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Abstrakt v ceském jazyce

Cil: Cilem prace je implementace nejnovéjSich védeckych poznatki v diagnostice
karcinomu prostaty (KP). Zaméfili jsme se na laboratorni markery, zobrazovaci
metody, metodiku biopsie prostaty a sestrojili jsme diagnosticky algoritmus zalozeny
na prehledu soucasné literatury v kombinaci s nasimi vlastnimi zkuSenostmi.

Material a metody: Algoritmus je Clenén na nékolik odvétvi, které byly jednotlivé
podrobeny klinickym studiim. Vzhledem k nizké senzitivité a specificité PSA, byl
v prvni stratifikaci pacienta pfidan index zdravé prostaty (PHI). Primarné bylo
vySetfeno a nasledné podstoupilo radikalni prostatektomii 787 pacientu. Hladiny PHI
byly porovnany s definitivnim stagingem a gradingem. Byly stanoveny cut-off hodnoty
pro detekci KP, ale téz pro dalSi stratifikaci high-risk v€etné lokalné pokrocilého KP.
V dal$i studii bylo 320 pacientu, ktefi podstoupili biopsii prostaty a nasledné radikalni
prostatektomii. Soubor byl dale rozdélen do dvou podskupin, pacienti s GS = 6 a
pacienti s GS > 6. PHI bylo hodnoceno s cilem odliSeni signifikantniho a
insignifikantniho KP. V multicentrické studii se 395 pacienty bylo posuzovano PHI s
dalSimi markery (tPSA, PSAD) a s multiparametrickou magnetickou rezonanci
(mpMR) prostaty. V dalSi studii o 472 pacientech byl PHI hodnocen s ostatnimi
laboratornimi markery (tPSA, fPSA, pomér fPSA / PSA, pomér [-2] proPSA / fPSA)
v predikci signifikantniho KP, upgradingu definitivniho GS, extrakapsularni extenze
tumoru (pT3) a pfitomnosti pozitivnich chirurgickych okraji. DalSim krokem v
algoritmu jsou zobrazovaci metody. Duraz je kladen predevs§im na provedeni mpMR
prostaty jeSté pfed biopsii. Také jsme se zaméfili na hybridni zobrazeni PET / MR
s ®Ga-PSMA-11. Tracer byl dostupny v Ceské republice pouze v nasi nemocnici
diky klinické studii resp. specifickému Ié¢ebnému programu. Vysetieni **Ga-PSMA-
11 PET / MR bylo provedeno u 145 pacientd. V algoritmu je tento vysoce
specializovany staging indikovan u high-risk karcinomu prostaty a navic i jako
primarni zobrazeni pfed histologickou verifikaci u pacientd z nejrizikovéjsi skupiny
podle laboratornich markertu. Poslednim krokem v algoritmu je biopsie prostaty.
NejefektivnéjSim provedenim biopsie prostaty je cilena biopsie prostaty softwarovou
fuzi MR / TRUS. Takto bylo vySetfeno 495 pacientu. V pfipadé primobiopsie byla
cilena biopsie prostaty doplnéna o biopsii systematickou ke komplexni histologické
verifikaci.

Vysledky: Prace je komentovanym  souborem  ¢&lankG  publikovanych
v recenzovanych casopisech vcetné Casopisi s IF. Prezentované vyzkumy jsou
soucasti multicentrickych studii a dale naSich vlastnich soubort. V prvni stratifikaci
pacienta, byla nastavena cut-off hodnota pro PHI > 40 jako suspektni z KP a PSA
podle vékové specifickych hladin, hodnota PHI > 100 jako suspektni pro high-risk a
lokalné pokrocily KP. Vysledky jsou z nasi studie 787 pacientl po radikalni
prostatektomii. V souboru 320 pacientu k radikalni prostatektomii byly vysledky PHI
statisticky vyznamné pro rozlisSeni skupiny GS = 6 a GS > 6 v porovnani s ostatnimi
parametry, jak po biopsii prostaty (P=0,0005), tak v definitivni histologii (P<0,0001).



Nejlepsi plochy pod kfivkou (AUC) bylo dosazeno u PHI (0,7496) v podskupiné podle
definitivnino GS. DalSi studie s 395 muZi podstupujicimi biopsii prostaty, kde
dohromady hodnocené parametry PHI a mpMR vyznamné zvysily pfesnost predikce
signifikantniho KP (p=0,007). Vysledek z multicentrické studie u 472 pacientl
podstupujicich radikalni prostatektomii zjistil, Ze pfidani PHI do zakladniho modelu s
vice proménnymi vyznamné zvySuje piesnost predikce patologického GS 0 4 % (p =
0,015) a upgradingu GS a 5 % (p = 0,025). Ze 145 pacientt vySetfenych *®Ga-
PSMA-11 PET / MR, bylo 88 planovano k radikalni prostatektomii, ale operovano
bylo pouze 60 (68 %), u 18 pacientu (20,5 %) vedlo toto vySetfeni ke zméné
v terapeutickém postupu. Panevni lymfadenektomie byla provedena u 47 pacientl
(78 %), metastazy do lymfatickych uzlin byly histologicky verifikovany u dvou, a
pouze u jednoho byly zobrazeny téz dle °®Ga-PSMA-11 PET / MR. V souboru
pacientt podstupujicich °®Ga-PSMA-11 PET / MR pred biopsii prostaty bylo
zachyceno GS 6 v 46 %, lokalné pokrocCily KP v 33 % a metastaticky KP v 25 %.
V souboru cilenych biopsii prostaty MR / TRUS softwarovou fuzi je vysoka detekce
KP v 61,5 %, u primobiopsie 64,2 % a u re-biopsie 57,8 %.

Zaver: Z provedenych studii vyplyva, Ze PHI dokaze odlisit signifikantni KP od
insignifikantniho, pfedpovédét horsi staging, upgrading definitivniho GS a pfitomnost
pozitivnich chirurgickych okraju po radikaini prostatektomii. Vysetreni ®*Ga-PSMA-11
PET / MR je dobrym stagingovym zobrazeni. V naSem souboru pacient vedlo toto
vySetfeni ke zméné terapeutického postupu u 20,5 %. Zaclenénim cilené biopsie
prostaty MR / TRUS softwarovou fuzi do vySetfovaciho schématu, vede k vysokému
zachytu KP a tim i ke sniZeni opakovanych biopsii. Na zakladé téchto vysledkl byl
sestaven diagnosticky algoritmus, umoznujici rychly a efektivni postup u pacienta
s podezienim na KP dle nejnovéjSich dostupnych metod.



Abstract
Prostate cancer diagnostic algorithm

Aim: The aim of the study is to implement the latest scientific knowledge in the
diagnosis of prostate cancer (PC). We focused on tumor markers, imaging methods,
prostate biopsy methodology and we created a diagnostic algorithm based on a
review of current literature in combination with our own experience.

Material and methods: The algorithm is divided into several branches, which have
been individually subjected to clinical studies. Due to the low sensitivity and
specificity of PSA, prostate health index (PHI) was added to the first line of patient
stratification. 787 patients were primarily examined and these subsequently
underwent radical prostatectomy. PHI levels were compared with definitive staging
and grading. Cut-off values for PC detection and high-risk stratification, including
locally advanced PC were determined. Next, 320 patients underwent prostate biopsy
followed by radical prostatectomy. The cohort was further divided into two subgroups,
patients with GS = 6 and patients with GS > 6. The ability of PHI to distinguish
between insignificant and significant prostate cancer was evaluated. In a multicentric
study with 395 patients, PHI with additional markers (tPSA, PSAD) and
multiparametric magnetic resonance imaging of prostate (mpMRI) was assessed. In
another study with 472 patients, the ability of PHI and other markers (tPSA, fPSA,
fPSA / PSA ratio, [-2] proPSA / fPSA ratio) to predict the presence of significant PC,
GS upgrading, extracapsular extension (pT3), and the presence of positive surgical
margins was analyzed. Emphasis is placed primarily on performing mpMRI of the
prostate before biopsy. Our attention was focused on PET / MRI with ®Ga-PSMA-
11. Our hospital is the only one in the whole Czech republic with access to this tracer.
It was available for patients enrolled in a specific clinical trial treatment plan. 145
patients underwent °®Ga-PSMA-11 PET / MRI examination. This highly-specialized
imaging study had it’'s specific place in our diagnostic algorithm - it was indicated for
patients diagnosed with high-risk prostate cancer as well as for patients, in whom
prostate cancer was not histologically confirmed yet, but who were in the highest-risk
marker group. The last step in the algorithm is a prostate biopsy. The most effective
prostate biopsy is MRI / TRUS fusion software-based targeted biopsy of the prostate.
Thus, 495 patients were examined. In the case of biopsy naive men systematic
biopsy was added to targeted biopsy for comprehensive histological verification.

Results: The Ph.D. thesis is a collection of commented articles published in peer-
reviewed journals, including journals with IF. The presented studies are a part of
multicentric trials and of our own cohorts as well. In the first stratification of the
patient, a cut-off value was set for PHI > 40 as suspected from PC and PSA
according to age-specific levels, a PHI value > 100 as suspected for high-risk and
locally advanced PC. We based these values on the results of our study with 787
patients after radical prostatectomy.



In a study with 320 patients for radical prostatectomy, the results of PHI were
statistically significant for distinguishing between the GS = 6 and GS > 6 groups
compared to other parameters, both after prostate biopsy (P = 0.0005) and in
definitive histology (P < 0.0001 ). The best area under the curve (AUC) was achieved
for PHI (0.7496) in the subgroup according to the definitive GS.
In a study with 395 men undergoing prostate biopsy, combined PHI and mpMRI
significantly increased the accuracy of predicting significant PC (p = 0.007). A result
from a multicentric study in 472 patients undergoing radical prostatectomy found that
the addition of PHI to a baseline multivariate model significantly increased the
accuracy of pathological GS prediction by 4 % (p = 0.015) and GS upgrading by 5 %
(p = 0.025). 88 out of 145 patients examined with ®*Ga-PSMA-11 PET / MRI were
scheduled for radical prostatectomy, but only 60 (68 %) underwent the operation.
This imaging study led to a change therapeutic approach in 18 patients (20.5 %).
Pelvic lymphadenectomy was performed in 47 patients (78 %), lymph node
metastases were histologically verified in two patients, ®®Ga-PSMA-11 PET / MRI
detected only one N+ patient. In the group of patients undergoing ®®Ga-PSMA-11
PET / MRI before prostate biopsy, GS 6 was detected in 46 %, locally advanced PC
in 33 % and metastatic PC in 25 %. In the group of patient undergoing MRI / TRUS
fusion software-based targeted biopsy of the prostate, the detection of PC is high,
61.5 %, in biopsy naive men 64.2 % and in re-biopsy 57.8 %.

Conclusion: The studies show that PHI can distinguish significant PC from
insignificant, predict worse staging, upgrading in definitive GS and the presence of
positive surgical margins after radical prostatectomy. The Ga-PSMA-11 PET / MRI
is a good staging examination. In our cohort, this examination led to a change in the
therapeutic strategy in 20.5 %. Incorporating a MRI / TRUS fusion software-based
targeted biopsy of prostate into the examination scheme leads to a high detection of
PC and thus to a reduction of repeated biopsies. Based on these results, a diagnostic
algorithm was created, enabling a fast and effective procedure in a patient with
suspected PC according to the latest available methods.
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Seznam pouzitych zkratek

ADC - apparent diffusion coeficient, aparentni difuzni koeficient

AUC - area under the curve, plocha pod kfivkou

BPH - benign prostatic hyperplasia, benigni hyperplazie prostaty
bpMR - biparametricka magneticka rezonance

CEUS - contrast enhanced ultrasound — kontrastni ultasonografie

CT - computed tomography, pocitacova tomografie

DCE - dynamic contrast enhacement, dynamické kontrastni zobrazeni
DWI — diffusion weighted imagining, difuzné vazené zobrazeni

EAU - European Association of Urology, Evropska urologicka asociace
FDG — fluordeoxyglukoza

GS — Gleason score

HDI - Human development index, index lidského rozvoje

hK2 — human kallikrein 2, lidsky Zlazovy kalikrein 2

ISUP - International Society for Uropathology, Mezinarodni spole¢nost pro
uropatologii

LUTS — lower urinary tract symptoms , pfiznaky dolnich moc€ovych cest
M — metastaza

MiPS - Mi(chigan)Prostate Score

MR/TRUS - fuze magnetické rezonance a transrektalni ultrasonografie
MRS - magnetic resonance spectroscopy, spektroskopie

MUS - High resolution Micro-Utrasound

N — nodi, uzlina

PCA 3 — prostate caner gene 3

PI-RADS - Prostate Imaging-Reporting and Data System

PRI-MUS prostate risk identification using micro-ultrasound

PSAD — denzita prostatického specifického antigenu



PSAT — denzita prostatického specifického antigenu pouze tranzitorni zény prostaty
PSAV — velocita prostatického specifického antigenu

PSMA — prostaticka specificky membranovy antigen

T — tumor

T1WI — T1 vazené obrazy

T2WI — T2 vazené obrazy

tPSA — totalni (celkovy) prostaticky specificky antigen

TRUS - transrektalni ultrasonografie

Wb-MR — whole-body magnetic resonance, celotélova magneticka rezonance



1 Uvod

Diagnostika karcinomu prostaty (KP) je velmi diskutovanym tématem, uz jen proto,
Ze KP je jednim z nejCastéjSich malignich onemocnéni u muzd. Pfedstavuje asi 15 %
vSech diagnostikovanych karcinom(. Toto onemocnéni ma nejvySSi incidenci ve
vyspélych zemich, zatimco mortalita je nejCastéjSi v zemich rozvojovych. Rozdily
v incidenci celosvétové odrazeji pfedevsim rozdily v pouzivani diagnostickych testu.
Je znamo, ze riziko karcinomu prostaty se zvySuje s vékem a vétSina nové zjisSténych
pfipadd je u muzud starSich 65 let. Vyjimku tvofi dédi¢na forma KP, ktera je spojena
s nastupem onemocnéni o 6 az 7 let dfive, ale neni znamo, Ze by se agresivita a
klinicky prabéh lisily.

Karcinom prostaty je velice heterogenni malignita, zahrnuje jednotky Kklinicky
nevyznamné, které pacienta neohrozi na zivoté, az po vysoce agresivni typ s rychlou
progresi stavu. Na zakladé urCeni typu tumoru se odviji i terapeuticky postup, od
pouhého aktivniho sledovani, pfes chirurgickou intervenci nebo radioterapii, po
vysoce specializovanou onkologickou léCbu.

Pfesna a v€asna diagnostika karcinomu prostaty hraje klicovou roli v rozhodnuti o
terapeutické strategii. V souCasné dobé stoji diagnostika na tfech pilifich: laboratorni
vySetfovaci markery, zobrazovaci metody a histologicka verifikace tj. biopsie
prostaty. Zakladnim laboratornim parametrem je stanoveni hladiny celkového
prostatického specifického antigenu (PSA), jenz je uzivan v klinické praxi od 80. let
20. stoleti. Vzhledem k omezené senzitivité a specificité PSA pro detenci KP byly
nalezeny nové markery ke zlepSeni diagnostiky jako je index zdravé prostaty (PHI),
proPSA, vySetfované ze séra, nebo prostate cancer gene 3 (PCA 3) stanoveny
z moci.

Velkou pozornost si zaslouzily zobrazovaci metody a to zejména multiparametricka
magneticka rezonance (mpMR) se silou magnetického pole 3 Tesla, ktera je schopna
provést kvalitni vySetfeni prostaty bez endorekalni civky a identifikovat suspektni
loZisko tumoru prostaty, tim zpfesnit histologickou verifikaci a minimalizovat pocet
odebranych vzork(d pfi biopsii prostaty. Hybridni spojeni pozitronové emisni
tomografie s vypocetni tomografii nebo magnetickou rezonanci (PET / CT, PET /
MR) umozni celotélovy staging. V souCasné dobé jsou stale zkoumany nové
radiotracery, které maji schopnost se navazat pouze na nadorové bunky a tim pfesné
stanovit rozsah onemocnéni.



2 Cil prace

Diagnostika KP je pfedmétem mnoha studii a dynamicky se rozvijejicim odvétvim
uroonkologie, uz jen pro to, Ze KP je onemocnéni s vysokou incidenci. Cilem této
prace je navrhnout standardizovany postup, jak pacienta rychle, komplexné a presné
vySetfit za pomoci nejmodernégjSich diagnostickych metod. Stratifikovat pacienta do
rizikovych skupin je zakladnim krokem pro provedeni dalSiho dovySetfeni, aby byl
spravneé urCen rozsah onemocnéni a nasledné vybrana IéCebna strategie.

Hlavnim cilem je implementace nejnovéjSich védeckych poznatki ohledné
laboratornich markeru, grafickych metod a techniky provedeni biopsie prostaty.
Zejména zaclenéni PHI, jako standardniho laboratorniho parametru jiz v prvni
stratifikaci pacienta, k zhodnoceni jak agresivity onemocnéni, tak jeho stadia. DalSi
nedilnou soucasti je grafické vySetfeni. PfedevSim provedeni 3 Tesla mpMRI u
pacienta pfed biopsii prostaty, ktera dokazZe zobrazit lozisko suspektni z karcinomu
prostaty. Pak mohou byt tyto snimky vyuZity k pfesnému cileni do podezfelého
loZiska v pribé&hu biopsie prostaty, ale téz k rozhodnuti o operabilit¢ nalezu a
rozsahu operace (nervy Setfici vs. neSeffici vykon, panevni lymfadenektomie).
Vindikaci panevni lymfadenektomie je mozné vyuziti Brigantiho nomogramu
predikce postizeni uzlin z roku 2019 (je nutné znat cT kategorii, velikost loZiska dle
MR, hladinu PSA, pocet pozitivnich vzork(i a ISUP grade)'. Zlatym standardem ve
stagingu KP je provedeni vypocetni tomografie (CT) plic, bficha a panve a scintigrafie
kosti. Nicméné v poslednich letech se do popfedi dostavaji hybridni zobrazovaci
metody PET / CT a PET / MR s pouzitim cholinu. Dle nejnovéjSich klinickych studii je
nejpfesnéjSi v zobrazeni uzlinovych, ale i vzdalenych metastaz ligand prostatického
specifického membranového antigenu (PSMA) vazany na Galium nebo Fluor (*®Ga-
PSMA, "8F-PSMA ). Toto vysoce specializované, nejnovéjsi vysetieni bylo zaclenéno
do prezentovaného diagnostického algoritmu u pfisné indikované skupiny pacientu
v predopera¢nim stagingu, dokonce jiz pfed histologickou verifikaci KP, téz diky
klinické studii zahajené v nasSi nemocnici od ledna 2018.

Na zakladé vSech vySe zminénych vySetfovacich metod byl vytvofen diagnosticky
algoritmus jako mapa vedouci od pocatecni stratifikace pacienta ke konecnému
rozhodnuti o lécbé.



3 Epidemiologie a etiologie karcinomu prostaty

KP (C61) je nejcastéjSim malignim onemocnénim u muzd. Podle Mezinarodni
agentury pro vyzkum nadorovych onemocnéni (The International Agency for
Research on Cancer - IARC) bylo v roce 2020 na celém svété hlaSeno 1 414 259
novych pfipadt KP a 375 304 muzu zemfelo na KP2. Incidence a mortalita KP
souvisi s indexem lidského rozvoje (Human development index, HDI). Toto
onemocnéni je nejcastéjSi v rozvinutych zemich, zatimco jeho umrtnost je nejvyssi v
zemich s nizkym HDI®.

V Ceské republice byla vroce 2018 incidence 151,77 na 100 000 muzi, coZ
predstavovalo 7938 novych pfipadi a zemfelo 1540 muzu, ztoho vyplyva, ze
mortalita je 29,44 na 100 000 muzu. Ve srovnani incidence s ostatnimi zemémi svéta
je Ceska republika na 31. mist&*. Podrobny prehled incidence a mortality shrnuji
obrazky 1 - 4. Regionalni prehled incidence v krajich Ceské republiky zobrazuje
obrazek 5. Riziko KP se zvySuje s vékem. VétSina pfipadu KP je diagnostikovana u
muzu starich 65 let’.
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Obrazek 1 - Incidence karcinomu prostaty v Ceské republice

(Zdroj Epidemiologie zhoubnych nadort v Ceské republice, Dusek L., MuZik J., Kubasek M.,
Koptikové J., Zaloudik J., Vyzula R. Dostupné na http.//www.svod.cz)
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Obrazek 2 - Mortalita na karcinom prostaty v Ceské republice
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VySSi riziko KP je spojeno s pozitivni rodinnou anamnézou a také jsou pozorovany
vyrazné rasoveé rozdily, coz naznaCuje genetickou predispozici. Dédi¢na forma KP je
spojena s nastupem onemocnéni o Sest az sedm let dfive, ale nezda se, Ze by se
agresivita onemocnéni a klinicky pribéh liily jinymi zplsoby. Déle je dulezité zminit
vyznam genetickych mutaci spojenych s hereditarnim KP, jedna se pfedevSim o
mutaci v genech BRCA1 a BRCA2. Tato mutace je spojena s agresivnim KP, €asto
diagnostikovanym jiz v metastatickém stadiu. S ohledem na rasu je nejvys$Ssi riziko u
Afroameri¢anu v USA a na karibskych ostrovech, naopak nejniZsi incidence na svété
je v Japonsku a v Cing®.
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4 Histopatologie karcinomu prostaty

KP je vysoce heterogenni onemocnéni, od klinicky nevyznamného, ktery vyzaduje
pouze aktivni sledovani, az po vysoce agresivni typ nadoru rezistentni na kastraci,
ktery vyZaduje rychly a radikalni postup. VySetfeni vzorku tkané prostaty je zasadni
pro stanoveni diagnozy KP. V souCasné dobé je zakladem mikroskopické vysSetfeni
s barvenim hematoxylinem a eosinem.

4.1 Histologické varianty karcinomu prostaty

Zhoubny novotvar prostaty je v drtivé vétsSiné epitelialniho plvodu, jedna se tedy o
karcinom. Jsou popisovany i vzacné maligni novotvary, jako jsou sarkomy nebo
lymfomy. Typicky je acinarni adenokarcinom prostaty, ktery ma své histopatologické
varianty. RozliSeni téchto variant ma dopad, jak prognosticky, je znamkou spravné
znalosti morfologie KP patologem, tak terapeuticky, jako indikator odpovédi na l1éCbu.
Mezi varianty acinarniho adenokarcinomu prostaty fadime  atrofickou,
pseudohyperplastickou, onkocytarni, acinézni variantu, tzn. ,foamy“ variantu a
karcinom zbunék tvaru pécetniho prstenu (signet ring). Diagnostika atroficke,
pseudohyperplastické a ,foamy* varianty je velice svizelna. Casto je zprvu hodnocen
vzorek tkané jako benigni. Mucin6zni varianta acinarniho adenokarcinomu prostaty
muze mit horSi prognézu nez obvykly acinarni adenokarcinom. Varianta karcinomu
bunék tvaru pécetniho prstenu (signet ring) je vzacna a méla by byt podle Gleason
grade hodnocena jako high-grade pattern 5 a je proto spojena se Spatnou odpovédi
na léCbu, reakce na androgen deprivacni terapii je minimalni a pramérné preziti
pacientl je 28 mésicu.

Druhou skupinu KP tvofi non-acinarni KP, které zaujimaji okolo 5-10 % vSech KP a
fadime zde sarkomatoidni karcinom, duktalni adenokarcinom, urotelialni, skvamozni,
bazocelularni a malobunéény karcinom. Sarkomatoidni karcinom prostaty
(karcinosarkom) je vzacny, v literatufe bylo popsano pouze pfiblizné 100 pfipada.
Tento typ karcinomu je spojen se Spatnou progndzou, stfedni doba preziti je
udavana 3 roky, chova se agresivné s tvorbou metastaz mimo jiné i do kuze,
pobfiSnice a nadledvin. Duktalni adenokarcinom (papilarni duktalni, endometrialni) je
bézZna histologicka varianta KP, tvofi 3,2 % vSech KP a to ve formé Cisté duktalni a
nebo smideného duktalng-acinarniho KP. Casto je diagnostikovany jako pokrogily,
s kostnimi metastazami a stovkovymi az tisicovymi hodnotami PSA. Je popisovano,
Ze duktalni adenokarcinom ma sklon metastazovat do varlat, penisu a plic.
Skvamozni KP je vzacny, incidence je udavana < 1 % v8ech KP. Zajimavosti je, ze
nezvysuje hladinu PSA. Malobunéény karcinom je vzacny, ale extrémné agresivni,
ktery se Casto projevi jako diseminované onemocnéni. Mezi charakteristické rysy
patfi vysSi procento muzl, ktefi nemaji elevaci PSA, navzdory pokroCilému stadiu
onemocnéni. Malobunéény KP ma sklon k rychlé diseminaci onemocnéni véetné
tvorby visceralnich metastaz, nedostate¢nou odpovédi na kastracni terapii a kratkou
dobou preziti.
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4.2 Grading karcinomu prostaty

K uréeni stupné diferenciace nadorovych bunék se uziva Gleason Grading systém,
tak zvané Gleason skére (GS), které slouzi k ur€eni agresivity KP. Tento systém je
pojmenovan podle patologa Dr. Donalda F. Gleasona, ktery jej v 60. letech 20. stoleti
popsal. Bunky jsou klasifikovany na stupnici od jedné do péti, pfi€emz buriky prvniho
stupné se podobaji normalni tkani prostaty, jsou dobfe diferencované, zatimco buriky
patého stupné jsou hodnoceny jako high-grade, Spatné diferencované. Architektonika
nadorovych bunék je zobrazena na obrazku €. 6. Pro vysloveni diagndézy KP jsou
buniky hodnoceny od stupné diferenciace 3 az 5. Vzdy jsou hodnocena dvé rizna
mista ze vzorkl po biopsii prostaty a souCet dvou nejvy$Sich (nejobjemnéjSich)
zastoupenych stupiu diferenciace bunék vytvarii GS. Pokud je pfitomen jeden
vzorek, pak je nutné ho zdvojnasobit, abychom dostali GS. V pfipadé zachyceni tfi
stupna diferenciace bunék je GS vypodteno z nejrozsahlejSiho gradu a nejvyssiho
gradu bez ohledu na jeho rozsah. To znamena, Ze pfifazené GS se bude pohybovat
od 6 do 10, kde 6 znamena low grade KP, 7 je intermediate grade KP a 8 a vySe high
grade KP. Low grade KP roste pomaleji a je méné pravdépodobné jeho vzdalené
Sifeni oproti high grade KP.
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Obrazek 6 - Gleason grade systém karcinomu prostaty (Adaptovano podle The 2016 WHO
Classification of Tumours of the Urinary System and Male Genital Organs-Part B: Prostate and
Bladder Tumours, Humphrey, Peter A. et al., European Urology, Volume 70, Issue 1, 106 — 119)

V roce 2014 byla provedena posledni revize Gleason Grading systému Mezinarodni
spolecnosti urologické patologie (International Society of Urological Pathology —
ISUP), kde doSlo k nové klasifikaci, ktera slouzi k pfesnéjsi stratifikaci KP. Klasifikace
GS. Novy systém klasifikace se nazyva Grade group a mulze byt sou€asné pouzit
s puvodnim Gleason systémem, poté definitivni patologicky popis KP mize vypadat
jako Gleason skére 3+3=6, Grade group 1. Tabulka 1 znazorfiuje patologickou
klasifikaci KP. Tento novy systém klasifikacni terminologie byl rovnéz pfijat Svétovou
zdravotnickou organizaci pro vydani Patologie a genetiky: Nadory mocového
systému a muzskych pohlavnich organa z roku 2016.
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Gleason skore ISUP grade
2-6 1
7 (3+4) 2
7 (4+3) 3
8 (4+4), (3+5), (5+3) 4
9-10 5

Tabulka 1 - Systém klasifikace (skupina) Mezinarodni spoleCnosti pro urologickou

patologii 2014 (pfevzato Epstein, J.1., et al. The 2014 International Society of Urological Pathology
(ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma: Definition of Grading
Patterns and Proposal for a New Grading System. Am J Surg Pathol, 2016. 40: 244.)
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5 TNM klasifikace karcinomu prostaty

Slouzi k popisu anatomického rozsahu daného onemocnéni, které se urCuje pomoci
trech ukazatel: T (tumor) jako rozsah primarniho nadoru, N (nodi) jako
pfitomnost/nepfitomnost a rozsah metastaz do regionalnich miznich uzlin a M
(metastazy) jako pfitomnost/nepfitomnost vzdalenych metastaz. TMN klasifikace je
uréovana bud jako klinicka (c) na zakladné klinickych vySetfeni, jak fyzikalnich, tak
zobrazovacich a patologicka (pooperacni, p) zaloZzena na histopatologickém
hodnoceni tkané definitivniho preparatu, jedna se o hodnoceni KP po radikalni
prostatektomi. Klinicka klasifikace tumoru je zaloZzena pouze na nalezu per rektum
vySetfeni, aC zobrazovaci metody, zejména magneticka rezonance prostaty se
v diagnostice dostavaji do popfedi, tak tyto nalezy nejsou v klasifikaci tumoru brany
v uvahu. Na zakladé TNM klasifikace, bud klinického a/nebo patologického je
odvozeno stadium onemocnéni. Klasifikacni pfiru¢ka je pravidelné vydavana Unii pro
mezinarodni kontrolu zhoubnych novotvarl (The Union for International Cancer
Control — UICC). V Ceské republice je aktualn& pouzivano 8. vydani TNM klasifikace
zhoubnych nadord (TNM-8), které veSlo v u€innost od 1. ledna 2018. Tabulka 2
presné definuje klinickou TNM klasifikaci KP. KP jes§té muzeme rozdélit do rizikovych
skupin pro biochemickou recidivu lokalizovaného lokalné pokrocilého KP,
znazornéno v tabulce 3

T primarni tumor (zaloZeno pouze na per rektum vySetfeni)

TX Primarni nador nelze posoudit

TO Zadny dikaz pro primarni nador

T1 Kiinicky nezjistitelny nador, neni hmatny

T1a nahodné histologicky verifikovany nador pfi resekci v 5% nebo méné

T1b nahodné histologicky verifikovany nador pfi resekci ve vice neZ 5%

T1c nador identifikovany biopsii prostaty, ktera byla provedena pro elevaci PSA

T2 Nador, ktery je hmatatelny a omezeny na prostatu

T2a nador postihuje polovinu jednoho laloku nebo méné

T2b nador postihuje vice neZ polovinu jednoho laloku, ale ne oba laloky

T2c nador postihuje oba laloky

T3 Nador prochazi prostatickou kapsulou

T3a extrakapsularni extenze, jedno nebo oboustranna

T3b nador prorista do semenného vacku/u

T4 Nador je fixovan nebo prorusta do ostatnich organu :
vnéjSi svérac, konecnik, svaly levatoru a / nebo panevni sténa

N regionalni (panevni) lymfatické uzliny

NX Lymfatické uzliny nelze posoudit

NO Nejsou pFitomny metastazy do lymfatickych uzlin

N1 Prokazané metastazy do lymfatickych uzlin

M vzdalené metastazy

MO Nejsou pfitomny vzdalené metastazy

M1 Prokazana pfitomnost vzdalenych metastaz

M1a metastazy do neregionalnich lymfatickych uzlin

M1b kostni metastazy

M1c metastazy do ostatnich oblasti

Tabulka 2 - Klinicka TNM klasifikace karcinomu prostaty
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Low-risk

Intermediate-risk

High-risk

PSA < 10ng/ml

PSA 10 - 20ng/ml

PSA > 20ng/ml

jakékoliv PSA

aGS <7 (ISUPgrade 1)

GS 7 (ISUP grade
2/3)

GS > 7 (ISUP grade 4/5)

jakékoliv GS ( ISUP grade)

acTl-2a

cT2b

cT2c

cT3-4 nebo cN1

Lokalizované onemocnéni

Lokalné pokrocilé onemocnéni

Tabulka 3 - Rozdéleni karcinomu prostaty dle rizikovosti k biochemické recidivé
(Prevzato z guideline EAU 2021 6)
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6 Diagnostika karcinomu prostaty

Kazdé vySetfeni pacienta je zahajeno anamnézou. Klademe duraz na rodinnou
anamnézu a to zejména vyskyt KP u pfimych pfibuznych — otce, dédecka, bratra.
V osobni anamnéze patrame po mik&nich obtizich ve smyslu pfiznakd dolnich
mocovych cest ( LUTS — Lower urinary tract symptoms), kam jsou zarazeny jimaci
symptomy (polakisurie, nykturie, urgence, inkontinence moci) symptomy mikeni
(slaby a preruSovany proud moci, rozstfkovani modci, retardace startu mikce,
terminalni driblink) a postmikéni symptomy (pocit neupiného vyprazdnéni, postmikcni
driblink). OvSem tyto pfiznaky nejsou pro KP jasné typické a velké mnoZstvi pacientl
je bezpfiznakovych. Celkové pfiznaky ve smyslu hubnuti, anemie, skeletalni bolesti
jsou spjaty jiz s generalizaci onemocnéni.

Klinické vySetfeni prostaty spocCiva ve vySetfeni per rektum, kde hodnotime velikost
prostaty, jeji ohraniceni, elasticitu, pohyblivost vici rektu a zejména patrame po
hmatném loZisku karcinomu prostaty, pro které je typicka tuha, hrbolata rezistence.
Pomoci vysetfeni per rektum palpujeme pouze dorzalni ¢ast prostaty a to zejména
periferni zonu. Jedna se o lokalitu, kde se karcinom prostaty vyskytuje nejCasté;i.

V diagnostice KP hraji velkou roli laboratorni nadorové markery, zejména PSA,
nicméné vzhledem k jeho nizké senzitivité i specificité se dostavaji do popredi nové
biomarkery, napfiklad PHI. V posledni dobé ziskavaji na popularité zobrazovaci
metody. Provedeni magnetické rezonance prostaty nam poskytuje informace jak o
anatomii prostaty a okolnich organu, tak dokaze detekovat lozisko podezielé z
karcinomu prostaty. V celotélovém stagingu je zamérfena pozornost zvlasté na
hybridni zobrazovaci metody PET / CT a PET / MR. Obzvlasté jsou predmétem
klinickych studii nové radiotracery, které si kladou za ukol najit idealni radiofarmaku,
které bude vychytavané jen v bunikach KP. Diagnostika KP je proto velice dynamicky
se rozvijejici odvétvi s Fadou novych slibnych postup(.

6.1 Laboratorni nadorové markery

6.1.1 Prostaticky specificky antigen (PSA)

Prostaticky specificky antigen, také znamy jako lidsky kallikrein 3, patfi do rodiny
proteaz nazyvanych jako kallikreiny kdédované skupinou genl na 19913
chromozomu. PSA je serinova protéza skladajici se z 237 aminokyselin a je
produkovana duktalnim a acinarnim epitelem prostaty. PSA je hlavnim proteinem
v ejakulatu, $tépi seminogeliny a fibronektin a tim zkapalfiuje seminalni tekutinu,
¢imz umozniuje pohyb spermii. Je vylu¢ovan do prostatickych kanalkl jako neaktivni
proenzym proPSA. V plazmé se vaze na alfa-1-antichymotrypsin a alfa-2-
makroglobulin, zbytek se vyskytuje ve volné formé. V séru mizeme detekovat PSA
celkové, volné PSA a vazané na alfa-1-antichymitrypsin. PSA vazany na alfa-2-
makroglobulin nelze imunochemickymi metodami detekovat, jelikoz molekula PSA je
kompletné uzaviena v této bilkoviné. PSA byl poprvé objeven Harou a kol. v roce
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1969, ale v Kklinické praxi se zaCal vyuzivat zaCatkem 80. let 20. stoleti. 8.9

Prostaticky specificky antigen je specificky pro tkan prostaty, ale ne nadorové
specificky. PSA je produkovan i nékterymi typy nadoru prsu, ale je také produkovan
zdravou tkani prostaty a jeho hladiny mohou byt téz zvySené pfi benigni hyperplazii
prostaty, pfi akutni i chronické prostatitideé nebo po ejakulaci a cystoskopii.

Stanoveni hladiny celkového PSA je povaZovano za standardni vysSetfeni pfi
diagnostice KP. Pfi vstupu do klinické praxe se vyznamné zvySil zachyt KP.
Stanoveni cut-off hladin je velice svizelné a nepfesné, ale obecné povazujeme
hladiny nad 4ng/ml za suspektni. Za tak zvanou Sedou z6nu jsou pokladany hladiny -
v rozmezi 4-10ng/ml. Navzdory nizké hladiné PSA mohou byt i tito muZzi ohrozeni KP,
jak indolentnim, tak signifikantnim. Tabulka 4 zobrazuje procentualni riziko vyskytu
KP vSeobecné a signifikantniho KP.

Hladina PSA (ng/ml) | Riziko KP (%) | Riziko KP ISUP grade = 2 (%)
0.0-0.5 6.6 0.8
06-1.0 10.1 1.0.
1.1-2.0 17.0 2.0
21-3.0 23.9 4.6
3.1-4.0 26.9 6.7

Tabulka 4 - Riziko karcinomu prostaty identifikované systematickou biopsii prostaty
ve vztahu k hladinam PSA (Prevzato z guideline EAU 2021)°

Senzitivita a specificita PSA pro detekci KP se pohybuje okolo 68-80 %, respektive
49-90 % %2 Snahy o zlepSeni senzitivity a specificity PSA vedly k pouziti dal$ich
markert odvozenych od PSA, fadime sem vékoveé specifické PSA, pomér volného a
celkového PSA, PSA denzitu a PSA velocitu.

PSA se také Siroce pouziva k monitorovani odpovédi na terapii, je nejcitlivéjSi a

nejspolehlivéjSi pfi detekci rezidualniho tumoru, mozZné recidivy nebo progrese
onemocnéni po [éCbé, bez ohledu na zplsob IéCby.

6.1.2 Pomér volného a celkového PSA (%f/t PSA)

Méfeni volného PSA se uplatiuje k odliSeni mezi KP a benigni hyperplazii prostaty
(BPH) pfi hladinach celkového PSA 4-10ng/ml. Pomér volného a celkového PSA
nema zadné klinické vyuziti, pokud je celkového PSA >10ng/ml a pfi sledovani
onemocnéni KP. Fyziologicka hladina volné frakce PSA byla stanovena na vice nez
25 %, kde senzitivita dosahuje 95 % pfi hladinach celkového PSA 4-10ng/ml.
Hodnota poméru f/t PSA je ovlivnéna velikosti prostaty, u prostat objemu 75ccm a
vy$8i ztraci vyznam v detekci KP. ™ Stanoveni poméru f/t PSA zvySuje specificitu
PSA vysetieni k detekci KP a snizuje poCet zbyte€né provedenych biopsii prostaty u
pacientu s hladinami PSA 4-10ng/ml a negativnim per rektum vySetfeni.
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6.1.3 PSA denzita (PSAD)

Jedna se o hodnotu celkového PSA v ng/ml k objemu prostaty v ml méfeném
transrektalni ultrasonografii (TRUS) nebo novéji mpMR. Hranice PSAD je dle
nékolika praci rozdilnd a to od 0,10 — 0,20 ng/ml/ml. ' Nicméné specificita a
senzitivita tohoto testu je nizka, proto byla zkoumana jes$té PSA denzita pouze
tranzitorni zény prostaty (PSAT), ktera se vypocte jako PSA/objem tranzitorni zény
prostaty. '’

6.1.4 PSA doubling time (PSA-DT)
Jedna se o Cas, za ktery se zdvojnasobi plvodni hodnota PSA uvadény v ¢asovych
jednotkach (dny, tydny, mésice nebo roky). PSA-DT ma hlavné prognostickou roli pfi
lécbé KP. Je znamo, ze pfi biochemické recidivé KP se bunky mnozi exponencialné,
takze PSA-DT ma vyznamnou roli ve stanoveni progndézy pacientd. Zatimco
v diagnosticka omezené pouziti. Hodnota PSA-DT je nezavisla na hodnoté
pivodniho PSA'®20,

6.1.5 PSA velocita (PSAV)

PSAYV je absolutni ro€ni narlst sérové hladiny PSA (ng/ml/rok). Vypocet vyzaduje tfi
po sobé jdouci stanoveni hladin PSA béhem 1,5 az 2 let, vypocte se tedy jako
((PSA2-PSA1) + (PSA3-PSA2)/Cas2)). Senzitivita 72 % a specificita 90 % je udavana
pro hodnotu PSAV 0,75ng/ml/rok. 2 Stanoveni PSAV ma nejvétéi vyznam u pacientl
s normalni nebo postupné stoupajici hladinou PSA.

6.1.6 Vékoveé specifické PSA

Mnoho studii poukazalo na souvislost hladin PSA s vékem pacienta. Celkovy narust
PSA byl stanoven na 3,2 % za rok, to je 0,04 ng/ml/rok. Rozmezi PSA bylo navrzeno
u vékové skupiny pacientti 40-49 let na 0 — 2,5 ng/ml, u pacientd 50-59 letna 0 — 3,5
ng/ml, 0 — 4,5 ng/ml u vékové skupiny muzi 60-69 let a 0 — 6,5 ng/ml u pacientli mezi
70 a 79 lety. 22 Standardné jsou tyto hodnoty uvadény vétsinou laboratofi.

6.1.7 proPSA

ProPSA je jedna zforem volného PSA, ktera se vséru nachazi v nékolika
izoformach, ty jsou nazyvany podle poc¢tu aminokyselin v peptidové sekvenci. Jedna
se o izoformy [-2]proPSA, [-4]proPSA, [-5]proPSA a [-7]proPSA. PiiCemz
nejzajimavéjSi pro KP je [-2]proPSA, které se predominantné vyskytuje v periferni
zoné prostaty, kde je detekovano nejvice KP. Zatimco v tranzitorni z6né prostaty,
ktera je spojovana s BPH je [-2]proPSA prakticky neméfitelné. 2* Jednotlivé formy
PSA zobrazuje obrazek 7. Klinické studie odhalily, Zze proPSA vyznamné zvysSuje
specificitu KP zejména v rozmezi PSA 2-4ng/ml. proPSA tedy pfedstavuje vice
nadorové specifickou formu PSA, ktera lépe rozlisi KP od BPH?,
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Complex
PSA

Obrazek 7 - Jednotlivé formy PSA (pfevzato Mikolajczyk SD, Rittenhouse HG. Pro PSA: a more

cancer specific form of prostate specific antigen for the early detection of prostate cancer. Keio J Med.
2003;52(2):86-91.)

6.1.8 Index zdravé prostaty (Prostate Health Index, PHI)

Nadale byly hledany jiné nadorové markery, které by zvysily senzitivitu a specificitu
PSA a zatim jako nejlépe hodnocené se do popfedi fadi kombinace markert, které
spole€né vytvareji panel, kde se senzitivity a specificity jednotlivych slozek nasobi.
Vy8e zminéné formy PSA byly zakladem pro vytvofeni indexu zdravé prostaty (PHI).
Vypolet PHI je stanoven 2z [-2]proPSA, fPSA a tPSA vzorcem
([-2]proPSA/fPSA)*VtPSA. Catalona a kol. publikovali vroce 2011 prvni
multicentrickou studii, kde hodnoti efekt PHI v detekci KP. PHI prokazal vétsi
specificitu ve srovnani s ostatnimi markery. Pfi dané 95 % senzitivité byla specificita
PHI 16 %, zatimco pro [-2]proPSA 7,6 %, 6,5 % u tPSA a 3,5 % pro fPSA. Tabulka 5
zobrazuje senzitivity a specificity pro hodnoty PHI. TéZz AUC pro detekci KP byla
signifikantné vysSi pro PHI nez [-2]proPSA, tPSA a fPSA. PHI mél také vyznamny
vztah s GS verifikovanym pfi biopsii prostaty?®. Rada dal$ich studii zkoumala efekt
PHI v diagnostice KP a souhrnné Ize tedy fici, Ze PHI vede ke zvySeni detekce KP,
riziko KP se pfimo umérné zvySuje se zvysSujicimi se hodnotami PHI. Téz se
zvysujicim se GS se zvySuje hladina PHI, coz vede k detekci zejména signifikantniho
KP a tim padem PHI koreluje s agresivitou karcinomu prostaty a maze byt uziteCny
ke snizeni poCtu zbyte€nych biopsii. DalSi studie poukazuji také na vysSi hodnoty
PHI u pacientl s lokalné pokrocCilym KP lé¢enych radikalni prostatektomii, z toho
vyplyva, ze PHI mlze téz predurcit klinické stadium KP. V neposledni fadé je jistou
vyhodou nezavislost hladin PHI na objemu prostaty a véku pacienta® %
PHI test je dostupny od firmy Beckman Coulter od roku 2010 a od roku 2017 je toto
vySetfeni hrazeno z vefejného zdravotniho pojisténi. Byly stanoveny cut-off hodnoty
PHI, kde hodnota <30 je povazovana za benigni, hodnota >40 suspektni pro KP a
hladiny mezi 30 — 40 jako tak zvana $eda zona?*26:3031,
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% senzitivita | PHI cutoff | % specificita
99 17.2 5.2
98 18.4 8.4
95 21.3 16.0
90 241 26.2
89.1 25.0 294
85 27.2 39.0
80 29.3 45.2
75 31.1 52.6
70 334 60.0
65 35.0 65.2
60 3795 70.3
55 39.1 74.2
50 42.2 79.0
45 44.3 82.7
40 46.7 85.7
35 49.3 87.4
30 52.6 90.7
25 55.9 91.8
20 61.9 93.7
15 67.6 95.2
10 78.1 97.6
5 104.2 100

Tabulka 5 - Senzitivita a specificita pro karcinom prostaty s vyuzitim rdznych meznich

hodnot PHI u muzud s negativnim per rektum vySetfenim (Upraveno podle Catalona W.J,
Partin AW, Sanda MG, Wei JT, Klee GG, Bangma CH, Slawin KM, Marks LS, Loeb S, Broyles DL,
Shin SS, Cruz AB, Chan DW, Sokoll LJ, Roberts WL, van Schaik RH, Mizrahi IA. A multicenter study
of [-2]pro-prostate specific antigen combined with prostate specific antigen and free prostate specific
antigen for prostate cancer detection in the 2.0 to 10.0 ng/ml prostate specific antigen range. J Urol.
2011 May;185(5):1650-5. doi: 10.1016/j.juro.2010.12.032. Epub 2011 Mar 17. Erratum in: J Urol. 2011
Jul;186(1):354. PMID: 21419439; PMCID: PMC3140702)

6.1.7 Dalsi markery karcinomu prostaty

DalSim testem kombinujicim, izoformy PSA vySetfovanych ze séra je skére Ctyr
kalikrein — 4K skore test. Méfi volné, intaktni, celkové PSA a kalikrein-like
peptidasu 2 (hK2) kombinované s klinickym vySetfenim per rektum a vékem. Cilem
vySetfeni je snizit poCet zbyteCnych biopsii prostaty. Stejné jako PHI zlepSuje
predikci signifikantniho KP zejména u muza s hladinou PSA mezi 2-10 ng/ml. 323

Prostate cancer gene 3 (PCA3) je biomarker detekovatelny v mocovém sedimentu
po masazi prostaty per rektum, Jedna se o prostatickou specifickou nekddujici
microRNA. Komeréné dostupny test se nazyva Progensa®. V souCasné dobé je
hlavni indikaci testu Progensa® rozhodnuti o nutnosti opakovani biopsie prostaty po
predchozim negativnim vysledku. *3° PCA3 detekoval vice KP, ale pro detekci
klinicky signifikantniho onemocnéni, definovaného jako ISUP grade >2 se PHI
ukazalo jako lepsi °.
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Dal$im biomarkerem izolovanym z moci je SelectMDX™ test, je podobné zalozen na
izolaci HOXC6 a DLX1 mRNA. Poskytuje odhad rizika pfitomnosti KP v biopsii, ale
té pfitomnost vysoce rizikového KP ¥'.

Dalsi biomarkery jsou podrobovany klinickym studiim, mezi néz radime napfiklad
Mi(chigan)Prostate Score (MiPS), ktery se sklada z detekce fuzniho genu TMPRSS2-
ERG v moci, exprese PCA3 a hladiny PSA v séru nebo ExoDx Prostate IntelliScore
test, ktery se sklada z exprese PCA3, TMPRSS2:ERG a SPDEF a mezi nimi
vypocitaného algoritmu. Oba testy slouzi k predikci KP a to zejména high-grade lézi
(GS=27)%3°,

Prognostické tkanové markery (Oncotype®, Prolaris®, ProMark™) jsou uzivany
spiSe ve Spojenych statech, vétSimu rozsSifeni brani vysoka cena. Slouzi k predikci
biochemické recidivy a metastatického postizeni po radikaini prostatektomii'®*°.
Pfehledny souhrn téchto markert je v tabulce 6.

Nazev testu | VySetfovany vzorek Detekce

Progensa® Mo¢& po masazi INcRNA PCA3
prostaty

Select Mo¢& po masazi mMRNA HOXC6, DLX1

MDX™ prostaty

PHI Sérum tPSA, fPSA, [-2]proPSA

4Kskore Test | Sérum tPSA, fPSA, intaktniPSA, hK2

ConfirmMDX | Vzorek benigni tkané | hladina methylace promotorovych oblasti tfi gent
prostaty (methylovany APC, RASSF1 a GSTP1)

Tabulka 6 - PFehled doplfujicich markerd ve zpfesnéni diagnostiky karcinomu
prostaty (upraveno podle EAU Giudelines °)

6.2 Zobrazovaci metody karcinomu prostaty

Zobrazeni prostaty, jak loziska KP pfimo v prostaté, tak jeho Sifeni do lymfatickych
uzlin i vzdalenych organu je v radiologii st€Zzenim ukolem. Zakladnim zobrazovacim
vySetfenim je ultrasonografie zejména transrektalnim pfistupem k zjisténi velikosti
prostaty. Lozisko KP je sonograficky limitované zobrazitelné. Konvenénim
zobrazenim pro Sifeni do lymfatickych uzlin a k detekci vzdalenych metastaz je
kontrastni CT. A v8ak senzitivita i specificita, zejména pro detekci uzlinovych
metastaz, které jsou jako suspektni povazovany jen dle velikosti, je nizka a
nedostatecna zvlasté v moderni mediciné 21. stoleti. Stejné tak scintigrafie skeletu
s ¥"Tc MDP jako zakladni a dobfe dostupnd metoda v diagnostice kostnich
metastaz ma svou limitaci. Diagnosticky vysledek je vyznamné ovlivnén hladinou
PSA, klinickym stadiem a stupném diferenciace nadoru. Udavana senzitivita je 59 %
a specificita je 75 % na udrovni léze*'. V presném stagingu selhavaji metody
zobrazeni, které jsou obvyklé u jinych nador( a tak vlastni staging onemocnéni je pro
zobrazeni velice nesnadny. Vyuziti hybridnich zobrazovacich metod PET / CT a PET
/ MR s "®F-flourodeoxyglukézou (FDG), které ma dobrou detekci u ostatnich
malignich onemocnéni, u KP nefunguje. Casto je tedy nutné vyuZivat metody
odliSujici se od konvenéniho zobrazovani vétSiny nadord.
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6.2.1 Utrasonografické vysetieni prostaty

Za standardni vySetfeni, v soucCastnosti pouzivané prakticky pouze pfi biopsii
prostaty, je transrektalni ultrasonografie (TRUS), ktera ma ovSem pfi detekci KP
velice omezené moznosti. Prvné byla transrektalni sonografie provedena v roce
1975, od té doby je to dobfe dostupna, rychla metoda vyuzivana téz k zjisténi
objemu prostaty. Standardné se pouziva biplanarni sonda,ktera zobrazi prostatu
v roviné podélné a pficné. Snimek TRUS prostaty na obrazku 8. LozZiska KP jsou
vétSinou zobrazena jako hypoechogeni léze, ta vS8ak nejsou specifické jen pro KP.
Mohou byt tvofena uzly hyperplastické prostatické tkané, prostatitidou, atrofii nebo
infarktem prostaty*.

Obrazek 8 — Transrektalni ultrasonografie prostaty, nahofe fez axialni, dole fez
sagitalni

Novéj$i metody ultrasonografického vySetfeni jako je naptiklad HistoScanning™
nebo sonografické vySetfeni za pouziti echokontrasnich latek (Contrast-Enhanced
Ultrasound — CEUS) zlepS8uji diagnostiku, ale vysledky nejsou idealni. ZlepSeni
detekce loziska KP mize poskytnout Dopplerovské zobrazeni, jelikoz nadorova tkan
je spojena s hypervaskularizaci. Pfi hodnoceni extraprostatického Sifeni KP je
zkouSena power Dopplersonografie s 3D rekonstrukci (3D-PDS), kde senzitivita a
specificita je 59 % resp. 94 % “**. Diky 3D prostorové rekonstrukci Ize vySetfit prostatu
i vroviné koronarni, coz je vyhodné k posouzeni invaze prfes pouzdro prostaty.

Nejvétsi novinkou v sonografickém zobrazeni prostaty je High resolution Micro-
Utrasound (MUS) vyuZivajici 29MHz transrektalni sondu, ve srovnani s tradi¢nimi
ultrazvukovymi systémy, které pracuji na frekvencich 6-9MHz. Ma schopnost zobrazit
KP na zakladé detekce zmén v duktalni anatomii analogicky k mpMR. Zejména je
vyuzivana k cilené biopsii prostaty v realném Case. Stejné tak jako u mpMR jsou léze
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hodnoceny pomoci PI-RADS skére ( Prostate Imaging-Reporting and Data System ),
u MUS je pro identifikaci léze skorovaci systéem PRI-MUS (prostate risk identification
using micro-ultrasound ). Obrazek 9 shrnuje nalezy na MUS do péti kategorii. Dle
dostupnych klinickych studii jsou popisovany senzitivity a specificity v porovnani
s mpMR. Senzitivita pro MUS 94 % resp. pro mpMR 90 % a specificita pro MUS a
mpMR byla stejnd 22 %*¢. Ovéem tyto techniky maji stale omezenou klinickou
pouzitelnost kvali nedostate¢né standardizaci, nedostate¢nému rozsahlému
vyhodnoceni variability a nejasnym vysledkim v tranzitorni zéné prostaty. Proto jsou
zatim predmétem klinickych studii.

TARGET SUSFICIOUS REGION

ukar ducis Hyperechoic Mild heterogensity or Heterogeneous Iregular Shadowing of
Swiss Cheess with fwithout ductal Brigh in ‘Cauliflower”, ML o le: o
patches hyperechaoic fissue “smudgy or motiled’
or Bright Echoes bordel
{"Stary Sky")

=

Obrazek 9 - Schéma skoérovaciho systému PRI-MUS k hodnoceni nalez( na High
resolution Micro-Utrasound (Prevzato z https://www.exactimaging.com/primus-protocol)

6.2.2 Magneticka rezonance prostaty

Provedeni magnetické rezonance pro zobrazeni prostaty bylo zahajeno v roce 1984.
Jedna se o neinvazivni zobrazovaci vySetfeni bez radiaCni zatéze. MR nejprve
slouzila pouze pro anatomické zobrazeni tkané. Od svého uvedeni do praxe prosla
znacnym vyvojem az k dnes provadéné mpMR. Dle nejnovéjSich dostupnych udaj
muze dojit ke zkraceni protokolu v biparametrickou magnetickou rezonanci (bpMR)
pfi zachovani srovnatelné detekce. Dfive pouzivané endorektalni civky se silou
pole1,5 Tesla jsou nahrazeny povrchovou civkou se zesilenym magnetickym polem 3
Tesla, coz zvy$i kvalitu rozlieni pfi snizeni poméru signal / Sum*’. MR rozli§i
normalni tkan prostaty od tkané postizené KP, dokaze detekovat extrakapsularni
Sifeni, invazi do semennych vacku, panevni lymfadenopatii a téz je schopna
zhodnotit metastazy do kosti panve. Zasadni vyhodou oproti ostatnim vySetfeni je, ze
MR je schopna zobrazit zonalni anatomii prostaty. Kontraindikaci MR je pfitomnost
kardiostimulatoru, kochlearniho implantatu a kovovych svorek intrakranialné.
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V dnesni dobé jsou Casto implantovany kardiostimulatory — defibrilatory kompatibilni
s MR, je zde ale nutna asistence kardiologického technika. Mezi relativni
kontraindikace patfi klaustrofobie, pfitomnost kovovych kloubnich nahrad, i kdyz
nejmodernéjSi endoprotézy nejsou jasnou kontraindikaci MR vySetfeni, musime vzdy
pfistupovat individualné.

MpMR znamena zobrazeni prostaty v T1 a T2 vazenych obrazech (T1WI,T2WI),
které nam davaji informace o anatomii, funkCni zobrazeni pomoci dynamicky
kontrastné vazenych obraz(l a difuzné vazenych obraz(i (DCE,DWI) a metabolické
informace MR spektroskopii (MRS). T1WI jsou pouzivany pro pfehledné zobrazeni
celé panve, zejména panevnich uzlin. Zatimco prostata a semenné vacky vypadaji
na T1WI uniformné, tak zobrazeni neurovaskularnich posterolateralnich svazkul je
dobfe patrné, coz je velice dulezité pro planovani operacniho vykonu ve smyslu
nervy Setfici radikalni prostatektomie.

Pro zobrazeni prostaty jsou nejlepsi T2WI, kde je nejlépe viditelna zonalni anatomie
prostaty a semennych vacku. Periferni zéna prostaty ma charakter homogenni
hyperintenzity, zatimco centralni a tranzitorni zéna jsou mirné hypointenzivni. KP se
v T2WI projevuje jako snizeni intenzity v jinak hyperintenzivni periferni zoné. V tomto
pripadé je dulezité v diferencialni diagnostice odlisit 1ézi KP od fibrozy, prostatitidy,
hemoragie po pfedchozi biopsii a reakci prostatické tkané na hormonalni terapii a
radioterapii, ktera je zobrazovana téz jako snizeni intenzity. Limitované je hodnoceni
signalu v T2WI v centraini a tranzitorni zéné& pro KP***°. Obrazek 10 zobrazuje malé
hypointenzivni lozisko KP v jinak hyperintenzivni PZ.

Obrazek 10 — T2 vazené obrazy (T2WI) mpMR prostaty, Sipky zobrazuji loZiska
karcinomu prostaty
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Pfi hodnoceni centralni a tranzitorni zény se pak uplathuje zobrazeni pomoci DWI
zaloZené na vychytavani difuze vody ve vySetfované tkani. U KP dochazi k restrikci
difuze extracelularni vody infiltraci hypercelularnim nadorem, coz k pfidani k T2WI
vede kzvy$eni detekce KP i v tranzitorni zon&®**’

snizenou restrikci difuze v loziscich KP.

. Obrazek 11 demonstruje

Obrazek 11 — Difuzné vazené obrazy (DWI) v ADC mapach mpMR prostaty, Sipky
zobrazuiji loziska karcinomu prostaty s restrikci difuze

Zobrazeni KP pomoci DCE je zalozeno na detekci neovaskularizace tumorem
zménéné tkané pomoci bolusu kontrastni latky - gadolinia. Nador se zobrazi jako
Casné zesileni kontrastu (Obrazek 12). Na mapach farmakodynamickych parametr(
dochazi u KP k rychlejSimu pfestupu kontrastni latky od intersticia (wash-in) a také k
rychlejSi eliminaci zpét do krevniho obéhu (wash-out). Své postaveni ma v odliSeni
hypervaskularizovanych uzlti BPH a v detekci KP, které na T2WI neni jasné®
(obrazek 13).
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Obrazek 12 — dynamicky kontrastné vazené obrazy (DCE) mpMR prostaty Sipky
zobrazuji lozisko karcinomu prostaty se zvySenym sycenim kontrastni latkou

Obrazek 13 — Dynamické kontrastni zobrazeni mpMR prostaty, hypervaskularizace
v nadorové tkani z barevnych map prutok/objem

Posledni velice vyznamnou komponentou mpMR je MRS. Podava nam informace o
metabolismu tkané prostaty na zakladé poméru koncentrace metabolitl v burice,
cytoplazmé a mezibunééném prostoru. Tim dokaze rozliSit normaini tkan prostaty od
BPH a KP. U KP dochazi ke snizeni citratu a u Spatné diferencovanych typU
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prakticky chybi, zaroven dochazi ke zvySeni cholinu, takze se zvySuje pomér
cholin/citrat**°! (Obrazek 14). Vyhodou MRS je zvy$eni zachytu KP mimo periferni
zonu.

Obrazek 14 — MR spektroskopie, vysoky podil cholinu a snizeni citratu v nadorovém
lozisku

Pravdépodobnost detekce malignity pomoci na MR identifikovanych |ézi byla
standardizovana pouzitim PI-RADS skore, které bylo jiz nékolikrat aktualizovano od
jeho zavedeni v roce 2012. Jedna se o strukturovany schematicky zpusob hodnoceni
a popisu MR prostaty. Mizeme ho chapat jako komunikacni nastroj mezi radiology,
urology, onkology a patology vyjadfujici vztah mezi morfologickym nalezem a
pravdépodobnosti postiZzeni prostaty tumorem, kterému budou rozumét kdekoliv na
svété. Nyni je pouzivana verze PI-RADS 2.1. Nalezy na MR prostaty jsou
klasifikovany do pétibodové Skaly rizika pfitomnosti KP, které jsou ziskany a
hodnoceny z jednotlivych kroki mpMR, tzn. v T2WI, v DWI v€etné hodnoceni map
aparentniho difuzniho koeficientu (ADC) a DCE. Je ale nutné na kazdou podezielou
|ézi provést hodnoceni zvlast. Pétibodova Skala PI-RADS v2.1 zahrnuje léze
hodnocené jako PI-RADS 1 a 2 velmi malo a malo pravdépodobny Klinicky
signifikantni KP, kategorie PI-RADS 3 suspektni klinicky signifikantni KP a PI-RADS
4 a PI-RADS 5 jako pravdépodobny a velmi pravdépodobny klinicky signifikantni KP.
Pro hodnoceni je pouzivana sektorova mapa. Pfedstavuje segmentarni model
prostaty zahrnujici 41 sektort - 38 oblasti prostaty, dvé oblasti pro semenné vacky a
jeden segment pro membrandzni €ast uretry. Sektorovy model prostaty PI-RADS
v2.1 je na obrazku 15. Ve verzi PI-RADS 2.0 byl opomenut sektor posteromedialni na
bazi prostaty (PZpm). Soucasti vySetfovaciho protokolu jsou T2WI, které musi byt
provedeny v axialni roviné a dale minimalné v sagitalni a/nebo koronarni roviné, neni
doporuceno pouzivani endorektalni civky. Tento standardizovany systém hodnoceni
ma zjednodusit hodnoceni, jasné urcit, kde popisované lozisko je, jak je velké a jak
se chova — jestli se Sifi pfes pseudokapsulu nebo invaduje do nervové-cévniho
svazku &i semenného vagku®>**.
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Obrazek 15 - Sektorovy model prostaty pro verzi 2.1 PI-RADS dle MR prostaty -

pfibyl sektor PZpm v bazi prostaty oboustranné (Prevzato z Turkbey, B.; Rosenkrantz, A. B.;
Haider, M. A.; Padhani, A. R.; Villeirs, G.; Macura, K. J.; Tempany, C. M.; Choyke, P. L.; Cornud, F.;
Margolis, D. J.; Thoeny, H. C.; Verma, S.; Barentsz, J.; Weinreb, J. C. Prostate Imaging Reporting and
Data System Version 2.1: 2019 Update of Prostate Imaging Reporting and Data System Version 2.
European Urology 2019, 76 (3), 340-351. https://doi.org/10.1016/j.eururo.2019.02.033.)

Poznamka: PZ — periferni zéna, CZ — centralni zéna, TZ — tranzitorni zéna, AFS — pfedni
fibromuskularni stroma, a — ateriorni segment, p — posteriorni segment, pl — posterolateralni segment,
pm — posteromedialni segment.

Vyuziti zobrazeni prostaty pomoci MR je hlavné pro cilenou biopsii prostaty, kde jsou
oznaCena suspektni loziska z KP a nasledné fuzi obrazl, bud kognitivngé, |ékafem
zprostfedkovanou nebo jesté pfesnéji softwarem provedenou. Korelace se vzorky po
radikalni prostatektomii ukazuji, Ze MR ma dobrou citlivost pro detekci a lokalizaci KP
ISUP > 2 zvlasté, kdyz loZisko je vétsi nez 10mm®. V nedavné metaanalyze je
udavana souhrnna senzitivita 91 % (83-95 %) a specificita 37 % (29-46 %) pro ISUP
grade >2. Pro ISUP grade >3 byla senzitivita a specificita 95 % (87-99 %) resp. 35 %
(26-46 %)°°. Podil malignich 1ézi dle MR hodnocené pomoci PI-RADS skére
v porovnani s ISUP grade groups ukazuje tabulka 7°’.
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PI-RADS v.2 | Celkovy pocet lézi | ISUP 1 | ISUP 2 | ISUP 3 | ISUP 24
3 707 14% | 93% | 15% | 0,7%
4 886 21% 1 27,7% | 7,7% | 10,8 %
5 495 12% [335% | 157% | 23%

Tabulka 7 - Podil malignich lézi na MR dle PI-RADS v.2 podle ISUP grade group
(Upraveno dle EAU Guidelinese)

MR ve stagingu tumoru zlepSuje predikci stadia KP a zvySuje citlivost detekce
extraprostatického Sifeni a invaze do semennych vacku, takze umoznuje rozliSeni
v T2 a T3 kategorii a tim je i uzitedna pro planovani 1é¢by>®*°. Casteéné se MR
uplatriuje i ve stagingu lymfatickych uzlin, kde invaze je nepfimo hodnocena podle
velikosti a morfologie. Obvykle jsou lymfatické uzliny vétSi nez 8mm v panvi a vétsi
nez 10mm vné panve povazovany za maligni, ale senzitivita je niz$i nez 40 %
Difuzné vazené obrazy MR muzou detekovat metastazy v nezvétsenych lymfatickych
uzlinach, ale negativni nalez nemutize vylougit jejich pritomnost®’. MR je mozné vyuzit
i pfi detekci kostnich metastaz a to v rezimu celotélové MR s DWI, kde je popisovana
vysSi citlivost nez u kostni scintigrafie u pacientl s high-risk KP. Nehledé na to, Ze
celotélova MR s DWI detekuije i visceralni metastazy®.

6.2.3 Hybridni zobrazovaci metody u karcinomu prostaty

Stale Castéji jsou hledany presnéjsi diagnostické metody ve stagingu KP, jelikoz
konvencni zobrazovani ma nedostateCnou senzitivitu a specificitu. Zasadni krok pfi
vybéru spravné terapeutické modality je pfesné definovat rozsah a lokalizaci tumoru
v prostaté, uzlinové, kostni nebo visceralni metastazy. V souCasné dobé je za
standardni vySetfeni povazovano CT bficha a panve a scintigrafie kosti, avSak tyto
modality maji omezenou diagnostickou pfesnost, zejména pfi detekci
subcentimetrovych uzlinovych metastdz. Proto je nutné hledat nové moznosti
zobrazovani lisici se od konvencnich pfistupu pfi zobrazovani ostatnich malignit.
Jistou zménou bylo zaclenéni hybridnich zobrazovacich metod, mezi néz fadime
PET / CT a PET / MR. V&eobecné nejpouzivanéj$im tracerem je '®F-FDG, ktera ale
pro zobrazeni KP neni vhodna vzhledem k nizkému uptakeu v tumoru, ktery je
typicky pro pomalu rostouci a dobie diferencované nadory, zvy$enou akumulaci '®F-
FDG mlZeme vidét u high-grade KP®?.

U KP je nadmérné exprimovana cholinkinaza a bunky pouZzivaji cholin k syntéze
fosfatidylcholinu, takze radiofarmaka na zakladé cholinu byla jako prvni pouzita u
zobrazovani KP. Radiofarmaka s cholinovymi derivaty jsou ''C-Cholin a '®F-
Flourometylcholin. Nevyhodou 'C-Cholinu je jeho kratky pologas rozpadu (20min) a
management vyuziti tohoto traceru je omezen na centra s cyklotronem, kde je kratky
interval mezi syntézou, aplikaci a akvizici a je tedy méné vhodny pro pozdni
zobrazovani. Na druhé strané vykazuje nizkou renalni exkreci, coz se uplatni pfi
zobrazeni lGzka prostaty a detekci nadoru v prostaté. '®F_Flourocholin je vice
dostupny pro jeho stabilitu a delSi poloCas rozpadu (110min), lIze ho tedy pfipravit
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komercné a distribuovat. Naproti tomu je zvySené vyluCovan do moci a jeho vysoka
akumulace v moCovém méchyfi zkresluje hodnoceni nadoru v prostaté a téz je
pozorovana jeho nespecifickd akumulace v zanétlivych lozZiscich, coz snizuje
specificitu vySetfeni pro lokalni detekci KP. °#®° V meta analyze byla senzitivita a
specificita cholinového PET / CT pro detekci metastaz do lymfatickych uzlin 62 %
resp. 92 %% Diky své nizké citlivosti nedosahuje cholin PET / CT klinicky pfijatelné
diagnostické pfesnosti pro detekci metastaz do lymfatickych uzlin a na zakladé toho
vylou€eni nelze opomenou panevni lymfadenektomii u pacientd na zakladé
rizikovych faktord a nomogramu. © Stran hodnoceni kostnich metastaz zlistava
nejasné, zda cholin PET / CT je citlivéjSi nez kostni scintigrafie, ale ma vySSi
specificitu s niz$i detekci neurgitych kostnich lézi®’.

Dal$im radiotracerem pouzivanym hlavné k zobrazovani kostnich metastaz je '°F-
NaF. '®F-NaF se k zobrazeni kosti zagal pouzivat v $edesatych letech 20. stoleti
Principem je, Ze se fluoridovy iont diky své malé velikosti rychle dostava difuzi pres
kostni kapilary do kostniho extracelularniho prostoru a nasledné k povrchu nové se
tvoficiho kostniho mineralu. Uroven akumulace v kostni tkani je zavisla na
vaskularizaci kosti, probihajici remodelaci s vystupnovanym metabolickym obratem
v zavislosti na vysoké aktivité osteoblastil. ® VaZe se na mista novych kostnich
formaci a predstavuje tak osteoblastickou aktivitu. Polodas rozpadu '®F-NaF je
pfiblizné 110minut a je vylugovan modi. '®F-NaF PET / CT je indikovan k hodnoceni
primarnich kostnich malignit, metastatického postizeni kosti, pfi monitorovani 1éCby a
k objasnéni abnormalnich zobrazovacich nebo laboratornich nalezd. Ve srovnani
s béznou scintigrafii kosti je vyhodou mensi vazba na plazmatické bilkoviny a tim
vyS8i absorpce v kostech, vySSi citlivost a vétsi kvalita obrazu, mize také detekovat
jak osteolytické, tak osteoplastické metastazy. ®° Dle poslednich studii je udavana
senzitivita v rozmezi 86-92 % a specificita 83-97 %°.

Pogatkem roku 2012 'F a ®8Ga znadené inhibitory prostatického specifického
membranového antigenu (PSMA) vstoupily do klinického vyvoje a prokazaly
okamzitou nadéji v zobrazovani KP. PSMA je transmembranovy glykoprotein typu Il
s intracelularni ¢asti, transmembranovou doménou a rozsahlou extracelularni ¢asti.
PSMA ma signifikantné zvySenou expresi v bufikach KP ve srovnani s jinymi tkanémi
exprimujici PSMA, jako jsou ledviny, proximalni tenké stfevo nebo slinné Zzlazy.
Minimalni exprese je také pozorovana v mozku. NeoCekavané misto exprese PSMA
je neovaskularizace u vSech solidnich tumoru, zatimco v normalnich cévach exprese
PSMA neni pfitomna. Nadmérna exprese u KP je popisovana 100-1000x vétsi
nez exprese v normalnich bunkach prostaty, slinnych Zlaz, tenkého stfeva a
renalnich tubulech. Je nékolik typl liganda PSMA, nejrozSifenégjsi je PSMA-11
(PSMA-BBED-CC), ktery Ize snadno oznadit izotopem ®Ga s dobrou stabilitou a
vysokou koncentraci i v malych loZiskach KP. Dale byly pfedstaveny '8F znacené
inhibitory PSMA, které maji lepsi zobrazeni nez ®®Ga znadené a snadnou
dostupnost, nevyhodou je ale del§i poloas rozpadu (110 vs. 68 minut). Bylo
prokazano, Ze radiofarmaka na bazi PSMA detekuji metastatické 1éze s vynikajici
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zobrazenim a ve vysoké mife. Zprvu bylo vySetfeni PSMA-PET pouzivano pfi
biochemické recidivé KP, kde tato technologie je schopna detekovat metastatické
postizeni i pfi nizkych hladinach PSA, méné nez 0,5ng/ml. V celosvétovem méfitku
se stale Castéji pouziva k posouzeni lokalniho, tak metastického Sifeni KP, jak ve
stagingu, tak restagingu. Zejména pak staging high-risk lokalizovaného, pokrocilého
a metastatického KP se stava ¢im dal tim vice dulezitéjSim pro spravné vedeni
lokalni, ale i systémové terapie’"™"*. Snimky zobrazeni KP pomoci %®Ga-PSMA-11
PET / MR dokumentuji obrazky 16-18.

0

Obrazek 16 — Karcinom prostaty v pravém laloku prostaty se Sifenim do semenného
vacku cT3b dle vysetreni ©Ga-PSMA-11 PET/MR

nyatickych uzlin u karcinomu prostaty
zobrazené pomoci ®®Ga-PSMA-11 PET / MR
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Obrazek 18 — Vicec€etné kostni metastazy karcinomu prostaty ‘z"(')bra'z_éné na *°Ga-
PSMA-11 PET / MR

Stejné tak jako u MR prostaty byl pro PSMA PET / CT (PET/MR) navrzeno
strukturované schéma standardizace popisu nazyvajici se PSMA-RADS. Jde o
uspofadani snimku, kde nalezy jsou fazeny do kategorii, které odrazeji
pravdépodobnost pfitomnosti KP. Systém je optimalizovan pro nalezy mimo prostatu
a neni uren k nahrazeni PI-RADS pro kategorizaci nalezl na MR prostaty. PSMA-
RADS predstavuje pétibodovou stupnici, pfiCemz vySSi Cisla udavaji vétsi
pravdépodobnost KP. Celkova kategorie snimkd odpovida nejvyssi urené
hodnot&™. Prehled klasifikace PSMA-RADS je prehledné zpracovan v tabulce 8.
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Klasifikace PSMA-RADS verze 1.0

Definitivhé benigni/pravdépodobné benigni

PSMA-RADS-1
PSMA-RADS-1a | Léze bez vychytavani radiotraceru, ktera je definitivné benigni

PSMA-RADS-1b | Léze s vychytavanim radiotraceru, ktera je definitivné benigni

Nizké vychytavani radiotraceru v kostech nebo mékkych tkanich,
které jsou atypické pro metastaticky PCa

PSMA-RADS-2

Nejasny nalez
PSMA-RADS-3

Nejasné vychytavani radiotraceru v mékkych tkanich jako jsou
lymfatické uzliny v typické lokalizaci pro PCa

PSMA-RADS-3a

PSMA-RADS-3b | Nejasné vychytavani radiotraceru v kostech, které neni jasné benigni

Léze, které jsou atypické pro PCa, ale maji vysoké vychytavani
radiotraceru a mohou reprezentovat jinou malignitu

PSMA-RADS-3c

Léze s vysokym vychytavanim radiotraceru, které jsou suspektni pro
PSMA-RADS-3d | PCa
nebo jinou malignitu

Pravdépodobné maligni/definitivné maligni

Léze s vysokym vychytavanim radiotraceru typické pro PCa, ale bez
anatomické abnormality

PSMA-RADS-4

Léze s vysokym vychytavanim radiotraceru a s odpovidajicimi
PSMA-RADS-5 |anatomickymi
abnormalitami, které svédci pro PCa

Obrazek 8 - Prehled klasifikace PSMA-RADS (Upraveno podle Rowe, S. P.; Pienta, K. J.;
Pomper, M. G.; Gorin, M. A. PSMA-RADS Version 1.0: A Step Towards Standardizing the Interpretation and
Reporting of PSMA-Targeted PET Imaging Studies. European Urology 2018, 73 (4), 485—487)

Systematicky prehled zahrnujici 12 studii dokumentuje senzitivitu a specificitu pro
inicialni staging v Sirokém rozmezi 66-91 % resp. 67-99 %’°. Roach a kol. sledovali
potencial ®®Ga-PSMA PET / CT na zmé&nu v managementu léby a u 21 % pacient(
doSlo ke zméné v terapeutickém postupu a u 27 % byl operacni vykon rozsifen a
panevni lymfadenektomii’’. Dal$i studie poukazuje na to, Ze toto vySetfeni upravilo
vedeni lééby u 54 % pacientti’®. Stran zobrazeni metastaz do lymfatickych uzlin
pomoci ligandu PSMA v kombinaci s PET / MR vC€etné farmakokinetické analyzy
nalezu v prostaté a difuznim zobrazenim v rozsahu trupu vede k moznosti detekovat
pfitomnost tkané karcinomu i v nezvétSenych lymfatickych uzlinach™. Z vyse
uvedeného vyplyva, Ze pro staging onemocnéni KP se zda byt nejlepSim vySetfenim
hybridni zobrazeni PET / CT popf. PET / MR s ligandy PSMA.

6.3 Histologicka verifikace karcinomu prostaty — biopsie prostaty

Biopsie prostaty je nedilnou soucasti diagnostiky KP. K tomu, aby mohla byt
zahajena terapie, musi byt KP histologicky prokazan. | pfes pomérné dobré
laboratorni markery a zejména zavedenim zobrazovacich metod, které dokazou
spolehlivé detekovat lozisko KP v prostaté, ale také jeho Sifeni do lymfatickych uzlin i
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vzdalené metastazy, je koneCna diagnéza KP postavena na histologickém
zpracovani tkané prostaty a prokazani bunék KP ve vzorku. Vlastni odbér vzorki
proSel velkym vyvojem od jeho zahajeni zaCatkem 20. stoleti do souasné provadéné
cilené biopsie softwarovou fuzi magnetické rezonance a transrektalni ultrasonografie
(MR/TRUS) s odbérem vzorku transrektalné nebo nyni s trendem provadét biopsie
transperinealnim pfistupem.

Jako prvni byl pouZivan transperinealni pfistup, kde byla excidovana tkan prostaty.
Toto provedeni bylo zvoleno pro anatomickou pfistupnost prostaty bez toho, aby byla
porusena sliznice rekta. Pfi hledani novych metod v provedeni biopsie prostaty, byl
tento postup nahrazen punkcni technikou, diky jeji mensSi invazivité. Prvni punkeni
biopsie prostaty byla provedena transperinealné v roce 1930 a nasledné v roce 1937
transrektalnim pfistupem. Obé metody byly provedeny pod digitalni kontrolou — prst
zavedeny v konecniku. S nastupem ultrasonografie a jeho postupnym vyvojem
s dutinovymi sondami s vySsi frekvenci bylo mozné zobrazit strukturu prostaty a tak
pouzit sonografii k navadéni pfi odbéru vzorkd =z prostaty. Vyvojem proSla i
technologie jeheltypu tru-cut s automatickym bioptickym mechanizmem a
vystfelovaci jehlou a standardem se stala transrektalné ultrasonograficky navadéna
biopsie prostaty®®®'.

6.3.1 Systematicka biopsie prostaty

Dfive byla vétSina KP verifikovana v pokrocCilém stadiu a stacCil odbér jen nékolika
vzorkl z mist palpacné typickych pro KP. S vyvojem jak laboratornich vySetfovacich
markertl — PSA, tak hlavné TRUS vedla k posunu v zobrazeni anatomie prostaty a
tak provedeni biopsie pod zrakovou kontrolou. Diky dobrému zobrazeni celé prostaty
se odbér vzorku zacal provadét systematicky.

| poCet odebiranych vzorkd prosel vyvojem. Prvné bylo popsano schéma sextantové
biopsie prostaty. Vzorky byly odebirany z baze, stfedni Casti a apexu prostaty z obou
lalokt. AC sextetova biopsie znamenala pfelom v diagnostice KP v devadesatych
letech se postupem Casu ukazala jako nedostateCna s malym pozitivnim zachytem a
nutnosti opakovani vysSetieni. Hlavnim cilem je periferni zéna, kde se vyskytuje
nejvice KP. Jistym zlepSenim ve vedeni biopsie byl odbér vzork( lateralné a
dorzalné, kde byl vy$si podet pozitivnich vzorkd i vétsi objem karcinomu ve vzorku®,
Ve strategii poCtu odebranych vzork( byla brana v potaz i velikost prostaty, jako
optimalni u prostaty pod 50g byl doporu¢en odbér 8 vzorkl a u prostaty nad 50g 10-
12 vzork(1®®. Schéma pro biopsii 8, 10 a 12 vzorky je znazornéno na obrazcich 19 —
21%2, Systematicka biopsie prostaty provadéna transrektalné nebo transperinealnim
pristupem ma detekci KP srovnatelnou®®.Standardem je tedy TURS navadéna
systematicka biopsie s odb&rem 14-16 vzork(®. PFi prvni systematické biopsii
s odbérem 12 vzorkl je zachyceno 30-50 % KP. Systematicka biopsie prostaty ve
vyznamném procentu mize KP minout nebo zachytit jen méné agresivni oblast
loZiska a tak detekovat klinicky insignifikantni KP. TakZe systematicka biopsie vede
Casto k nutnosti opétovnych biopsii.
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Obrazek 19 - Schéma biopsie prostaty 8 vzorkul
(Pievzato z Cermék, A., & Pacik, D. (2002). Diagnostika karcinomu prostaty - sou¢asné moznosti a
limitace transrektalni ultrazvukem vedené biopsie prostaty. Solen, 3(4), 142-149)

Obrazek 20 - Schéma biopsie prostaty 10 vzorku
(Prevzato z Cermak, A., & Pacik, D. (2002). Diagnostika karcinomu prostaty - souéasné moznosti a
limitace transrektalni ultrazvukem vedené biopsie prostaty. Solen, 3(4), 142-149)

Obrazek 21 - Schéma biopsie prostaty 12 vzorku
(Prevzato z Cermak, A., & Pacik, D. (2002). Diagnostika karcinomu prostaty - souéasné moznosti a
limitace transrektalni ultrazvukem vedené biopsie prostaty. Solen, 3(4), 142-149)

Indikace k biopsii semennych vackl neni pfesné definovana, ale muze byt uzite€na,
pokud ma rozhoduijici vliv na 1éEbu ve smyslu vylou€eni operability nebo potencialu
k nasledné radioterapii.

Indikaci pro opakovanou biopsii prostaty je rostouci nebo trvale zvySené PSA,
suspektni per rektum vySetieni, detekce atypické proliferace malych acinl nebo
extenzivni high-grade prostatické intraepitelialni l6ze®. Alternativou v provedeni
rebiopsie prostaty je tzv. saturaCni biopsie prostaty. Jedna se o podrobné bioptické
vySetieni prostaty, jeden vpich na 3-5ml tkané, takze odbér > 20 vzorkd. Kolektiv
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Ceskych autorl zkoumal zachyt KP v saturacni biopsii v porovnani s kontrolni
skupinou pacientt rebioptovanych standardné. Bylo odebrano primérné 24 vzorku.
V souboru satura¢nich biopsii bylo diagnostikovano vyssi procento KP v porovnani
s kontrolnim souborem (33 % vs. 22 %), ale vysledek nebyl statisticky signifikantni.
Schéma pfi odbéru vzorkd saturaéni biopsii dokumentuje obrazek 22%.

vpravo

uretra

Obrazek 22 - Schéma rozmisténi vzorkl pfi saturacni biopsii prostaty (Prevzato z
Capoun, O., Sobotka, R., Macek, P., & Hanus, T. (2012). Prediktivni parametry zachytu karcinomu
prostaty v saturacni biopsii prostaty. Ces Urol, 16(3), 163-170)

6.3.2 Cilena biopsie prostaty

S uvedenim MR prostaty do praxe se zménil i pfistup k biopsii prostaty. V porovnani
se vzorky po radikalni prostatektomii se ukazuje, Ze MR ma dobrou citlivost pro
detekci a lokalizaci KP, zejména signifikantniho KP ISUP grade >2 a to hlavné, kdyz
je lozisko vétsi nez 10mm. Zatimco pro detekci insignifikantniho KP ISUP grade 1 je
MR méné citliva. Kromé toho nadory viditelné na MR maji molekularni znaky
agresivity ve srovnani s nedetekovatelnymi lézemi, z toho vyplyva, ze MR detekuje
agresivni nadory. Diky védomosti/nevédomosti lozisku KP na MR mulze cilena
biopsie snizit po€et vzorku a riziko nutnosti dalSi biopsie. U cilené biopsie je tedy
znamo lozisko KP dle MR a odbéry vzorku jsou situovany do tohoto suspektniho
loziska za TRUS kontroly. Spojeni obrazG TRUS a MR mulze byt provedeno
kognitivné nebo Iépe pomoci softwarové fuze MR / TRUS.

Cilena biopsie prostaty pomoci kognitivni fuze je spojeni obrazli zprostfedkované
operatérem, neni zapotfebi specialniho vybaveni. Lékar si nejprve prohlédne snimky
z MR, kde je radiologem oznaCena suspektini léze a nasledné provede biopsii
prostaty za TRUS kontroly a jehla je operatérem navadéna do loziska. Je zde nutna
dobra znalost popisu jak MR, tak provedeni a orientace v TRUS obraze, takze
learning curve je zde delSi. Souhrnné dle vysledkl lze fici, Ze cilena biopsie
kognitivni fuzi dosahuje lepsich vysledk( ve verifikaci KP neZ biopsie systematicka®.
Naproti tomu softwarem provedena fuze MR / TRUS je za pomoci softwaru
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provedena synchronizace obrazll TRUS a MR a obrazy z ultrazvukového vySetfeni a
predem provedené MR jsou zobrazovany soucasné. Je nékolik systému, které se liSi
v typu registrace, navadéni jehly nebo provadéni zaznamu. Softwarova fuzni biopsie
muze byt elasticka nebo rigidni. Elasticka fuze je velice sofistikovana, kompenzuje
totiz zmény tvaru prostaty vrealném cCase a obraz tak neni deformovan
ultrazvukovou transrektalni sondou, jelikoz tvar prostaty na MR a pfi TRUS se lisi. A
tak obraz MR je vrealném Case upravovan podle pozice ultrazvukové sondy.
Zatimco rigidni fuze zarovnava obrazy MR a TRUS rotaci, zvétSenim nebo
dohromady.88 AvSak nebyly pozorovany signifikantni rozdily mezi jednotlivymi
technikami fuze v detekci KP, ob& metody ale prekonaly biopsii systematickou®®.
Snimky shrnujici prabéh cilené biopsie softwarovou fuzi MR / TRUS jsou na

obrazcich 23-26.

CAXIAL / ' P N 4
Obrazek 23 — Konturace prostaty (Cervené) a sdspektni léze (modfe) na T2W
obrazech mpMR prostaty pfi zahgjeni softwarové fuze MR / TRUS cilené biopsie
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Obrazek 24 — Registrace konturovaného obrazu na MR pfeneseno do
sonografického obrazu v koronarni, axialni a sagitalni roviné, vpravo nahofe 3D
model - moCovy méchyr (zeleng), prostata (Cervené), uretra (Zluté), suspektni lozisko
karcinomu prostaty (modre)

Obrazek 25 — Vlastni provedeni cilené biopsie softwarovou fuzi MR / TRUS — vlevo
snimek TRUS a vpravo MR, oba v sagitalnim fezu
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Obrazek 26 — Vysledny report cilené biopsie — prostata (Eervené), lozisko (modfe),
jehly cilené do loziska (Zluté)

Specialnim typem cilené biopsie prostaty je tzv. In-Bore biopsie prostaty. Jedna

se o provedeni biopsie prostaty pfimo v gantry MR. Musi byt pouzita nemagneticka
jehla, pfistup je mozny transrektalné i transperinealné. Vzhledem ke své €asove,
technické i finanéni naroc¢nosti neni In-Bore biopsie standardné provadéna®.
Dvé prospektivni studie PRECISION a MRI-FIRST potvrdily zvySenou detekci
signifikantniho KP (ISUP grade >2) u cilené MR navigované biopsie prostaty
v porovnani se systematickou biopsii®"'%. Dle vysledk(i je znamo, Ze provedeni
pouze cilené biopsie snizuje overdiagnostiku nizkorizikového KP ve srovnani se
systematickou biopsii®"®.
Cilenou biopsii pomoci MR Ize pouzit ve dvou diagnostickych cestach. Prvni je
pfistup kombinovany, kde pacienti s pozitivni MR podstupuji kombinovanou biopsii
prostaty, to je cilena plus systematicka, a pacienti s negativni MR podstupuji
systematickou biopsii. Druhy pfistup je cestou magnetické rezonance, kde pacienti
MR pozitivni podstoupi pouze cilenou biopsii a pacienti s negativni MR bioptovani
nejsou viibec®.

Pouze cilena MR biopsie detekovala u jednoho prokazaného loziska 73,5-85,5 %
vSech signifikantnich KP, biopsie cilena v kombinaci se systematickou detekovala
96-96,4 % signifikantnich KP**%°. Je doporugeno 3-5 cilenych vzork( na loZisko ke
snizeni rizika chybéni nebo podhodnoceni léze®.

S rychlym nastupem ligandi PSMA pfi hybridnim zobrazeni PET / MR je i toto
vysoce specializované vySetfeni pfedmétem klinickych studii ve vztahu k biopsii
prostaty. Bud jako vyuziti ¢asti MR ke klasické cilené softwarové fuzni biopsii MR /
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TRUS nebo na podkladé experimentalniho zkoumani jako trimodalni fuze PSMA PET
/ MR / TRUS cilena biopsie prostaty pomoci specialniho softwaru®’.

Dle poslednich doporu€eni Evropské urologické asociace (EAU) je nyni preferovano
provedeni biopsie prostaty transperinealnim pfistupem. Hlavnim uskalim
transrektalné vedené biopsie prostaty jsou infekéni komplikace, nutna pfiprava
pacienta ve smyslu prazdnéni kone€niku a antibioticka profylaxe, ale také horsi
dostupnost lozisek zejména v anteriorni z6né prostaty a pfednimu fibromuskularnim
stromatu. Komplikace po transrektalni  biopsii  zmiduje  tabulka 9.
Dosud je v Ceské republice transperinealni biopsie volena spiSe jako alternativa
transrektalniho pfistupu, nebo u pacientt indikovanych k opakovani biopsie.

Komplikace Procento postizenych pacient(
Hematospermie 37,4 %
Hematurie >1den 14,5 %
Krvaceni z kone¢niku <2dny 22 %
Prostatitida 1%
Febrilie >38,5°C 0,8 %
Epididymitida 0,7 %
Krvaceni z kone€niku>2dny 0,7 %
s/bez chirurgické intervence
Retence mocova 0,2 %
Ostatni komplikace vyZadujici 0,3 %
hospitalizaci

Tabulka 9 - Procento komplikaci po TRUS biopsii prostaty (ptevzato z EAU Guidelines®)
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7 Prakticka cast

7.1 Diagnosticky algoritmus karcinomu prostaty — nastroj pro stratifikaci,
staging a posouzeni agresivity

Sedlackova, H.; DolejSova, O.; Hora, M.; Ferda, J.; Hes, O.; Topol¢an, O.; Fuchsova, R.; Kucera, R.
Prostate Cancer Diagnostic Algorithm as a “Road Map” from the First Stratification of the Patient to the
Final Treatment Decision. Life 2021, 11 (4), 324. https://doi.org/10.3390/life11040324. Cely text prace
dostupny v pfiloze na strané 79.

Na zakladé dynamicky se rozvijejicich diagnostickych metod, novych moznosti v
zobrazovani a v pouziti laboratornich testd jsme navrhli diagnosticky algoritmus. Ve
své podstaté se jedna o mapu, jak postupovat pfi detekci KP. Sklada se z provedeni
jednotlivych krokd, které na sebe smysluplné navazuji za pouziti nejnovéjSich metod.
Prvni algoritmus byl vytvofen roce 2016. Od té doby byl kazdoro¢né doplfhovan
novymi znalostmi a zavedenymi novymi diagnostickymi postupy do klinické praxe. To
zajistuje, Ze algoritmus i nadale odrazi nejaktualnéjsSi postupy, které se v nasi
nemocnici pouzivaji. VSechny kroky v algoritmu jsou védomé koordinovany a
optimalizovany, aby byla zajisténa individualizace terapeutického postupu.
Diagnosticky algoritmus KP je tvofen laboratornimi markery — PSA a zejména PHI
v prvni linii stratifikace pacienta, naslednym krokem je provedeni zobrazovaciho
vySetfeni a biopsie prostaty k verifikaci KP nebo pfi negativnim vysledku je pacient
dale sledovan, poslednim krokem je rozhodnuti o spravné IéEbé. Schéma algoritmu
dokumentuje obrazek 27.

The diagnostic algorithm for suspected prostate cancer
at University Hospital in Pilsen

PSA<4 + i
NEGATIVE biopsy
PI——
PHI<40 |———>|Followup + 3T mpMRI negative

PSA floating cut-off
according to the age |

PSA 2.5-4 + PHI >40 |

3T mpMRI

‘1AGE PSA
(years) cut-off B
‘ Treatmentdecision

<39 2.0ug/L -

40-50 2.5ug/L :ga GSMERT +T3 J
m (e
50-60 3.5ug/L i ; PCaGS<7+
PCaGS28 | | a1y MRl T2

60-70 4.5pg/L P

>70 6.5 ug/L

PSA =20 — v —
—_—> 6 2 i
PHI = 100 Ga-PSMA-11 PET/MRI }—

“168Ga-PSMA-11 PET/MRI is currently prefered in the Hospital, ‘
when PSMA PET is not available 8F-choline PET/MRI is recommended [

Obrazek 27 — Schéma diagnostického algoritmu karcinomu prostaty
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7.2 Postup u pacienta v diagnostickém algoritmu

Prvnim krokem je rozdéleni pacientd do tfi skupin dle hladin PSA a PHI. Pokud jsou
hladiny markera nizké, pod cut off hodnotou, jsou pacienti hodnoceni jako benigni,
ale stale by méli byt sledovani podle doporu¢enych postupu, zpravidla jednou za pul
roku.

Pokud je hladina PSA nad referenénim rozmezim pro vékovou skupinu pacienta a /
nebo hladina PHI je vysSi nez 40, je druhym krokem provedeni zobrazovacich
metod. Standardni je provedeni 3T mpMR prostaty jak k lokalizaci léze, tak
k zobrazeni podrobnéjsSi anatomie k ev. planovani operacni IéCby. U vybrané skupiny
pacient(l je provedeno °®Ga-PSMA-11 PET/MR v ramci komplexniho stagingu jiz
pred histologickou verifikaci KP nebo u pacientd z rizikovych skupin. To jsou pacienti
s high-risk KP nebo s lokalné pokrocilym KP, kde celotélovy staging mize vést ke
zméne terapeutického postupu.

Biopsie prostaty k histologické verifikaci KP ma kliCovou pozici uprostifed algoritmu.
Pro dosazeni nejlepSich vysledkl je provadéna cilena biopsie prostaty pomoci
softwarové fuze MR / TRUS. Pokud se jedna o pacienta, ktery nikdy biopsii prostaty
nepodstoupil, tak je k cilené biopsii provedena téz biopsie systematicka k urCeni
pfesného rozsahu onemocnéni, coz muze byt napomocné pfi operacni rozvaze
ohledné nervy Setficiho vykonu a planovani panevni lymfadenektomie.

Na konci algoritmu je ucinéno rozhodnuti o Ié€bé. Na zakladé vysledkl histologie,
hodnocené pomoci GS (ISUP grade grou) a zobrazovacich vySetfeni je zvolena
vhodna metoda IéCby podle stadia onemocnéni.

7.3 Algoritmus je zalozeny na nasich zkusenostech, vysledcich a
znalostech

Cut-off hladiny PHI byly ovéfeny u pacientu, ktefi podstoupili radikalni prostatektomii.
Celkovy pocet 787 pacientu byl vySetfen a nasledné operovan v obdobi od 1/2013 do
12/2019. Bylo stanoveno kone¢né GG. Hodnoty PHI byly porovnany s definitivnim
stagingem a gradingem. Studie potvrdila velmi dobrou schopnost PHI rozliSit mezi
nizkorizikovym (GS <7) a vysoce rizikovym (GS >7) KP. Proto bylo PHI pfidano k
prvni linii biochemického hodnoceni agresivity nadoru.

Od roku 2012 je 3T mpMR prostaty provadéna jako standardni zobrazovaci vysetieni
v pfedoperacni hodnoceni, stejné tak jako k detekci loziska KP pfed histologickou
verifikaci. Tento krok vzhledem k predominantni detekci signifikantniho KP, snizuje
overdiagnostiku KP. Vysetieni ®®*Ga-PSMA-11 PET/MR bylo do algoritmu zafazeno
od ledna 2018 a do unora 2020 bylo vySetfeno 145 pacientl jako soucast
komplexniho stagingu. Toto vySetfeni je v nasi nemocnici dostupné diky klinické
studii, resp. specifickému Ié€ebnému programu a Klinika zobrazovacich metod FN
Plzef je jedinym pracovistém v Ceské republice majici ligand PSMA.
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Cilena biopsie prostaty softwarovou fuzi MR/TRUS byla zahajena ve FN Plzen od
1/2017 a do 12/2019 bylo takto vySetfeno 495 pacientld. PodrobnéjSi vysledky
z publikovanych studii jsou zminény v jednotlivych podkapitolach.

7.4 PHI v pocéatecni stratifikaci pacienta

K pfesnému stanoveni cut-off hodnot PHI a nasledné na jejich zakladé
implementovani PHI do algoritmu bylo primarné vySetfeno a nasledné operovano
787 pacientl v obdobi od 1/2013 do12/2019. Pfedoperacné byla u kazdého pacienta
odebrana Zilni krev a byly stanoveny hodnoty tPSA, fPSA a [-2]pro PSA a vypocitana
hodnota PHI ze vzorce ([-2]proPSA/fPSA) * VtPSA. Primérny vék nemocnych byl
64,8let (41.7-81.8). V tomto souboru nemocnych byl median tPSA 7,84ng/ml (1,01-
55,42) a median PHI 57,50 (13,02-292,74). Vzorky po laparoskopické radikalni
prostatektomii byly zpracovany patologem metodou celoplo$nych obfich fezl (whole-
mounth section). Bylo stanoveno definitivni GS a nalezy byly klasifikovany podle
TNM klasifikace. Hodnoty PHI byly porovnany s definitivnim gradingem a stagingem.

11,8 % pacientl bylo zafazeno do kategorie pT2a, kde median PHI byl 49,5.
Kategorie pT2b byla stanovena u 1,9 % pacientd a zde byl median PHI 52,2.
Patologicka T2c kategorie byla verifikovana u 57,9 % pacientd medianem PHI 55,7.
15,5 % pacientl bylo v kategorii pT3a a zde byl zméfen median PHI 63,9, u pT3b
kategorie byl median PHI 78,4 a tvofilo ho 12,1 % pacientd. Do kategorie pT4 bylo
zafazeno pouze 0,8 % pacientd s medianem PHI 53,3, bylo to 6 pacientl, takze
hodnoty nepfinaseji validni vysledky. Dale byl také hodnocen ISUP grade a jeho
ovlivnéni hladin PHI. Pro ISUP grade 1 byl median PHI 49,3, pro ISUP grade 2
median PHI byl 55,8, 62,4 byl median PHI pro ISUP grade 3, pro ISUP grade 4 78,1
a pro ISUP grade 5 byl median PHI 87,7. Dale byl vypoditan i median PHI pro
skupinu pacientu, ktera podstoupila panevni lymfadenektomii a hodnota byla 95,8.
Jednotlivé vysledky jsou pfehledné znazornény v grafu 1 a 2.

H median PHI
49,5 52,2 55,7 63,9

pT2a pT2b pT2c pT3a pT3b

80 1

70 A

60 A

50 A

40 -

30 A

20 A

NN NN NN NN

10 A

Graf 1: Median PHI pro jednotlivé patologickeé klasifikace tumoru u souboru 787
pacientl po laparoskopické radikalni prostatektomii v obdobi od 1/2013 do12/2019
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Graf 2: Mediany PHI vztazené k ISUP grade u souboru 787 pacientl po
laparoskopické radikalni prostatektomii v obdobi od 1/2013 do12/2019

Ve vyzkumu PHI bylo dale pokraCovano, cilem bylo zjistit, zda PHI je schopen
predurcit agresivitu KP a ovlivnit tak indikaci pro moznosti léCby. DalSi 3 prace
veénujici se vlivu PHI na diagnostiku KP byly provedené v ramci multicentrické studie
a jejich cile byly: zhodnotit PHI jako prediktivni marker pozitivni biopsie prostaty,
porovnat schopnost PHI diagnostikovat signifikantni KP s tPSA, PSAD, mpMR
prostaty a ulohu PHI v moznosti predikce vysSiho GS a jeho upgradingu v definitivni
histologii po radikalni prostatektomii.
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7.4.1 The Ability of Prostate Health Index (PHI) to Predict Gleason Score in Patients
With Prostate

Dolejsova, O.; Kucera, R.; Fuchsova, R.; Topolcan, O.; Svobodova, H.; Hes, O.; Eret, V.; Pecen, L;
Hora, M. The Ability of Prostate Health Index (PHI) to Predict Gleason Score in Patients With Prostate
Cancer and Discriminate Patients Between Gleason Score 6 and Gleason Score Higher Than 6—A
Study on 320 Patients After Radical Prostatectomy. Technology in Cancer Research & Treatment
2018, 17, 153303381878737. https://doi.org/10.1177/1533033818787377. Cely text prace dostupny
v pfiloze na strané 88.

V této praci je PHI zkouman jako marker agresivity nadoru v biopsii prostaty. Soubor
se skladal z 320 pacientu indikovanych k radikalni prostatektomii. Pfedoperacné byly
stanoveny hodnoty tPSA, fPSA a [-2]proPSA a vypocitano hodnota %freePSA a PHI.
Stanoveno bioptické GSa definitivni, po radikalni prostatektomii. Dale byli pacienti
rozdéleni do dvou podskupin podle GS. Prvni skupina byli pacienti s GS 6 a druha
s GS >6. Toto rozdéleni bylo jak ve vzorcich bioptickych, tak ve vzorcich
definitivnich. Porovnavali jsme tPSA, [-2]proPSA, %freePSA a PHI. Pfi hodnoceni
podskupin GS 6 a GS >6, kde shoda mezi bioptickym a definitivnim GS byla pouze
ve 453% pfipadld. Ve vysledcich pacientd po biopsii prostaty pfi porovnani
podskupiny GS 6 a GS >6 byly vysledky pro [-2]proPSA a PHI statisticky vyznamné
(P=0,0003, P=0,0005). Stejné tak ve skupiné podle definitivni histologie byly markery
PHI a [-2]proPSA statisticky vyznamné pro odliSeni GS 6 a GS >6 (P<0,0001,
P<0,0001). NejlepSi plochy pod kfivkou bylo dosazeno u PHI (0,7496) u podskupiny
podle definitivniho GS. Z naSich vysledkl vypliva, ze PHI se jevi jako nejlepsi z
testovanych markerd pro rozliSeni signifikantniho a insignifikantniho KP a tim se
podili na rozhodnuti o definitivni terapii.

7.4.2 PHI (Prostate Health Index) as a predictor of positive biopsy in prostate cancer
DolejSova, O.; Eret, V.; Svobodova, H.; Topol¢an, O.; Fuchsova, R.; Hes, O.; Novak, V.; Fiala, V.;
Capoun, O.; Stejskal, J.; Zalesky, M.; Vesely, S.; Hora, M. 55 - PHI (Prostate Health Index) as a
Predictor of Positive Biopsy in Prostate Cancer: Results from Multicentric Study. European Urology
Supplements 2017, 16 (11), e2873. https://doi.org/10.1016/S1569-9056(17)32015-8 Cely text v prace
dostupny v pfiloze na strané 94.

V ramci vyzkumu ulohy PHI v diagnostice KP jsme se uc€astnili multicentrické studie.
Tato prace je prvnim vystupem a prezentuje, jak hodnoty PHI ovlivni vysledek
biopsie prostaty. Soubor studie tvofilo 874 pacientl ze &tyf hlavnich center v Ceské
republice. Celkové PSA, fPSA a [-2]proPSA byly stanoveny pomoci
chemiluminiscencniho zafizeni DxI 800 (Beckman Coulter, Brea, Kalifornie, USA) a
kalibrace Hybritech a PHI bylo vypoé&itano ze vzorce (-2proPSA / freePSA) x \ tPSA.
VSichni pacienti podstoupili TRUS biopsii prostaty a vzorky byly hodnoceny
urogenitalnimi patology. Byl také sledovan pocet pfedchozich negativnich biopsii a
pocCet pozitivnich vzorkl. Z 874 pacientl, ktefi podstoupili biopsii prostaty, jich 373
bylo s negativnim histologickym vysledkem [PSA 6,292 (SD 5,232), fPSA 0,992 (SD
1,043), -2proPSA 17,766 (SD 12,638) PHI 46,633 (SD 24,205)]. S pozitivhim
vysledkem biopsie bylo 501 pacient [PSA 9.843 (SD 9.618) fPSA 1.533 (SD 4.628) -
2proPSA 30.074 (SD 58.124) PHI 70.019 (SD 50.669)]. Soubor byl poté rozdélen do
dvou podskupin — primobiopsie a re-biopsie prostaty. U skupiny primobiopsii bylo 316
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pacientl pozitivnich a 166 s negativnim vysledkem. Zatimco u skupiny re-biopsie
bylo 183 s pozitivnim vysledkem a s negativni histologii 206 pacientl. 3 pacienti byli
vyfazeni pro nekompletni data. Ve skupiné re-biopsii prediktivni schopnost PSA a
korelace s poctem pozitivnich vzork( klesa ve srovnani s PHI [Spearmanuv
koeficient korelace PSA 0,203 (p= 0,000), PHI 0,354 (p= 0,000)]. Touto studii bylo
potvrzeno, Ze PHI je obecné silnéjSim prediktorem pozitivniho vysledku biopsie
prostaty nez PSA (PHI AUC 70.725). Také ma PHI lepSi prediktivni schopnost a
koreluje s poctem pozitivnich vzorkd nez PSA u podskupiny re-biopsie.

7.4.3. The predictive value of the prostate health index vs. Multiparametric magnetic
resonance imaging for prostate cancer diagnosis in prostate biopsy

Stejskal, J.; Adamcova, V.; Zalesky, M.; Novak, V.; Capoun, O.; Fiala, V.; DolejSova, O.; Sedlackova,
H.; Vesely, S.; Zachoval, R. The Predictive Value of the Prostate Health Index vs. Multiparametric
Magnetic Resonance Imaging for Prostate Cancer Diagnosis in Prostate Biopsy. World Journal of
Urology 2020. https://doi.org/10.1007/s00345-020-03397-4. Cely text dostupny v pfiloze na strané 95.

Cilem druhé studie bylo porovnat schopnost PHI diagnostikovat signifikantni KP
v komparaci s tPSA, PSAD a mpMR prostaty. Studie obsahovala 395 muzl
indikovanych k biopsii prostaty, ktefi podstoupili mpMR prostaty hodnocené podle
kriterii PIRADS verze 1. U vSech pacientt byly stanoveny hodnoty PHI. U pacientt
se suspektni Iézi na mpMR prostaty byla nejdfive provedena cilena biopsie prostaty
pomoci softwarové fuze MR/TRUS a dale byla provedena systematicka biopsie se
schématem 12 vzork( u vSech pacientl. Nasledné provedeni ROC analyza v detekci
KP pro tPSA, PSAD, PIRADS skoére a PHI s kfivkou AUC vypocitanou pro vSechny
kritéria a pro kombinaci PHI a PIRADS skoére. Pacienti byli rozdéleni do podskupin
primobiopsie a re-biopsie prostaty. Kfivka AUC pro predikci pfFitomnosti
signifikantniho KP u vSech pacientl byla 59,5 pro tPSA, 69,7 pro PHI, 64,9pro PSAD
a 62,5 pro PIRADS skore. U pacientt podstupujicich primobiopsii prostaty byla AUC
61,6 pro tPSA, 68,9 pro PHI, 64,6 pro PSAD a 63,1 pro PIRADS skoére. Pacienti
s predchozi negativni biopsii prostaty (re-biopsie) méli AUC pro tPSA, PHI, PSAD a
PIRADS skoére 55,4; 71,2; 64,4 a 69,3. Pfidani PHI k PIRADS skére vyznamné
zvysilo presnost predikce signifikantniho KP (p=0,007).
PHI m(ze predvidat detekci signifikantniho KP. Stejného vysledku dochazi ve
srovnani s mpMR. Nicméné PHI neni napomocny k vedeni cilené biopsie prostaty a
jeho hlavni pouziti je proto v tfidéni pacientll pfed mpMR a biopsii prostaty.
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7.4.4. Preoperative prostate health index predicts adverse pathology and Gleason
score upgrading

Novak, V.; Vesely, S.; Luksanova, H.; Prusa, R.; Capoun, O.; Fiala, V.; Dolejsova, O.; Sedlackova, H.;
Kucera, R.; Stejskal, J.; Zalesky, M.; Babjuk, M. Preoperative Prostate Health Index Predicts Adverse
Pathology and Gleason Score Upgrading after Radical Prostatectomy for Prostate Cancer. BMC Urol
2020, 20 (1), 144—144. https://doi.org/10.1186/s12894-020-00711-5. Cely text dostupny v pfiloze na
strané 102.

Poslednim bodem této multicentrické studie bylo zhodnotit ulohu PHI v pfedpovédi
definitivniho histologického vysledu u pacientd po radikalni prostatektomii.
Pfedoperaéni vzorky krve byly prospektivné analyzovany od 472 pacientl
podstupujicich radikalni prostatektomii pro lokalizovany KP ve Ctyfech urologickych
centrech. Hodnocené parametry byly tPSA, fPSA, pomér fPSA / PSA, pomér [-2]
proPSA / fPSA a PHI. Byly pouzity modely logistické regrese pro stanoveni presnosti
testovanych markerd pro predikci GS 27, upgradingu definitivniho GS,
extrakapsularni extenze tumoru (pT3) a pfitomnosti pozitivnich chirurgickych okraju.
Ze 472 pacientu podstupujicich radikalni prostatektomii bylo zjisténo, ze 339 (72 %)
mélo GS 27, z nich 178 (53 %) mélo zaznamenano upgrading GS v definitivni
histologii oproti bioptickému GS 6. Nalez extrakapsularni extenze byl pfitomen u 132
pacientl (28 %) a pozitivni chirurgické okraje byly ve 133 (28 %) pfipadech. Pri
neménné analyze vSech predoperacnich parametrd byl PHI nejpfesnéjSim
prediktorem pro GS =27, upgradingu definitivniho GS, detekce extrakapsularni
extenze a pfitomnosti pozitivnich chirurgickych okraju. Pfidani PHI do zakladniho
modelu s vice proménnymi vyznamné zvysilo pfesnost predikce patologického GS o
4 % (p = 0,015) a upgradingu GS a 5 % (p = 0,025). PHI poskytuje nejvysSi pfesnost
v predikci agresivity KP. Schopnost PHI pfedpovidat riziko upgradingu definitivniho
GS umozni identifikovat potencialné vysoce rizikové pacienty, u kterych byl biopticky
verifikovan insignifikantni KP.

7.5. Zobrazovaci metody na cesté za spravnym rozhodnutim o lécbé

K ramci klinické studie s novym radiotracerem ®°Ga-PSMA-11 jsme jako prvni
v Ceské republice mohli pacienty indikovat k tomuto vysoce specializovanému
vySetfeni. VySetfovani bylo zahajeno od 1/2018 a do 2/2020 bylo vySetfeno 145
pacientt pomoci %®Ga-PSMA-11 PET / MR. Indikace byly pfisné rozdéleny na
pacienty s high-risk KP (PSA > 20ng/ml, PHI > 100, GS = 8, cT3) v primarnim
stagingu pfed zahajenim terapie a dale pak na pacienty v biochemické recidivé (PSA
> 0,2ng/ml). Pacienti v primarnim stagingu byly dale rozdéleni na dvé podskupiny.
Prvni podskupinou jsou pacienti k dopInéni celotélového stagingu pfed radikalni
prostatektomii a druzi jsou pacienti ke komplexnimu celotélovému stagingu jesté
pfed histologickou verifikaci. Vzhledem k tématu diagnostiky KP nebude skupina
pacientl s biochemickou recidivou zmifiovana. V primarnim stagingu bylo zafazeno
119 pacientl, median PSA byl 14,04ng/ml (2,28 — 90,2ng/ml) a median PHI 102,7
(25,5 - 350).

V podskupiné planovanych k radikalni prostatektomii bylo 88 pacientli. Operovano
bylo 60 pacientti (68 %), u 18 pacientt (20,5 %) vedlo vysetfeni ®*Ga-PSMA-11 PET
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/ MR ke zméné v terapeutickém postupu pro zménu klasifikace v lokalné pokrocily,
inoperabilni nalez a nebo pro diseminaci onemocnéni. Zbylych 10 pacientt (11,5 %)
preferovalo jako metodu |éCby radioterapii. U dvou pacientl byla incidentalné
nalezena nadorova duplicita vyjma KP + renalni karcinom, KP + adenokarcinom
rekta. Graf 3 znazornuje léCebnou strategii pacientd v primarnim stagingu.

M operace

M zména terapeutického
postupu

radioterapie

Graf 3: Terapeuticka strategie u 88 pacienttl postupujici ®®Ga-PSMA-11 PET / MR
v primarnim stagingu v obdobi od 1/2018 a do 2/2020

Panevni lymfadenektomie byla provedena u 47 pacientd (78 %) vramci
laparoskopické radikalni prostatektomie. U 11 pacientl podstupujici operaci byla dle
®Ga-PSMA-11 PET / MR suspekce na metastazu do lymfatickych uzlin. Pouze u
dvou pacientu (4%) byly histologicky verifikovany metastazy do lymfatickych uzlin.
Pficemz u prvniho pacienta byly detekovany metastazy do lymfatickych uzlin i dle
vySetieni ®®Ga-PSMA-11 PET / MR. Ale u druhého pacienta bylo ®®Ga-PSMA-11 PET
/ MR negativni, vtomto pfipadé se jednalo o mikrometastazy (< 5mm). Dale byl
hodnocen upgrading definitivniho GS, ktery byl prokazan u 20 operovanych pacient
(33 %).

Druha podskupina pacientt, kde %®Ga-PSMA-11 PET / MR bylo provedeno jako
komplexni vysSetfeni jesté pred histologickou verifikaci, obsahovala 31 pacientu.
Jednalo se o prospektivné vyhledané pacienty, u kterych dle laboratornich hodnot byl
oCekavan high-risk KP a nebo lokalné pokrocily KP. Median PSA v této kohorté byl
24.6ng/ml (7,14 — 90,2ng/ml) a median PHI byl 107,4 (28,3 — 350). Nasledné pacienti
podstoupili cilenou biopsii prostaty pomoci MR / TRUS softwarové fuze, snimky MR
prostaty byly vyuzity zhybridniho vySetfeni PET / MR. V pfipadé pacientl
podstupujici primobiopsii prostaty byla cilena biopsie doplnéna i o biopsii
systematickou. Karcinom prostaty byl verifikovan u 24 pacientd (77,5 %). Zachyt
jednotlivych GS dokumentuje graf 4.

49



mGS63+3
mGS73+4
WGS74+3
mGS 28

Graf 4: Procentualni zachyt Gleason skére u 31 pacientll po cilené biopsii prostaty
pomoci softwarové fuze MR / TRUS vysetfovanych ®®Ga-PSMA-11 PET / MR
v obdobi od 1/2018 a do 2/2020

Pouze 3 pacienti byli operovani a ve vSech pfipadech doSlo k upgradingu
definitivniho Gleason skoére. Vysledky stagingu u pacientd s pozitivni biopsii podle
vySetteni ®®Ga-PSMA-11 PET / MR demonstruje graf 5.

B Lokalizovany KP
M Lokalné pokrocily KP
1 Metastdzy do panevnich

lymfatickych uzlin
M Metastaticky KP

Graf 5: Staging 31 pacientt dle ®Ga-PSMA-11 PET / MR vramci komplexni
diagnostiky pfed histologickou verifikaci karcinomu prostaty v obdobi od 1/2018 a do
2/2020

Staging pomoci ®®Ga-PSMA-11 PET / MR se zda byt nejlepsi dostupnou zobrazovaci
metodikou v detekci KP. Jak v zhodnoceni lokalizace tumoru v prostaté, tak k detekci
vzdalenych metastdz. V naSem souboru jsme ale neprokazali zlepSeni detekce
uzlinovych metastaz a to zejména detekce mikrometastaz (< 5mm). Dulezité je
zminit, Ze takto provedeny staging vede ke zméné terapeutického postupu a to
hlavné v lokalizaci vzdalenych metastaz, které by nebyly konvencnimi zobrazovacimi
metodami zjiStény a pacient by tak nebyl adekvatné l|éCen dle svého stadia
onemocnéni. Podle miry upgradingu GS po operaci je také ziejmé, ze ®Ga-PSMA-
11 PET / MR dokaze zobrazit zejména high-risk KP. Toto specializované vySetieni
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ma své misto i v uzké skupiné pacientu, ktefi dle laboratornich metod jsou suspektni
na high-risk nebo lokalné pokrocCily KP a provedeni jednoho celotélového stagingu
muze byt pouzito k vedeni biopsie prostaty a nasledné k rozhodnuti o spravné |écbé.

7.6. Role biopsie prostaty pri verifikaci karcinomu prostaty

Jednim z hlavnich krokl v diagnostice KP je histologicka verifikace KP. Od ledna
2017 jsme zahdjili provedeni cilené biopsie prostaty pomoci MR / TRUS softwarové
fuze. Pilotni projekt zahrnoval 128 bioptovanych pacientu, zafazeni byli jak pacienti
k primobiopsii, tak pacienti po opakovanych negativnich biopsiich prostaty k re-
biopsii. Prvotni vysledky byly hodnocené v obdobi od 1/2017- 3/2018. Pacienti byli do
studie zarazeni podle kritérii. Kritéria u pacienta k primobiopsii byla elevace PSA
(minimalné 3,5ng/ml) a suspektni lozisko dle 3T mpMR prostaty PIRADS kategorie
alespon 3 ve verzi 2. Kritéria u pacienta k re-biopsii byla postupna progrese PSA,
pfedchozi negativni biopsie prostaty a téz lozisko dle 3T mpMRI PIRADS kategorie
verze 2 = 3. Soubor obsahoval 22 pacientu k primobiopsii a 106 pacientu k re-biopsii.
Transrektalni ultrasonografie byla povedena pfistrojem BK Medical FlexFocus 800°™
Sbiplanarni sondou 8808e BK Medical®" za pouziti softwaru Biopsee2®" Medcom
Darmstadt Némecko.

Ze v8ech 128 pacientl byl histologicky verifikovan KP u 72 pacientt (60,2 %). V naSe
souboru jsme detekovali vysoky pocet low-risk KP (GS=6) u 50 pacientt (65 %). KP
GS 7 (3+4) byl zachycen u 19 pacientt (24,7 %), GS 7 (4+3) bylo diagnostikovano u
péti pacientl (6,5 %), 2 pacienti (2,5 %) byly hodnoceni jako GS 8 (4+4) a u jednoho
pacienta (1,3 %) byl verifikovan KP GS 9 (4+5). U pacientd podstupujicich
primobiopsii prostaty byl KP histologicky verifikovan u 14 z 22 (63,6 %) a ve skupiné
re-biopsii byl zachyt KP u 63 pacientt ze 106 (59,4 %).

Tento pocateCni soubor byl dale rozSifen na 257 pacientd, ktefi byly vySetfeni
v obdobi od 1/2017 do 12/2018, 148 pacientl podstupovalo primobiopsii a 109 re-
biopsii prostaty. V tomto souboru byl median PSA 8,6ng/ml a median PHI 58,7.
Pozitivni histologie byla u 158 pacientu (61,5 %), ve skupiné primobiopsii byl KP
verifikovan u 95 pacientl (64,2 %) a u re-biopsii to bylo 63 pacientu (57,8 %). V obou
skupinach jak primobiopsii, tak re-biopsii byl zachycen ve vysoké mife nizkorizikovy
KP, graf6 a 7.

51



60 -

50 -

40 ~

30 A

20 A

10 A

3

3

-7

GS6

GS73+4

GS74+3

GS8

GS9

Graf 6: Zachyt KP dle Gleason skoére u skupiny 148 pacientl podstupujicich
primobiopsii prostaty pomoci cilené biopsie prostaty MR / TRUS softwarovou fuzi
v obdobi od 1/2017 do 12/2018
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Graf 7: Zachyt KP dle Gleason skére u skupiny 109 pacientt podstupujicich re-
biopsii prostaty pomoci cilené biopsie prostaty MR / TRUS softwarovou fuzi v obdobi
od 1/2017 do 12/2018

Déle byl hodnocen zachyt KP pro jednotlivé kategorie PIRADS verze 2 u obou
skupin. Vysledky znazorfiuji grafy 8 a 9. Je patrny trend vzrlstajici detekce
signifikantniho KP s vy$si kategorii PIRADS, coz potvrzuje vysledky svétovych studii,
Ze MR prostaty dokaze zobrazit zejména KP s GS = 7.
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Graf 8: Zastoupeni jednotlivych Gleason skére dle PIRADS kategorie verze 2 u
skupiny 148 pacientl po primobiopsii prostaty pomoci cilené biopsie prostaty MR /
TRUS softwarovou fuzi v obdobi od 1/2017 do 12/2018
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Graf 9: Zastoupeni jednotlivych Gleason skére dle PIRADS kategorie verze 2 u
skupiny 109 pacientl po re-biopsii prostaty pomoci cilené biopsie prostaty MR /
TRUS softwarovou fuzi v obdobi od 1/2017 do 12/2018

Cilena biopsie prostaty softwarovou fuzi MR / TRUS se stala standardem k detekci
KP na nasem pracovisti a do 12/2019 bylo takto vySetfeno jiz 495 pacientu.
OdliSujeme se od sveétoveé literatury ve vysokém zachytu nizkorizikového KP (GS=6).
Vysvétlujeme si to velkou zkuSenosti radiologl v popisech 3T mpMR prostaty, které
je standardné provadéno jiz od roku 2012 a diky perfektnimu oznaceni suspektnich
loZisek jsme schopni cilit biopsii i do mist s nizsi aktivitou.
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8 Diskuze

Vzhledem k variabilni agresivité KP je pfesna a precizni diagnostika zasadni. Se
zavedenim PSA do klinické praxe se zvysila detekce KP zejména v nizSich stadiich.
Moderni diagnostika je ovSem cilena na zachyt signifikantniho KP. Pacienti proto
museji byt fadné stratifikovani, k éemuz je potfeba dalSich specifickych testd. Na
tomto podkladé jsme se rozhodli sestrojit algoritmus, ktery ma napomoci k rychlé a
jasné detekci KP. Prvni algoritmus byl sestrojen jiz v roce 2016 (obrazek 28).

DIAGNOSTICKY ALGORITMUS FN PLZEN

PSA< 4 — NEGATIVNI
PHI < 40 | PLEORei + mpMRI negativni
NEGATIVNI | Softwarova fazni
+ mpMRI pozitivni ‘| TRUS/MRI biopsie
PSA > 4 4 mpMRI ;
PSA2,5-4 | | %
+ PHI > 40 _ ~_ | TRUS :
Té * kognitivni ROZH\,OI?NUTI
| MRI biopsie | Eel.EAB
CAPGS<7 |
PSA > 20 ; .
PHI > 80 | CAPGS 28
" cholinPET/MRI |——— — — —

Obrazek 28: Schéma prvniho diagnostického algoritmu u karcinomu prostaty z roku
2016

K zakladnimu laboratornimu vySetfeni pomoci PSA jsme se rozhodli pfidat PHI
s cilem lépe rozliSit pacienty, ktefi by méli byt dale vySetfovani a snizit tak pocet
opakovanych biopsii prostaty a zmirnit overdiagnostiku KP. PHI jsme zacali pouZivat
vroce 2010 a byla publikovana pilotni studie s cilem zlepSit celkovou senzitivitu a
specificitu v porovnani se standardnimi markery (PSA, freePSA) a navrhnout cut-off
hladinu pro PHI v ¢asné detekci KP. Studie potvrdila, Ze PHI vyznamné zpfesni
diferencialni diagnostickou rozvahu mezi BPH a KP. Byla nastavena cut-off hodnota
PHI pro detekci KP > 40%. Postupem &asu se PHI zagalo pouzivat i na ostatnich
urologickych pracovistich. Fiala a kol. publikovali praci zaméfenou na vyuziti PHI
v diagnostice KP u pacientu s elevaci PSA. PHI bylo stanoveno u 217 pacientu a
vysledky ukazaly, Zze PHI zpfesiuje indikaci k provedeni re-biopsie, redukuje pocet
pacientl k biopsii na nezbytné nutny a tim i snizuje vyskyt pfidruzenych komplikaci
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spjatych s odbérem biopsiegg. Dalsi prace z Ceské republiky hodnotila senzitivitu PHI
pro predikci pozitivni biopsie prostaty a zachyt high-risk KP ve srovnani s PSA.
Hodnota medianu PHI u pacientd s KP byla statisticky signifikantné vy3si nez ve
skupiné bez KP (63,0 vs. 33,9). V predikci pfitomnosti KP v biopsii byla senzitivita i
specificita PHI vyznamné vy$si nez u PSA'®.

Cut-off hladina PHI pro detekci KP v algoritmu byla stanovena na = 40, zatimco
hladina pro high-risk nebo lokalné pokroCily KP byla podrobena upravam. Podle
naseho posledniho objemného souboru pacientd po radikalni prostatektomii (787
pacientt) byly hladiny z = 80 upraveny na = 100 jako signifikantni pro GS = 8 nebo
kategorii pT3.

PHI se zda byt vhodnym markerem k detekci signifikantniho KP a tak stratifikaci
pacienta v dalSim vySetfovani. Konkurovat mu muze 4K skoére test. Parekh a kol.
hodnotili 4Kskore test v predikci KP GS = 7, vySetfili 1012 muzd pred biopsii prostaty.
U 46% muza byl diagnostikovan KP, ztoho u 23% GS = 7, takze je téz uziteCny
k detekci signifikantniho KP. Zaroven 4K skore test prokazal schopnost redukovat
podet zbytednych biopsii 0 30 — 58 %'°". 4K skére test byl také hodnocen ve
spojitosti s mpMR prostaty. Marzouk a kol. prokazali, Ze pouziti tohoto testu u
pacientl jesté pfed mpMR prostaty, dokaze redukovat nutnost provedeni mpMR
prostaty u 26% pacient(1'%. V detekci signifikantniho KP maji PHI a 4K skére test
srovnatelné vysledky (AUC 0,71 vs. 0,72), ale finanéni naklady na provedeni 4K
skore jsou vyznamné vyssi'%,

Hodnota PHI je detekovana krevnim testem, kde mohou byt sou¢asné stanoveny i
ostatni parametry (PSA, fPSA, [-2]proPSA) jako tzn. panel PSA. Stanoveni PHI je
v Ceské republice od roku 2017 hrazeno z vefejného zdravotniho pojisténi a proto se
nabizi jako nejlepSi mozny doplfiujici marker. Na rozdil napfiklad od stanoveni PCA
3 genu, ktery je detekovan z moc€i, po masazi prostaty, nevystavuje PHI pacienta
dalSim vySetfovacim metodam.

Zobrazeni prostaty s cilem detekovat KP je v radiodiagnostice problematickym
odvétvim. MR prostaty se stala nejlepSi metodou, jak zobrazit morfologii prostaty, ale
i detekovat suspektni lozisko z KP. Prvni zobrazeni prostaty pomoci MR bylo
popsano jiz v roce 1984. Od té doby si protokol MR prostaty proSel mnoha zménami
do dnesni podoby mpMR. Nejprve byly do klinické praxe zavedeny endorektalni
civky za ucelem zvySit rozliSeni a sjenotit signal, ale za cenu vy$Si invazivity
vySetieni. Postupné byly zavedeny systémy s vy$Si magnetickou indukci, z 1,5T se
zacCaly pouzivat 3T pfistoje. Diky zlepSené rozliSovaci kvalité bylo odstoupeno od
pouzivani endorektalnich civek a misto nich se pouzivaji civky povrchové se
zachovanim kvality obrazu'®.

Jedna zprvnich cCeskych praci hodnoticich MR prostaty v detekci KP byla
publikovana v Ceské urologii, kde MR prostaty bylo provedeno u pacientd
s histologicky ovéfenym KP indikovanych k radikalni prostatektomii a byly
srovnavany vysledky definitivniho histologického preparatu s vysledky z MR. Nalez
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na MR se s histologickym nalezem shodoval v 73 % pfipadu se senzitivitou 76 % a
specificitou 80 %. DalSi porovnani bylo u pacientl s pfedchozi negativni biopsii
prostaty a trvajici elevaci PSA. Shoda MR a histologického nalezu byla u 61 %
pacientl. Tretim soubor obsahoval pacienty po radikalni prostatektomii
s biochemickou recidivou s cilem prokazat lokalni recidivu KP. Dle MR nebyla
detekovana zadna lokalni recidiva a vysledky byly potvrzené cilenou biopsii1°5. Na
nasem pracovisti byly hodnoceny prvni zkusSenosti s vyuzitim 3T mpMR prostaty
v porovnani s vysledky TRUS biopsie prostaty ve dvou obdobich (4/2011 — 4/2013,
5/2013 — 12/2013). Byla hodnocena senzitivita a specificita 3T mpMRI prostaty
v detekci KP. V prvnim obdobi byla senzitivita 87,6 % a specificita 56,5 %, zatimco
ve druhé obdobi 81,4 % resp. 68,4 %. Byl zde zaznamenan i rozdil v uspésnosti
jednotlivych radiologu, kde vyznamny podil ma jeho zkuSenost s popisy tohoto
vySetfeni. VySetfeni MR prostaty je vhodnou metodou k zobrazeni suspektnich
lozisek KP a jeho naslednému cileni pfi biopsii prostaty, ale téz je mozné vyuzit MR
prostaty u pacientu s jiz verifikovanym KP k zpfesnéni stagingu a k rozhodnuti o typu
lé&by'®. MpMR prostaty ma své vyuZiti i u pacientdt s KP vreZimu active
surveillance. Provedeni mpMR prostaty v ramci sledovani a nasledna cilena biopsie
vede k zvySeni detekce rizikového KP a tak k ukonc€eni reZzimu active surveillance a
zahajeni radikalni terapie a tim zvy$i bezpednost této strategie pro pacienty'?”.

V nasem algoritmu je MR prostaty postavena v druhé kroku vySetfovani a to jesté
pred biopsii prostaty. Coz ma vést k dalSi triazi pacientll ve smyslu potvrzeni nebo
vyvraceni pfitomnostu suspektniho loZiska, ale téZ ke zhodnoceni ev. zvétSenych
lymfatickych uzlin a celé anatomie malé panve v pfipadé planovani radikalni
prostatektomie.

V posledni dobé je rozvijejici se trend v kombinaci molekularnich markerd a MR
prostaty, ktery vede ke zlepSeni diagnostiky nez vySetfeni provedena samostatné.
Gnanapragasam a kol. publikovali, Zze pfidani PHI ve vySetfovacim schématu u
pacientl indikovanych k opakované biopsii prostaty (n= 279), ktefi méli suspektni
lozisko na MR prostaty zlepSilo predikci signifikantniho KP (AUC 0,75) ve srovnani
s PSA a MR samostatné (AUC 0,69)'®. Ve studii PRIM pouziti PHI a mpMRI prostaty
dohromady, pfed rozhodnutim o biopsii, redukovalo pocet biopsii 0 40%'%.

Zobrazovaci metody KP prodélaly v poslednich letech mimofadny vyvoj a to hlavné
na poli hybridniho zobrazeni pomoci PET / CT a PET / MR. Pro vlastni zobrazeni
nadoru, ale i pro hodnoceni uzlinovych a kostnich metastaz byl nejprve vyuzit cholin
znaceny fluorem 18. DalSim radiofarmakem k detekci skeletovych metastaz u KP je
mozné pouziti '°F-NAF, ktery je schopen zobrazit osteoblastickou aktivitu
metastatickych loZisek. V algoritmu byl tento celotélovy staging nejprve zarazen
s "®F-cholinem. Od roku 2015 byly k "®F-cholin PET / MR indikovani pacienti s high-
risk KP pfed radikalni prostatektomii s panevni lymfadenektomii. Nasledné byly
vysledky ze zobrazovaciho vysSetfeni porovnany s vysledky definitivni histologie.
Vysetfeni '®F-cholin PET / MR nedokazalo detekovat mikrometastazy do
lymfatickych uzlin, ale vedlo ke zméné v terapeutickém postupu. V takovém pfipadé
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se jednalo o detekci vicedetnych uzlinovych metastdz nebo kostnich metastaz'®.
Dalsi vyuziti cholinového PET / CT bylo publikovano autory Kudlackova a kol., kde
"®F_Cholin PET / CT bylo provedeno u pacienti s opakované negativni biopsii
prostaty a trvajicim podezfenim na KP. Snimky z "®F-cholin PET / CT byly vyuZity
k cilené biopsii prostaty. KP byl zachycen u 46 % pacienti a ve vSech pfipadé bylo
verifikovano GS > 7',

S uvedenim radiofarmaka ®®Ga-PSMA-11 pro zobrazovani pomoci PET / CT a méné
Castéji PET / MR do klinické praxe doslo k vyznamnému zvratu v diagnostice KP.
Popisovana vysoka senzitivita i specificita odstartovala narust v poc¢tu klinickych
studii zabivajicich se, jak primarnim stagingem, tak restagingem pfi biochemické
recidivé KP. A vySetfeni ®®Ga-PSMA-11 PET / CT prakticky vytésnilo dfive pouzivany
®F_cholin™. Proto i v nasem algoritmu bylo u pfisné indikované skupiny pacients
PET / MR s "®F-cholinem nahrazeno **Ga-PSMA-11.

Cilena biopsie prostaty softwarovou fuzi je nyni doporuCovana odbornymi
spole€¢nostmi uz jako standardni metoda k histologické verifikaci KP, minimalné pfi
indikaci re-biopsie prostaty. VSeobecné Castéji uzivany pfistup je transrektalni, ale
v posledni dobé roste na popularité provadéni biopsie transperinealné. Je to jisté
dano obavou zinfekénich komplikaci a stim spjaté antibiotické profylaxe a
naro¢néjsi pripravy pacienta. Vjednom z nejvétSich systematickych prehledd
zaméfeném na infekéni komplikace po biopsii prostaty popisuje Bennett a kol.
prevalenci sepse 0,8 % u transrektalniho pfistupu a 0,1 % u pfistupu
transperinealniho a prevalence hospitalizace byla 1,1 % vs. 0,9 %'"2. Vyznamna
studie podporujici preferenci transperinealni biopsie ,TREXIT 2020% ktera popisuje
vysoky vyskyt infekci spjatych s transrektalni biopsii az v 10 % vcCetné zachytu
multirezistentnich  bakterii s mortalitou 0,13 %. V souvislosti s infekCnimi
komplikacimi ma transrektalni biopsie prostaty i finan¢ni zatéz. Dale je popisovana
srovnatelna detekce signifikantniho KP, jak u biopsie transrektalni, tak
transperinealni’'3. Néktefi autofi uvadéji zvySenou miru akutni mocové retence pfi
pfistupu transperinealnim jako argument proti jejimu pouzivani. Objemna studie z
North York General Hospital v Torontu, v Kanadé uvadi pouze 1,6 % akutnich
mocovych retenci''*, zatimco ve studii PICTURE byla akutni mocova retence az v 24
%""°. Az do nedavné doby byla nejvice odrazuijici logistika provedeni transperinealni
biopsie, ktera vyZadovala celkovou anestezii. Se zlepSeni pfistrojové techniky je
mozno provést transperinealni biopsii jiz v mistnim znecitlivéni. Dle doporucenych
postupl Evropské urologické spolecnosti pro rok 2021 je transperinealni biopsie
prostaty preferovanym pfistupem v souvislosti se snizenim rizika infekénich
komplikaci a s nutnosti rutinni chirurgické desinfekci kiize hraze®.

Vysledky ze zahrani¢nich studii potvrzuji i prace ¢eskych autoru, ktefi provedli 208
cilenych MR / TRUS fuzich biopsii prostaty transperinealnim pfistupem. Bylo
zachyceno 52,9 % KP ve skupiné primobiopsii a 53,6 % KP u pacientd
podstupujicich re-biopsii prostaty. Stran infekénich komplikaci, byly zaznamenani

pouze 2 pacienti majici dysurické obtiZe, nicméné bez prikazu bakterialni infekce'®.
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Na nasem pracovisti je zatim provadéna biopsie prostaty pouze transrektalné. Dle
recentni literatury je transperinealni biopsie doporucovana u pacientd s vySSim
rizikem infekénich komplikaci a téz je vyhodna k cileni do lozZisek v anteriornich
segmentech prostaty. Jak bylo vySe zminéno, algoritmus je pravidelné upravovan na
zakladé nejnovétSich poznatkl a zaclenéni transperinealni biopsie jisté bude jednou
Z nich.

VysSe popsany diagnosticky algoritmus KP ma i nékolik omezeni. Pfi pouziti vysoce
specifickych zobrazovacich metod s nejnovéjSimi radiotracery, maze dojit k tomu, ze
tato radiofarmaka nejsou Siroce dostupna. Algoritmus byl nicméné navrZzen pravé s
cilem zaclenit tyto nejmodernéjSi diagnostické metody a jejich zavedeni do klinické
praxe za ucelem dosazeni jasné indikace.

Vzhledem k nizké dostupnosti hybridnich skenert PET / MR, Ize toho vySetfeni
nahradit PET / CT. V takovém pfipadé vSak ztracime moznost pouziti snimki MR pro
cilenou biopsii prostaty a jsme nuceni provest dalSi vySetfeni v podobé mpMR
prostaty, coZ oddaluje dalSi rozhodnuti a zahajeni |éCby. Dale hybridni zobrazovaci
metoda PET / MR ma vyhodu snizené davky zareni ve srovnani s PET / CT.

PfestoZze se PSMA-PET jevi jako vyborna zobrazovaci metoda, jeho dostupnost je
omezena a je spojena se znacnymi naklady. Kromé toho, Ze pacienti jiz obvykle
podstoupi mpMR prostaty, existuje zde moznost jednorazové stagingové modality ve
formé celotélové magnetické rezonance ( whole-body, Wb-MR). Dle doporu¢enych
postupu Evropské urologické asociace ma Wb-MR vétsi senzitivitu nez konvenéni
zobrazovaci metody, ale i nez cholin PET / CT pfi detekci kostnich metastaz. AvSak
cholin PET / CT mél vy$si specificitu pro diagnostické hodnoceni®. Wb-MR s DWI je
efektivni metoda v celkovém stagingu KP, jelikoZz dokaze detekovat metastazy
v nezvétSenych lymfatickych uzlinach a ¢asné intramedularni kostni metastazy pred
objevenim kortikalni destrukce nebo reaktivnich procest'"’. Studie LOCATE
navrzena pro srovnani detekce KP pomoci konvencnich zobrazovacich metod s Wb-
MR jisté pfinese slibné vysledky''®. Vzhledem k tomu, Ze Wb-MR neni standarni
zobrazovaci metodou v nasi nemocnici, nebyla tato alternativa vzata v potaz pfi
tvorbé diagnostického algoritmu.

V soucCasné dobé je mpMR prostaty standardni metoda v zobrazovani KP a hraje
dalezitou roli v detekci suspektnich 1ézi, k vyuziti pro cilenou biopsii prostaty,
lokdélnimu stagingu a zhodnoceni rizikovosti KP. Mnoho studii srovnavalo
zobrazovaci protokol biparametrické MR (bpMR) skladajici se z T2WI a DWI se
standardnim multiparametrickym zobrazovacim protokolem pro detekci KP a nebyl
nalezen signifikantni rozdil v detekci KP''*'?'. Nase nemocnice se drzi standardu
v provedeni mpMR prostaty. Coz je zalozeno na ziskanych znalostech ze zkuSenosti,
ze DCE muze v nékterych pripadech pomoci detekovat KP v periferni i tranzitorni
zéné. DCE se téz nékdy oznacuje jako zalozni sekvence, zvlasté tehdy, kdyz je DWI
se zhoréenou kvalitou diky artefaktim®*. Ve verzi 2.1 PIRADS Kklasifikace je DCE
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pouzito k rozliSeni skére 3 a 4 v periferni z6né. Pokud mame skoére 3 na DWI a je
pritomno Casné syceni kontrastni latkou, nalez je upgradovan na skoére 4, coz mize
pomoci dosahnout pfesnéjsi klasifikaci agresivity a nasledné individualizované |éCby
KP®,

Pevné vefime, Ze nami navrzeny algoritmus povede ke zlepSeni preziti pacientl

s KP. Diky opétovnym upravam o nejaktualnéjSi poznatky se snazime nabidnout
pacientim co nejlepS$i diagnostiku se dlirazem na individualizovany pfistup.
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9 Zaver

Nami navrzeny diagnosticky algoritmus KP ma slouzit jako nastroj k pocateéni
stratifikaci pacienta a dle zafazeni do podskupin k provedeni zobrazovacich
vySetfeni a nasledné specializované biopsii prostaty k nejrychlejSi a nejpresnéjsi
detekci KP. Takto navrzeny postup vede ke spravnému rozhodnuti o terapeutické
modalité. Byl pouZit Siroky soubor pacientt pro jednotlivé kroky v algoritmu k ovéfeni
vySetfovacich postupt. V nasich souborech PHI prokazalo dobrou detekci KP, ale téz
dokaze filtrovat pacienty se signifikantnim KP, je silnym prediktorem agresivniho typu
KP a ve spojeni s PSA tvofi prvni krok k zafazeni nebo naopak vyfazeni pacienta
v dalSim diagnostickém postupu. PHI byl téz cilené vybran jako doplfujici marker
také vzhledem k jeho vSeobecné dostupnosti a financovani z vefejného zdravotniho
pojisténi.

V dalSim kroku provedenim 3T mpMR prostaty dokazeme dale roz€lenit pacienty a
indikovat je k pouhému sledovani ¢&i biopsii prostaty. Tu provadime na zakladé
mpMR, je-li nalezna léze, tak cilné, u primobiopsi vzdy dolnéna o systemtickou, kvuli
komplexnimu histologického zhodnoceni. Dle vysledku je ziejmé, Ze mpMR prostaty
hodnocena pomoci PIRADS kategorie je schopna ur€it rozsah onemocnéni,
lokalizovat lozZisko suspektni z KP, ale téz hraje dulezitou roli v planovani operacniho
postupu diky perfektnimu anatomickému zobrazeni panevnich organl(. Dokaze
zhodnotit objem prostaty se zobrazenim event. stfedniho laloku prostaty
s prominenci endovesikalné, posoudi silu stény mocového méchyre, urci vzdalenost
mocového méchyfe od semennych vacku, vztah ureteralnich usti k prostaté, objem
pedikll prostaty a nevové cévnich svazkl, vztah prostaty k rektu apod. Napomocna
je téz kategorizace nalezti pomoci PIRADS, kde kategorie 5 je velice suspektni pro
nalez KP vSeobecné, ale hlavné pro detekci signifikantniho  KP.
Zarazeni vy$$iho stupné zobrazovani pomoci *®Ga-PSMA PET / MR nam poskytne
informace o celkovém rozsahu onemocnéni a také pomuze pfi rozhodovani o terapii.
To je zejména dulezité u pacientl s high-risk KP, kde nalez pivodné indikovany k
operacnimu feSeni maze byt lokalné pokrocily a nebo jiz generalizovany a v takovém
pfipadé by pacient nebyl adekvatné IéCen dle jeho stadia onemocnéni. Vysledky také
nasvédcCuji, ze toto vySetfeni provedené v prvni stratifikaci pacienta na zakladé
vyznamné elevovanych hladin PSA a PHI, mlze byt pouzito jak k provedeni biopsie
prostaty, tak souCasné ke zhodnoceni operability nalezu a tim samoziejmé
k definitivnimu rozhodnuti o 1éEbé. A tak se pomérné finanéné naro¢né vysetfeni se
stava tzn. ,one-stop shop“ diagnostickou modalitou, ktera je ve vysledku méné
naroc¢na jak pro pacienta, tak ¢asové a v neposledni fadé i finanéné ve srovnani
s konvenénimi zobrazovacimi metodami (CT plic, bficha a panve, scintigrafie kosti).
Zavedenim cilené biopsie prostaty do praxe, dosSlo ke snizeni po¢tu odebranych
vzorkl a zejména k vysoké detekci KP a tak se snizil i poCet pacientl podstupujicich
re-biopsie prostaty. Proto je dllezité takio vedenou cilenou biopsii prostaty zaradit
v dalSim kroku diagnostického postupu jiz u pacientd podstupujici prvni biopsii
prostaty. V mediciné 21. stoleti neni jiz misto k provadéni biopsii prostaty pouze
systematicky, ,naslepo”, aniz bychom védéli, kde a jestli vibec je pfitomno lozisko
KP. Diagnosticky algoritmus ma slouzit ke komplexnimu zhodnoceni problematiky
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KP, za pouziti pokroCilych diagnostickych metod nam umozfiuje vyspélou uroven
péce zaméfenou na individualizaci diagnostiky i terapie pacientu.
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Abstrack The diagnostics of prostate cancer are currently based on three pillars: prostate biomarker
panel, imaging techniques, and histological verification. This paper presents a diagnostic algorithm
that can serve as a “road map™ from initial patient stratification to the final decision regarding
treatiment. The algorithin is based on a review of the current literature combined with our own
experience. Diagnostic algorithms are a feature of an advanced healtheare system in which all steps
are consciously coordinated and optimized to ensure the proper individualization of the treatment
process. The prostate cancer diagnostic algorithm was created using the prostate specific antigen and
in partictilar the Prostate Health Index in the first line of patient stratification. It then continued on
the diagnostic pathway via imaging techniques, bicpsy, or active surveillance, and then on to the
treatment decision itself. In conclusion, the prostate cancer diagnostic algorithm presented here is a
functional tool for initial patient stratification, comprehensive staging, and aggressiveness assessment.
Above all, emphasis is placed on the use of the Prostate Health Index (PHI) in the first stratification of
the patients as a predictor of aggressiveness and clinical stage of prostrate cancer (PCa). The inclusion
of PHI in the algorithm significantly increases the accuracy and speed of the diagnostic procedume
and allows to choose the optimal pathway just from the beginning. The use of advanced diagnostic
techniques allows us to move towards to a more advanced level of cancer care. This diagnostics
algotithm has become a standard of care in our hospital The algorithm is continuously validated
and modified based on our results,

Keywords: prostate cancer; diagnostic algorithin; prostate health index; biopsy; Gleason score;
magnetic resonhance; positton emission tomography; diagnosis; imaging; prostate-specific mem-
brane antigen

1. Introduction

Prostate cancer {PCa) is the most frequent malignant disease to occur in men. Ac-
cording to The International Agency for Research on Cancer (IARC), 1,414,259 new cases
of PCa were reported and 375,304 men died of PCa worldwide in 2020 [1]. PCa's inci-
dence and mortality are connected to the human development index (HDI). The disease
is most prevalent in developed countries, while its mortality rate is highest in low-HDI
countries [2]. The risk of PCa increases with age. The majority of PCa cases are diagnosed
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in men older than 65 [3]. PCa is a highly heterogeneous disease, ranging from a clinically
insignificant manifestation that requires only active surveillance, to a highly aggressive
castration-resistant type of tumor that requires a quick and radical course of action. Dif-
ferences in the incidence rate of PCa worldwide primarily reflect differences in the use of
diagnostic testing. Accurate diagnostics and PCa staging are imperative for the selection of
the most appropriate therapeutic strategy [4].

The diagnostics of PCa are currently based on three pillars: prostate biomarker panel,
imaging techniques, and histological verification. This paper presents a diagnostic algo-
rithm that can serve as a “road map” delineating the course of treatment: from initial
patient stratification to the final decision regarding treatment. The algorithm is based on a
review of the current literature combined with our own experience.

2. Diagnostic Algorithm
21. PCa Diagnostic Algorithm—A Tool for Patient Stratification, Staging and
Aggressiveness Assessment

The first algorithm was created a few years ago. Since then, the algorithm has been
supplemented every year with new knowledge and new diagnestic procedures introduced
into clinical practice. This was done to ensure that the algorithm continues to reflect the
most current procedures that are applied in our university hospital.

Diagnostic algorithms are a feature of an advanced healthcare system in which all
steps are consciously coordinated and optimized to ensure the proper individualization
of the treatment process. The PCa diagnostic algorithm was created using the prostate
specific antigen (PSA) and in particular the Prostate Health Index (PHI) in the first line of
patient stratification. It then continued on the diagnostic pathway via imaging techniques,
biopsy, or active surveillance, and then on to the treatment decision itself (Figure 1),

The diagnostic algorithm for suspected prostate cancer

at University Hospital in Pilsen

PSA<d+

PHI<40 || Active surveillance |«

NEGATIVE biapsy

4+ 3T mpMRI negative

PSA floating cut-aff
m‘dﬁttn_the'age.‘-l
P_SA'_I.S-JT- + PHI =40
"I AGE PSA
{years) cut-off -
€39 20ug/l | Treatmentdecision
Ou
40-50 25up/l PCaGs527+ 1
ITmpMRICT3
50-60  3.5pgll 4 ——eaa] [Peass=7+
60-70  &.5up/l = 3T mpMRICT2

»70 6.5 ug/L

PSA = 20 —
PHI > 100 —| FiGa-PSMA-11 PET/MRI!

L

“*leeGa-pSMIA-11 PET/MRI is currently prefered in the Hospital,
when PSMA PET is not available ¥F-choline PET/MRI is recommended

Figure 1. Prostate cancer diagnostic algorithm.
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The first step is to have patients stratified into three groups according to PSA and PHI
levels. If the PSA and PHI levels are low, patients are rated as benign: they will still be
monitored and will be tested again, usually after six months.

Ii the level of PSA is above the reference ranges for the patient’s age group, and/or
the PHI level is over 40, the second step is to perform imaging techniques. We use multi-
parametric magnetic resonance imaging (mpMRI) to localize the lesion, but also toevaluate
a more detailed anatomy before surgery. We performed B4Ga-PSMA-11 PET/MERI as part of
the comprehensive staging in a selected group of patients before radical prostatectomy, as
well as in primary diagnostics before histological verification. This is done in cases where
there is a strong suspicion that the patient has a high-risk of developing PCa, or has locally
advanced PCa and the extensive staging leads to a change in treatment management. In
the middle of the algorithm, the current status of the PCa is proved using biopsy, in order
to achieve thateach patient with suspected PCa undergoes an mpMRL

The biopsy holds a key position located in the middle of the algorithm. In order
to achieve the best results in histological verification of significant PCa, we perform an
MRI/ transrectal ultrasound-guided (TRUS) fusion software-based targeted biopsy of the
prostate. If the man is biopsy nalve, an additional systematic biopsy will be performed
to determine the extent of the tumor and to help in planning the surgery-nerve sparing
or not.

Finally, at the end of the algorithm, a twatment decision is made. Based on the
results of histology, evaluated using the Gleason score and the imaging examinations, the
appropriate method of treatment is selected according to the stage of the disease. Asa
relatively new approach, active surveillance is also incorporated into the algorithm.

2.2 The Algorithm Is Based on Our Experience, Results and Knoudedge

It has been our experience that the value of PHI level can be used for validation in
patients after radical prostatectomy. A total of 787 patients were examined and subse-
quently operated from 1/2013 to 12/2019. A definitive Gleason score was determined.
PHI values were compared with definitive staging and grading. The study confirmed a
very good ability of PHI to distinguish GS < 7 (low aggressiveness) and GS = 7 (thigher
agglessiveness) prostate tumors and thus, PHI was added to the first line of biochemical
assessment of the tumor aggressiveness [5].

We have performed 3T mpMRI to detect PCa lesions as a standard method from 2012,
This step also decreases the over diagnosis of PCa. From 1,/2018 to 2/2020, 150 patients
underwent *Ga-PSMA-11 PET/MRI as part of comprehensive staging; this examination is
the only one under the clinical trial in our country.

ic resonance imaging and targeted biopsy (MRI/ TBx) were performed from
1/2017 to 12/2019 in the examination of 450 patients.

2.3. PHI as a Tool for the First (Initial ) Stratification of the Patient

PCa diagnestics using biomarkers started in the 1980s with the total PSA (tPSA) mea-
surement. Total PSA has a limited sensitivity and specificity for PCa detection [6]. Seeking
better sensitivity and specificity, free PSA (fPSA) was introduced and then (2])proPSA.
These developments enabled physicians not only to start using biomarkers, but also to
calculate parameters; namely, the percentage of [PSA (%freePSA = (fPSA/tPSA) * 100) and
Prostate Health Index, PHI (FHI = {{[-2])proP3A /fFSA) x /tPSA). These parameters, PHI
especially, contributed to FCa aggressiveness assessment using biochemical methods [7].
One of the largest recent studies carried out by PROMETHEUS, a Multicentric European
Study, confirmed PHI as one of the strongest predictors of PCa, correlating with the Gleason
Scome (GS). In our own studies, firstly monocentric [5,8] and later on multicentric {(with
our partners) [9,10], we proved the PHI's ability to distinguish between PCa GS < 7 (low
aggressiveness) and G5 = 7 (higher aggressiveness).
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2.4 The Key Role of Imaging Technigues in Staging and Surgioal Navigation

A pathway with mpMRI combining T2-weighted, dynamic contrastenhanced (DCE)
and diffusion weighted imaging (DWI) has been shown to be accurate in significant PCa.
Prostate anatomy is best assessed by T1 and T2 weighted images, with the DCE and DWI
contributing functional information. There is also evidence that mpMRI tends to detect
higher risk disease, which makes it attractive as a potential triage test [11]. mpMRI in the
diagnostics of PCa is very often used for its high sensitivity and specificity. Sensitivity
increases especially with tumor size and aggressivenass. The wsults are excellent, especially
for significant lumors: tumor volume = 0.5 mL or GS =7 [12] Imaging with mpMRI plays
two roles in PCa diagnostics. Firstly, it functions as a secondary screening test, exempting
men with nonsuspicious tests from biopsy. MRI reduced the need for biopsy by 68% in
men with PSA 3.0 pg/ L. The second function of MR is to provide an image of the lesion(s),
so that sampling can be more precise [11].

As part of the unification of the MRI description, the European Society for Uroradi-
ology (ESUR) introduced the PIFRADS (Prostate imagining reporting and data system)
classification system. This prostate sector diagram employs forty-one sectors/ regions:
thirty-eight for the prostate, two for the seminal vesicles and one for the external urethral
sphincter [13,14].

PET/CT with radiolabeled choline analogs is widely used in clinical practice for
prostate cancer staging, mF-ﬂuomethy]dmIi.ne PET demonstrated higher accuracy than
MRI for the detection of primary prostate cancer; specificity was however limited by
choline uptake in benign lesions [15]. Since 2012, [*¥F}- and [#¥Ga]-labeled inhibitors of
prostate-specific membrane antigen (PSMA ) entered early clinical development for FET
imaging of PCa and showed immediate promise for sensitive and specific identification
of local and distant sites of disease [16,17]. Results from [*¥Ga]-PSMA-11 PET/MRI and
PET/CT in Figures 2-4. To summarize, according to the available systematic reviews
and clinical trials, the sensitivity and specificity in primary staging of PCa using PSMA
ligands is usually above 40% and over 85%, respectively. The impact on therapy planning
was also investigated, performing PET/CT or, less frequently, PET/MRI using PSMA
ligands, the therapeutic procedure changes in approximately 21% of patients in the primary
staging [15,19].

Figure 2. Patient with prostate cancer G8 7 (4 -+ 3) in right lobe with right seminal vesicle invasion cT3b {PSA 4,17 PHI 64.93
in [*Ca]-PSMA-11 PET/MRL
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Figure 3. Patient with lymph nodes metastases in prostate cancer G5 9 (4 + 5) iPSA 22 85 PHI 130,63 in [*5Ga}PSMA-11

PET/MEL

Figure 4. Patientwith multiple bones metastases in prostate cancer GS 8 (4 + 4) {PSA 45.33 PHI 176.8
in [**Ga} PSMA-11 PET/CT.

2.5. The Basic Rde of the Biopsy in Tumor Aggressiveness Assessment

A necessary condition for the initiation of PCa therapy is PCa histological verifi-
cation using biopsy. The transrectal ultrasound (TRUS) navigated biopsy is used as a
basic procedure [20]. The second option is the cognitive biopsy in which the result of the
imaging technique, most often mpMRL, is known. Currently, the preferred procedure is
the fusion biopsy, where images from mpMRI and TRUS are merged by software [20,21].
MRI information can be used to guide prostate biopsy cores, especially MREI/TRUS fu-
sion software-based targeted biopsy of the prostate (MRETBx) to suspicious areas in the
prostate. MRI-TBx has a higher detection rate for significant PCa and a lower detection
rate for insignificant PCa compared with T-Bx [22]. Nonetheless, some lesions might
alzo be missed on MRIEguided biopsies and these are the patients who pose a diagnostic
challenge. With the introduction of 58Ca-PSMA, ligands which exhibit almost exclusive
expression in the prostate and increased expression in PCa are more often detected [23].
PSMA-PET /MRI in combination with a newly developed fusion biopsy system+-PET/TRUS
and PET/MRI/ TRUS fusion-proved to be a valuable tool for the detection of PCa in pa-
tients following a prior negative prostate biopsy and is therefore attracting increasing
attention [24].

Based on biopsies, the Gleason score (GS) has been used since the 1960s as the main
grading system for PCa cell assessment. The G5 ranges from 1 to 10 and was considered a
main factor when a treatment plan was determined. This was the case until 2016 when the
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International Society of Urclogical Pathology (ISUP) revised the PCa grading system and a
new scale, the 5 [SUP Grades, was established [25].

2.6. Active Surveillance-A Suitalle Procedure for Tumors with Low Aggressiveness

With more and more advanced diagnostic methods and increasingly accurate assess-
ment of tumor aggressiveness, new approaches such as active surveillance can be applied
instead of urgent surgery [26]. Active surveillance is an excellent example of how the
medical paradigm has slowly changed during recent years. As aggressiveness is the main
predictive factor for subsequent treatment management in the case of FCa, the main current
task is to make precise and timely aggressiveness assessments [27]. Considering the side
effects of radical prostatectomy (incontinence or sexual dysfunction), which is indicated
in the case of highly aggressive PCa (G5 > 7), active surveillance seems to be the suitable
option for PCa with low aggressiveness (G5 < 7).

3. Discussion

The above-described PCa diagnostic algorithm has a few limitations. One major
difficulty may arise when using highly specific imaging methods with the latest radiotrac-
ers; these, however, are notwidely available. Nonetheless, the algorithm was designed
precisely with the aim of incorporating these state-of-the-art diagnostic methods and
implementing them in clinical practice in order to achieve a clear indication.

Hybrid imaging using PET and MRI has been intentionally incorporated into the algo-
rithm. MRI is perfect for the imaging of both the prostate, especially for targeted prostate
biopsy, and for the detection of ly mph node metastases. It has an irreplaceable role in preop-
erative lymph node staging. Having used the [54Ga]- PSMA-11 as the latest radiotracer with
very promising results, we believe that thus performed staging is highly specialized and
yields the best results. [**Ga}-labelled PSMA ligand could be superior to choline tracers in
its ability to obtain high contrast. PSMA tracer can detect lesions characteristic of PCa with
improved contrast when compared to the standard PBF}-ﬂumm'neﬂ'r_‘r}dm]i.ne, especially at
low PSA levels. A significant advantage of [%Ga]-PSMA-11 is that lesions characteristic
of lymph node metastases are frequently presented in very high contrast when compared
to choline. The superior contrast in [#Ga} PSMA-11 has also been demonstrated in most
skeletal metastases [28].

Due to the low availability of PET /MRI scanners, PET/ CT can be used instead. When
this is the case, however, we lose the possibility of using images for targeted prostate biopsy
and we are forced to perform further examinations in the form of at least mpMEI of the
prostate, which delays further treatment decisions and initiations. Furthermore, the hybrid
imaging method PET/MRI has the advantage of a reduced radiation dose compared to
PET/CT.

Even though the PSMA-FPET scan has shown considerable early promise, its avail-
ability is limited and incurs considerable cost. Furthermore, since prostate cancer patients
commeonly undergo mpMRI of the prostate, there is the possibility of a one-stop staging
modality in the form of a whole-body MRI (wb-MRI). According to EAU guidelines, wb-
MRI is more sensitive than conventional imaging methods and is more sensitive than
choline PET/CT in its detection of bone metastases. Nevertheless, choline PET/CT had
the highest specificity for diagnostic evaluation [29]. Wb-MRI with DWI is an effective
method for overall staging in PCa, as it can detect me tastases in normal-sized lymph nodes
and early intramedullary bone metastases before the appearance of cortical destruction or
reactive processes [30]. The LOCATE trial designed to compare the detection of prostate
cancer using conventional imaging methods with wb-MRI will certainly yield promising
results [31]. Due to the fact that a whole-body MRI is not a standard imaging method
in our hospital, this alternative is not applicable in our case. Currently, mpMRI is the
standard method for prostate imaging and it plays an important role in the detection,
targeted biopsy, local staging, and risk classification of prostate cancers. Many studies have
compared the bi-parametric MRI imaging protocol consisting of T2-weighted imaging and
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DWIwith a standard multi-parametric imaging protocol for the detection of PCa. Theme is
no significant difference regarding the detection of PCa [32-34].

Owur hospital is committed to performing mpMRL This is based on knowledge gained
from experience: DCE can in some cases help detect prostate cancer in both PZ and TZ.
It is sometimes referred to as a “backup” sequence, especially if DWI/ ADC is degraded
by artifacts [35]. In PFRADS version 2.1, DCE is used to differentiate scores of 3 and 4
in the peripheral zone. If we have a DWI score of 3 and early saturation is present, the
finding is upgraded to a score of 4, which may help achieve a more accurate aggressiveness
classification and individualized treatment of prostate cancer [13].

4. Conclusions

The PCa diagnostic algorithm presented here is a functional tool for initial patient
stratification, comprehensive staging and aggressiveness assessment.

The use of advanced diagnostic techniques allows us to move towards to a more
advanced level of cancer care that is more beneficial for patients. This diagnostics algorithm
has become a standard of care in our hospital. The algorithm is continuously validated and
modified based on our results.
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15.2 The Ability of Prostate Health Index (PHI) to Predict Gleason Score
in Patients with Prostate Cancer and Discriminate Patients Between
Gleason Score 6 and Gleason Score Higher Than 6
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Abstract

Aim: The purpose of this study was toinvestigate the Prostate Health Index as a marker for tumor aggressiveness in prostate biopsy
and the optimization of indication for treatment options. Methods: Qur cohort consisted of 320 patients indicated for radical
prostatectomy with preoperative measurements of total prostate-specific antigen, free prostate-specific antigen, [-2]proPSA, calculated
%freePSA, and Prostate Health Index. The Gleason score was determined during biopsy and after radical prostatectomy. Using the
Gleason score, we divided the group of patients into the 2 subgroups: Gleason score <6 and Gleason score »6. This division was
performed according to the biopsy Gleason score and according to the postoperative Gleason score. YWe compared total prostate-
specificantigen, [-2]proPSA, %freePSA, and Prostate Health Indexin the subgroups Gleason score <6 and Gleason score =6 after biopsy
and the definitive score. Results: On evaluation of the subgroups created by Gleason score <6 and Gleason score >6, we observed
agreement between biopsy Gleason score and definitive Gleason score in only 45.3% of cases. Of the calculated biopsy, Gleasonscore
<6 and Gleason score >6 subgroups, [-2]proP5A, and Prostate Healch Index (P = 0003 and P = .0005) were statistically significanc. Of
the definitive Gleason score <6 and Gleason score >6 subgroups, Prostate Health Index, [-2]proP5SA, %freePSA, and PSA (P <.0001,
P<.0001,P= 0003, andP = .0043) were statistically significant. The bestareaunder the curve value (0.74%6) was achieved by Prostate
Health Index when the subgroups were established according to the postoperative Gleason score. Conclusion: Prostate Health
Index is the best of the tested markers for the categorization of Gleason score 6 tumors and for facilitating the management of
patients with prostate cancer. Prostate Health Index can be a helpful marker for indication of active surveillance or radical
prostatectomy. Prostate health index can also simplify the decision of whether to perform nerve-sparing radical prostatectomy.
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Introduction

The total level of prostate-specific antigen (tPSA) has long been
used asa tumor marker for prostate cancer (PC). Total PSA hasa
limited sensitivity and specificity for PC detection. Its low spe-
cificity led to an excessive number of prostate biopsies and
unnecessarily high levels of treatment, while its low sensitivity
meant a decrease in detection of low-grade PC."-? Especially, at
low values, the specificity and sensitivity of tPSA is not suffi-
cient to discriminate patients with aggressive cancers and the
others. The introduction of the commercially available [-
2]proPSA assay and especially the combined formula called the
Prostate Health Index (PHI) in 2010 led to improved clinical PC
detection.” Nowadays, PHI is Food and Drug Administration
approved for using only in the prebiopsy time, but we also
focused on the possibility of using it as a tool for better man-
agement in patients who undergo radical prostatectomy (RF).

Based on biopsies, the grading system of the Gleason score
(GS) has beenused since the 19605 as one of the main tools for PC
cell assessment. The GS scale canrange from 1 to 10. In2016, the
International Society of Urological Pathology (ISUP) revised the
PC grading system. Gleason score 6 was included as ISUP grade
1, whereas GS7 is now newly classified as ISUP grade 2 for
(3+4), GST (443) as ISUP grade 3, GS8 as [SUP grade 4, and
GS 9-10 as ISUP grade 5. The GS is one of the main factors
taken into consideration together with the PSA level and imaging
techniques when determining a treatment plan. The most sensi-
tive group of patientsis that with the GS <6. The introduction of
another reliable tool which could be taken into consideration for
PC agpgressiveness assessment would be extremely useful.

One of the largest projects in recent times has been the
Multicentric European Study (PROMETHEUS), which con-
firmed that PHI is one of the strongest predictors of PC which
cormrelates with biopsy GS.° The aim of this study was to inves-
tigate the PHI as a marker for tumor aggressiveness in prostate
biopsy and the optimization of correct indications for treatment
options. We focused especially on GS <6, which is now con-
sidered to be a very-low-risk tumor and in some studies is not
even counted as an actual tumor,”™*

Materials and Methods

The study was conducted between July 2013 and June 2016. A
total of 320 cases were enrolled in this prospective study. The
basic characteristics of patient group are summarized in Table 1.
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Patients with the biopsy and following RP were included in
the study. Nowadays, the indication criteria for the biopsy in
our hospital are the following: prostate nodule in transrectal
prostate examination, PSA higher than 20 pg/L, and PHI higher
than 40. Magnetic resonance imaging is done before each
biopsy. Patients who were not able to undergo RP were
excluded from this study. The next exclusion criteria were the
presence of dutasteride treatment or prior series of biopsy.

All patients underwent a transrectal ultrasound prostate
biopsy, and the biopsy GS was specified. Twelve core biopsies
were used in all cases. A laparoscopic RP was then performed
by our institution and a definitive GS was established using a
whole-mount section procedure by an experienced genitourin-
ary pathologist® According to the GS, we divided the group of
patients into the 2 subgroups: GS6 and G5>6. This division was
made twice: according to the biopsy GS and according to the
postoperative (definitive) GS. We compared total PSA,
[-2]proPSA, %ifreePSA, and PHI in the GS6 and GS>6 sub-
groups created for both biopsy and definitive scores. Blood
samples were collected before any kind of treatment or diag-
nostic prostate procedures were performed. We didn’t repeat
the total PSA, [-2]proPSA, and % freePSA measurement and
PHI calceulation before prostatectomy, just compared the PHI to
bioptic and definitive GS. Peripheral blood was drawn using
VACUETTE Z Serum Sep tubes (Greiner Bio-One, Krems-
miinster, Austria) and allowed to clot. Serum was separated
within 3 hours of blood collection and analyzed. Total PSA,
free PSA (fPSA), and [-2]proPSA were assayed using the
ACCESS chemiluminescent kits (Beckman Coulter, Brea,
California). The percentage of fPSA and the PHI were calcu-
lated using the formulas:

%freePSA = (fPSA/PSA) x 100 md
PHI = (—2proPSA /fPSA) x VIPSA.

The SAS 9.2 (Statistical Analysis Software release 9.2; SAS
Institute Inc, Carry, North Carolina) was used for all statistical
analyses. A summary of statistical findings such as median,
lower and upper quartile, and minimum and maximum is pre-
sented. Receiver operating characteristic (ROC) curves were
plotted and the area under the curve (AUC) calculated. Cutoff,
specificity, sensitivity, positive predictive value (PV+), nega-
tive predictive value (PV—), and relative risk for PHI were
calculated. The Wilcoxon test was used to compare distribu-
tions of values between the groups of patients, and Pvalue <.05
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Table 1. Basic Characteristics of Patient Group.

Patients
Male 320 (100%)
Age
Median 65 years
Average 67 years
Min-Max 45-75 years
Pathologic stage
pT
le 1 (03%)
2a 47 (147%)
i 4(12%)
2¢ 184 (57.5%)
3a 47 (147%)
b 33 (104%)
4 4(12%)
Biomarker values Median (Min-Max)
PSA (pg/L) 8.06 (1.01-55.42)
TfreePSA (%) 1075 (3.04-32.96)
proPSA (pg/mL) 18.00 (4.00-304.00)
PHI (without units) 5732 (17.04-292.74)
Gleason Score
Gs Biopsy Gleason Score  Definitive Gleason Score
GS6 198 (61.9%) 95 (29.7%)
GS7(3+4) 75 (23.4%) 113 (35.3%)
GS7 (443) 18 (5.6%) 58 (18.1%)
GS8 22 {6.9%) 37 (1L.6%)
GSs9 6 (1.9%) 15 (4.7%)
GS10 1 (0.3%) 2 (06%)

Abbreviations: GS, (leason score; PHI, Prostate Health Index; PSA, prostate-
specific antigen.

indicated the statistical significance. The AUC were compared
by the nonparametric approach of DeLong er al as implemen-
ted in SAS proc LOGISTIC as ROCCONTRAST Statement.'®
The study was approved by the local ethical committee on May
3, 2012. Patients signed an informed consent before enrollment
into the study.

Results

In our cohort of 320 patients, we observed a different distribu-
tion of patients between GS6 and G5>6 when we divided them
according to the biopsy or the postoperative histology (Tables 2
and 3). The distribution according to the biopsy was GS6/GS=6
= 198/122, while the postoperative histology showed GS6/
GS>6 = 95/225. The same GS was assigned in only 145
(45%) cases. From 198 patients with bioptic GS6 (ISUP grade
1), 112 (57%) had definitive GS>6 (ISUP grade 2 and higher).
On the other hand, from 95 patients with definitive GS6 (ISUP
grade 1), 9 (10%) patients had a biopsy GS=6 (ISUP grade 2
and higher).

When we evaluated the biomarkers used in this study,
[-2]proPSA and PHI(P = .0003 and P = .0005; Table 2) were
found to be statistically significant for distinguishing the
biopsy GS6 and G5>6 subgroups. In the distinguishing of defi-
nitive GS6 and G3>6 subgroups, PHI, [-2]proPSA, TfreePSA,
and PSA (P < 0001, P < .0001, P = 0003, and P = .0043;
Table 3) were statistically significant We performed ROC
analysis and calculated AUC. The ROC curves of the biopsy

Table 2. Data According to the Biopsy Gleason Score (GS6 vs GS>6).*

Biopsy Group N Biomarker Median Minimum Maxinum Lower Quartile Upper Quartile P Value
GS6 198 PSA 7.74 Lol 5542 589 11.98 2696
TifreePSA 10.56 LRI 2545 797 14.11 A360
proPSA 16.00 4.00 304.00 11.00 23.00 0003
PHI .34 17.04 29274 40.71 7149 L0005
GS=6 122 PSA B33 2w 4697 6.26 13.58 2696
TifreePSA 11.25 378 3296 831 15.04 A360
proPSA 20.00 5.00 129.00 14.00 300 0003
PHI 63.05 2385 239.82 48 87 8R.03 L0005
Abbreviations: (G5, Gleason score; PHI, Prostate Health Index; PSA, pmqu:ﬂ:iﬁc sm:igtn.
*PSA (ngL), WfreePSA (%), proPSA (pg/mL), PHI (without units).
Table 3. Data According to the Definitive Gleason Scare After Radical Prostatectomy (GS6 vs GS=6).%
Definitive Group N Biomarker Median Minimum Maximum Lower Quartile Upper Quartile P Value
GS6 95 PSA 716 1.01 26.46 528 9.70 0003
TofreePSA 12.26 526 32.96 B.99 1571 0043
proPSA 14.00 4.00 44.00 10.00 21.00 <0001
FHI 4324 17.04 103.79 35.61 59.45 <.0001
GS=6 225 PSA 8.51 272 5542 6.30 13.42 0003
TofreePSA 10.06 304 26.98 7.58 13.86 0043
proPSA 19.00 500 304.00 13.00 28.00 <0001
FHI 64,28 22.04 29274 49.45 8176 <0001

Abbrevistions: (S, (leason score; FHI, Prostate Health Index; PSA, prostate-specific antigen.

*PSA (pug/L), FifreePSA (%), proPSA (pg/mL), PHI (without units).
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Figure 1. Receiver operating characteristic curves acconding to the
biopsy Gleason score (GS6 vs GS=6). GS indicates Gleason score.
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Figure 2. Receiver operating characteristic curves for the definitive
Gleason score after radical prostatectamy (GS6 vs GS=6). GS indi-
cates Gleason scare.

subgroups are shown in Figure 1. The ROC curves of the defi-
nitive subgroups are shown in Figure 2. The best AUC values
were achieved by the PHI when the subgroups were established
according to the postoperative G5 (AUC = 0.7496). The AUC
values are summarized in Table 4 including P values of the
AUC comparison between PHI and other parameters. In the
biopsy GS group, P values were not significant. In the defini-
tive G5 group, the comparison between AUC of PHI versus
PSA and PHI versus % freePS A showed statistically significant
results (P = .0069 and P = 0008). Table 5 showed cutoff PHI
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based on the postoperative GS. Cutoff PHI = 34 has 95%
sensitivity and almost 89% PV —. Cutoff PHI = 38 has 90%
sensitivity and almost 84% PV—.

Discussion

It is currently well established that no single biomarker in iso-
lation has the perfect performance characteristics necessary for
the detection and risk siratification of PC. The PHI seems to be
asimple and inexpensive test for a multivariant approach to PC
screening and management. The PHI improves prediction of
PC at initial and extended biopsy stages and might distinguish
PC from chronic prostatitis while improving prediction
of insignificant PC. It can also predict recurrence of the
disease after RP."!

Sanda and colleagues evaluated PHI in a group of 658 men
with PC. The authors reported that PHI improved the prediction
of high-grade PC in a group with the range of PSA from 4 to
10 ngfmL. The PHI comelated significantly with the bioptic
GS."* Lazzeri and collaborators found, in the Multicentric
European Study (PROMETHEUS), that [-2]proPSA, a splice
variant isoform of tPSA, and its derivatives, %[—2]proPSA and
PHI, were significant independent predictors of PC in a high-
risk population in men with a positive family history of PC.
Other authors reported finding that [-2]proPSA and PHI show a
connection with the biopsy GS.'* Our findings are in accor-
dance with this study. On distinguishing the biopsy GS6 and
(G8>6 subgroups, [-2]proPSA and PHI (P = 0003 and P =
0005) were found to be statistically significant (Table 2).

According to the meta-analysis by Wang er al, PHI detects
prostate carcinoma with a GS =7 very precisely with an AUC
value 0f 0.90." Our findings are in accordance with the results
of this meta-analysis. We chose to separate our group to GS6
and GS=6 because this cutoff leads to treatment decision from
active surveillance to RP. Despite we targeted GS6 instead of
G827, our results were very similar. The best AUC vale and
ROC curve were achieved by PHI when the subgroups were
established according to the postoperative GS (AUC = 0.7496;
Table 4, Figure 2). When comparing the AUC values achieved
in discrimination according to the biopsy GS group, we see that
addition of the next diagnostic parameters to the tPSA does not
statistically significantly increase the differential diagnostic
efficiency even we could see some signal that PHI is the best
parameter. On the contrary, in discrimination according to the
definitive GS group, we can clearly see that the addition of
[-2]proPSA and afterward calculation of PHI increase statisti-
cally significantly the differential diagnostic ability in distin-
guishing G56 and higher than G56 tumors compared to tPSA
and FifreePSA (Table 4).

Biopsy has an important place in the guidelines on the diag-
nosis and staging of PC. The diagnosis of PC depends on his-
topathological confirmation."” However, our data show a very
high inaccuracy of prostate biopsy in a comparison between
biopsy and definitive GSs. The same GS was assigned in only
145 (45%) cases. It should be noted that there is nearly a 50%
chance of distinguishing a higher risk tumor from a low-risk
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Table 4. Area Under the Curve According to the Biopsy Gleason Score (GS6 vs G5>6) and Definitive Gleason Score After Radical Prosta-

tectomy (G356 vs GS-6).

Biopsy Gleason Score Definitive Gleason Score

Biomarker AUC (95% CI) F Value Versus PHI  Biomarker AUC, (95% CT) P Value Versus PHI
FHI 0.6230 (0.559%-0.6865) NA PHI 0.7496 (0.6895-0.80%6) NA
proPSA 0.6178 (0.5538-0.6818) 08488 proPSA 0.6456 (0.5806-0.7106) 0630

PSA 0.5368 (0.4705-0.6031) 01007 PSA 0.6291 (0.5726-0.6856) L0069
TifresPSA 0.5260 (0.4601-0.5919) 00873 TofreePSA 0.6018 (0.5349-0.6686) L0008

Abbreviations: AUC, area under the curve; GS, Gleason score; NA, not applicable; PHI, Prostate Health Index; PSA, pu'mt—q:ﬂ:'iﬁc antigen.

Table 5. Cutoff PHI Based on the Postoperative Gleason Score (GS6
vs G5>6).

Specificity  Sensitivity

Cutoff PHI %) (%) PV4+ (%) PV—(%) RR
3436 21,05 95.11 39,85 88.67 351
3846 32,63 90.67 47.69 8377 293

Abbreviations: G5, Gleason score; PHI, Prostate Health Index; PV, pnxiﬁ\-t
predictive value; PV —, negative predictive value; RR, relative risk.

tumor when using only the results of a biopsy. Risk stratifica-
tion is actually the most important factor taken into consider-
ation when a treatment strategy is being prepared. With the use
of our results, we can determine with a much higher probability
whether a biopsy GS6 tumor really is in fact a GS6 and can be
classified asa low-risk tumor. This classification is crucial fora
treatment strategy. A low-risk tumor diagnosis more often
allows for the recommendation, for example, of active surveil-
lance instead of a radical surgery procedure.

Currently, active surveillance is an option for low-risk
groups of patients. However, selection criteria are not yet
fully established, except for the GS which should be GS6 or
lower."*?® The European Association of Urology (EAU)
guidelines in this matter are discussed below. These days, other
parameters are studied in great detail to help doctors identify
low-risk patients with a higher certainty. Certain recent data
show that PSA isoforms, the prostate cancer antigen 3 gene
(PCA3) test, transmembrane protease, and certain genomic
tests of the prostatic tissue look like promising tools,”*** In a
recent systematic review on PC biomarkers,” PCA3 test has
by itself no prognostic value and prognostic value of PHI has
been evaluated with the highest level of evidence. In accor-
dance with this review, we showed that PHI can also improve
the identification of patients with GS6 tumor.

Another very current question in the treatment of patients
with PC is that of which kind of surgery should be used. Doc-
tors decide between RP and nerve-sparing RP. Nerve-sparing
surgery during RP has an unquestionable effect on erectile
function and postoperative urinary continence.'® According
to the EAU puidelines, nerve-sparing RP can be safely per-
formed in men with low-risk PC. Patients with a high risk of
extracapsular disease (category T3, according to the TNM clas-
sification of malignant tumors) and with a GS7 or higher in

biopsy are clearly contraindicated. Nowadays, nomograms are
used for predicting extracapsular extension, and multipara-
metric magnetic resonance is also helpful in distinguishing
low- and high-risk patients.'® In our study, we tried to establish
the cutoff value for PHI based on the postoperative GS to
distinguish G86 and GS>6 tumors. High-grade tumors
(G5>6) are contraindicated for active surveillance and nerve-
sparing surgery. Therefore, we have to be sure that below the
cutoff will be with the highest probability of patients without
the presence of the GS>6 tumors. We chose PHI valies 34 and
38, respectively (Table 5). When tumor is classified as GS6 and
the PHI value is below 34 (38), there is very high probability
that really low-grade tumor is present. Our findings are very
similar to the National Comprehensive Cancer Network
(NCCN) recommendations. The NCCN Guidelines version
1.2018 for Prostate Cancer Early Detection state that men with
PSA =3 pg/L and PHI =35 indicate a higher probability of high-
grade PC.*

According to the results of our study, using PHI in connection
with GS, we can better separate which tumors are really GS6 in
definitive histology, so we can offer more securely active sur-
veillance or nerve-sparing procedure for the right patient.

Conclusions

Our results demonstrate the high imaccuracy of prostate biopsy
in a comparison between biopsy and definitive GS. We tested
the panel of the current tumor markers to their ability to dis-
tinguish between GS6 and higher than GS6 tumaors. The PHI
was the best of the tested markers. The PHI can better distin-
guish GS6 tumors and facilitate decisions for the comrect man-
agement of patients with PC. The PHI can be a helpful marker
for the indication of active surveillance or radical treatment of
PC. In cases of active treatment, PHI can also simplify the
decision-making process for nerve-sparing RP. Despite the
positive experience with the PHI, the searching of the new
biomarkers for prostate tumor aggressiveness assessment is
still necessary.
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15.3 PHI as a predictor of positive biopsy in prostate cancer: Results
from multicentric study
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55 PHI (Prostate Health Index) as a predictor of positive biopsy in prostate cancer: Results from
multicentric study

Eur Urol Suppl 2017; 16(11);e2873

Dolejsova 0.1, Eret V. !, Svobodova H. !, Topoléan ©. 2, Fuchsova R. 2, Hes . %, Novak V. # , Fiala V. %, Capoun 0. %, Stejskal J. & , Zalesky
M. 8, Vesely 8.4, Hora M. !

1Teaching Hospital and Faculty of Medicine in Pilsen, Dept. of Urology, Pilsen, Czech Republic, 2 Teaching Hospital and Faculty of Medicine in
Pilsen, Dept. of Immunochemistry, Pilsen, Czech Republic, 3 Teaching Hospital and Faculty of Medicine in Pilsen, Dept. of Pathology, Pilsen, Czech
Republic, 4University Hospital Motal, 2nd Faculty of Medicine, Dept. of Urology, Prague, Czech Republic, SGeneral Teaching Hospital in Prague,

Dept. of Urology, Prague, Czech Republic, ﬁTh-::mayrer Hospital, Dept. of Urology, Prague, Czech Republic

Introduction & Objectives: PHI is a new marker used for better identification patients with prostate cancer. The aim of this multicentric study is

evaluation of PHI as a predictive marker for positive biopsy.

Materials & Methods: The study cohort consisted of 874 patients from four main centres in Czech Republic. Total PSA (tPSA), free PSA (fPSA)
and -2pro PSA were determined using a Dx| 800 chemiluminescent device (Beckman Coulter, Brea, California, USA) and Hybritech calibration.
Prostate Health Index (PHI) was calculated by using the formula of %freePSA (freePSA / tPSA) x 100 and PHI = (-2proPSA / freePSA) x Y tPSA. All
patients underwent transrectal ultrasound prostate biopsy (TRUS) and bioptic Gleason score was specified by experienced urogenital pathologists.

Also number of previous negative biopsies and number of positive cores were observed.

Results: From total amount of 874 biopsies 373 were negative [PSA 6.292 (SD 5.232), fPSA 0.992 (SD 1.043), -2proPSA 17.766 (SD 12.638) PHI
46.633 (SD 24.205)]. 501 were positive [PSA 9.843 (SD 9.618) fPSA 1.533 (SD 4.628) -2proPSA 30.074 (SD 58.124) PHI 70.019 (SD 50.669)].
Cohort was then divided into two subgroups - primobiopsy and rebiopsy group. In primobiopsy group 166 were negative and 316 positive. In
rebiopsy group 206 were negative and 183 positive. 3 patients were excluded for incomplete data. In rebiopsy group predictive ability of PSA and
correlation with number of positive cores decreases compared with PHI [Spearman rank-correlation coefficient PSA 0.203 (p- value 0.000), PHI
0.354 (p-value 0.000)].

Conclusions: In our multicentric study we confirmed that PHI is generally stronger predictor for positive biopsy than PSA (PHI AUC 70,725). We

can also conclude that PHI has better predictive ability and correlations with number of positive cores than PSA in rebiopsy.

Eur Urol Suppl 2017; 16(11),62873
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Abstract

Purpose To compare the ability of Prostate Health Index (PHI) to diagnose csPCa, with that of total PSA, PSA density
(PSAD) and the multiparametric magnetic resonance (mpMRI) of the prostate.

Methods We analysed a group of 395 men planned for a prostate biopsy who underwent a mpMRI of the prostate evalu-
ated using the PIRADS v1 criteria. All patients had their PHI measured before prostate biopsy. In patients with an mpMRI
suspicious lesions, an mpMRI/ultrasound software fusion-guided biopsy was performed first, with 12 core systematic biopsy
performed in all patients. A ROC analysis was performed for PCa detection for total PSA, PSAD, PIRADS score and PHI;
with an AUC curve calculated for all criteria and a combination of PIRADS score and PHI. Subsequent sub-analyses included
patients undergoing first and repeat biopsy.

Results The AUC for predicting the presence of csPCa in all patients was 59.5 for total PSA, 69.7 for PHI, 64.9 for PSAD
and 62.5 for PIRADS. In biopsy naive patients it was 61.6 for total PSA, 68.9 for PHI, 64.6 for PSAD and 63.1 for PIRADS.
In patients with previous negative biopsy the AUC for total PSA, PHI, PSAD and PIRADS was 55.4, 71.2, 64.4 and 69.3,
respectively. Adding of PHI to PIRADS increased significantly (p =0.007) the accuracy for prediction of csPCa.
Conclusion Prostate Health Index could serve as a tool in predicting ¢sPCa. When compared to the mpMRI, it shows com-
parable results. The PHI cannot, however, help us guide prostate biopsies in any way, and its main use may, therefore, be in
pre-MRI or pre-biopsy triage.

Keywords Prostate cancer - Prostate health index - Prostate MRI - MRI - TRUS fusion biopsy - PSA density - PIRADS
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Recently, there has been an emphasis on incorporating
magnetic resonance imaging (MRI) into PCa diagnostic
algorithm as it is a very useful tool in PCa diagnosis and
pre-treatment visualization [4, 5]. The use of prostate MRI
in every patient with elevated PSA levels, might, however,
cause longer waiting periods or more expenses. It would
therefore be useful to have cheaper, simpler tests to select
high risk patients in which to perform prostate MRI and an
eventual prostate biopsy.

New biochemical markers or a novel use of existing ones
or their combinations promise to do just that. One of the
most promising new biomarkers of PCa seems to be the free
PSA isoform [-2] proPSA and the Prostate Health Index
(PHI) which is a numerical score calculated using the levels
of total PSA, free PSA and [-2] proPSA [6].

In this study we aimed to compare the ability of PHI to
diagnose PCa, particularly its clinically significant variant,
with that of total PSA, PSAD and the multiparametric mag-
netic resonance of the prostate (mpMRI). After the head
to head comparison, we evaluated the combined diagnostic
efficacy of PHI and mpMRI.

Methods

This multicentre study comprises a group of 395 men
planned for a prostate biopsy for elevated total PSA lev-
els with negative digital rectal examination at four different
hospitals. Clinical and pathological data consisting of age,
PSA, PSA, PSAD, Prostate Imaging Reporting and Data
System (PIRADS) score, PHI, number of previous biopsies
and prostate biopsy result were collected.

Biopsies were performed in four hospitals with 51 biop-
sies done in hospital 1, 215 in hospital 2, 8 in hospital 3 and
121 in hospital 4. Clinicopathological characteristics in our
cohort are presented in (Table 1). The distribution of highest
PIRADS score per patient is shown in (Table 2).

We enrolled 249 biopsy naive patients and 144 patients
with previous negative biopsies. In two patients the number
of previous biopsies was not available. The average number

Table 1 Clinicopathological characteristics of all patients undergoing
prostate biopsy

Number of patients 395
Average
Age (years) 63.407 (SD 6.966)

PSA (ng/ml) 8995 (SD 7.824)
PHI 57.931 (SD 42.807)
PSAD (ng/ml%) 0.201 (SD 0.201)

PSA prostate-specific antigen, PHI prostate health index, PSAD PSA
density, SD standard deviation
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Table 2 Distribution of highest

= s Highest PIRADS ~ Number of
PIRADS score per patient o0 ity
1 18
2 42
3 120
4 111
5 104
PIRADS  prostate  imaging

reporting and data system

of previous biopsies in the repeat biopsy subgroup was 1.82
[standard deviation (SD) 1.30].

All patients first underwent an mpMRI of the pros-
tate using a 1.5 T machine with an endorectal coil or a
3 T machine without an endorectal coil. T1-weighted,
T2-weighted, dynamic contrast, and diffusion-weighted
sequences were performed, with ADC maps calculated. The
MR images were then evaluated using the PIRADS V1 sys-
tem [7]. Version | of the PIRADS system was used because
the onset of the project was before the implementation of
PIRADS version 2 at all participating sites.

All patients had their PHI calculated from plasmatic lev-
els of three kallikreins using the Beckman and Coulter PHI
formula ([-2]proPSA/free PSA)x \/PSA [6]. PSA density
was calculated using total PSA and prostate volume meas-
ured by transrectal ultrasound.

Patients then underwent transrectal prostate biopsy in
antibiotic prophylaxis. In patients with an mpMRI suspi-
cious lesions (PIRADS 3-5), an mpMRT/ultrasound software
fusion-guided biopsy from each lesion was performed first,
with 12 core systematic biopsy performed in all patients.

Biopsy cores were then analysed by certified pathologists
and reported using the Gleason grading system. Clinically
significant PCa was defined as the presence of at least one
sample with a Gleason four or five grade lesion, or ISUP
(International Society of Urological Pathologists) Grade
Group>1.

Statistical analysis

Logistic regression models (both univariable and multivari-
able) were calculated to determine the ability of total PSA,
PSAD, mpMRI PIRADS score and PHI to predict any PCa
and csPCa in prostate biopsy. Predictive accuracy of each
variable was quantified as the area under the receiver oper-
ating characteristics (ROC) curve (AUC). A multivariable
logistic model assessed their predictive independency. The
significance of the difference between areas under ROC
curves for different predictive models was assessed by the
DeLong test. Subsequent sub analyses included patients
undergoing first and repeat biopsy. Clinically significant
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PCa was evaluated separately in all patient subgroups. All
statistical analyses were conducted with R statistical package
version 3.5.1. (R Core Team, Vienna, Austria, 2018).

Results

We performed biopsies in 395 patients with 296 positive
and 99 negative results for PCa. The calculated predictive
powers in the form of AUCs for individual parameters for
any PCa in all patients, as well as in both subgroups are
presented in (Table 3), with separate analyses for ¢sPCa
presented in (Table 4). Both (Tables 3, 4) also include the
calculated thresholds, sensitivity, and specificity for each
parameter to better characterize their predictive values.

In the whole cohort, PHI was most accurate in predicting
csPCa on prostate biopsy (AUC 69.720). while PSAD was
the most accurate variable in predicting PCa in general (AUC
83.207). Figure 1 shows the ROC curves for PIRADS, PSA,
PHI, PSAD, PIRADS + PHI and PIRADS + PHI + PSAD for
¢sPCa in the whole cohort.

In biopsy naive patients, PSAD was the most accurate
predicting factor for any PCa (AUC 92.714), outperforming
both PIRADS score and PHI. For the prediction of ¢sPCa,
PHI is superior to PSAD (AUC 68.879). although the dif-
ference is not statically significant. In patients with previous

negative biopsies PSAD stands as the most accurate predic-
tor for any PCa. Again, in the csPCa subgroup, PHI is the
most accurate predictor of csPCa (AUC 71.235).

The combination of PHI, PIRADS and PSAD provides
the most accurate prediction for any PCa in all patients
(AUC 85.914). This combination yields an AUC of 94.003
for any PCa, in the first biopsy subgroup, and an AUC of
83.717 in the repeat biopsy subgroup. When considering
only ¢sPCa the combined use of PHI and PIRADS out-
performs all other parameters with AUCs of 69.452 in the
whole cohort and 66.746 and 75.088 for first and repeated
biopsies, respectively. Adding PSAD to the combination of
PIRADS and PHI does not increase the predictive accuracy
for csPCa in any group.

Table 5 shows the results of the DeLong analysis of sta-
tistical significance of the differences between the calculated
AUCs.

Discussion

In this study, we analysed the predictive value of PHI versus
total PSA, PSAD and PIRADS score for PCa (¢csPCa) in
prostate biopsy. We found the following articles to compare
our results with.

Table 3 Predictive accuracy AUC

: Threshold Specificity Sensitivity

of each variable for any

PCa quantified as the area All patients, any PCa, N=395

under tisTocclveroperaling PIRADS 76.230 (71.606-80.855) 3.500 0.659 0.808

characteristics curve (AUC),

with threshold, sensitivity, and PSA 72.110 (65.597-78.262) 4.650 0.889 0475

specificity for each variable PHI 75.468 (69.827-81.109) 40.775 0.763 0.657
PSAD 83.207 (78.462-87.952) 0.101 0.842 0.697
PIRADS +PHI 80.065 (75.284-84.846) —1.056 0.708 0.778
PIRADS +PHI+PSAD 85.914 (81.814-90.014) —0.887 0.767 0818

First biopsy, any PCa, N=249
PIRADS 76.885 (70.414-83.355) 3.500 0.714 0.783
PSA 89.570 (84.922-94.218) 4.650 0.872 0.783
PHI 85,339 (79.739-90.940) 35,040 0.857 0.739
PSAD 92,714 (89.48-95.944) 0.099 0.869 0.870
PIRADS + PHI 87.042 (81.670-92.415) — 1147 0.823 0.804
PIRADS +PHI+ PSAD 94.003 (91.086-96.919) -1.912 0.809 0.978
Repeat biopsy, any PCa, N=144

PIRADS 73.098 (65.554-80.642) 3.500 0.543 0.827
PSA 61.570 (52.010-71.129) 6.980 0.717 0481
PHI 67.910 (58.605-77.215) 41.005 0.791 0.558
PSAD 74.634 (66.315-82.953) 0.135 0.696 0.692
PIRADS +PHIL 75.634 (67.841-83.427) —1.088 0.516 0.923
PIRADS + PHI+ PSAD 83.717 (77.099-90.335) 0516 0.761 0.769

PIRADS prostate imaging reporting and data system, PSA prostate-specific antigen, PHI prostate health

index, PSAD PSA density, AUC the area under curve (with upper and lower control limits)
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Table 4 Predictive accuracy

% g AUC Threshold Specificity Sensitivity

of each variable for csPCa

quantified as the area under All patients, GS > 6, N=364

L‘;Z::ggr‘:;;‘fzﬁ:g( o PIRADS 65.171 (59.409-70.935) 3.500 0.730 0.525

with threshold, sensitivity, and PSA 59.528 (53.309-65.747) 7.425 0.582 0.587

specificity for each variable PHI 69.720 (64.061-75.378) 49470 0.730 0.595
PSAD 64.933 (59.009-70.856) 0.139 0.736 0.533
PIRADS +PHI 69.452 (63.672-75.232) 0.818 0.697 0.595
PIRADS +PHI+ PSAD 67.820 (62.040-73.600) 0.742 0.645 0.642

First biopsy, GS > 6, N=237
PIRADS 63.086 (55.944-70.227) 0.801 0.778 0.455
PSA 61.602 (54.1-69.114) 8.485 0.481 0.705
PHI 68.879 (61.889-75.868) 41.055 0.864 0.462
PSAD 64.635 (57.238-72.031) 0.183 0.575 0.682
PIRADS +PHI 60.746 (59.398-74.094) 0.773 0.716 0.551
PIRADS +PHI + PSAD 66.104 (58.856-73.352) 0.831 0.688 0.558
Repeat biopsy, GS>6, N=125

PIRADS 69.338 (59.619-79.058) 3.500 0.650 0.647
PSA 55.441 (44.328-66.554) 7.415 0.625 0.518
PHI 71.235 (61.310-81.161) 49.470 0.775 0.600
PSAD 64.485 (54.262-74.708) 0.139 0.750 0.588
PIRADS + PHI 75.088 (65.598-84.579) 0.316 0.550 0.847
PIRADS +PHI+ PSAD 73.029 (63.390-82.669) 0.423 0.575 0.824

PIRADS Prostate Imaging Reporting and Data System, PSA prostate-specific antigen, PH/ prostate health
index, PSAD PSA density, AUC the area under curve (with upper and lower control limits)
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Fig.1 ROC curves for PIRADS, PSA, PHI. a PIRADS+PHI for
csPCa in the whole cohort. PIRADS Prostate Imaging Reporting
and Data System. PSA prostate-specific antigen, PHT prostate health
index, PSAD PSA density

In 2010 Le analysed the ability of [-2] proPSA and PHI
to predict PCa on a group of over 2000 patients [-2] proPSA
(AUC 0.76) and PHI (AUC (.77) both outperformed total
PSA (AUC 0.50) in PCa detection [8]. In a multicentre study
in 2011, Catalona reached similar results of PHI outperform-
ing total PSA in PCa diagnosis (PHI AUC (0.703) includ-
ing ¢sPCa (PHI AUC 0.724) [9]. A 2013 meta-analysis

@ Springer

98

comprising eight studies and a total of 2919 patients shows
the superiority of PHI over both PSA and free to total PSA
ratio (sensitivity for the detection of PCa for PHI was 90%,
with a specificity of 31.6%) [10].

In a 2014 article reviewing published evidence of PHI
efficacy, Stacy Loeb describes PHI as a simple and inexpen-
sive blood test, that outperforms total PSA in prostate cancer
prediction and should be a part of a multivariable approach
to screening [6]. A later paper by the same author states
that adding PHI to current predictive models [PCPT (Pros-
tate Cancer Prevention Trial) and ERSCP (European Rand-
omized study of Screening for Prostate Cancer)] increases
their predictive accuracy [11].

A 2018 study describes the clinical utility of PHI in
decision making in urology practice setting. The use of PHI
resulted in significant reduction of the number of performed
biopsies (60.3% vs. 36.4%) and there was a decrease in the
overall percentage of Gleason score six tumours detected in
the PHI group (9.9% vs. 18.4%) [12].

These and other papers published since the first use of
PHI show the superiority of PHI when compared with total
or free PSA. Our results concur with these statements,
particularly when focusing on ¢sPCa, where PHI outper-
formed total PSA in all patient groups. In the whole cohort
and the repeat biopsy subgroup the difference between
AUC for PHI and PSA was statistically significant; there
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Table 5 The statistical

e i 2 p value p value

significance of the differences

between areas under ROC All patients All patients, GS > 6

corves fom Tabies3 andhfor  poyyy pry 0.307 PSA vs_ PHI 0.002

different predictive models as

assessed by the DeLong test PSA vs. PIRADS 0.288 PSA vs. PIRADS 0.127
PSA vs. PIRADS +PHI 0.026 PSA vs. PIRADS + PHI 0.003
PHI vs. PIRADS + PHI 0.034 PHI vs. PIRADS + PHI 0.904
PIRADS vs. PIRADS + PHI 0.038 PIRADS vs. PIRADS + PHI 0.007
PSAD vs. PHI 0.007 PSAD vs. PHI 0.102
PSAD vs. PIRADS 0.036 PSAD vs. PIRADS 0.978
PSAD vs. PIRADS + PHI 0.266 PSAD vs. PIRADS + PHI 0.159

First biopsy First biopsy, G§> 6

PSA vs. PHI 0.242 PSA vs. PHI 0.078
PSA vs. PIRADS 0.001 PSA vs. PIRADS 0.726
PSA vs. PIRADS +PHI 0.450 PSA vs. PIRADS + PHI 0.198
PHI vs. PIRADS + PHI 0.245 PHI vs. PIRADS +PHI 0.443
PIRADS vs. PIRADS 4 PHI 0.000 PIRADS vs. PIRADS +PHI 0.028
PSAD vs. PHI 0.023 PSAD vs. PHI 0.247
PSAD vs. PIRADS 0.000 PSAD vs. PIRADS 0.925
PSAD vs. PIRADS +PHI 0.068 PSAD vs. PIRADS + PHI 0.581
Repeat biopsy Repeat biopsy, GS > 6
PSA vs. PHI 0.248 PSA vs. PHI 0.002
PSA vs. PIRADS 0.059 PSA vs. PIRADS 0.034
PSA vs. PIRADS +PHI 0.015 PSA vs. PIRADS 4+ PHI 0.000
PHI vs. PIRADS + PHI 0.080 PHI vs. PIRADS +PHI 0.300
PIRADS vs. PIRADS +PHI 0.213 PIRADS vs. PIRADS +PHI 0.080
PSAD vs. PHI 0.137 PSAD vs. PHI 0.173
PSAD vs. PIRADS 0.799 PSAD vs, PIRADS 0.490
PSAD vs. PIRADS + PHI 0.863 PSAD vs. PIRADS + PHI 0.072

PIRADS Prostate Imaging Reporting and Data System., PSA prostate-specific antigen, PHI prostate health

index PSAD PSA density

was no statistically significant difference in the first biopsy
subgroup.

Furthermore, our study offers a direct head to head
comparison with mpMRI of prostate, which is currently
considered a golden standard in PCa visualisation and
prediction and is a part of European Association of Urol-
ogy guidelines [1]. Compared to this more expensive and
more complicated technology which can be difficult to
interpret [13, 14], PHI offers a similar and even superior
predictive ability for csPCa. Combining these two methods
yields even more accurate prediction in patients undergo-
ing repeat biopsy, especially for csPCa. We were unable
to find any direct comparisons in a literature search to
compare our results with, except a 2018 article by Drus-
kin et al., describing the superior diagnostic accuracy of
PHI density when compared to PSA and PHI while being
complementary to PIRADS score [15]. Further prospective
studies are therefore needed.
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The repeat biopsy group analysis yields very promis-
ing (and statistically significant) results for both PHI and
the combination of PHI and PIRADS in csPCa prediction.
This cannot, however, be said about the biopsy naive patient
group. Similar results have been shown in recent meta
analyses evaluating mpMRI in PCa diagnostics [16, 17]. In
our cohort PHI yields more accurate prediction in the first
biopsy ¢sPCa subgroup, but, despite a visible trend, the dif-
ference between AUC for PSA and PHI in this subgroup is
not statistically significant.

PSAD shows superior predictive accuracy when analys-
ing patients with any PCa in all patient subgroups, with even
greater accuracy when combined with PHI and PIRADS.
This, however, is not true for csPCa as in all patient sub-
groups PHI is superior to PSAD in predicting ¢sPCa
involvement. Despite this trend being present in all ¢csPCa
subgroups, the difference between AUCs is not statistically
significant. Adding PSAD to PHI and PIRADS also does
not improve the predictive accuracy for csPCa of PHI and
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PIRADS combined. PSAD might thus increase the diagnosis
of PCA, although not only its clinically significant variant,
which might lead to overdiagnosis of clinically insignificant
PCa.

The generally high number of positive biopsies in our
analysis may stem form a higher average PSA in our cohort,
when compared to other published studies. Despite higher
average, PSA was still lagging after PHI in csPCa prediction.
This is also true for a rather higher percentage of patients
with positive mpMRI (PIRADS > 2). where, as with PSA,
despite higher general values, PIRADS score is still inferior
to PHI in ¢sPCa prediction.

When considering the cost of PHI, it is important to note
that while PHI is more expensive than both PSA and PSAD,
it surpasses both in diagnostic accuracy of ¢sPCa, so the
additional expenses might be worth it, especially in cases
where the use of PHI allows the omission of MRI or prostate
biopsy and thus saves considerable expenses.

Study limitations

The definition of ¢sPCa has been evolving during recent
years and a global consensus has not yet been reached.
Overall, Gleason score of > 6 (ISUP > 1) seems to be preva-
lent in most recent criteria [18, 19], and we therefore used
it to define ¢sPCa in our study. Maximum core length is
also often used in the definition pf csPCa, it was however
not available for all patients, so we did not include it in the
final analysis. As needle widths and core length may differ
between hospitals, we think, that Gleason score remains the
most important factor.

Both 1, 5 T with an endorectal coil and 3 T without endo-
rectal coil MRI machines were used in this study. This may
present a limitation; however, studies have shown that both
are of similar accuracy and image quality from the reader’s
point of view [20-22].

Similarly, using the PIRADS version one mpMRI report-
ing system might come as a limitation. This was due to this
study being a part of an ongoing larger study which started
before the implementation of the PIRADS version two. The
superiority of the PIRADS version two over version one
has not yet been established [23-25] however, and different
in-house reporting systems are still being used [26-28]. It
is therefore unclear, whether the results would have been
different with the use of PIRADS version one.

As it is not yet generally recommended to routinely
perform only targeted biopsies (especially in biopsy naive
patients, with only weak recommendation strength rating
for repeat biopsies) [1], we performed systematic biopsy in
all patients in this study regardless to the results of MRI. It
was therefore not possible to analyse targeted and systematic
biopsies separately.

@ Springer

Conclusion

Prostate Health Index could serve as a reliable tool in pre-
dicting clinically significant PCa. When compared to cur-
rent highest diagnostic standard — the mpMRI, it shows
comparable results without the added costs of obtaining
and interpreting MRI of the prostate. The PHI cannot,
however, help us guide prostate biopsies in any way, and
its main use may therefore be in pre-MRI or pre-biopsy
triage, where it could further decrease the number of need-
lessly performed prostate biopsies.
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Abstract

Background: We aimed to explore the utility of prostate specific antigen (PSA) isoform [— 2] proPSA and its
derivatives for prediction of pathological outcome after radical prostatectomy (RP).

Methods: Preaperative blood samples were prospectively and consecutivelyanalyzed from 472 patients treated
with RP for clinically localized prostate cancerat four medical centers. Measured parameters were PSA, free PSA
(fPSA), fPSA/PSA ratio, [— 2] proPSA (p2PSA), p2PSA/IPSA ratio and Prostate Health Index (PHI)(p2PSA/PSA~/PSA].
Logistic regression models were fitted to determine the accuracy of markers for prediction of pathological Gleason
score (GS) 27, Gleason score upgrading, extracapsular extension of the tumor (pT3) and the presence of positive
surgical margin (PSM). The accuracy of predictive models was compared using area under the receiver operating
curve (AUQ),

Results: Of 472 patients undergoing RP, 339 (72%) were found to have pathologic GS 27, out of them 178 (53%)
experienced an upgrade from their preoperative GS= 6. The findings of pT3 and PSM were present in 132 (28%)
and 133 (28%) cases, respectively. At univariable analysis of all the preoperative parameters, PHI was the most
accurate predictor of pathological GS 27 (OR 1.02, 95% Cl 1.01-1.03, p<0.001), G5 upgrading (OR 1.02, 95% CI 1.01-
1.03, p<0.003), pT3 disease (OR 1.01, 95% Cl 1.00-1.02, p<0.007) and the presence of PSM (OR 1.01, 95% CI 1.00-
1.02, p<0.002). Adding of PHI into the base multivariable model increased significantly the accuracy for prediction
of pathological GS by 44% to AUC =666 (p=0015) and GS upgrading by 5.0% to AUC=659 (p=0025),
respectively.

Conclusions: Preoperative PHI levels may contribute significantly to prediction of prostate cancer aggressiveness
and expansion of the tumor detected at final pathology.

Keywords: Prostate cancer, Radical prostatectomy, PSA isoforms, Prostate health index, Adverse pathology
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Background

Prostate cancer (PC) is the second most common cancer
to affect men worldwide with rising incidence over the
last 15 years [1]. Wide clinical implementation of serum
prostate specific antigen (PSA) test has led to improve-
ment of early PC detection and reduction in disease spe-
cific mortality [2]. However, the diagnostic accuracy of
PSA is limited with frequent overdetection of clinically
insignificant cancer. Moreover, up to 30% of patients
with low-risk PC at biopsy are found to have features of
moreaggressive disease at radical prostatectomy (RP) [3].
Multivariable models prior to prostate biopsy or RP lack
the accuracy in predicting of cancer aggressiveness at
final pathology. In order to classify correctly those pa-
tients with clinically significant prostate cancer, the need
for novel biomarlkers, especially in combination with ap-
proved clinical risk factors, is extensively debated.

Several promising blood- and urine- based biomarkers
have been suggested for clinical use, with varying results.
Among these is [~ 2]proPSA (p2PSA) derivative, namely
the Prostate Health Index (PHI), which has demon-
strated improved performance characteristics to PSA
[4-6]. Although many studies have evaluated the rela-
tionship between the level of PHI and the result of bi-
opsy Gleason score (GS), little is known about the utility
of preoperative PHI for prediction of adverse patho-
logical features in RP specimen. In a single center study,
Guazzoni et al. found that p2PSA and PHI are strong
predictors of PC characteristics at final pathology after
the surgery [7]. This finding was later confirmed in a
multicenter study; however, decision curve analysis did
not prove greater clinical net benefit of prediction
models incorporating PHI [8]. A recent single center
study in 437 patients suggests PHI to be not only good
diagnostic tool, but an independent predictor of bio-
chemical recurrence after RP [9].

Thus, there is insufficient evidence to demonstrate the
relationship of PSA isoforms with tumor aggressiveness
and further studies are necessary to validate these tests
in order to aid in personalized treatment decisions. The
aim of this study was to determine the accuracy of
p2PSA and its derivatives in predicting pathology out-
come within prospectively collected multicenter cohort
of patients who underwent RP for clinically localized PC.

Methods

Study population

The study cohort consisted of 472 patients with trans-
rectal biopsy- proven clinically localized PC, who under-
went either open or laparoscopic RP at four urologic
centres in Czech Republic between 2014 and 2018 (Uni-
versity Hospital Motol, Prague; General University Hos-
pital, Prague; Thomayer University Hospital, Prague;
University Hospital Pilsen, Pilsen). The study protocol
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was approved by the institutional review board at each
site before initiation, and the study was performed in
compliance with their respective requirements.

Methods

All patients included in our study had complete clinical
and pathologic data. Clinical data consisted of age at
surgery, PSA, free PSA (fPSA), p2PSA, %p2PSA (p2PSA/
fPSA), PHI (p2PSA/fPSA)*VPSA], digital rectal examin-
ation (DRE), biopsy GS, number of biopsy cores and
number of positive biopsy cores. Pathological data con-
sisted of pathologic stage, pathological GS and surgical
margin status. Patients with incomplete clinical data
(1 = 68) were not included to the final analysis. Statistical
comparison of clinico-pathological characteristics of pa-
tients excluded from the study did not differ significantly
from the analysed cohort (Chi-square test, Mann-
Whitney test). The specimens were processed and evalu-
ated by experienced pathologists who were blind to the
blood tests results. Prostate cancer was graded according
to the 2005 consensus conference of International Soci-
ety of Urological Pathology definitions [10]. Clinically
significant prostate cancer was defined as Gleason score
7 or greater. Surgical specimens were processed and
evaluated according to the Stanford Protocol, and pros-
tate cancer was staged according to the 2002 TNM sta-
ging system [11]. A positive surgical margin was defined
as the presence of tumour at the inked surface of the
resected specimen.

Patients with acute prostatitis, urinary tract infection,
prior transurethral resection of the prostate, recent pros-
tatic manipulation or medications that might alter serum
PSA concentrations (for example finasteride or dutaste-
ride) were excluded from study. Subjects received no
prior treatment for PC at the time of blood draw. A pre-
operative blood sample was collected before any manip-
ulations that might cause a transient increase in the
levels of biomarker. All blood samples were processed
with the UniCel Dx1018 Immunoassay System analyser
(Beckman Coulter Inc., Brea, CA, USA) and were man-
aged according to the criteria described by Semjonow
et al. [12]. Blood sample analysis with determination of
PSA, fPSA, free to PSA ratio (%fPSA) and PHI was per-
formed using the Hybritech calibration Beckman Coulter
in all patients.

Statistical analysis

The Mann-Whitney test and chi-square test were used
to compare continuous variables and proportions in cat-
egorical variables between groups, respectively. Univari-
able and multivariable logistic regression models were
fitted to determine the ability of various preoperative
variables to predict unfavorable pathological outcome.
Receiver operating characteristic (ROC) curve was
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created for each variable. Predictive accuracy of each
variable was quantified as the area under the receiver
operating characteristics curve (AUC). A multivariable
logistic model assessed their predictive independency.
The significance of the difference between AUCs of dif-
ferent predictive models was assessed with the method
of DeLong et al. [13]. All statistical analyses were con-
ducted with R - statistical package version 3.5.1. (R Core
Team, Vienna, Austria, 2018).

Results

Characteristics of the study population are displayed
within Table 1. Patients with significant PC at final path-
ology had higher preoperative PHI level (65.89 + 33.26 vs
52.23 + 25.11; p<0.001), higher preoperative PSA level
(10.32+7.66 vs 8.19+4.51; p=0.002) and higher fre-
quency positive DRE (33.1% vs 23.3%; p<0.05) in the
comparison with the rest of patients. At the biopsy, the
proportion of patients with GS 27 was 37.3% while at
final pathology, the proportion raised to 71.8%. Out of
296 patients with biopsy GS 6, a total of 178 (60%) pro-
gressed to significant PC at final histology. Patients with
upgrading to significant PC at final histology had higher
preoperative PHI level than the patients who had GS 6

Page 3 of 7

both at biopsy and final pathology (62.24+25.71 vs
52,67 £25.71; p<0.001). As shown in Fig. 1, PHI was
significantly stronger predictor of pathological G5=7
and GS upgrading in the comparison with conventional
PSA (ALUC=653 vs ALIC=592; p=0.05 and AUC=
64.8 vs AUC =57.4; p <0.05, respectively). On multivari-
able analyses, PHI proved to be independent predictor of
GS=7 and GS upgrading (Tables 2 and 3). Base multi-
variable model (age, PSA, fPSA and clinical stage)
reached the predictive accuracy of ALC = 62.2 for patho-
logical GS =7 and AUC = 60.9 for GS upgrading. Adding
of PHI into the base multivariable model increased sig-
nificantly the predictive accuracy from AUC =622 to
AUC =66.6 (p<0.015) for G5=7 and from AUC = 60.9
to AUC=659 (p<0.025) for GS upgrading. No im-
provement of the base multivariable model appeared
after an addition of p2PSA (for GS=7 AUC=621; p=
0.585 and for GS upgrading ALUC =60.8; p=0.921) and
%p2PSA (for GS27 AUC=64.9; p=0.101 and for GS
upgrading AUC = 64.4; p = 0.116).

Patients with pT3 and positive surgical margin (PSM)
at final pathology had significantly higher preoperative
PHI level in the comparison with the rest of patients
(70.82 + 38.58 vs 58.89 +28.32; p<0.001 and 70.02 +

Table 1 Clinicopathologic characteristics of 472 patients undergoing radical prostatectomy for clinically localized prostate cancer at

four medical centers

Variable Pathological Gleason score 2 7 Pathological Gleason score = 6 p value
Nurmber of patients 472 339 133
age (years, median, range) 654 (60.28-69) 65.7 (61.23-69.2) 65.2 (60.03-67.4) 0123
PSA (ng/ml, median, range) 804 (578-11.73) 898 (6.53-12.06) 702 (503-9.21) 0002
fPSA (ng/ml, median, range) 091 (061-1.35) 082 (0.52-1.08) 1.02 (0.87-1.41) 0.800
%fPSA (ratio, median, range) 9.29 (4.76-1335) 723 (422-118) 11.13 (897-14.63) 0023
p2PSA (pg/ml, median, range) 17 (12-26) 19 (14-29) 14 (10-22) 0058
%6p2PSA (ratio, median, range) 1960 (1533-25.79) 2032 (19.12-26.87) 17.8(1391-2182) 0007
PHI (median, range) 5568 (42.24-7282) 59.53 (51.11-74.61) 4523 (38.07-59.22) <0001
DRE; n (%)

negative 329 (69.7) 227 (67.0) 102 (76.7)

positive 143 (30.3) 112 (33.0) 31 (233) < 0.005
Biopsy Gleason score; n (%)

6 296 (62.7) 179 (52.8) 117 (880}

7 141 (299) 128 (378) 1398

>7 35 (74) 32 (94) 322) 0032
Pathological tumor stage; n (%)

pT2 340 (72.1) 226 (66.7) 114 (85.7)

pT3 132 (27.9) 113 (33.3) 19(143) <0003
Surgical margin status; n (%)

RO 339 (71.8) 230 (67.8) 109 (82.0)

Rl 133 (28.2) 109 (32.2) 24 (180) < 0.050

PSA prostate specific antigen - PSA, fPSA free PSA, %fPSA fPSA/PSA, %p2PSA /fPSA ratio, PHI Prostate health index, DRE digital rectal examination, R0 negative

surgical margin, RT positive surgical margin
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Fig. 1 Receiver operating characteristics curves and calculated area under the curve (AUC] values depicting the accuracy of PSA and PHI in prediction
of a) pathological Gleason score 2 7, b) Gleason score upgrading, ¢ pathological pT3 disease and d) the presence of positive surgical margin (PSM)

39.28 vs 58.89 +27.82; p <0.001, respectively). Prostate
Health Index proved to be independent predictor of pT3
or PSM in multivariable settings (Tables 4 and 5). Base
multivariable model (age, PSA, fPSA, clinical stage and
biopsy GS) reached the predictive accuracy of AUC =
58.8 for pT3 disease and AUC = 58.3 for PSM. Adding of

PHI into the base multivariable model increased the pre-
dictive accuracy from AUC=58.8 to AUC=612 (p<
0.182) for pT3 disease and from AUC =583 to AUC =
61.2 (p<0.187) for the presence of PSM, however in
both cases the increase was not significant. Similarly, no
improvement of the base multivariable model appeared

Table 2 Univariable and multivariable logistic regression model of precperative variables predicting pathological Gleason score = 7

Variables Univariable analysis Multivariable analysis

OR (95% CI) p value Base model p value Base model + PHI p value

OR (95% C1) OR (95% Cl)

Age 1.02 (0.99-1.06) 0.1462 1.02 (0.99-1.05) 0.1660 1.02 (0.99-1.06) 0.1437
DRE 162 (1.01-260) 00395 1.71 (1.06-2.76) 0.0261 163 (1.00-2.65) 0.0440
PSA 107 (1.02-1.12) 00025 1.08 (1.03-1.14) 0.0013 1.05 {0.99-1.09) 00531
fPSA 098 (0.94-1.03) 04477 052 (0.82-1.02) Q.1146 0.96 (0.89-1.04) 0.2925
P2PSA 1.01 (0.99-1.02) 01212
Hop2PSA 1.03 (1.01-1.06) 00155
PHI 1.02 (1.01-1.03) <0.0001 1.02 {0197-1.03) 00015

DRE digital rectal examination, PSA prostate specific antigen, fPSA free PSA, p2PSA [-2proPSA, %p2PSA 2pSA/TPSA ratio, PHI Prostate Health Index, OR Odds ratio,

Ci confidence interval
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Table 3 Univariable and multivariable logistic regression model of preoperative variables predicting Gleason sum upgrading

Variables Univariable analysis Multivariable analysis

OR (95% CI) p value Base model p value Base model + PHI p value

OR (95% ClI} OR (95% Cl)

Age 1.02 (0.98-1.05) 0.2943 1.02 (0.98-1.05) 03404 1.02 (0.98-1.06) 03068
DRE 1.51 (0.87-2.59) 01325 161 (093-281) 00855 1.65 (0.94-2.89) 00755
PSA 1.06 (1.00-1.17) 00311 107 (101-1.13) 00150 1.04 (0.98-1.10) 0.1872
fPSA 099 (0.83-1.19) 09579 088 (069-1.12) 0.2901 093 (0.73-1.16) 04979
p2PSA 099 (0.99-1.01) 0.7888
Y%p2PSA 1.03 (0.99-1.08) 0.0666
BHI 102 (1.01-1.03) 00025 1.02 (1.00-1.03) 00153

DRE digital rectal examination, PSA prostate specific antigen, fPSA free PSA, p2PSA [ 2]proPSA, %6p2PSA p2PSA/PSA ratio, PHI Prostate Health Index, OR Odds ratio,

i confidence interval

after an addition of p2PSA (for pT3 AUC=60.5; p=
0.445 and for PSM AUC =61.0; p=0.283) and %p2PSA
(for pT3 AUC = 60.4; p = 0.436 and for PSM AUC = 60.8;
p=0272).

Discussion

Prostate cancer has been known as the second most
common cancer types in current male population, and
the one of the leading cause of death for cancer in males
[1, 14]. Due to the widespread use of PSA as a primary
screening tool for PC, the proportion of low-risk PC has
increased considerably, and treatment options for PC are
known to differ by risk stratification. Patients with local-
ized PC are advised to undergo not only invasive proce-
dures involving surgery or radiotherapy, but also the
modality of active surveillance. Nevertheless, it has been
published that up to 30% of patients with low-risk PC at
biopsy are found to have features of aggressive disease at
RP [3]. In our series of 472men with PC, the proportion
of patients with GS = 7 at biopsy was 37.3% while at final
pathology, the proportion raised to 71.8%. PHI included
into multivariable model proved to be the strongest

independent predictor of both pathelogical GS and GS
upgrading.

In recent years, the most common strategy for asses-
sing risk of aggressive PC at final pathology was the pre-
operative  prediction tool combining established
parameters like PSA, biopsy GS and clinical stage. Many
researchers have investigated new predictors of PC ag-
gressiveness including novel biomarkers [15]. Although
some new genomic tests have been recently introduced,
none of these costly tools is used in a clinical routine
setting. Several authors have analyzed the relationship
between PSA isoforms and final pathology in patients
treated with RP for clinically localized PC [16]. Guazzoni
in the analysis of 350 consecutive men found PHI to be
significant predictor of GS=7 (AUC =74) and/or pT3
disease (ALIC =72) [7]. These results were confirmed in
a multicenter study performed in 489 patients; however,
decision curve analysis did not prove greater clinical net
benefit of prediction models incorporating PHI [8]. A re-
cent single center study in 437 patients described lower
predictive power of PHI in prediction of GS =27 (AUC =
65) and/or pT3 disease (AUC = 70), however the authors
suggests PHI to be independent predictor of biochemical

Table 4 Univariable and multivariable logistic regression model of preoperative variables predicting pathological T3 disease

Variables Univariable analysis Multivariable analysis

OR (95% Cl) D value Base model p value Base model + PHI p value

OR (95% C1) OR (95% Ch)

Age 0.99 (0.96-1.02) 0.6902 099 (0.95-1.03) 08237 0.99 (0.94-1.03) 0.8436
DRE 1.64 (106-2.54) 00233 168 (1.07-261) 00202 159(1.01-249) 00404
Biopsy GS 1.79 (1.07-2.98) 0.0043 1.78 (1.08-2.85) 0.0135 165 (1.02-2.38) 00324
PSA 1.04 (101-1.07) 00124 1.04 (1.00-1.07) 00323 1.02 {0.98-1.05) 03022
fPSA 1.01 (0.97-1.05) 0.5891 099 (0.93-1.05) 0.7388 1.00 (0.95-1.08) 08705
P2PSA 1.02 (101-1.03) 0.0001
Hp2PSA 1.02 (101-1.05) 00243
EHI 1.01 (1,00-1.02) 0.0007 1.01 (1.00-1.02) 00112

DRE digital rectal examination, Biopsy GS Biopsy Gleason score, PSA prostate specific antigen, fPSA free prostate specific antigen, p2PSA [ 21proPSA, %p2PSA -

2IproPSA/fPSA ratio, PHI Prostate health index, O Odds ratio, Cf confidence interval
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Table 5 Univariable and multivariable logistic regression model of precperative variables predicting the presence of positive surgical

margin at final pathology

Variables Univariable analysis Multivariable analysis

OR (95% C1) D value Base model p value Base model + PHI p value

OR (95% CI) OR (95% CI)

Age 0.99 (0.97-1.03) 0.9808 1.00 (0.97-1.03) 09743 1.00 {0.97-1.04) 09514
DRE 1.44 (106-286) 00067 145 (1.07-265) 00066 143 (1.02-258) 00121
Biopsy GS 1.52 (1.04-2.88) 00434 151 (1.05-2.87) 00355 148 (1.05-2.36) 00462
PSA 1.03 (0.99-1.06) 00970 102 (0.98-1.086) 02120 0.89 (0.96-1.04) 08618
fPSA 0.98 (0.91-1.06) 06749 097 (0.84-1.11) 06051 0.98 (0.88-1.09) 06931
P2PSA 1.02 (1.01-1.03) 00018
Bp2PSA 1.03 (1.01-1.06) 0.0036
PHI 1.01 (1.00-1.02) 00014 1.01 (1.00-1.02) 00066

DRE digital rectal examination, Biopsy GS Biopsy Gleason scare, PSA prostate specific antigen, fPSA free prostate specific antigen, p2PSA [— 2]proPSA, %p2PSA [—
2]proPSA/PSA ratio, PHI Prostate health index, OR Odds ratio, O confidence interval

recurrence after radical prostatectomy (ALIC=62) [9].
Our results confirm the ability of PHI to predict GS=7
(ALC =65) and/or pT3 disease (ALIC =60). Moreover,
PHI outperformed other preoperative variables in pre-
dicting the presence of PSM. Multivariable models
showed improvement in the predictive accuracy after in-
clusion of PHI, although the gain did not reach the level
of statistical significance in prediction of pT3 disease
and the presence of PSM.

Positive surgical margin is defined as the histological
presence of cancer cells at the inked margin on the RP
specimen and a number of studies have demonstrated
an association between PSM and a risk of disease pro-
gression [17, 18]. A tumor marker would be expected to
correlate with the grade of differentiation or tumor ex-
tent but not necessarily with margin status, which is
most likely to be confounded by surgical technique and
pathological interpretation. To our knowledge, there is
no published data about the PSA isoforms in the relation
to surgical margin status after RP. However, in our series
of 472 patients after RP, approximately 28% of patients
reported PSM and PHI was the strongest predictor of
PSM (AUC = 60%) among all the preoperative variables.

Our study has some inherent limitations. The level of
accuracy promoted by PHI in our study was noticeably
lower in the comparison with previously reported data.
The difference may be explained by the multi-
institutional nature of the study, when indication criteria
for prostatectomy and patients engagement in active sur-
veillance may differ among four institutions invelved. In
the current study the proportion of low-risk patients
with biopsy GS =6 was considerably higher (63%) in the
comparison with above cited papers (36-53%), which
supports our explanation [8, 9]. Even though all blood
samples were managed in the same standardized way at
each contributing institution, the data might be influ-
enced by preanalytical and analytical bias. The relatively

short follow-up after the RP prevented us from investi-
gating the association of preoperative PHI and the risk
of disease progression.

Conclusions

Results from the current study show that PHI could be
useful predictor of PC aggressiveness and expansion of
the tumor after radical prostatectomy. Moreover, higher
value of PHI was associated with the risk of GS upgrad-
ing. However, further research is warranted to confirm
our findings through the use of multivariable predictive
nomograms incorporating PHI.
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