

ECONOMIC ASPECTS

Several studies have explored the cost implications
of utilising PSMA-PET/CT in different healthcare
settings. Holzgreve et al. [51] found that in Europe
and the US, PSMA-PET/CT is generally associated
with increased costs. Notably, the scan duration
plays a significant role in determining the cost-ef-
fectiveness. Despite the higher upfront costs, the
expenses related to achieving an accurate diagnosis
through %Ga PSMA-PET/CT appear to be reason-
able when compared to the potential downstream
costs associated with inaccurate diagnosis [51].

LIMITATIONS OF PROSTATE-SPECIFIC
MEMBRANE ANTIGEN POSITRON
EMISSION TOMOGRAPHY/COMPUTED
TOMOGRAPHY

Although it is a rapid and noninvasive imaging
modality, it has limitations and potential side ef-
fects. The efficacy of ¥Ga PSMA-PET/CT can be
influenced by various factors, such as dual-time-
point acquisition, androgen deprivation therapy,
forced diuresis, and hydration. Although patients
undergoing ®Ga PSMA-PET/CT are subjected
to radiation, the dose is relatively low [52]. Notably,
the risk of cancer mortality due to serial radiation
exposure through CT, estimated at approximately
2% over 30 consecutive years of annual exposure,
is considered negligible for most patients who un-
dergo several %Ga PSMA-PET/CT scans during
their lifetime [53].

Difficulties in interpreting ®Ga PSMA-PET/CT im-
ages may occur for patients who have trouble remain-
ing still during the scan, possibly necessitating repeat
imaging or sedation to improve the image quality. Ad-
ditionally, variations in the timing of tracer adminis-
tration and SUV measurements can introduce inter-
departmental and international differences [54, 55].
Clinically, the effectiveness of %Ga PSMA-PET/CT
for detecting PC has been extensively documented,
with positive scans observed in most patients with
suspected cancer (approximately 83%), demonstrat-
ing high specificity.



CENTRAL EUROPEAN JOURNAL OF UROLOGY

Despite its high accuracy compared to that of cross-
sectional imaging, ®Ga PSMA-PET/CT has limita-
tions, such as occurrence of false-negative results, es-
pecially in detecting small nodal metastases below the
spatial resolution of PET [55]. Mannweiler et al. [56]
found that 5% of primary PC and 15% of PC metas-
tases show negativity for PSMA on immunohisto-
chemistry. Moreover, the concept of stage migration,
impacted by the precision of ¥Ga PSMA-PET/CT, has
become a topic of interest. Patients who experience
upstaging may now represent a more favourable dis-
ease state than others in the updated stage classifica-
tion. While survival rates have improved, no impact
on individual patient outcomes is evident — a phe-
nomenon commonly referred to as the “Will Rogers
phenomenon”.

Despite its diagnostic superiority, PSMA-PET/CT
faces several practical limitations. Accessibility re-
mains a major challenge because this technology
is not uniformly available across healthcare systems,
particularly in low-resource settings. Additionally,
the high costs associated with PSMA ligands and
PET imaging infrastructure can limit widespread
adoption. Economic analyses, such as the research
by Holzgreve et al. [51], highlight that although PS-
MA-PET/CT may reduce downstream costs by im-
proving diagnostic accuracy, the upfront expenses
are significantly higher compared to conventional
imaging modalities. These factors necessitate a bal-
anced consideration of cost-effectiveness and re-
source allocation when integrating PSMA-PET/CT
into routine clinical practice.

CONCLUSIONS

The advent of PSMA-PET/CT imaging for the pri-
mary staging of PC presents transformative poten-
tial for refining diagnostic accuracy and treatment
planning. Traditional methods, including MRI, CT,
and BS, have sensitivity limitations, which leads
to the necessity of multiple imaging procedures
to comprehensively assess the disease stage, there-
fore prolonging the time-to-treat, which potential-
ly exacerbates oncological outcomes. Integrating
PSMA-PET/CT, with its high specificity for prostate-
specific membrane antigens, with traditional meth-
ods holds promise for a more efficient and precise
staging examination.

The question posed regarding the feasibility of a sin-
gle-stage examination for primary PC before RP de-
termines the potential of PET/PSMA imaging. This
technology offers a comprehensive and efficient ap-
proach for T-, N-, and M-staging, potentially stream-
lining the diagnostic pathway. However, ongoing
research and economic evaluations are essential to
determine the feasibility of its widespread clinical ap-
plication and optimal integration of PSMA-PET/CT
into the evolving landscape of PC staging protocols.
Economic evaluations underline the possible cost-ef-
fectiveness of ®Ga PSMA-PET/CT, especially when
considering its impact on treatment outcomes and
avoidance of futile approaches. The demonstrated
accuracy of PSMA-PET/CT in guiding treatment
decisions, as reflected in its superior sensitivity
and specificity compared to those of traditional
methods, supports its role in optimising patient se-
lection for definitive treatment.

Retrospective studies offer compelling evidence that
integrating %Ga PSMA-PET/CT into the diagnostic
pathway potentially leads to changes in tactics for
managing patients diagnosed with PC. The ability
to identify lesions that may be missed by other imag-
ing modalities, coupled with their impact on treat-
ment decisions, positions PSMA-PET/CT as a trans-
formative tool in the clinical landscape of PC.

In essence, PSMA has emerged not only as a diagnostic
powerhouse but also as a driver of change in treatment
strategies. As research continues to validate its long-
term impact on patient outcomes, PSMA-PET/CT
remains a pivotal player in the pursuit of precision
medicine for PC management. Whilst PSMA-PET/
CT has significant advantages in detecting PC, its
limitations include technical challenges, radiation
exposure, and potential clinical implications, such as
false-negative results and stage migration. The over-
all effects of those limitations on patient outcomes
and survival rates require careful consideration.
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Introduction Neurogenic lower urinary tract dysfunction is typically managed through a step-up ap-
proach, beginning with anticholinergic medications, progressing to Botulinum toxin injections, and
surgical interventions. Gabapentin offers a less invasive option, either as an adjunct to anticholinergics
or as a standalone therapy. This systematic review examines gabapentin's efficacy and safety in treating
neurogenic overactive bladders (NOAB) in both paediatric and adult populations.

To determine gabapentin’s effect on reducing bladder pressure, increasing bladder capacity, and allevi-
ating incontinence symptoms in NOAB patients.

Material and methods A systematic search was conducted on PubMed, Scopus, ScienceDirect,

and Cochrane to identify studies on gabapentin for NOAB. Articles were sorted according to PRISMA
guidelines, and the risk of bias was assessed using the JBI clinical appraisal tool. Data from the selected
articles were synthesized qualitatively.

Results Of the 116 identified articles, 6 were selected. Two focused on paediatric patients with neural
tube defects, while four studies involved adults with conditions like spinal trauma, Parkinson's disease,
and multiple sclerosis. Urodynamic parameters improved in four studies, whether gabapentin was used
alone or as an adjunct. All 6 studies reported significant improvements and minimal side effects.
Conclusions While limitations in dosages and study durations hinder a definitive endorsement of gaba-
pentin, the overall positive response across studies suggests its potential efficacy in managing NOAB.
Further high-quality randomized controlled trials comparing gabapentin with other treatments and
exploring factors related to non-responsiveness are warranted for conclusive insights.
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INTRODUCTION

Neurogenic bladder overactivity is prevalent among
both pediatric and adult patients with Neurogenic
lower urinary tract dysfunction. Management typi-
cally progresses from oral medication, with or with-
out clean intermittent catheterization (CIC), to in-
terventions such as Botulinum toxin injections and,
in some cases, surgical procedures [1]. Anticholiner-
gics represent a common pharmacological approach,

Cent European J Urol. 2025; 78: 61-69
doi: 10.5173/ceju.2024.0125

yet their efficacy is variable, with many patients ex-
periencing significant side effects that impact toler-
ability [2]. In response, alternative treatments have
been explored, including gabapentin, which oper-
ates via a distinct mechanism from anticholinergics.
Although gabapentin has been investigated in lim-
ited studies as either an adjunct or standalone ther-
apy for this indication, the overall evidence remains
fragmented. This systematic review aims to syn-
thesize and evaluate existing findings to elucidate

This is an Open Access article distributed under the terms of the Creative Commons

Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
License (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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the current understanding of gabapentin's efficacy
and safety profile in the treatment of neurogenic
overactive bladder (NOAB).

PICO Question

In patients with neurogenic overactive bladder (P),
does the use of gabapentin (I) reduce bladder pres-
sure, increase bladder capacity, and alleviate symp-
toms of incontinence (O)?

MATERIAL AND METHODS

We used the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guide-
lines for conducting the present review [3].

Search strategy

A systematic literature search was conducted
on PubMed, SCOPUS, the Cochrane Library, and
ScienceDirect databases using the search terms
outlined in Table 1. Additionally, the reference lists
of included studies were reviewed for potentially
relevant articles. Four investigators (SKT, AA, SA,
and RC) independently screened abstracts, with se-
lected articles undergoing full-text evaluation. Con-
flicts were resolved through consensus, resulting
in a final list of studies.

Inclusion criteria

Studies assessing the efficacy of gabapentin, either
alone or in combination with other drugs, for man-
aging patients with NOAB were considered. This
includes randomized controlled trials, non-random-
ized studies, prospective and retrospective observa-
tional studies, and case series published in English.

Exclusion criteria

Studies not using gabapentin or studies using ga-
bapentin but not for NOAB, postmortem studies,
case reports, letters to the editor, abstracts from
congresses, conferences, symposiums, reports
published in meeting booklets, and literature not
in English were excluded.

Data extraction

Four investigators (SKT, AA, SA, and RC) indepen-
dently assessed studies and extracted data using
a pre-designed proforma based on the inclusion
criteria. The study selection process is illustrated
in Figure 1 using the PRISMA flowchart. Details

PubMed : 8

2 additional

] IS-:npus. 101 l ISclenceDuect 2 ] [CQCHPANE. 3 l

11 duplicates remaved

105 records 99 records
screened extiuded

8 full-text articles
assessed for
eligibility

& studies included

records identified

2 full-text articles excluded
with reason- Gabapentin not
used

Delgado-Garcia, G., et al
(2022) [15]

Gupta, S., et al. (2023) [16]

in qualitative
synthesis

Figure 1. PRISMA Flow Chart.

extracted included Study ID, Journal, Country
of Publication, Study Design, Number of Partici-
pants, Patient Characteristics, Objectives, Results,
Key Conclusions, and Outcomes. Specific informa-
tion collected encompassed urodynamic parameters
such as bladder capacity and volume, as well as
data related to bladder diary entries, including in-
continence episodes, total voided volume, and other
symptomatology scores.

Missing data

Authors were contacted for missing data, and any
discrepancies were resolved through consensus.

Risk of bias and quality assessment

We utilized the revised JBI (Joanna Briggs Institute
in Royal Adelaide Hospital in Melbourne) critical
appraisal tool to assess the risk of bias in accordance
with the methodologies of the included studies [4],
encompassing randomized controlled trials [5],
Qausi experimental studies [6], cohort studies, case
series [7], and observational analytical studies.

RESULTS
Study selection

Our search strategy yielded 114 studies, with
11 identified as duplicates. After excluding 99 re-
cords based on title search, 6 full-text articles were
selected for review. Additionally, 2 articles were
added based on citations from the selected articles,
while 2 were excluded with reasons. In total, 6 arti-
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cles were included for qualitative synthesis. Details
of the study selection process are illustrated in Fig-
ure 1 using the PRISMA chart.

Study characteristics

Of the 6 articles included in our review, two focused
on pediatric patients, while the remaining four stud-
ied adults. Combined, these articles involved a total
of 243 patients. Both pediatric studies were conduct-
ed in India, while the adult studies spanned Turkey,
Italy, the USA, and the Philippines. In the pediat-
ric studies, neural tube defects were the primary
pathology, while spinal cord injury was the focus
of one adult study, and various spinal and supraspi-
nal pathologies were examined in the other three.
Three studies utilized gabapentin as an adjunct
therapy, while three employed it as a standalone
treatment. Outcomes assessed included maximum
bladder capacity and detrusor pressure through
urodynamic studies in four of the included studies,
while symptom improvement was evaluated in all
six studies. The detailed study characteristics are
mentioned in Table 2.

The dosage of gabapentin used across all
the studies

For paediatric patients, Ansari et al. [8] utilized ga-
bapentin at 10-20 mg/kg/day in three divided doses
for a mean duration of 14.5 *7.5 months, while
Dash et al. [2] administered gabapentin at a dosage
of 20 mg/kg/day for 6 months to 1 year.

In studies involving adult patients, Cakici et al. [9]
initiated gabapentin with incremental doses rang-
ing from 100 mg/day to 3600 mg/day. Carbone et al.
[10] administered gabapentin at a dosage of 300 mg
once daily, which was increased to 900 mg/day over

Table 1. Details of search strategy

Database Search details

3 trials matching gabapentin neurogenic bladder in Title

COCHRANE Abstract Keyword

(“gabapentin” [MeSH Terms] OR “gabapentin” [All Fields]
OR “gabapentine” [All Fields] OR “gabapentin s” [All
Fields]) AND (“urinary bladder, neurogenic” [MeSH Terms]
OR (“urinary” [All Fields] AND “bladder” [All Fields] AND
“neurogenic” [All Fields]) OR “neurogenic urinary bladder”
[All Fields] OR (“neurogenic” [All Fields] AND “bladder”
[All Fields]) OR “neurogenic bladder” [All Fields])) AND
(1000/1/1:2024/4/24(pdat])

PubMed

ScienceDirect  Title, abstract, keywords: gabapentin neurogenic bladder

SCOPUS TITLE-ABS-KEY (gabapentin AND neurogenic AND bladder)

1 month. Kim et al. [11] prescribed gabapentin
at 100 to 300 mg at bedtime, gradually titrating
up to 3,000 mg based on symptoms, with follow-up
ranging from 12 weeks to 12 months. Chua et al.
[12] utilized gabapentin at a dosage of 100 mg OD,
up to a maximum of 900 mg OD.

Results with respect to urodynamic
study indicators

Four studies reported outcomes regarding uro-
dynamic parameters, namely Ansari, M. S.; et al.
(2013) [8], Cakici, O. U., et al. (2021) [9], Carbone, A.,
et al. (2006) [10], Dash, V,, et al. (2016) [2]. Across
these four studies, there was a significant trend
of improvement in urodynamic parameters follow-
ing gabapentin usage. There were significant reduc-
tions in maximal detrusor pressure from the base-
line reported across all the studies. Similarly, the
bladder capacity was reported to have significantly
enhanced. Detailed results are presented in Table 3.

Results with respect to symptomatic improvement

Six studies reported outcomes related to patient-re-
ported outcome measures, including Ansari, et al. [8],
Cakici et al. [9], Carbone et al. [10], Dash et al. [2],
Kim et al. [11], Chua et al. [12]. All these studies
demonstrated a significant improvement in symp-
tomatic outcomes following gabapentin usage.
The symptomatic outcomes were mainly a reduction
in incontinence episodes, improvement in patient/
parent perception of bladder contraction (PPBC),
voiding volumes, decrease in frequency, and noctu-
ria. Detailed results are presented in Table 3.

Risk of bias and quality assessment

Of the six articles included in our review, two
were randomized controlled trials (RCTs), one was
a quasi-non-randomized trial, one was a retrospec-
tive cohort study, one was a cross-sectional ana-
lytical study, and one was a case series. We utilized
the JBI tool to assess the risk of bias and the quality
of the methodology. Detailed assessments are pro-
vided in Table 4.

Chua et al. [12], conducted an RCT with a lower
risk of bias. Dash et al. [2], conducted an RCT with
a moderate risk of bias. Ansari et al. (2013) [8],
conducted a Quasi-Non-Randomized study with
a moderate risk of bias. Cakici et al. [9], conduct-
ed a retrospective cohort study with moderate risk
of bias. Kim et al. [11], conducted an analytical cross-
sectional study with moderate risk of bias. Carbone
et al. [10], conducted a case series with a lower risk
of bias. Additional details are provided in Table 3.
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Table 4. JBI critical appraisal tool for RCTs

Study ID P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13
Chua et al. 2018 [12] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Dash et al. 2016 [2] Yes Unclear Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes Yes Yes

JBI critical appraisal tool for analytical cross-sectional studies

Kim et al. 2004 [11] Unclear Yes Yes No Unclear

Unclear Yes Yes

JBI critical appraisal tool for gasi experimental studies

Ansari et al. 2013 [8] Yes No Unclear Unclear Yes Yes Yes Yes Yes
JBI critical appraisal tool for cohort studies
Cakici et al. 2021 [9] Yes Yes Yes Unclear Unclear Yes Yes Yes Unclear Unclear Yes
JBI critical appraisal tool for case series
Carbone et al. 2006 [10] Yes Yes Yes Unclear Yes Yes Yes Yes Unclear Yes

JBI —Joanna Briggs Institute in Royal Adelaide Hospital in Melbourne

DISCUSSION

NOAB can affect individuals across the lifespan,
from children with neural tube defects to the elderly.
The pathophysiology of NOAB involves neurogenic
origins, including reduced inhibitory neural impuls-
es and increased afferent impulses from the blad-
der, a sensitive detrusor muscle exhibiting increased
spontaneous activity, and an autonomous bladder
with muscarinic stimulation. This can affect the up-
per tracts with increased pressures generated in the
bladder, leading to renal damage. Moreover, NOAB
significantly impacts daily activities such as work,
travel, physical exercise, sleep, and sexual func-
tion. Early recognition and management of NOAB
and reduction of the pressures generated in the
bladder can help prevent renal damage due to back
pressure changes and improve the quality of life
in these patients [1].

Anticholinergics are commonly employed as first-
line management for NOAB, exerting their effect
by relaxing bladder smooth muscle via action on
muscarinic receptors. However, these medications
are associated with side effects such as dry mouth,
fever, constipation, blurred vision, and somnolence.
Studies have shown that only 50% of patients re-
main compliant with anticholinergic medication due
to these adverse effects [1]. Consequently, newer
anticholinergics have been introduced to miti-
gate these side effects. Patients who are refractory
to pharmacotherapy may undergo botulinum injec-
tion and, if unsuccessful, may require surgical inter-
vention.

Gabapentin, a gamma-aminobutyric acid analogue,
is FDA-approved for epilepsy and neuropathic pain
but has been utilized off-label for various conditions,
including bipolar disorder, complex regional pain
syndrome, attention deficit disorder, restless leg syn-
drome, sleep disorders, and alcohol withdrawal [13].

Although gabapentin shares structural similari-
ties with GABA, it does not act directly on GABA
receptors. The exact mechanism of action of gaba-
pentin on neurogenic lower urinary tract symptoms
(LUTS) is not known. Gabapentin and pregabalin,
which is the S-enantiomer of 3-isobutyl GABA, are
known as gabapentinoids. The excitation of afferent
C fiber activity might be a possible cause of lower
urinary tract symptoms in neurogenic bladder dys-
function. These gabapentinoids act on the 0.2 sub-
units of voltage-gated calcium channels. By binding
to these subunits, they inhibit calcium currents,
thereby decreasing calcium influx. This results
in a decreased release of neurotransmitters such as
glutamate, noradrenaline, and substance P in the
presynaptic area. The reduction in these signals can
help the bladder relax and improve symptoms like
urinary frequency [13, 14]. Gabapentin was first
employed in urology for the treatment of intersti-
tial cystitis [8]. However, its use and safety profile
in children, particularly those under five years old,
are not well-established despite its established use
in epilepsy [16]. Given its distinct mechanism of ac-
tion compared to anticholinergics, gabapentin may
have an additive effect in managing NOAB. This re-
view aims to assess the efficacy of gabapentin and
elucidate its safety profile, particularly in children

Of the included studies, two are from the pediatric
population. Ansari et al. [8] conducted a quasi-ex-
perimental study involving pediatric patients with
neural tube defects and a mean age of 8.5 +5.3
years. they focused on patients who did not respond
to anticholinergics, using gabapentin in combina-
tion with anticholinergics for a minimum follow-
up period of 6 months. Dash et al. [2] conducted
arandomized controlled trial (RCT) on children with
a mean age of 6.1 years diagnosed with lumbosacral
myelomeningocele (MMC). These children had un-
dergone surgery before the age of three and exhib-
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ited detrusor instability. This study included three
groups: anticholinergic therapy alone, gabapentin
alone, and a combination of both. Unlike Ansari
et al. [8], they included patients irrespective of their
response to anticholinergics.

Both studies reported significant improvements
in maximum detrusor pressure and bladder capacity
with gabapentin. Dash et al. highlighted that combi-
nation therapy showed the most significant improve-
ment compared to monotherapies, and gabapentin
was better tolerated than oxybutynin. Ansari et al. [8]
reported 46% non-responders to gabapentin, while
Dash et al. did not report any non-responders to ga-
bapentin.

Ansari et al. [8] used the patient/parent perception
of bladder condition (PPBC) scale (p <0.05), blad-
der dairy for continence, and voided volume, which
was improved significantly. However, Dash et al. [2]
used the Dysfunctional Voiding Symptom Score
(DVSS) (p = 0.076) and mean incontinence grade
(p = 0.774), which showed improvement but were
not statistically significant.

Both studies showed substantial improvement
in urodynamic parameters and Patient-Reported
Outcome Measures (PROM) with gabapentin. How-
ever, the differences in the statistical significance
of PROM improvements and non-responders to ga-
bapentin may be attributed to sample size, which
was small from both the studies and patient in-
clusion criteria where Ansari et al. [8] specifically
included patients who were non-responders to an-
ticholinergics, potentially indicating a more refrac-
tory patient population. In contrast, Dash et al.
included all patients with detrusor instability, pro-
viding a broader patient base.

The remaining four studies are from the adult
population. Cakici et al. [9], conducted a retrospec-
tive cohort study involving adults with spinal cord
injuries above the sacral level who had refractory
overactive detrusor that did not respond to anti-
cholinergics and mirabegron and had neuropathic
pain. The mean age of participants in their study
was 32.03 *6.7 years. Carbone et al. [10], pre-
sented a case series involving 16 patients with su-
praspinal pathologies such as multiple infarctions,
Parkinson's disease, and multiple sclerosis. The
mean age of their patients was 61.69 +10.72 years.
Kim et al. [11], conducted an analytical cross-sec-
tional study on adult patients with various causes
of overactive bladder (OAB), including multiple
sclerosis, mixed urge and stress incontinence, and
post-prostate resection, among others. The mean
age of the patients was 51. They specifically includ-
ed patients who had not responded to anticholin-
ergic therapy and gabapentin was used as an add

on therapy. Chua et al. [12], conducted a random-
ized controlled trial (RCT) in adults presenting with
OAB symptoms, with a mean age of 55 years. They
compared gabapentin with solifenacin and placebo.
With respect to the urodynamic profiles, two studies
by Cakici et al. [9] and Carbone et al. [10] published
their results. Both showed improvement in urody-
namic parameters like maximum detrusor pressure,
medium amplitude of involuntary detrusor contrac-
tion, and maximum bladder volume. However, Ca-
kici et al. [9] reported that only 40% of the patients
were responsive to gabapentin add-on therapy.
The difference might be due to the use of gabapen-
tin in patients already non-responsive to anticholin-
ergics and mirabegron. Carbone et al. [10] did not
report on maximum detrusor pressure per se but
reported on the medium amplitude of involuntary
detrusor contractions, which was decreased but
not significant. This might be due to the very small
number of included patients and the methodology
being a case series. However, they reported that
Pdet/Qmax in the pressure flow study showed a sig-
nificant improvement with p = 0.05.

All four studies reported the results of the PROMs.
Cakici et al. [9] reported a significant decrease
in daily incontinence episodes in the responsive
group from 6.54 (2.7) episodes before gabapentin
to 2.27 (1.54) episodes after the treatment with
ap <0.001. Even though the incontinence episodes
decreased in the unresponsive group also, the val-
ues were not significant. Carbone et al. [10] re-
ported significant improvement in IPSS score, from
14.8 before treatment to 8.8 after treatment, with
a p-value of 0.023. Chua et al. [12] reported im-
provement in urge incontinence episodes per
day, nocturia, and volume per void with a p-value
of <0.001. However, the results were not significant
in comparison with solifenacin except for nocturia.
Kim et al. [11] reported response in 14 out of 31 pa-
tients included. As mentioned before, gabapentin
was used in refractory cases as an add-on therapy.
Frequency has been improved in responders from
14.1 +2.2 episodes before therapy to 10.0 2.1 epi-
sodes after therapy with a p-value of 0.01. Nocturia
improved in responders from 4.0 £1.3 to 1.0 £0.3
with a p-value of 0.03.

Ansari et al. [8] reported serious adverse effects like
drowsiness, dizziness, and headache in only one pa-
tient (3.3%), which required stoppage of gabapen-
tin. 80% of the patients experienced mild adverse
effects like concentration problems, mood swings,
and hyperactivity. Dash et al. [2] reported severe
headaches in two of their patients with gabapentin
that required discontinuation of therapy, and 70%
of the patients did not report any adverse reactions.
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They also mentioned that only 43% of the patients
were able to tolerate oxybutynin without any ad-
verse effects, making a better comparison profile be-
tween gabapentin and oxybutynin. Cakici et al. [9]
highlighted the abusive potential of gabapentin;
however, they did not report any such side effects
in their study population. Carbone et al. [10] report-
ed no severe adverse reactions or discontinuation
of gabapentin in their study. However, minor ad-
verse reactions like dizziness and somnolence were
reported in 12.5% of the patients. Chua et al. [12]
reported minor adverse reactions with gabapen-
tin, which were similar to the placebo group (16%).
However, the solifenacin group reported side ef-
fects in 35% of patients even though they were not
statistically significant. All the side effects of ga-
bapentin were reported to improve spontaneously.
Kim et al. [11] reported no discontinuation of thera-
py, and all the side effects were transient.

The side effect profile of gabapentin across these
studies is minimal, with few patients requiring dis-
continuation. However, long-term follow-up, espe-
cially in children, is needed to document the safety
profile of gabapentin.

The limitations of our review include a limited num-
ber of RCTs, with the majority of studies exhibit-
ing a moderate risk of bias. Additionally, we were
unable to conduct a meta-analysis due to variations
in methodology, dosage of gabapentin, and follow-up
protocols across the included studies.

Even though the usage of gabapentin for overactive
bladder has been explored since 2004, there are not
many studies defining the criteria for usage, dos-
age recommendations, or estimating the proportion
of patients who may be non-responsive. However,
combined results from studies, whether gabapentin
is used alone or in conjunction with anticholinergics,

REFEICINCES ..o e e se e se e se e

have consistently shown significant improvement
in symptoms and changes in urodynamic parameters.
It's important to note that there is a subset of patients
who may not respond to gabapentin, similar to other
medications, and may require second-line manage-
ment options such as botulinum toxin injection. Our
review will definitely shed light on future studies with
RCTs, promoting uniformity in reporting findings
and addressing the need for standardized criteria for
gabapentin usage, optimal dosage recommendations,
and strategies for identifying non-responsive patients.

CONCLUSIONS

Although a definitive conclusion supporting gaba-
pentin may not be drawn due to differences in dos-
ages and treatment duration across studies, along
with the limited number of high-quality studies,
the majority of the included studies demonstrated
a positive response to gabapentin, whether used
alone or in combination with other drugs. High-
quality randomized controlled trials comparing ga-
bapentin with other medications and investigating
factors related to non-responsiveness would be valu-
able for future endeavours.
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Introduction Promising studies have shown a high stone-free rate achieved with the pulsed solid-state
thulium YAG laser. However, studies on its safety concerning temperature effects during activation remain
limited. The aim of this study was to characterize temperature variations during laser activation.

Material and methods This in vitro experimental study utilized a high-fidelity uretero-renal simulation

model to assess temperature changes during intracorporeal laser lithotripsy. Temperatures reached
after laser activation at 15, 20, and 30 seconds were recorded. The flow rates used were 10 ml/min
and 20 ml/min. The maximum allowed temperature was set at 43°C, given its association with thermal
tissue damage. A linear logistic regression model was used to analyze variations and project tempera-

ture behavior over time.

Results In the renal model, temperature increases were correlated with the applied energy. With
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) tures reach the 43°C.
Metropolitana,

a 10 ml/min flow rate, no laser configuration exceeded 43°C at 15 seconds; at 20 seconds, only the

30 W (2.5 J/20 Hz) configuration exceeded this temperature. By 30 seconds, all 30 W configurations
exceeded 43°C, except for 0.4 J/75 Hz. With a 20 ml/min flow rate, no laser configuration exceeded
43°C. The 20 ml/min flow rate decreased renal temperature by 1.96°C (p = 0.01). In the ureteral model,
the temperature increase was not proportional to the applied energy, but in no scenario the tempera-

Chile Conclusions The temperature variations observed in this study with the use of the pulsed solid-state

jasalvadob@gmail.com

INTRODUCTION

The increasing case volume of ureteroscopy (URS),
particularly flexible ureteroscopy (f-URS), over
shock wave lithotripsy (SWL) globally [1] may
be attributed to the widespread adoption of the
Holmium:YAG (Ho:YAG) laser since its introduc-
tion for endoscopic lithotripsy in 1992 [2]. Urolo-
gists currently face fierce competition in devel-
oping superior lasers, prompting manufacturers

Cent European J Urol. 2025; 78: 70-76
doi: 10.5173/ceju.2024.0177

thulium YAG laser should be considered to avoid potential renal and ureteral thermal damage.

to produce high-power devices, often without fully
assessing associated risks. In recent years, newer
platforms such as the Ho:YAG with pulse modu-
lation and the thulium fiber laser (TFL) have
been compared mainly based on their stone-free
rates [3, 4]. However, increased power carries po-
tential risks, including elevated temperatures dur-
ing laser activation, which could impact renal and
urinary tract tissues [5-7]. Recently, the new pulsed
solid-state thulium YAG (p-Tm:YAG) laser has been

This is an Open Access article distributed under the terms of the Creative Commons

Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
License (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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added to the lasers already mentioned above. This
laser has already shown reliable results in both
in vitro and in vivo studies, proving to be effective
even on hard stones [8, 9] which is likely determined
by an adjustable power peak (1000-2000 W, PP) that
is higher than that of the TFL (< 500 W). In terms
of initial clinical experience with this new device,
stone-free rates close to 80% have been demon-
strated, placing it in a very good position compared
to its competitors [10], even more it has been rated
as “a safe and effective compromise between Ho:YAG
laser and TFL for endoscopic lithotripsy” [11]. How-
ever, studies on its safety regarding temperature ef-
fects during its activation remain limited. In 2023,
our group studied the temperature effects on the
areas surrounding the activation site of the Ho:YAG
laser Moses 2.0, detecting that several combinations
of parameters commonly used could exceed the tem-
perature deemed risky for generating thermal dam-
age [12]. This study aimed to evaluate temperature
variations generated by the p-Tm:YAG laser in the
sectors surrounding the laser fiber tip using differ-
ent parameters combinations while a flexible ure-
teroscopy is performed in a simulated bench model

MATERIAL AND METHODS

The experimental setup replicated our prior high-
fidelity simulation bench model [12]. For this study,
we employed the same equipment: a flexible dis-
posable ureteroscope (Lithovue, Boston Scientific,
Marlborough, MA, USA) passed through a 36 cm,
11/13 Fr access sheath (Navigator HD, Boston Sci-
entific). We utilized irrigation with 3 1 saline bags at

23°C, suspended by gravity to achieve inflow rates
of 10 ml/min and 20 ml/min. The p-Tm:YAG laser
(Tm:YAG, Dornier MedTech Laser GmbH, Wessling,
Germany) was employed in the experiment, uti-
lizing a new laser fiber of 270 um. For intrarenal
temperature measurement, a thermocouple (Lea-
ton R Digital Thermometer) was positioned 5 mm
proximal to the stone phantom (T-IR). For ureteral
temperature measurement a second thermocouple
recorded 5 mm distal to the stone (T-UR) (Figure 1).
Before each measurement, the distal transparent
part of the laser fiber tip was removed using stan-
dard scissors. Laser parameters were set according
to the pre-setting recommendation (pulse modula-
tion). For the “Dusting” pre-setting, the following
parameters were selected: 0.3 J/25 Hz, 0.5 J/50 Hz,
and 0.4 J/75 Hz. For the “Flex Long Pulse” pre-set-
ting, the evaluation included: 0.3 J/100 Hz, 1 J/15 Hz,
1.5 J/20 Hz, and 2 J/15 Hz. The selection of the pa-
rameters was based on those commonly used in clin-
ical practice with this laser.

Both thermocouples recorded temperatures at 15,
20, and 30 seconds after laser activation, and only
the maximum temperature reached in each test
(in Celsius degrees) was recorded. The temperature
for each power and irrigation combination was re-
corded three times. A rest period of 30 seconds was
allowed to equilibrate the temperature for each new
irrigation pressure before each run. To determine
the influence of the flow rate of physiological solu-
tion, measurements were conducted with 10 and
20 ml/min. For all trials, we considered 43°C as the
threshold temperature because it is associated with

Figure 1. Experimental setup: 1 — thermometer, 2 — thermocouple at renal pelvis, 3 — thermocouple at proximal ureter.
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denaturation of proteins [13]. Statistical analyses
and graphics were performed using RStudio soft-
ware version 2023.03.04+386. A linear logistic re-
gression model was performed to compare the varia-
tion of renal and ureteral temperature according
to laser configuration. The level of statistical signifi-
cance was set at p <0.05.

RESULTS

In the renal model test (T-IR), temperature increas-
es correlated with energy applied. In the subgroup
using 30 W, the setting of 0.3 J/100 Hz (Flex Long
Pulse) reached the highest temperatures: 46.3°C
at a flow rate of 10 ml/min and 41.4°C at a flow rate
of 20 ml/min, both within 30 seconds. At a flow
rate of 10 ml/min, no laser configuration exceeded
43°C at 15 seconds; at 20 seconds, only the 30 W
configuration (2.5 J/20 Hz) exceeded 43°C, record-
ing 44.8°C. By 30 seconds, all 30W configurations
exceeded 43°C, except for 0.4 J/75 Hz. At a flow rate
of 20 ml/min, no laser configuration exceeded 43°C.
Table 1 presents the results obtained. Using a linear
logistic regression model, the temperature behavior
was projected up to 60 seconds (Table 2). It was ob-
served that the 7.5 W and 15 W configurations would
not exceed 43°C at a flow rate of 10 ml/min (Figure 2).
At a flow rate of 20 ml/min, only the 30 W config-

Table 1. Renal and ureteral temperature

urations would exceed 43°C (Figure 3). Compared
with the 15 W configuration, it was observed that
at a flow rate of 10 ml/min, the 30W configuration
(0.4 J/75 Hz) showed the highest temperature rise
per second (p <0.01). At a flow rate of 20 ml/min,
the 30 W configuration (0.3 J/100 Hz) exhibited
the highest temperature rise per second (p <0.01).
The 20 ml/min flow rate resulted in a decrease
in renal temperature of 1.96°C (p = 0.01) (Table 2).
In the tests of the ureteral model (T-UR), it was
observed that the temperature increase was not

43°C

Temperatura ('C

40
Tiempo (s)

Figure 2. Projected renal temperature with laser activation
over 60 seconds at a flow rate of 10 ml/min.

Renal temperatures

Power Flow rates 10 ml/min 20 ml/min
Firing times 15s 20s 30s 15s 20s 30s
7.5 W (0.3J/25 Hz) 24.5 26.7 27 25.5 25.8 26.5
25 W (0.5J/50 Hz) 30.5 32.7 37.3 34.3 34.4 355
30 W (0.4 J/75 Hz) 32.7 35 42.2 335 37 41.1
30 W (0.3J/100 Hz) 39.8 42.6 46.3 33.7 37.2 41.4
15 W (1.0J/15 Hz) 30.4 30.8 333 29.6 30.4 31.9
30 W (1.5J/20 Hz) 38.5 44.8 45.5 35.6 37 39.4
30 W (2.0J/15 Hz) 383 41.8 44.6 35.5 38.5 40.3
Power Ureteral temperatures
Flow rates 10 ml/min 20 ml/min
Firing times 15s 20s 30s 15s 20s 30s
7.5W (0.31/25 Hz) 22.6 22.6 22.8 24.5 25 25
25 W (0.5 J/50 Hz) 23.5 23.6 25.4 245 26 26
30 W (0.4 J/75 Hz) 23.2 24.8 25.6 25 26 27.5
30 W (0.3 J/100 Hz) 23.2 25.2 26 25.4 26 27.5
15 W (1.0J/15 Hz) 25.4 25.2 25.4 26.4 255 26.1
30 W (1.5 J/20 Hz) 26.5 25.6 26.2 28.8 33.8 36.3
30 W (2.0J/15 Hz) 24.6 25 26 29 27.5 30.6




CENTRAL EUROPEAN JOURNAL OF UROLOGY

proportional to the applied energy. The configura-
tion of 2.5 J/20 Hz recorded the highest tempera-
tures: 26.5°C with a flow rate of 10 ml/min at 15 se-
conds and 36.3°C with a flow rate of 20 ml/min

o 15w (100/15Hz)
* 250 (054/50Hz)
- 30w(03/ 100 Hz)
- 20404175 Hz)
- 30w (200/15Hz)

30w (250120 He)

75w (030125 He)

Temperatura (°C

Tiempo (s)

Figure 3. Projected renal temperature with laser activation
over 60 seconds at a flow rate of 20 mi/min.

16w (1007 15 Ha)
o 26w (0.5/50 He)
- 30w (0.39/ 100 He)
- 30w (040175 Hz)
o 30w (200/ 15 Ha)

30w 254/ 20 Ha)

75w (033125 Ha)

Temperatura (°C)

75
Tiempo (s)

Figure 4. Projected ureteral temperature with laser activation
over 120 seconds at a flow rate of 10 ml/min.

16w (1007 15 Ha)
o 26w (0.5/50 He)
- 30w (0.39/ 100 He)
- 30w (040175 Hz)
o 30w (200/ 15 Ha)

30w 254/ 20 Ha)

75w (033125 Ha)

Temperatura (°C)

75
Tiempo (s)

Figure 5. Projected ureteral temperature with laser activation
over 120 seconds at a flow rate of 20 ml/min.

Table 2. Logistic regression model for renal temperatures

Laser setting Coefficient p-value

Renal temperature with flow rate of 10 ml/min

7.5 W (0.3 /25 Hz) -0.054 0.09
30 W (2.0 J/15 Hz) 0.198 ' <0.01
30 W (2.5 J/20 Hz) 0.208 <0.01
30 W (0.3 J/100 Hz) 0.222 <0.01
25 W (0.5 J/50 Hz) 0.252 <0.01
30 W (0.4 J/75 Hz) 0.444 <0.01

Renal temperature with flow rate of 20 ml/min

7.5 W (0.3J/25 Hz) -0.015 <0.01
25 W (0.5 J/50 Hz) -0.006 <0.01
30 W (2.5J/20 Hz) 0.098 <0.01
30 W (2.0J/15 Hz) 0.147 <0.01
30 W (0.4 J/75 Hz) 0.34 ' <0.01
30 W (0.3 /100 Hz) 0.347 . <0.01
Temperature delta according to flow rate
20 ml/min -1.96 0.01

Table 3. Logistic regression model for ureteral temperatures

Laser setting Coefficient p-value

Ureteral temperature with flow rate of 10 ml/min

30 w (2.5 1/20 Hz) -0.011 <0.01
7.5 w (0.3 1/25 Hz) 0.011 <0.01
30w (2.01/15 Hz) 0.091 <0.01
25w (0.5 J/50 Hz) 0.131 <0.01
30w (0.4 J/75 Hz) 0.145 <0.01
30 w (0.3 1/100 Hz) 0.168 <0.01

Ureteral temperature with flow rate of 20 ml/min

7.5w (0.31/25 Hz) 0.037 <0.01
30 w (0.3 /100 Hz) 0.037 <0.01
25w (0.51/50 Hz) . 0.09 <0.01
30w (0.41/75 Hz) . 0.15 <0.01
30w (2.0J/15 Hz) . 0.172 <0.01
30w (2.5J/20 Hz) 0.472 <0.01
Temperature delta according to flow rate
20 ml/min 2.5 <0.01

at 30 seconds. Regardless of the laser settings, phys-
iological saline flow rate, and laser activation time,
temperatures above 43°C were never recorded. Table 1
summarizes the results obtained. Using a linear lo-
gistic regression model, the temperature behavior
was projected up to 120 seconds. It was observed that
only the 30 W configuration (0.3 J/100 Hz) would
reach 43°C at a flow rate of 10 ml/min (Figure 4).
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At a flow rate of 20 ml/min, only the 30W configu-
ration (2.5 J/20 Hz) would exceed 43°C (Figure 5).
When comparing with the 15 W configuration,
it was observed that at a flow rate of 10 ml/min,
the 30 W configuration (0.3 J/100 Hz) showed
the highest temperature increase per second
(p <0.01). At a flow rate of 20 ml/min, the 30 W con-
figuration (2.5 J/20 Hz) exhibited the highest tem-
perature increase per second (p <0.01). However,
it is noted that the 20 ml/min flow rate resulted
in an increase in ureteral temperature of 2.5°C
(p <0.01) (Table 3).

DISCUSSION

The potential thermal damage generated by laser
during endoscopic urinary stone lithotripsy had
been intensely evaluated in the last time [14-17].
There is increasing awareness about this issue and
there is consensus that exceeding 43°C implies
a risk [13, 14]. Theoretically a few seconds of acti-
vation of the Ho:YAG laser of lithotripsy can pro-
duce ureteral injury even without direct contact due
to its photothermal mechanism. In a laboratory
study using a simulated model, it was observed that
in the absence of irrigation flow, temperatures can
reach between 44 to 100 degrees Celsius even with
laser powers starting from 5 watts. However, most
of the heat effect dissipates when irrigation flow
exceeds 15 ml/min [18]. In our study, a similar obser-
vation was made, where an increase of 10 mL/min
(from 10 to 20 ml/min) in irrigation flow prevents
any combination of laser settings from exceeding
43°C, even when reaching a total power of 30 watts.
The effect of irrigation on temperature reduction
becomes even more evident when using a semi-rig-
id ureteroscope, which has a larger working chan-
nel diameter than traditionally flexible uretero-
scopes and a shorter distance for irrigation outflow.
In a study published in 2019 using a simulation
model to evaluate the temperature effect when us-
ing Ho:YAG laser, measurements were taken every
second during activation for a total of 15 seconds.
Temperature increases of more than 6°C above
baseline were chosen as the threshold for potential
ureteral damage risk, given the average body tem-
perature of 37°C, which would reach 43°C with such
an increase. When using a semirigid ureteroscope
with irrigation pressures of 200 mmHg with saline
solution, the temperature increases never exceeded
the 6°C threshold. In contrast, with flexible uretero-
scopes, the threshold was surpassed within 15 sec-
onds of activation, even with power settings as low
as 10 W [19]. Regarding the thermal effect of TFL,
it has also been in vivo predominantly evaluated

in vitro studies comparing it simultaneously with
Ho:YAG laser. In an setting, Okhunob et al. [20]
conducted temperature measurements in a porcine
model, continuously recording temperatures in the
upper, middle, and lower calyxes, as well as using
an additional probe to measure temperatures near
the tip of the ureteroscope. One of the most strik-
ing findings of this study was that temperatures re-
corded at the tip of the ureteroscope were between
4°C to 22°C lower than those recorded in the renal
calyces [20]. In our study, temperature increases
at the level of the proximal ureter consistently re-
mained lower than those recorded in the renal
pelvis, regardless of the laser settings employed
and irrigation flow used. This phenomenon could
theoretically be explained by a rapid decrease
in temperature once the peak is reached and as
the irrigating fluid flows back towards the bladder.
In the same vein, a factor rarely evaluated relates
to the total volume of fluid present at the laser acti-
vation site. In the only study published so far, con-
ducted in real patients, it was demonstrated that
a renal pelvis anteroposterior diameter greater
than 20 mm is an independent protective factor
against temperature increases exceeding 43°C [21].
Regarding our study, the p-Tm:YAG laser appears
to exhibit quite stable and safe behavior, at least
in this simulated scenario and with preset laser
parameters not exceeding 30 W of total energy.
The temperature only exceeded the 43°C threshold
when a relatively slow irrigation flow was used, cou-
pled with total energies above 25 W. One of the most
striking findings of our study is the effect of pulse
modulation on temperature. When comparing vari-
ous combinations to achieve 30 W, the “Flex Long
Pulse” modulation consistently resulted in higher
temperatures compared to “dusting” modulation,
across each measured time interval and regard-
less of the combination of Hertz and Joules used.
In a previous study published by Petzold et al. [22],
the effect of temperature generated by p-Tm:YAG la-
ser was evaluated and compared with that generated
by Ho:YAG laser. In this study, laser activation was
continuous for 120 seconds, with energies ranging
from 2 to 30 W and an irrigation flow of 50 ml/min.
The temperature increases were found to be very
similar and comparable between both lasers, pos-
ing a higher risk when reaching 30 W in either case.
In 2023, our group published the results of a study
similar to the one presented this time, where the ex-
perimental setup was the same, but we evaluated
the Ho:YAG laser with the Moses 2.0 effect [12].
In that study, the 43°C limit was exceeded on several
occasions, even during activation periods as short as
15 seconds and with energies starting from 25 W,
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although the effect of increased irrigation led
to a decrease in temperature, it was not as pro-
nounced as that achieved with the p-Tm:YAG laser.
A potential explanation for this phenomenon could
be attributed to the shape of the bubble generated
by each laser, which could impact the distribution
and dissipation of the heat generated during litho-
tripsy. The Ho:YAG laser tends to produce more
spherical bubbles, whereas the p-Tm:YAG laser gen-
erates more elongated bubbles [23]. The p-Tm:YAG
laser has recently shown clinical effectiveness.
In a publication detailing the first 25 patients treat-
ed with this technology, stone-free rates of 95%
and zero-fragment rates of 55% were achieved,
which is comparable to traditionally reported out-
comes with TFL or Ho:YAG lasers [10]. In any case,
it should be noted that in that initial experience,
“Captive Fragmenting” pulse modulation was used
in all cases, mode that was not evaluated in our
study. The efficacy in terms of ablation has also been
evaluated, demonstrating that this laser achieves
good results regardless of the chemical composition
of the stone. Thus, the total energy consumption
(J/mg) per treated stone did not show a statistically
significant difference when comparing calcium oxa-
late monohydrate stones with uric acid stones [8].
To our knowledge, this is the first study evaluating
the effect of p-Tm:YAG laser with different pulse
modulation alternatives on temperature. However,
there are several limitations to consider. Firstly, the

REFEICIICES ...t ee e se e eas

study was conducted using a high-fidelity simula-
tion model, which may not necessarily reflect clini-
cal reality. Additionally, we only selected two pulse
modulation alternatives from those available, based
arbitrarily on our experience with this laser in real
patients. A third limitation relates to its applica-
tion in daily practice, as we defined activation times
and irrigation flows based on our practice, which
may not be standard elsewhere in the world.

CONCLUSIONS

The p-Tm:YAG laser is one of the tools available
in the attempt to achieve better stone free rates,
and like its competitors in this pursuit, there is
a real risk of generating thermal damage. We be-
lieve that this study can contribute to the ongoing
search for safer treatments for patients, always
mindful of the potential harmful thermal effects,
especially in this new era of so-called “high-power
lasers”.
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Introduction To compare retrograde intrarenal surgery (RIRS) and supine mini percutaneous nephroli-
thotomy (smPCNL) in the management of upper ureteric stones larger than 10 mm.

Material and methods Patients with upper ureteric stones (above L4 vertebra transverse process)
larger than 10 mm at Ford Hospital and Research Centre between January 2023 and June 2024 were
included in the study and were operated with either RIRS (group A) or smPCNL (group B) based on the
informed consent and patients’ decision. Patient demographics, stone parameters, intraoperative vari-
ables, postoperative outcomes, stone-free rates (SFR) and complications were recorded, and the two
groups were compared.

Results Over 18 months, 140 patients (70 in each group) were available for comparison. Both the
groups were comparable in terms of patient’s demographics and the stone parameters. For RIRS and
smPCNL, the mean stone size was 13.87 +3.69 and 14.21 +3.47 mm (p = 0.329), mean operative dura-
tion was 42.52 +28.37 and 30.69 +18.55 minutes (p = 0.0001), mean drop in haemoglobin at 24 hours
was 0.44 +0.96 and 0.69 +0.92 g/d| (p = 0.364) and postoperative hospital stay was 0.92 +0.68 and
1.13 +0.76 days, respectively.

The SFR (at 3 months post-surgery) were 94.2% for RIRS and 98.57% for smPCNL (p = 0.084) and compli-
cations rate (Clavien-Dindo 2I1) was 2.88% for both groups. Primary access was not possible in 30%

of patients in RIRS leading to staged intervention.

Conclusions RIRS and smPCNL are safe and effective surgical alternatives for managing upper ureteric
stones larger than 10 mm. smPCNL offers a single stage solution and equivalent results with RIRS for the
large upper ureteric stones.

INTRODUCTION

Urinary tract stones have become a common cause
of morbidity worldwide, with a lifetime risk for stone
development estimated to be around 5.0-10.0%
and recurrences in up to 50.0% of patients [1]. Im-
pacted upper ureteric stone is a urological emer-
gency and it poses a serious risk for kidney damage
if left untreated [2]. There are various management

Cent European J Urol. 2025; 78: 77-84
doi: 10.5173/ceju.2024.0205

options for treating the upper ureteric stones, such
as extracorporeal shockwave lithotripsy (ESWL),
retrograde rigid ureteroscopy (RURS), retrograde
intrarenal surgery (RIRS), antegrade percutaneous
lithotomy (PCNL), laparoscopy, open surgery and
pushback PCNL (pbPCNL) which is a combination
of RURS followed by antegrade PCNL [2, 3]. RIRS
and PCNL form the mainstay of treatment of up-
per ureteric stones in the current era, still there

This is an Open Access article distributed under the terms of the Creative Commons

Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
License (http://creativecommons.org/licenses/by-nc-sa/4.0/).



CENTRAL EUROPEAN JOURNAL OF UROLOGY

is dilemma regarding the best approach to manage
this set of patients [3, 4].

While both techniques aim to provide effective stone
removal, their comparative efficacy, safety profiles,
and patient-related outcomes necessitate thorough
investigation to determine optimal treatment strat-
egies for patients presenting with single upper ure-
teric stones larger than 10 mm [5]. Recent studies
have indicated that both procedures yield favour-
able outcomes, but there remains a lack of compre-
hensive data directly comparing the two techniques
in a prospective manner. There is need for special-
ized research in this domain to better guide clinical
decision-making and optimize patient care.

In the current study, we aim to compare the clini-
cal outcomes, safety profiles, and patient-reported
satisfaction between RIRS and supine mini PCNL
(smPCNL). As per our knowledge, there is no study
at present which compares smPCNL with RIRS
for management of upper ureteric stones larges
than 10 mm.

MATERIAL AND METHODS

A prospective comparative study consisting of pa-
tients who underwent surgical treatment for upper
ureteric stones larger than 10 mm was conducted
at Ford Hospital and Research Centre from Janu-
ary 2023 and April 2024. All patients aged over
14 years old, presenting with upper ureteric stones
[above the L4 vertebra transverse process and be-
low the ureteropelvic (UPJ)], measuring more than
10 mm, were included in the study. Patients with
associated renal stones, obstruction distal to stone,
pregnancy, renal anomalies, non-functioning re-
nal units, associated pyelonephritis/urosepsis, un-
corrected coagulopathy and with incomplete data
or follow-up were excluded.

Patients were informed about both procedures and
their associated cost, complications, advantages and
disadvantages. After thorough understanding of the
procedure and its related issues, patients were asked
to select between RIRS or smPCNL for removal
of their stone. We could not randomise the partici-
pants because of the cost difference between both the
procedures. Baseline demographic data and follow-
ing parameters were recorded: age, sex, body mass
index (BMI), comorbidities, side, size, stone location,
impaction, Hounsfield unit (HU), renal anomalies,
previous surgery and type of anaesthesia.

RIRS group (A)

Spinal anaesthesia (SA) was administered to all
the patients except for a few who demanded gen-

eral anaesthesia (GA), and they were placed in the
lithotomy position. Rigid ureteroscopy was per-
formed with a 6 Fr ureteroscope and ureteral com-
pliance was noted. A 10/12 Fr ureteral access sheath
(UAS) was placed over a Terumo 0.035 in guidewire
under fluoroscopic guidance. If the ureter was too
narrow and it was difficult to pass the UAS or the
ureteroscope, a double J (DdJ) stent was placed, and
the procedure was staged. A 7.5 Fr flexible uretero-
renoscope (Seeshen Medicals, China) was used to
access the stone and Holmium 60 W laser (Cyber
Ho Quanta) was used for lithotripsy of the stone.

A setting of 0.6 J and 10 Hz (6 W) fragmenta-
tion mode was used initially to break and dislodge
the stone proximally (either in the more proximal
ureter or in the kidney) from its impacted posi-
tion. The scope and UAS was then advanced and
the stone was dusted using 0.8 J and 12 Hz (9.6 W,
vapour tunnel mode) or further fragmentation into
small pieces using 1 J and 10 Hz (10 W, fragmenta-
tion mode). For the latter, a flexible navigable access
sheath (FANS) was used to remove the fragments.
If the stone was densely impacted and could not be
pushed up, a channel was created, a wire was passed
across and a stent was placed for a staged procedure.
At end of the surgery a 5 Fr 26 cm DJ stent was
placed in all cases and 14 Fr urethral catheter was
placed (Figure 1).

smPCNL group (B)

Spinal anaesthesia (SA) was administered to all pa-
tients except for a few who demanded general an-
aesthesia. A 25 gauge spinal needle was used and
3 ml of bupivacaine was instilled, 1 ml (50 ug) of fen-
tanyl was used as an adjuvant in cases with larger
stone burden.

After achieving the necessary anaesthesia effect,
patients were positioned in modified supine posi-
tion. The contralateral leg was kept in lithotomy
position and ipsilateral leg was kept either straight
or flexed at the knee. The contralateral arm was
kept on an arm rest, abducted less than 90 degrees,
and the patient was asked to hold the contralat-
eral shoulder with the ipsilateral arm. The patient
was brought to the edge of the table and two small
bolsters were placed, one below the scapula and
the other below the buttocks (Figure 2). Tilt of the
trunk was kept to a minimum to avoid overlap be-
tween the pelvicalyceal system (PCS), stones and
bony spinal structures.

The operation theatre and instruments were set up
in a very particular way to help the surgeon perform
the procedure with minimal assistance. The camera
trolley was placed near the patient’s head, the c-arm
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machine in the center, and the screen of the c-arm
near the patient’s feet (all three on the contralateral
side of the stone). The c-arm foot switch was kept
on the floor (head end), the lithotripsy/laser foot ped-
al was kept near the feet of the patient and the laser
was also located near the feet (Figure 2). Assistance
from operating theatre (OT) floor staff was limited
to changing saline and water pressure regulation.

A 5 Fr ureteric catheter was placed, and retrograde
pyelogram (RGP) was performed. Middle calyx was
preferably punctured, then the tract was dilated

Figure 1. A) Upper ureteric calculus in pre-stented patient.
B) Initial assessment with semirigid ureteroscope. C) RIRS
in progress, stone pushed in upper calyx. D) FNAS sheath.

teric stone.

Figure 2. A) Position and smPCNL for a 12 mm upper ureteric stone, middle calyx access. B) smPCNL for a large 4 cm upper ure-

to 16.5 Fr (Storz mini dilator) and a sheath was
placed under c-arm guidance. Supine monoplanar
technique (c-arm in 0 degrees) was used in all cases
and biplanar technique was used only after 3 failed
initial attempts (Figure 2).

Holmium 60 W laser (Cyber Ho Quanta) was used
for lithotripsy of the stone with settings of 1 J and
10 Hz and a combination of vapour tunnel dust-
ing and fragmentation modes. The fragments were
removed mostly by gravity and with forceps when
required. After clearing the stone, a 5 Fr 26 cm
DJ stent was placed and cystoscopy was performed
to confirm the bladder end coil of the DdJ stent. Tube-
less exit was done in all cases and a single staple
applied to the puncture site.

In the RIRS group, primary/secondary, ureteric ac-
cess sheath (UAS) placement, use of suction, were
recorded. In the smPCNL group, number, size, loca-
tion of tracts and exit strategy were recorded.

The lithotripsy modality, duration of surgery, stone
clearance, haemoglobin (Hb) drop, transfusion
rate, hospital stay, and complications were recorded
for both the groups. Primary outcomes were stone-
free rates (SFR) and incidence of postoperative com-
plications (graded by the Clavien-Dindo classifica-
tion), while secondary outcomes included duration
of surgery, postoperative pain scores, hospital stay,
and time to resume normal activities. Patient satis-
faction scores were noted using the Freiburg Index
of Patient Satisfaction (FIPS) questionnaire.
Imaging was performed on the morning of the next
day to check for any residual stones. Patients were
discharged on the first or second postoperative day
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after removing the Foley catheter, depending on the
clinical condition. All patients were reviewed after
a month with non-contrast CT scan (NCCT) bone
window, to document and assess stone clearance
and the DJ stent was removed. Relook RIRS was
done at the time of stent removal in cases with
residual stones based on patient counselling and
shared decision making. A repeat follow-up was per-
formed at 3 months with abdominal ultrasound (US)
and patient satisfaction scores were recorded. SFR
was defined as complete clearance of stone endo-
scopically or presence of fragments <2 mm on the
follow-up imaging. Complications were graded ac-
cording to the Clavien-Dindo classification system.

Statistical analysis

Data analysis was done with X1Stat2021 software.
Continuous variables were expressed as mean
+standard deviation and compared using the Stu-
dent’s t-test. Categorical variables were analysed
using the 2 test. A p-value of <0.05 was considered
statistically significant.

Bioethical standards

Ethical approval was obtained by Ford Hospital
Research Centre Institutional Ethics Committee
in January 2023 (FHRC/IEC/JAN-2023/002).

RESULTS

One hundred forty-eight patients were ultimately
enrolled in the study, out of which 140 were avail-
able for final analysis (70 patients in the RIRS group
and 70 patients in the smPCNL group). Eight pa-
tients were excluded (4 from each group) due to in-
complete follow-up not meeting our protocol.
Patient demographics and stone characteristics
are shown in Table 1. Mean age was 41.64 +13.87
and 42.42 +13.43 years, male to female ratio was
1.26 : 1.33, stone laterality (right : left) ratio was
1.33 and 1.25, one or more comorbidities were
present in 45.8% and 47.2% patients in the RIRS
and smPCNL groups, respectively.

Mean stone size was 13.87 £3.69 and 14.21 +3.47 mm,
mean HU of stone was 1068 +£218.63 and 1052 +227.73
in the RIRS and smPCNL groups, respectively. Stone
impaction was noted in 35.71% and 37.14%, with
a prior history of upper ureteric or renal stone sur-
gery in 14.3% and 11.5% in the RIRS and smPCNL
groups, respectively.

The procedure details, outcome and complications
of both the groups are recorded in Table 2. A total
of 94.2% of RIRS and 97.1% of PCNL cases were

performed under spinal anaesthesia. The smPCNL
access was mid-pole in 50 (70.1%), lower pole
in 11 (15.7%) and upper pole in 9 (12.8%) patients.
A 16.5 Fr Storz mini tract was used in 57 (81.4%)
and a 22 Fr tract was used in 13 (18.5%) cases
in the smPCNL group. Primary RIRS was possible
in 50 (71.4%) cases, where a 10/12 Fr UAS was
used in 53 (75.7%) cases and 9/11 Fr was used
in 17 (24.2%) cases. Of these, a flexible navigable
access sheath (FNAS) was used in 40 (57.1%) cases.
DJ stent was placed in all the cases in both the
groups as the exit strategy, and no percutaneous
nephrostomy (PCN tube) was placed in any case
in the smPCNL group.

The duration of surgery was 42.52 =28.37 and 30.69
+18.55 minutes, respectively in groups A and B
(p = 0.001). Haemoglobin drop at 24 hours was 0.44
+0.96 and 0.69 +0.92 g/dl, and it was slightly higher
in smPCNL patients but this was statistically insig-
nificant (p = 0.364). None of the patients in either
group required blood transfusion. The SFR was
98.57% and 94.2% (p = 0.137), with a mean dura-
tion of hospital stay of 1.13 =0.76 and 0.92 +0.68
(p = 0.084) for smPCNL and RIRS, respectively.
High-grade (Clavien-Dindo >II) complications were
noted in 2 patients each group (2.8%). In the RIRS
group this included a case of sepsis and ureteric colic
each, while in the smPCNL group it was prolonged
haematuria needing hospitalisation. Postoperative

Table 1. Patient demographics and stone characteristics

Group A: Group B:
Variables RIRS smPCNL p-value
(n=70) (n=70)
Mean age +SD (range) 41.64 +13.87  42.42 +13.43
Sex (male : female) 1.26 1.33
BMI 24.5 £3.56 24.3 £3.81 0.451
Comorbidities 54.2:22.8: 52.8:24.2:
(0:1:2:>2)[%] 15.7:7.1 14.2:8.5
Stone side (right : left) 1.33 1.25
Mean stone size +5D (range) 13.8743.69 14214347 0329
[mm]
1,068 £218.63 1,052 +227.73
Mean HU £SD (range) (315-1,478) (321-1,503) 0.274
Impacted stone [%] 35.71 37.14
Previous surgery [n (%)]
Nil 60 (85.7) 62 (88.5)
PCNL 6(8.5) 5(7.1)
RIRS 3(4.3) 1(1.4)
Open surgery 1(1.4) 2(2.8)

BMI — body mass index; HU — Hounsfield Unit; PCNL — percutaneous
nephrolithotomy; RIRS — retrograde intrarenal surgery
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haematuria was noted in 4.3% and 7.1% with fe-
ver noted in 7.1% and 1.6% for RIRS and smPCNL
groups, respectively.

The patient reported outcomes are summarised
in Table 3. Postoperative pain was comparatively
less in the RIRS group both at 1 and 24 hours af-
ter the surgery, being 2.59 +0.87 and 0.43 +0.54

Table 2. Procedure details, outcomes and complications

Group A: Group B:
Variables RIRS smPCNL p-value
(n=70) (n=70)
) SA - 66, SA-68,
Anaesthesia GA—4 GA—2
9 (12.8%)
Tract location (U : M : L) NA 50 (70.1%)
111 (15.7%)
A-13
) B B (18.5%),
Tract size (A— 22, B-16.5) NA B-57
(81.4%)
) ) 50 (71.4%)
Primary : secondary 120 (28.5%) NA
A-53
0,
UAS size (A—10/12, B—9/11) (25_'71/;)' NA
(24.2%)
FANS 40 (57.1%) NA
Exit strate bl =70 bl =70
gy (100.0%) (100.0%)
) ) 42.52 30.69
Duration of surgery [min] +28.37 +18.55 0.001
Haemoglobin drop [g/dl] 0.44 +0.96 0.69 +0.92 0.364
Transfusion rate 0 (0%) 0 (0%) 0.000
Mean hospital stay [days] 0.92 +0.68 1.13£0.76 0.084
Stone-free rates 94.2% 98.57% 0.137
Complications (Calvien-Dindo >I1) 2(2.8%) 2(2.8%) 0.275
o . o
Complications (Calvien-Dindo 1) 5 (7.1%) 1(1.6%) 0.026
—fever
Complications (Calvien-Dindo I) 3 (4.3%) 5 (7.1%) 0.059

—haematuria

DJ — Double J stent; FNAS — flexible navigable access sheath; GA — general
anaesthesia; smPCNL — supine mini percutaneous nephrolithotomy; SA — spinal
anaesthesia; RIRS — retrograde intrarenal surgery; UAS — ureteral access sheath

Table 3. Patient reported outcomes

Variables RIRS (n =70) smPCNL (n=70) p-value
Postoperative pain (VAS) 2.59 +0.87 3.72+1.15 0.013
(1 hour : 24 hours) :0.43 £0.54 :1.24 +0.89 :0.017
Time to resume normal 3.58 $3.63 6.16 £4.24 0.002
activities
Patient satisfaction 1.71£0.92 1.75 £0.88 0.721

RIRS — retrograde intrarenal surgery; smPCNL — supine mini percutaneous
nephrolithotomy; VAS — Visual Analogue Scale

vs 3.72 £1.15 and 1.24 +0.89 and the difference was
significant (p = 0.013 and 0.017, respectively). Time
to resume normal activities (in days) was significant-
ly shorter (p = 0.002) in the RIRS group 3.58 +£3.63
when compared to the smPCNL group 6.16 =4.24.
Patient satisfaction at the end of surgery was almost
equal in both groups (p = 0.721).

DISCUSSION

There are a few papers comparing RIRS and prone
mini PCNL for large upper ureteric stone, but stud-
ies comparing supine mini PCNL with RIRS are lim-
ited. Upper ureteric stones are a commonly encoun-
tered problem in everyday practise and they pose
a serious threat to the function of the kidney because
of the effect of impaction and obstruction [2, 6].
These stones need timely treatment to prevent ir-
reversible damage to the kidney. Multiple modali-
ties of treatment of these stones are available, but
still uncertainty exists over which is best [3, 7].
Out of all available options, ESWL, RURS, RIRS,
antegrade PCNL, laparoscopy, open surgery and
pushback PCNL, we choose the 2 modalities which
are probably more commonly used to treat the up-
per ureteric stone in this era, RIRS and smPCNL.
Efficacy of ESWL in upper ureteric stones measur-
ing more than 10 mm is only 42.0%, and it does not
provide complete relief of obstruction [8]. Patients
often have to suffer from repeated colic episodes,
flank pain and a substantial proportion require re-
peated treatment [4, 8]. The biggest disadvantage
of RURS is stone retropulsion (28.0-60.0%) and poor
stone clearance rates (68.0-76.0%), poor vision, with
inflammatory and oedematous mucosa increasing
the chances of injury and subsequent stricture [9].
The practice of prone PCNL for upper ureteric
stones is common in India, which enables urologists
to access the stone easily and avoid the supracos-
tal, upper pole punctures. But this technique is as-
sociated with multiple fragments which can migrate
into different calyces, requiring multiple punctures,
leading to incomplete clearance [5, 10].

RIRS for stone surgery is recommended for renal
and upper ureteric stones up to 2 cm and recent-
ly there has been a sharp rise in this modality due
to availability of digital smaller flexible uretero-
scopes and thulium fibre laser (TFL) [11].

RIRS has the advantage of being less invasive
as it uses the natural passage, easier access to stone,
less fluoroscopy exposure and shorter hospital stay.
However, there are a few issues related to this proce-
dure especially for the upper ureteric stones. There
is associated ureteral mucosal edema distal to the
stone limiting the working space, making lithotrip-
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sy difficult. In less experienced hands this may lead
to ureteric mucosal injury and subsequent stricture,
urosepsis and procedural staging may be required
in larger stones [6, 12]. We avoided in situ dusting
of the stone in the upper ureter, these were disim-
pacted and relocated preferably to the upper calyx
for dusting/fragmentation.

Antegrade approach to upper ureteric stones
by PCNL is a safe and effective treatment, associ-
ated with high SFR. It provides access to stone from
a dilated upper ureter, better visualisation, resulting
in better and safe lithotripsy [5, 6, 13]. In smPCNL,
there is no need to push the stone and less chances
of stone migration, with a majority of these cases
done with middle calyx puncture, and if the stone
needs to be pushed, this can be done after the sheath
is placed in the upper ureter [10].

There are a few disadvantages of PCNL such as its
higher invasiveness due to puncture of the kidney,
associated higher risk of bleeding, rare need for an-
gioembolization, increased radiation exposure and
slightly prolonged hospital stay [14]. Although most
of these limitations are overcome by mini PCNL.
The mean age in our study population was 41.64
+3.87 years, similar to Elgebaly et al. [6] and
Gu et al. [8]. In our study, the mean stone size was
13.87 +3.69 and 14.21 +3.47 mm which was simi-
lar to the study by Zhang et al. [10] (15.6 2.5 and
14.9 *2.3 mm) and Elgebaly et al. [6] (13.5 mm
and 13.2 mm) but less than Gu et al. [8] (17.27 mm
and 16.23 mm). The mean HU of stone was slightly
more in our study (1,068 +£218.63 and 1,052 +227.73)
when compared to Elgebaly et al. [6] (979.4 and 871.4)
and Mohey et al. [1] (980.9 and 989.5).

Few studies by Gu et al. [8], Mohey et al. [1] and
Elgebaly et al. [6] included only impacted upper ure-
teric stones in their study, while Zhang et al. [10]
included all upper ureteric stones. In our study
35.7% and 37.1% stones were impacted in the
2 groups. Most of our procedures were performed
under spinal anaesthesia and patients were satisfied
with the procedure, especially that they were able
to see the stone on the monitor during the proce-
dure. General anaesthesia was administered only
for patients who demanded GA.

There is paucity of data regarding the tract location
for accessing the upper ureteric stones, and we pre-
ferred the mid pole for access in most of our cases
(70.1%) and avoided the polar calyces. Upper pole
in supine position does not give similar access to the
ureter as in the prone position because the accessed
calyx is the upper lateral one. Lower pole approach
creates slightly higher torque for accessing the up-
per ureter. We were able to perform primary RIRS
in 71.4% patients, while Mahajan et al. [15] report-

ed primary access in 94.5% patients and Yuk et al.
[16] in 85.3% patients. We went for elective and in-
formed staged RIRS in impacted stones to minimise
infective complications.

Haemoglobin drop at 24 hours was slightly higher
in smPCNL (0.44 vs 0.69 g/dl), but it was insig-
nificant, similar to Moufid et al. [17] (0.23 vs 0.36).
It signifies that both the procedures are safe in
terms of blood loss. Though the duration of hospi-
tal stay was slightly lower in the RIRS group (0.92
vs 1.13 days), it was insignificant. Much higher
stay was reported in several studies for PCNL,
with Moufid et al. [17] (1.67 vs 2.27 days), Zhang et
al. [10] (1.8 vs 4.2 days), and Gdiler et al. [18] (2.0
vs 4.1 days). Most of our patients were discharged
within 24 hours in both the groups, with supine
PCNL and mini tract size making the hospital stay
shorter.

SFR were better for smPCNL group (98.5%
vs 94.2%) but the difference was insignificant.
Higher SFR of PCNL was consistently reported
across various studies by Elgebaly et al. [6] (83.3%
vs 60.0%), Mohey et al. [1] (90.3% vs 70.0%), Zhang
et al. [10] (93.7% vs 84.1%), Moufid et al. [17]
(95.5% vs 66.7%), Giler et al. [18] (97.4% vs 83.7%),
and Gu et al. [8] (100.0% vs 89.7%). The SFR
of RIRS group was better in our study probably due
to use of FNAS and on table clearance.

Both the groups had very low rates of high-grade
(Calvin-Dindo >II) complications at 2 each (2.8%),
and overall complications were 14.2% vs 11.4%.
Other studies have reported lower overall com-
plications rates in RIRS, Moufid et al. [17] (13.3%
vs 22.7%), Giler et al. [18] (20.9% vs 24.0%), Zhang
et al. [10] (6.8% vs 12.5%), and Mohey et al. [1]
(19.4% vs 23.4%). Fever was reportedly significantly
higher in the RIRS group (6.0% vs 1.66%) in our
study, but other studies have reported lower rates
of fever in the RIRS group, with Moufid et al. [17]
(38.3% vs 9.0%), and Giiler et al. [18] (2.1% vs 5.3%).
It is worth noting that sepsis and other complica-
tions were lesser in studies where supine mini PCNL
was performed.

RIRS was superior in terms of postoperative pain (Vi-
sual Analogue Scale — VAS) both at 1 and 24 hours af-
ter the surgery, being (2.59 vs 3.72) and (0.43 vs 1.24),
and it was a similarly reported in studies of Mou-
fid et al. [17] (3.1 vs 4.7) and Gdiler et al. [18] (3.6%
vs 4.8%). Patients in the RIRS group returned to their
normal activities earlier than smPCNL (3.58 vs 6.16
days) in our study, similar to Sun et al. [19] (2.7 vs 7.8
days) and Yavuz et al. [20] (3.9 vs 9.3 days). Patients
were overall satisfied with the procedure they under-
went for the removal of their stones and if necessary
they would select the same procedure again.
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While this study shows an important aspect of man-
agement of upper ureteric stones, there are certain
limitations. The study is not randomised and there-
fore there is inherent bias to the outcomes. Future
studies should focus on multicentric, ideally ran-
domised, studies with more patient numbers to eval-
uate and compare the outcomes between smPCNL
and RIRS. These studies should also take into con-
sideration the cost and quality of life using patient
reported outcome measures, and the role guidelines

stones larger than 10 mm. RIRS is less invasive, as-
sociated with less postoperative pain, lesser bleed-
ing and earlier patient recovery. On the other hand,
smPCNL offers a single stage and a quicker solution
for large upper ureteric stones with less febrile com-
plications.
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play in this [21-23].

CONCLUSIONS

Both RIRS and smPCNL are safe and effective
surgical alternatives for managing upper ureteric
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Results Pre-stented patients had a higher prevalence of positive urine culture treated with preoperative
antibiotics (23.8% vs 12.3%, p = 0.006). Larger stone volumes were noted (1,306 mm?3vs 1,200 mm?3,
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in achieving high SFR.

INTRODUCTION

Pre-stenting before retrograde intra-renal surgery
(RIRS) remains controversial, with studies [1] and
guidelines [2, 3] differing in recommendations. It does
improve the ability to insert a ureteric access sheath
(UAS) in different populations [4] but does not neces-
sarily translate into better stone-free rates (SFR).
Flexible and navigable sheaths (FANS) are effec-
tive tools to improve flexible ureteroscopy safety.
As FANS crosses the pelviureteric junction (PUJ)
and, like a flexible scope, uses active and passive de-
flection, it must be manoeuvred within the pelvicaly-
ceal system to maximise efficacy [5].

The global FANS collaborative group initiative was
established primarily to assess if FANS can be used
safely in non-stented patients and if it can achieve
a zero residual fragment status, renderi (FURS) out-
comes [5]. With miniaturisation, different sheath siz-
es are available, and further studies need to ascertain
if pre-stenting does indeed improve the utility with-
out compromising patients 100% stone-free in a real-
world setting, both with and without pre-stenting.

MATERIAL AND METHODS

Twenty-five centres worldwide prospectively contrib-
uted data on 394 adult patients undergoing FURS
using FANS. A 100 watt pulse-modulated, high-pow-
er holmium laser (HpHL) from Lumenis with and
without MOSES technology or a 60 watt thulium
fibre laser (TFL) from IPG Photonics or Quanta fi-
bre dust or SOLTIVE laser was used for renal stones
of any size/number and location in kidneys with
a normal pelvicalyceal system (PCS) between 1 April
2023 and 10 January 2024.

All patients had a preoperative and at least one post-
operative non-contrast CT scan (NCCT) to assess

p =0.027) in group 1. Postoperative complications were minor. Sepsis was not reported in either group.
Group 1 had a higher incidence of low-grade Traxer grade 1 ureteric injuries (4.3% vs 0.4%, p = 0.021).
FANS resulted in high overall SFRs of 97.5% and 97.0% in groups 1 and group 2. Multivariate analysis
showed no statistical difference in SFR between the groups (63.2% vs 53.2%, p = 0.063). Only thulium
fibre laser (TFL) and stone volume were significant predictors of residual fragments (RF).

Conclusions Pre-stenting for FANS is not mandatory irrespective of stone location and volume.

The use of TFL and stone volume significantly influenced SFR, while FANS itself proved highly effective

stone(s) features and residual fragments (RF) within
30 days of the index procedure. Children and patients
who had abnormal renal anatomy, ureteral stones,
or insufficient data records were excluded. Because
most surgeons were new users or had limited expo-
sure to FANS, prior to case enrolment all surgeons
were asked to see the step-by-step video on FANS use
(9) and perform a trial of at least 2 cases.
The choice of energy source for RIRS, sheath size
and brand, perioperative decisions, and postopera-
tive exit strategy was at the respective surgeon’s
discretion. Data on the reason for pre-stenting
(symptomatic relief/obstruction/failure to primary
access/staged RIRS or preferred choice) was col-
lected. Only patients in whom FANS was success-
fully deployed with and without pre-stenting were
eligible. The primary outcome was to assess for SFR
and complications. RF were classified using the bone
window in a NCCT within 30 days of RIRS. Patients
were categorised as follows:
* grade A: 100% stone-free, indicating zero RE,
no fragments or dust visible on the CT scan,
* grade B: single RF not more than 2 mm,
* grade C: single RF 2.1-4 mm,
* grade D: single RF >4 mm or multiple RF of any size.
Patients with grade A were classified as having zero RE,
while grade A and B were considered stone-free with
no further imaging or follow-up needed. Grade C and
D were considered as non-stone-free. These patients,
if planned for intervention by a second RIRS, would
need a CT scan to reassess the need for the same.
Details about laser type, preferred technique, and
lasing mode for laser lithotripsy were recorded.
The evaluation was compared between the non-pre-
stented (group 1) and pre-stented patients (group 2).
Other outcomes of interest included postoperative
complications within 24 hours and any readmission
within 30 days or future planned re-intervention.
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Statistical analysis

Statistical analyses were performed using R Sta-
tistical language, version 4.3.0 (R Foundation
for Statistical Computing, Vienna, Austria) with
p <0.05 indicating statistical significance. Continu-
ous variables were described using median and in-
terquartile range, while categorical variables were
described using absolute numbers and percentages.
The Shapiro-Wilk test was used to assess for nor-
mality. To visualise the similarities and differences
between both study arms, patient demographics,
peri-operative parameters, and 30-day outcomes
were compared between the HpHL and TFL groups
using the y? test or Fisher exact test for categorical
parameters and the Mann-Whitney U test for con-
tinuous variables.

Bioethical standards
Patient consent was obtained to contribute to the IRB-
-approved anonymised global FANS registry (#AINU

12/2022) maintained by the principal site (Asian Insti-
tute of Nephro-Urology, Hyderabad, India).

Table 1. Baseline characteristics

RESULTS
Baseline characteristics

Of 394 patients, 163 were in group 1 and 231 in gro-
up 2. The median age was 50 years (IQR: 36-60)
in group 1 and 49 years (IQR: 36-61) in group 2. Both
groups had comparable distributions of gender, BMI,
and presentation symptoms. A higher percentage
of patients in group 2 had positive urine cultures
treated with preoperative antibiotics (23.8% vs 12.3%,
p = 0.006) and received prophylactic preoperative an-
tibiotics more frequently (76.6% vs 92.0%, p <0.001).
Stone diameter distribution differed significantly be-
tween the groups (p = 0.044), with a higher propor-
tion of stones larger than 1 ¢cm in group 1. Stone vol-
ume also showed a significant difference (p = 0.007),
with a higher prevalence of larger stone volumes
in group 1 (Table 1).

Operative characteristics

No significant differences were observed in the
rates of spinal anaesthesia between the 2 groups.

Entire cohort

Not pre-stented

Pre-stented

(n=163) (n=231) p-value

Age 50 [36, 60] 49 [36, 61] 0.498
Male gender 94 (57.7) 139 (60.2) 0.694
Body mass index (BMI) [kg/m?] 26 [24, 29] 26 [24, 29] 0.96
Presentation

Haematuria 15(9.2) 19(8.2) 0.874

Pain 133 (81.6) 185 (80.1) 0.807

Fever 3(1.8) 8(3.5) 0.514

Incidental 17 (10.4) 22 (9.5) 0.9
Urine culture positive (preoperative treated with antibiotics) 20(12.3) 55(23.8) 0.006
Preoperative antibiotics (prophylactic) 150 (92.0) 177 (76.6) <0.001
Hounsfield units 1,070 [895, 1,213] 1,100 [888, 1,241] 0.923
Right-sided stone 71 (43.6) 95 (41.1) 0.705
Stone diameter

<lcm 29 (17.8) 66 (28.6)

1-2 cm 105 (64.4) 126 (54.5) 0.044

>2 cm 29 (17.8) 39 (16.9)
Stone volume [mm?] (continuous variable) 1,306 [793, 1,943] 1,200 [636, 1,600] 0.027
Stone volume [mm?3] (categorical variable)

<1,500 94 (57.7) 159 (68.8) 0.007

1,501-3,000 49 (30.1) 49(21.2) ’

>3,000 20(12.3) 23(10.0)
Stone location

Multiple locations 12 (7.4) 13 (5.6)

Upper pole only 32 (19.6) 63 (27.3) 0.177

Middle pole only 59 (36.2) 89 (38.5)

Lower pole only 60 (36.8) 66 (28.6)
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Differences were noted in sheath size, ureteros-
copy time, and total operation time. The distribu-
tion of sheath sizes was similar, although more pa-
tients in group 2 had larger sheath sizes. Group 1
had longer median ureteroscopy time (39 minutes
[IQR: 29-60] vs 32 minutes [IQR: 24-49], p = 0.004)
and total operation time (54 minutes [IQR: 39.5-75]
vs 45 minutes [IQR: 36-63.5], p = 0.008). Stone frag-
mentation techniques and laser parameters were
similar, although the use of TFL was more common
in group 1 (563.4% vs 40.7%, p = 0.017) (Table 2).

Postoperative outcomes
The incidence of mild bleeding due to scope/sheath

movement was higher in group 2 (7.8% vs 3.7%,
p = 0.142), but this difference was not statistically

Table 2. Operative characteristics

significant. Ureteric injury was more common
in group 1 (4.3% vs 0.4%, p = 0.021). Other complica-
tions, including postoperative transfusion, fluid ex-
travasation, perinephric stranding, fever, and sepsis,
did not differ significantly between the groups. Loin
pain scores on the first postoperative day were simi-
lar between the groups (p = 0.093) (Table 3).

Stone-free rates

Stone-free parameters, including intraoperative 100%
SFR (zero R, grade A) and 30-day outcomes, were com-
parable between both groups. Intraoperative 100%
stone-free rates were 50.3% in group 1 and 51.9%
in group 2 (p = 0.203). At the 30-day follow-up, the
rates of achieving 100% stone-free status (zero RF)
were 63.2% and 53.2% in group 1 and 2, respectively

Not pre-stented Pre-stented p-value
(n=163) (n=231)
Spinal anaesthesia 29 (17.8) 41(17.7) >0.99
Sheath size (Fr)
12-14 32(19.6) 51(22.1) 075
11-13 64 (39.3) 83(35.9) :
10-12 67 (41.1) 97 (42.0)
Sheath
Clearpetra 103 (63.2) 141 (61.0)
Innovex 5(3.1) 20 (8.7) 0.058
Elephant 45 (27.6) 49 (21.2)
Others 10(6.1) 21(9.1)
Disposable scope 144 (88.3) 208 (90.0) 0.709
Scope size =8 (Fr) 69 (42.3) 104 (45.0) 0.669
Laser time [min] 19 [12, 28.5] 17.[11, 27] 0.177
Ureteroscopy time [min] (actual usage of Flexible scope) 39 [29, 60] 32 (24, 49] 0.004
Total operation time [min] (from cystoscopy to exit) 54 [39.5, 75] 45 [36, 63.5] 0.008
Stone fragmentation technique
Dusting with aspiration only 68 (41.7) 87 (37.7)
Popcorning with aspiration only 7 (4.3) 9(3.9) 0.848
Fragmentation and basketing only 3(1.8) 4(1.7)
Fragmentation and aspiration only 85 (52.1) 131 (56.7)
TFL 87 (53.4) 94 (40.7) 0.017
Laser parameters 0.688
Dusting energy [J] 0.5[0.4,0.8] 0.50[0.4,0.8] 601
Dusting frequency [Hz] 25 [20, 45] 25 (12, 40] <O-001
Popcorning/fragmentation energy [J] 1.0[0.6, 1.0] 1.0[0.8,1.2] 0 602
Popcorning/fragmentation frequency [Hz] 18 [10, 35] 15 [10, 33] ’
Stone basketing (for relocation and extraction) 26 (16.0) 26 (11.3) 0.228
Sheath able to access all parts of kidney 147 (90.2) 195 (84.4) 0.13
Postoperative strategy (exit strategy)
DJ stent 135 (82.8) 176 (76.2) 0.282
Overnight ureteric catheter 19 (11.7) 37 (16.0) ’
No stent or ureteric catheter 9(5.5) 18 (7.8)
Likert scale rating for UAS performance
Ease of suction 2101, 2] 2101, 2] 0.229
Manipulation 2[1.5,2] 211, 3] 0.384
Visibility 1[1,2.5] 1(1,3] 0.186

DJ stent — double J stent; TFL — thulium fibre laser; UAS — ureteric access sheath
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(p = 0.063). Single-stage SFR (grade A + B) was
97.5% in group 1 and 97.0% in group 2 (p = 0.975).

Multivariate analysis

Table 4 presents the multivariate analysis (MVA)
of 100% SFR in the matched cohort. The analysis

Table 3. Postoperative outcomes

revealed no significant effect of presenting on SFR
(OR 0.819, 95% CI: 0.430-1.550, p = 0.539). TFL
usage was associated with higher SFR compared to
HpHL (OR 1.93, 95% CI: 1.044-3.625, p = 0.038).
Additionally, larger stone volume (>1,500 mm?)
was associated with lower SFR (OR 0.274, 95% CI:
0.116-0.619, p = 0.002).

Not pre-stented Pre-stented p-value
(n=163) (n=231)
Mlld bleedmg due to scope/sheath movement not affecting 6(3.7) 18(7.8) 0.142
intraoperative surgery
Postoperative transfusion (CD1) 0 1(0.4) >0.99
Ureteric injury (all cause managed by stenting) 7 (4.3) 1(0.4) 0.021
Level of injury: PUJ/proximal/mid/distal 1/2/2/2 1/0/0/0
PCS injury (due to scope/sheath or laser managed by stenting only) 3(1.8) 2(0.9) 0.693
Fluid extravasation not needing intervention 5(3.1) 2(0.9) 0.214
Perinephric stranding reported on first NCCT 14 (8.6) 14 (6.1) 0.446
Fever within 24 hours 7 (4.4) 5(2.4) 0.458
Sepsis 0 0 NA
Persistent haematuria needing intervention 0 0 NA
Loin pain score (1% postoperative day) 1[1, 2] 1101, 2] 0.093
Stone freedom parameters
Intraoperative 100% SFR 82 (50.3) 120 (51.9) 0.203
30-day outcomes
100% SFR (zero residual fragment) 103 (63.2) 123 (53.2) 0.063
Single-stage stone free (grade A + B) 159 (97.5) 224 (97.0) 0.975
Single-stage non-stone free (grade C + D) 4(2.5) 7(3.0)
Reintervention planned after 1 CT: RIRS/ESWL 4(2.5)/0 7 (3.0)/0

CT — computed tomography; ESWL — extracorporeal shock-wave lithotripsy; NCCT — postoperative non-contrast CT scan; PCS — pelvicalyceal system; PUJ — pelviureteric

junction; RIRS — retrograde intra-renal surgery; SFR — stone-free rates

Table 4. Multivariate analysis of 100% stone-free rates in the matched cohort

Odds ratio (OR) 95% Cl p-value
Pre-stenting 0.819 0.430-1.550 0.539
Laser type (TFL vs HL) 1.93 1.044-3.625 0.038
Stone location (vs multiple locations)
Upper pole 2.328 0.579-9.743 0.236
Middle pole 1.146 0.319-4.231 0.834
Lower pole 1.438 0.389-5.420 0.584
Stone volume (categorical variable, vs <1,500)
1,501-3,000 0.274 0.116-0.619 0.002
>3,000 0.696 0.218-2.255 0.538
Hounsfield units 1.001 0.999-1.002 0.436
Laser time 1.01 0.953-1.071 0.725
URS time 0.967 0.928-1.003 0.088
Total operation time 1.007 0.959-1.058 0.786

HL — holmium laser; TFL — thulium fibre laser; URS — ureterorenoscopy
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DISCUSSION

Traditionally, UAS was preferably used in pre-stent-
ed patients because it allowed for better drainage
of irrigation and facilitated multiple scope passages
if inserted atraumatically [6]. However, larger
sheaths increased ureteric injury risk, leading
to a perception that pre-stenting was necessary
to prevent ureteric injury and achieve safe RIRS [7].
FANS has emerged as a promising tool in FURS, of-
fering benefits such as improved intraoperative vi-
sualisation, enhanced SFR, and reduced intrarenal
pressure, temperature, and postoperative complica-
tions [5, 8-10]. One notable advantage is its flex-
ible and navigable proximal 10-cm tip, which allows
for active and passive deflection, which is particular-
ly beneficial in cases of a dilated system, facilitating
navigation into the desired calyx. With the advent
of novel FANS designs that can be inserted beyond
the PUJ, the role of pre-stenting in these scenarios
requires further investigation.

In this study, pre-stenting was conducted for symp-
tomatic relief, obstruction, failure to achieve primary
access, or for staged RIRS. The number of patients
with asymptomatic incidental renal stones (AIRS) [11]
was nearly equal in both groups (10.4% vs 9.5%).
Despite FANS being a newer accessory involving
sheath movement within the kidney, surgeons did
not consider size, volume, and non-pre-stenting
as deterrents to perform FANS. In fact, non-pre-
stented patients had larger stones compared to pre-
stented patients with stone volumes of 1,306 mm?
(IQR: 793-1,943) and 1,200 mm? (IQR 636-1,600),
respectively, p = 0.027.

Although the stone fragmentation techniques were
similar between the groups (p = 0.848), TFL was
more commonly utilised in group 1 (563.4% vs 40.7%,
p = 0.017). This could be due to personal prefer-
ence bias of surgeons or the availability only of TFL
at certain centres. Interestingly, group 1 exhibited
lower mean laser energy settings, suggesting a more
conservative approach to laser energy delivery. This
might explain why lasing time, ureteroscopy time,
and total operation time were significantly higher
in group 1, in addition to larger stone volumes re-
quiring longer total ablation time. This is also re-
ported in traditional RIRS by Chai et al. [1], whereby
in the FLEXOR studies the mean operative time for
non-pre-stented patients was significantly longer
(68.17 min vs 58.92 min, p <0.001).

For our study the ureteroscopy time was recorded
specifically representing the surgeon’s time spent
navigating FANS into different calyces for inspec-
tion/lasering and/or aspiration of dust and fragments.
One would expect this to prolong operative times,

but notably the operative times using FANS are
shorter or comparable to most other series (non-pre-
stented vs pre-stented: 54 min [39.5, 75] vs 45 min
[36, 63.5], respectively, p <0.008) [1, 4]. Noting that
dusting or fragmentation with immediate suction
was the preferred technique, it might have been
more efficacious.

Dusting or fragmentation with suction will de-
pend on the surgeon’s preferred choice, but as seen
in our study, these methods lead to a lesser need
for popcorning or basket extraction of fragments.
This might allow surgeons to spend less overall
time in the PCS. The trifecta mechanism that en-
ables this is the vacuum effect, which prevents stone
debris from migration into other calyces, dust aspi-
ration allowing for clear vision, and active fragment
removal via sheath by whirlpool effect of high irriga-
tion flow rates.

Using suction, and lowering lasering time and over-
all operative times contribute to the well-established
benefit of preventing the damage that high intra-
renal temperature and pressure may cause during
RIRS [12].

Smaller diameter sheaths and scopes have been
suggested as preferred choices in multiple studies
[5, 13]. In our study, there was a trend towards the
utilisation of smaller scopes and sheaths in both
groups. Overall, there was no significant difference
in sheath sizes between the 2 groups (p = 0.75).
Interestingly, the sheath reached all parts of the kid-
ney more successfully in group 1 than in group 2,
i.e. 90.2% and 84.4%, respectively (p = 0.13). This
raises questions about potential factors contributing
to this difference, such as surgeon skill, sheath design,
or the use of smaller scopes in group 1.
Intraoperative bleeding due to scope or sheath move-
ment was slightly higher in group 2 (7.8% vs 3.7%,
p = 0.142). The larger diameter scopes and sheaths
used in pre-stented cases might also have contrib-
uted to increased inadvertent mucosal rubbing,
leading to mild oozing. This could also be induced
by the stones or pre-stenting-induced mucosal in-
flammation. However, due to effective suction
management this did not affect intraoperative sur-
gery significantly. While the incidence of ureteric
injuries was low and mostly minor — primarily
Traxer grade 1 [7] — they occurred more frequently
in group 1 (4.3% vs 0.4%, respectively, p = 0.021).
Importantly, these injuries predominantly occurred
not at the site of the PUdJ but rather in the ureter.
This finding is noteworthy, particularly in light of ex-
isting concerns regarding the deployment of access
sheaths beyond the PUJ. These findings reaffirm
that urologists should be mindful while inserting
any UAS, especially in non-pre-stented cases, and
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more so if a larger diameter is preferred. However,
the use of FANS itself is not a reason for PUJ or caly-
ceal injury, unless carelessly inserted.

Group 2 had a higher proportion of patients with
positive urine cultures requiring preoperative antibi-
otic treatment, aligning with the known association
between indwelling ureteric stents and increased
susceptibility to urinary tract infections, even
in patients with initially negative urine cultures [14].
Patients with longer durations of pre-procedur-
al indwelling ureteric stents face a higher risk
of postoperative urinary tract infection and sepsis [15].
Despite these considerations, no cases of sepsis
were reported in either group, and the incidence
of postoperative fever was low, at 4.4% and 2.4%
in group 1 vs group 2, respectively. This may be at-
tributed to the lower intrarenal pressures associ-
ated with the use of FANS, which can help prevent
pyelovenous backflow [16, 17]. This is consistent
with prior studies demonstrating either no or mini-
mal infectious complications in FANS-assisted ure-
teroscopy [5, 17-19].

In group 1 there was a higher rate of postoperative
stent placement (82.8% vs 76.2%, respectively). Con-
versely, the confidence to leave only an overnight ure-
teric catheter was lower in group 1 (11.7% vs 16.0%,
respectively). Furthermore, fewer cases in group 1
opted for neither stent nor ureteric catheter place-
ment. The difference in postoperative strategies be-
tween the 2 groups was not statistically significant
(p = 0.282). This does raise a paradoxical situation
wherein should we therefore pre-stent to avoid post-
operative stenting? Further studies are warranted
to determine the optimal approach.

No statistically significant difference was seen be-
tween both groups regarding postoperative loin
pain, with very low scores. This suggests a favour-
able outcome for patients undergoing FANS-assisted
retrograde intrarenal surgery (RIRS), regardless
of pre-stenting status. Probably the low IRP pre-
vents retro- and intrarenal extravasation that con-
tributes to lower pain [19-21].

SFR between the 2 groups were comparable. In-
traoperatively, both groups exhibited similar rates
of achieving 100% SFR, with 50.3% in group 1 and
51.9% in group 2 (p = 0.203). At the 30-day follow-
up, the differences in SFR remained non-significant.
The proportion of patients achieving 100% SFR (zero
residual fragments) was 63.2% in group 1 and 53.2%
in group 2 (p = 0.063). Furthermore, the single-stage
SFR (grades A and B) were notably high and compa-
rable between both groups, with 97.5% in group 1
and 97.0% in group 2 (p = 0.975). Reintervention
rates after the first CT scan were similar between
the groups, with 2.5% in group 1 and 3.0% in group 2

requiring further intervention, either by RIRS or ex-
tracorporeal shock-wave lithotripsy (ESWL). Over-
all, these findings suggest that pre-stenting does not
significantly impact stone-free outcomes.
MVA demonstrated that pre-stenting had no signifi-
cant effect on SFR. This suggests that pre-stenting
does not independently contribute to higher SFR.
Interestingly, only TFL usage was associated with
higher SFR compared to HpHL, with an OR of 1.93
and a p-value of 0.038. Indeed, TFL has been shown
to be a better ablative laser for RIRS due to its abil-
ity to produce finer dust, perhaps allowing for easi-
er aspiration. However, the use of TFL itself is not
responsible for a better SFR compared to other la-
sers [22]. We believe that the combination of FANS
and TFL, allowing for targeted access to all parts
of the calyces, may have contributed to more effec-
tive removal of finer dust. However, this warrants
corroboration with studies that specifically look at
ablation efficiency with FANS.
Furthermore, stone volume was a significant predic-
tor of SFR. Stones with volumes ranging from 1,501
to 3,000 mm3 were associated with a significantly
lower likelihood of achieving 100% SFR compared
to stones with volumes of 1,500 mm3 or less, with
an OR of 0.274 and a p-value of 0.002. Stones larger
than 3,000 mm3 showed lower odds of SFR, but our
study had very high overall SFR at 30 days. Indeed,
stone volume should be used instead of stone diam-
eter as a predictor for RIRS efficacy.

Overall, the findings suggest that pre-stenting does

not independently influence stone-free outcomes. In-

stead, factors such as the type of laser used and stone
volume play more significant roles in determining
the success of the procedure. Perhaps FANS tech-
nology itself may be the primary driver of improved

SFR, rather than pre-stenting.

While this study provides valuable insights into the

outcomes of FANS-assisted RIRS and the role of pre-

stenting, several limitations should be considered:

* Although this study benefits from its prospective
and multicentric design, it was not randomised,
and its sample size may not be sufficient to draw
definitive conclusions.

* The study's multicentre design with use of differ-
ent UAS and instrumentation manufacturers in-
troduces variability in surgical techniques, which
may affect generalisability. However, to mini-
mise variability in outcome reporting, a uniform
methodology of NCCT in bone window and strict
follow-up protocol were applied in a real-world
practice.

Further prospective, randomised controlled trials

with larger sample sizes and longer follow-up periods

are warranted to validate the findings of this study.
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CONCLUSIONS

Our findings suggest that pre-stenting for FANS pro-
cedures is not mandatory regardless of stone loca-
tion and volume. However, the preference for smaller
sheaths and disposable scopes to minimise incidental
low-grade injuries emphasises the importance of me-
ticulous instrumentation selection.

TFL and stone volume were critical variables influ-
encing stone-free rates. Nonetheless, the efficacy
of FANS itself in achieving a high SFR highlights
its utility in RIRS as a useful accessory.

We speculate from our study findings that pre-
stenting may minimise postoperative stent require-
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Introduction This review aims to determine whether the use of ureteral stents with extraction strings

in adult patients undergoing upper urinary tract endoscopic procedures results in a higher incidence

of urinary tract infections (UTls) compared to stents without strings.

Material and methods A systematic literature search was conducted using PubMed, Scopus,

and Google Scholar. Studies evaluating differences in UTI rates among adult patients with ureteral
stents with or without extraction strings were included. Data on UTI rates, antibiotic prophylaxis
protocols, and stent dwell time were extracted.

Results The review included 11 trials published between 2015 and 2023. One multicenter retrospective
study involving 4,392 patients reported a significantly higher UTI rate in patients with extraction strings
(2.1% vs 1.1%, p = 0.006). In the remaining 10 studies, including four randomized controlled trials, the
differences were not statistically significant. Antibiotic prophylaxis was described in five studies. In two
studies, a single perioperative antibiotic dose was administered, with a total UTI rate of 6.8% (28/410).
In contrast, three studies using prolonged prophylactic antibiotic regimens reported a total UTI rate

of 3.2% (13/403). The impact of stent dwell time on UTI risk could not be determined. The risk of bias
was high in 10 studies and moderate in one retrospective study.

Conclusions Based on low-quality evidence, the difference in UTI risk between ureteral stents with

and without extraction strings appears to be minimal and statistically insignificant. Well-designed studies
with standardized methodologies are needed to clarify these findings.

Key Words: ureteral > ureteric <> string ©> stent © tethered stent ¢ urinary tract infection

o prophylaxis ¢ ureteroscopy

INTRODUCTION

Preventing obstruction caused by oedema after
upper urinary tract endoscopic procedures is one
of the most common indications for ureteral stent-
ing, and this usually requires only a few days
of stenting. Toreduce costs, invasiveness, and patient
discomfort, stents with extraction strings are used
in many centers [1-8]. Although this is an estab-
lished procedure, we decided to review the available
literature to assess the effect of a string protruding
from the urethra on the risk of infection.

Cent European J Urol. 2025; 78: 94-99
doi: 10.5173/ceju.2024.0222

Furthermore, we observed a wide variation in anti-
biotic prophylaxis approaches in the published stud-
ies. Therefore, we considered it essential to evalu-
ate the findings on stents with extraction strings
in the context of antibiotic use.

Thus, the primary objective of this study was
to determine whether the use of ureteral stents with
extraction strings in adult patients after upper uri-
nary tract endoscopic procedures resulted in a high-
er incidence of urinary tract infections compared
to stents without strings (objective aligned with
the PICO methodology). The secondary objective

This is an Open Access article distributed under the terms of the Creative Commons

Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
License (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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was to assess whether the type of antibiotic prophy-
laxis used in these studies could have influenced the
infection rates.

MATERIAL AND METHODS
Search strategy

A comprehensive literature search was performed
in PubMed, Scopus, and Google Scholar/Google from
database inception to January 15%, 2025. The system-
atic review was conducted following the Preferred Re-
porting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) checklist and Cochrane guidelines.
The search strategy involved identifying the terms

“stent”, “string”, “tethered string”, “ureteral”, “ure-

teric”, “ureteroscopy”, and “retrograde” within titles,
abstracts, key words, and Medical Subject Headings
(MeSH). Additional studies were identified through

manual searches of reference lists in relevant articles.
Eligibility criteria

We selected original research articles with available
full texts, written in English. Our primary focus was
on trials comparing infection rates between patients
with ureteral stents with and without extraction
strings, while also considering the use of antibiotic
prophylaxis and dwell time. Articles not mention-
ing antibiotic prophylaxis were also included in the
descriptive analysis. Studies that discussed the use
of stents post-kidney transplant surgery were ex-
cluded. It was decided that only comparative studies
with clearly described randomization and antibiotic
prophylaxis would be used for final conclusions.

Study selection

The titles and abstracts of the selected studies were
independently reviewed by two researchers based
on the inclusion and exclusion criteria outlined be-
low. Studies that did not meet the eligibility criteria
were excluded, and any disagreements were resolved
through discussion during a consensus meeting.
The Rayyan® application was used to facilitate
the systematic review process.

Data extraction

Data were extracted using a standardized form,
including the following: study design, sample size,
patient demographics., stent type (with string vs
cystoscopic removal), UTI incidence and diagnostic
criteria, antibiotic prophylaxis protocols, and stent
dwell time.

Risk of bias assessment

The Cochrane Risk of Bias Tool was used for RCTs,
and the ROBIN-I was applied to non-randomised
case-control studies. Studies were categorised as low,
moderate, or high risk of bias. The Robvis applica-
tion was used to prepare risk-of-bias plots [9].

RESULTS

This review comprised 11 trials published between
2015 and 2023. Figure 1 presents the PRISMA
flowchart illustrating the literature search process.
Four trials were randomized controlled trials (RCTs)
[10-13]. Among the non-randomized case-control
studies, one had a prospective design [14], while six
were retrospective [8, 15-19].

The risk of bias assessment for the RCTs, present-
ed in Figure 2, indicated a high risk of bias across
all included studies. The characteristics of these
studies are detailed in Tables 1-3. None of the RCTs
defined UTI incidence comparison between groups
as the primary study objective. Instead, their pri-
mary focus was on patient discomfort or quality
of life, with infection rates reported as a second-
ary outcome. No significant differences in UTI
rates were observed among the RCTs, with a total
of 14 reported UTI cases among 462 patients (3%).
However, a substantial variation in UTI incidence
was noted across studies, ranging from 0% to 9.1%.

Identification of new studies via databases and registers

Records removed before screening:

Records identified from: Duplicate records (n = 109)
Databases (n = 3) (——# Records marked as ineligible by automation
Registers (n = 0) tools (n =0)

Records removed for other reasons (n = 0)

Identification

A
Records screened
(n=273)

‘ Reports sought for retrieval

(n=21)

Records excluded
(n=252)

Reports notretrieved
(n--2)

Screening

Y
e Reports excluded:
Reports assessed for eligibility i b

‘ (n=23) Wrong publication (n =9)

Wrong outcome (n = 3)

A J

New studies included in review
(n=11)

Reports of new included siudies
(n=11)

Included

Figure 1. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow diagram of the studly.
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The duration of antibiotic prophylaxis was reported
in three out of four studies [10, 12, 13], while the spe-
cific antibiotic used was mentioned in only one [13].
Notably, only the study by Barnes et al. [12] adhered
to European Association of Urology (EAU) guide-
lines by implementing perioperative prophylaxis,
while two studies reported extended administration
beyond one day (Table 3).

The risk of bias assessment for the non-randomized
studies is presented in Figure 3, with details sum-
marized in Tables 1-3. Among these, one study was
conducted prospectively, though its primary objec-
tive was to evaluate discomfort during stent removal
rather than infection rates. Only two retrospective
studies [15, 16] explicitly aimed to assess the impact
of extraction strings on UTI risk. However, only one
study [15] provided a well-defined outcome measure
and a clearly described antibiotic prophylaxis regi-
men adhering to current guidelines. This study, con-
ducted on a large patient cohort, found a higher inci-
dence of UTI in patients with extraction strings, but
the difference was not statistically significant (Table
1). The only study to report a significant difference
was a large multicenter retrospective study includ-
ing 4,392 patients [18], which found a 1% higher
UTI incidence in the string group (2.1% vs 1.1%,
p = 0.006). Overall, 8 out of 11 studies reported
a higher UTI rate in the extraction string group
compared to the non-string group, while two studies
reported identical infection rates, and one study [8]

Risk of bias domains
D4

D5 | Overall |

Kim DJ. et al. (2015)

QiY. et al. (2023)

Study

Barnes KT. et al. (2014)

08988-
OOOOR
0988:
L0
000 ®
RHRX

Inoue T. et al. (2019)

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias die to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

@ Hioh

- Some concerns
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Figure 2. Risk of bias in randomized controlled trials (ROB-2)
[10-13].

Risk of bias domains
DI | D2 | D3 | D4 | D5 | D6 | D7 [Overall

© ® e

Frohlich M. et al. (2017)

Freifeld Y. et al. (2017)

@)
Y

Liu H. et al. (2018)
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Ghani KR. et al. (2023)

Doersch KM. et al. (2018)

000000
QIO X J

000000 ®
(X X XX X JO

0000

Cinar O. et al. (2020)

Domains: Judgement

D1: Bias due to confounding. =

D2: Bias due to selection of participants. ' Critical
D3: Bias in classification of interventions . Serious
D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data = Moderate
D6: Bias in measurement of outcomes. . Low

D7: Bias in selection of the reported result.

Figure 3. Risk of bias in non-randomized controlled trials
(ROBINS-1) [8, 14—-19].

Table 1. Characteristics of the studies and reported urinary tract infection rates in stented patient groups without and with

extraction strings

uTl Without extraction strings With extraction strings

Research as a primary P for Information

Study ¢ or secondary UTI on antibiotic

ype objective N UTI dwell time N UTI dwell time prophylaxis

of the study
Kim et al. (2015) [10] RCT Secondary 56 0 6.3 days 58 0 6 days - +
Qi et al. (2023) [11] RCT Secondary 66 1(1.5%) 2.3 +0.65 weeks 65 1(1.5%) 2+0.3weeks 0.99 -
Barnes et al. (2014) [12] RCT Secondary 35 3(8.6%) 10.3 days 33 3(9.1%) 6.3 days 0.94 +
Inoue et al. (2019) [13] RCT Secondary 75 2 (2.7%) 11.0 days 74 4 (5.4%) 9.7 days 0.4 +
Bates et al. (2020) [14] Prospective Secondary 30 2.8% 26.5 +4.1 days 60 3.7% 10.1+5.3days >0.7 -
Frohlich et al. (2017) [15] Retrospective Primary 215 12 (5.6%) 17.8 7.7 days 127 10 (7.9%) 7 £2.4 days 0.4 +
Freifeld et al. (2017) [16]  Retrospective Primary 133 4 (3%) - 282 19 (6.7%) - 0.12 -
Liu et al. (2018) [17] Retrospective ~ Secondary 82 4 (4.9%) 11.2 £3.2 days 58 3(5.2%) 5.3 +1.8 days 0.94 +
Ghanietal. (2023) [18] ~ TCUOSPECtVE o dary 2723 29(1.1%) 9(6.5-4)days 1,669 35(2.1%) 5 (4-7)days  0.006 -
multicenter

Doersch et al. (2018) [8]  Retrospective  Secondary 349 13(3.7%) - 94 2 (2.1%) 3 days 0.45 -
Cinar et al. (2020) [19] Retrospective ~ Secondary 118 4 (3.4%) 12 days 59 3 (5%) 6 days 0.85 -

RCT — randomized clinical trial; UTI — urinary tract infection
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found a higher UTI rate in the non-string group.
Due to the substantial heterogeneity in study de-
sign, a meta-analysis could not be performed.
In non-RCT studies antibiotic prophylaxis was men-
tioned in only two of seven studies [15, 17], and only
in the Frohlich et al. study [15] was it limited to the
perioperative period, in accordance with guideline
recommendations.

Overall, antibiotic prophylaxis protocols were de-
scribed in five studies. In two studies, a single peri-
operative antibiotic dose was administered, with
a total UTI rate of 6.8% (28/410). In contrast, three
studies employing prolonged prophylactic anti-
biotic regimens reported a total UTI rate of 3.2%
(13/403).

The impact of stent dwell time on UTI risk was spe-
cifically investigated in one study. Freifeld et al. [16]
found that patients who had a stent with an extrac-
tion string and a dwell time exceeding 8 days had
a significantly higher infection rate (20%) than
those with a stent dwell time of 8 days or less (3.9%).
Ghani et al. [18] also analysed effects of dwell time,
however, their outcome of interest was emergen-
cy department visits rather than UTI incidence.
The heterogeneity among studies precluded mean-
ingful cross-study comparisons.

DISCUSSION

Our analysis does not provide a definitive answer re-
garding the impact of extraction strings on UTI in-
cidence. However, several observations suggest a po-
tential influence: most studies reported higher UTI
rates in the extraction string group, the only study
with a statistically significant difference [18] report-
ed a higher infection rate for stents with strings,
and the study with the lowest risk of bias [15] also
found a numerically higher UTI incidence in the
string group. Furthermore, both studies explicitly
designed to compare UTI rates between groups re-
ported higher infection rates in groups with extrac-
tion strings [15, 16]. Conversely, studies that found
no difference in UTI incidence often reported excep-
tionally low infection rates (as low as 0%), raising
concerns about the reliability of these findings.
These considerations do not constitute conclusive
evidence, and the overall low quality of available
studies concerning UTI incidence prevents firm con-
clusions about the impact of extraction strings on
infection risk.

A second key aspect of this review was the evaluation
of infection prevention strategies. Notably, extended
antibiotic administration beyond a single perioper-
ative dose was commonly employed in these stud-
ies. Antibiotic prophylaxis protocols were explicitly

Table 2. Definitions of urinary tract infection used in the
studies included in the review

Study

Urinary tract infection definitions

Kim et al. (2015) [10]

Qi et al. (2023) [11]
Barnes et al. (2014) [12]
Inoue et al. (2019) [13]
Bates et al. (2020) [14]

Frohlich et al. (2017) [15]

Freifeld et al. (2017) [16]

Liu et al. (2018) [17]

Doersch et al. (2018) [8]
Ghani et al. (2023) [18]
Cinar et al. (2020) [19]

Febrile urinary tract infection requiring addi-
tional antibiotic treatment or a therapeutic
procedure

Fever >38°C
Symptomatic UTI
Fever >38°C

UTI within 30 days after stent placement.
In patients without an extraction string UTI
within 3 weeks after the procedure

Fever with a positive urinary culture
or fever >38.5°C and no other infection source
within 30 days after the procedure

Based on urinalysis within 1 month of stent
placement or stent removal

Diagnosed at emergency department visit

Urinary infection requiring antibiotic treatment

UTI — urinary tract infection

Table 3. Information about antibiotic prophylaxis used
in the studies. Only studies with a description of prophylaxis

are listed
Study Description Medication
Prophylactic antibiotics
Kim et al. [10] for several days after Not stated
surgery
Barnes et al. [12] Perioperative prophylaxis Not stated

Inoue et al. [13]

Antibiotic for 2 days after
stent removal

Levofloxacin 500 mg/day

Trimethoprim/

Perioperative prophylaxis
(half an hour prior
to the procedure)

Frohlich et al. [15]

sulfamethoxazole (61.7%)
Ciprofloxacin (32.2%)
Other antibiotic (6.1%)

Prescription
for prophylactic
antibiotics at discharge

Liuetal. [17] Not stated

described in three RCTs and two non-RCTs. In the
studies by Barnes et al. [12] and Frohlich et al. [15],
a single perioperative antibiotic dose was adminis-
tered (presumably before ureteroscopy), whereas
in three studies [10, 13, 17] prophylaxis was extend-
ed beyond one day.

Prolonged antibiotic administration contradicts cur-
rent guidelines for ureteroscopy [20], as well as con-
clusions from previous research [21-25] which con-
sistently show no significant benefit from extended
antibiotic prophylaxis during stent dwell time. Stud-
ies have reported no difference between continuous
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low-dose antibiotic prophylaxis and a single preoper-
ative dose. Continuous prophylaxis has been deemed
unnecessary due to associated risks, including side
effects and antimicrobial resistance. Although
our review suggests a higher cumulative UTI rate
in studies utilizing a single-dose antibiotic regimen
compared to those using prolonged prophylaxis,
the data originate from studies with a high risk
of bias. The rationale for conducting further stud-
ies on this topic remains questionable. Analogous
to findings on short-term indwelling Foley catheters,
it is possible that extraction strings slightly increase
infection risk (as suggested by Ghani et al. [18]),
while prolonged antibiotic prophylaxis may slightly
reduce this risk (as inferred from this review). How-
ever, even if this is the case, evidence from Foley
catheter studies indicates that the minimal reduc-
tion in UTI risk does not justify prolonged antibiotic
use due to its population-level harms, including in-
creased antimicrobial resistance [26].

Further investigation is warranted into current
clinical practices regarding antibiotic prophylaxis in
patients undergoing endourological procedures with
and without extraction strings. If significant varia-
tions exist, this topic should be discussed among
experts in endourology and infectious diseases
to promote guideline-adherent practices. The stud-
ies included in this review, which report on antibi-

REFEICINCES ..o e e e se e se s se e

otic prophylaxis, were conducted 6-11 years ago;
therefore, an updated assessment of contemporary
practices is needed.

CONCLUSIONS

Based on low-quality evidence, the difference in UTI
risk between ureteral stents with and without ex-
traction strings appears to be minimal and statisti-
cally insignificant. Variability in infection rates be-
tween studies was greater than within studies, which
is probably due to heterogeneous antibiotic prophy-
laxis protocols and differing UTI definitions. Further
investigation into current antibiotic prophylaxis prac-
tices in endourology is warranted, because variations
in practice may serve as a target for future research.
Future studies should incorporate well-defined out-
come measures and clearly described prophylaxis
protocols to provide more definitive conclusions.
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Dear Editor,

we have read the study “Assessment of the inci-
dence and risk factors of postoperative urosepsis in
patients undergoing ureteroscopic lithotripsy” with
great interest [1]. The authors examined data from
231 patients who underwent ureteroscopic lithotripsy
(URSL), revealing that 16.8% had a confirmed posi-
tive urine culture prior to the procedure, and the in-
cidence of urosepsis within 30 days was 4.7%. They
also reported that a preoperative positive urine cul-
ture significantly correlated with the risk of urosep-
sis. Preoperative hydronephrosis (HN) was observed
in 22.9% of the cases, and only 9.4% of the cases had
preoperative DdJ or percutaneous nephrostomy (PCN).
In patients with impacted stones and significant HN
(grade 2 and above), urine culture obtained through
the urethral route may not accurately indicate infec-
tion in the obstructed kidney; it is more likely to re-
flect the status of the contralateral kidney. In such in-
stances, conducting a thin PCN and acquiring a urine
culture from this catheter to inform a subsequent
strategy may represent a more precise approach. Fur-
thermore, the presence of a PCN during the surgery
will markedly decrease intrarenal pressure (IRP),
thereby mitigating the risk of urosepsis during the
procedure. In a current porcine renal model, pyelove-
nous backflow was observed at IRPs of 90 mmHg or
greater, while pyelotubular backflow occurred at irri-
gation IRPs of 60 mmHg or greater [2]. Nephrostomy
drainage is the most effective technique for reducing
IRPs. An interesting clinical study assessed the effi-

Cent European J Urol. 2025; 78: 100-101
doi: 10.5173/ceju.2024.0257

cacy of PCN and the antegrade irrigation method from
PCN during URSL and indicated that this approach
resulted in higher stone-free rates and reduced opera-
tive time compared to conventional URSL, without an
increased risk of urinary tract infections [3]. We usu-
ally conduct preoperative nephrostomy for patients
with obstructed ureteral or renal pelvic stones and
significant HN in preparation for URSL or retrograde
intrarenal surgery (RIRS) and also evaluate the preop-
erative nephrostomy culture. This approach not only
offers a more precise antimicrobial strategy and main-
tains low IRPs during the surgery but also facilitates
continuous fluid circulation during the procedure,
thereby enhancing the clarity of the screen image.

In conclusion, for patients with substantial HN and
obstructive ureteral or pelvic stones, the insertion
of a nephrostomy prior to surgery while maintaining
the nephrostomy during the procedure may greatly
reduce the risk of urosepsis in both URSL and RIRS.
If the preoperative nephrostomy rate in the present-
ed study had been higher, the urosepsis rate might
have been lower.
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Patients with a retrocaval ureter (RU) have their
ureter mispositioned posterior to the inferior vena
cava (IVC). RU tends to present in the third to fourth
decade of life. Patients are often symptomatic, with
flank pain, abdominal pain, and recurrent urinary
tract infections with imaging showing associated
right-sided hydroureteronephrosis. Surgical repair
is indicated for those with symptoms or worsening
renal function, with various options including pyelo-
pyelostomy and ureteroureterostomy (UU). Herein,
we present robotic RU repair (RRUR) of an 80-year-
old male patient with right-sided RU via UU without
the need for spatulation of the ureter. Preoperative-
ly, the patient was worked up for benign prostatic
hyperplasia with lower urinary tract symptoms
and flank pain. A urinalysis revealed bacteriuria
so a renogram was obtained, which revealed nor-
mal kidney function and partial obstruction of the
right kidney. The patient elected to undergo RRUR
with the da Vinci Xi robot. He was placed in left lat-
eral decubitus (right side up) and a foley catheter
was inserted. There were 4-8 mm robotic ports and
1-5 mm air seal used. The robotic ports were placed
in a row 5 cm apart from one another, with the mid-
dle port centered above the umbilicus, and the air
seal port 5 cm inferior to the robotic ports. The ro-
bot was docked, and the colon was Kocherized. The
dissection was carried down to the right renal pelvis
to identify the ureter. Next, the inferior vena cava
(IVC) was exposed, and the ureter was seen passing
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posterior to it. Cautery was used to mark the ureter
at the point of maximal hydroureter, and it was tran-
sected. The inferior portion of the ureter was then
pulled anteromedial to the IVC. The diseased ureter
was trimmed proximally, and the anastomosis pro-
ceeded via UU to reattach the ureter. This was done
with 5-0 running vicryl suture, without the need
for spatulation. A 6 x 30 JJ stent was placed into
the ureter prior to completion of the anastomosis.
The anastomosis was completed with additional
reinforcing 5-0 vicryl, and the case was then com-
pleted. The robot was undocked. All port sites were
closed with 4-0 monocryl suture. The patient was
discharged on postoperative day 1 without complica-
tion, and their catheter was removed at this time.
RRUR provided excellent visualization and ease
of identification of the ureter.
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