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1. Abkirzungsverzeichnis

1.1. Abkiirzungen in der Einleitung

CT Computertomographie

DRU Digitale rektale Untersuchung

mp-MRT Multiparametrische Magnetresonanztomographie

MRT Magnetresonanztomographie

PET Positronen-Emissions-Tomographie

PI-RADS Prostate Imaging Reporting and Data System

PSA Prostataspezifisches Antigen

PSMA Prostataspezifisches Membranantigen

TNM-Stadien Malignomstadieneinteilung nach Tumorausdehnung, regionaren

Lymphknotenmetastasen und Fernmetastasen
TRUS Transrektaler Ultraschall

1.2. Abkiirzungen inden Veroffentlichungen

3-D TPM 3-D transperineal template mapping
DCE-MRI dynamic contrast-enhanced MRI

DWI diffusion-weighted imaging

ECE extracapsular extension

ESUR European Society of Urogenital Radiology
IRB Institutional Review Board

LAD lymphadenectomy

LND lymph node dissection

LNI lymph node involvement

mp-MRI multiparametric magnetic resonance tomography
MRI magnetic resonance tomography

NS nerve sparing

NVB neurovascular bundles

PI-RADS Prostate Imaging Reporting und Data System
PSA prostate-specific antigen

RRP radical retropubic prostatectomy

SViI seminal vesicle invasion

TRUS transrectal ultrasound
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3. Einleitung
3.1. Epidemiologie des Prostatakarzinoms

In Deutschland ist das Prostatakarzinom die haufigste Krebserkrankung des Mannes. Das
Lebenszeitrisiko zu erkranken betragt 13%, das heil’t einer von acht Mannern wird im Laufe
seines Lebens ein Karzinom der Prostata entwickeln [1]. Obwohl die Sterberate der Betroffe-
nen im Vergleich zu anderen Malignomen relativ gering ist, steht das Prostatakarzinom we-
gen seines haufigen Auftretens nach Lungen- und Darmkrebs an dritter Stelle der Krebsto-
desursachen bei Mannern in Deutschland [2, 3].Wichtig fur die Prognose der Patienten ist
neben der Aggressivitat des Tumors dessen Stadium bei Diagnosestellung. Nicht metasta-
sierte und auf die Prostata begrenzte Karzinome (TNM-Stadien T1 und T2) weisen eine
deutlich niedrigere Mortalitat auf als Malignome, die die Prostatakapsel bereits Uberschritten
(TNM-Stadien T3 und T4) oder lymphogene oder hamatogene Metastasen (TNM-Stadien N1
bzw. M1) gebildet haben [4].Um den Erkrankten ein mdglichst langes Uberleben zu gewahr-
leisten, sind deshalb ein friihes Erkennen des Karzinoms und eine frihzeitig eingeleitete,

adaquate Therapie von grolier Bedeutung.

3.2. Diagnostik des Prostatakarzinoms

Seit 1974 wird wegen der fehlenden Frihsymptome und der hohen Erkrankungshaufigkeit im
Rahmen der gesetzlichen Krebsvorsorge eine jahrliche Friherkennungsuntersuchung fir
Méanner ab dem 45. Lebensjahr angeboten. Dabei wird das aulRere Genitale untersucht und
die Prostata getastet [5]. Allerdings lassen nach Sieverding et al. [6] weniger als die Halfte
aller Manner zwischen 45 und 70 Jahren eine regelmafige Vorsorgeuntersuchung der Pros-
tata (digital rektale Untersuchung und / oder PSA-Wert-Bestimmung) vornehmen.

Besteht ein Verdacht auf das Vorliegen eines Prostatakarzinoms, sind die Hauptpfeiler der
Diagnostik die PSA-Wert-Bestimmung und die transrektale, ultraschallgesteuerte Stanzbiop-
sie. Durch diese Diagnosemethoden kann allenfalls abgeschatzt werden, wie weit das Karzi-
nom innerhalb der Drise fortgeschritten ist und ob es bereits die Prostatakapsel tberschrit-
ten oder Metastasen gebildet hat. Deshalb ist der Einsatz von bildgebenden Verfahren nétig,
um das Tumorstadium vor Einleitung der Therapie beurteilen zu kénnen.

Im Folgenden sollen die angesprochenen diagnostischen Mdoglichkeiten naher dargestellt

werden.

3.2.1. Digital rektale Untersuchung

Bei der digital rektalen Untersuchung (DRU) werden die GroRe der Prostata, die
Abgrenzbarkeit, Konsistenz, Lage, Gréfle und Form einer moglichen Veranderung und die
Verschieblichkeit der Rektumschleimhaut beurteilt. Da das Prostatakarzinom meist in der
zum Mastdarm gelegenen peripheren Zone der Prostata wachst [7], ist das Erkennen eines

Malginoms durch die digital rektale Untersuchung mdglich. Allerdings ist die DRU eine eher
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ungenaue Diagnosemethode, da nur Karzinome ab einem Durchmesser von etwa 7mm er-
kannt werden kdnnen [8] und das Untersuchungsergebnis stark von der Erfahrung des Arz-
tes abhangig ist [9]. Desweiteren kénnen die verschiedenen Tumorstadien durch Tasten
nicht verlasslich unterschieden [10, 11] und nur Karzinome, die sich in der posterior gelege-

nen Prostataregion befinden, entdeckt werden.

3.2.2. Prostataspezifisches Antigen

Das prostataspezifische Antigen (PSA), das 1979 zum ersten Mal isoliert werden konnte [9],
ist eine spezifische Protease, die fast nur von Epithelzellen der Prostata gebildet wird. Des-
halb korreliert eine Anderung des PSA-Spiegels eng mit pathologischen Veranderungen der
Prostata. Ursache eines PSA-Anstiegs kénnen aber nicht nur ein Prostatakarzinom, sondern
auch benigne Prostataerkrankungen wie die Prostatitis oder die benigne Prostatahyperplasie
sein.

Obwohl der PSA-Spiegel nicht zwischen gut- und bdsartigen Erkrankungen unterscheiden
kann und ein PSA-Anstieg unspezifisch flr ein Karzinom ist, wird die Untersuchung seit den
1990er Jahren sehr haufig durchgefiihrt und ist, obwohl sie von den gesetzlichen Kranken-
kassen nicht vergltet wird, Teil der Standarddiagnostik beim Prostatakarzinom [12]. Eine
groldangelegte, prospektiv-randomisierte europaische Studie konnte eine Senkung der Mor-
talitdt des Prostatakarzinoms durch ein PSA-Screening belegen [13]. Eine ahnliche amerika-
nische Studie [14], aus der eine gegenteilige Aussage abgeleitet wurde, weist erhebliche

Qualitatsmangel auf, wie jungst dargelegt werden konnte [15].

3.2.3. Prostatastanzbiopsie

Ergibt sich aus der DRU und der Bestimmung des PSA-Wertes der Verdacht auf ein Prosta-
takarzinom, wird heute am haufigsten eine transrektale, ultraschallgesteuerte
Stanzbiopsieuntersuchung der Prostata durchgeflihrt [16]. Dabei werden in der Regel Pro-
ben aus mindestens sechs Regionen der Prostata enthommen (apikale, zentrale und basale

Zone jeweils flr den rechten und linken Prostatalappen) [17].

rechts links
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Abb. 1: Nach dem Sextantenschema eingeteilte Prostata
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GemalR den letzten S3-Leitlinien der Deutschen Gesellschaft flr Urologie [18] sollten diese
Regionen noch einmal jeweils in lateral und medial aufgeteilt werden, sodass sich hieraus
ein Zwolferschema —Dodekantenbiopsie— ergibt. Die Stanzzylinder werden histologisch auf
ein Karzinom untersucht. Dadurch kann beurteilt werden, ob Uberhaupt ein Malignom in der
Prostata vorhanden ist und wie aggressiv es sich entsprechend des Gleason-Schemas ver-
halt. Zur Einteilung in das Gleason-Schema werden die in der Biopsie vorhandenen Gewebs-
formationen entsprechend ihrer Differenzierung einem Grad zwischen eins und funf zuge-
ordnet. Die Muster eins und zwei sind in Stanzbiopsien, die aus der peripheren Zone der
Prostata enthommen werden, normalerweise nicht nachweisbar, da Tumore dieser Differen-
zierungsgrade nahezu ausschliellich in der Transitionalzone zu finden sind. Die Werte der
haufigsten und der am schlechtesten differenzierten Gewebsmuster werden addiert. Somit
wird bei den Stanzbiopsien ein Gleason-Score zwischen sechs (3+3) und zehn (5+5) er-
reicht. Je hoher dieser ist, desto héher ist auch der Grad der Entdifferenzierung und damit
die Aggressivitat des Tumors [19]. Anhand des Gleason-Scores wird das Prostatakarzinom
in Graduierungsstufen eingeteilt, die mit dem Grading anderer Tumore vergleichbar sind.

Da etwa 30% der Tumore durch die Stanzbiopsie nicht entdeckt werden [20-22], kann zwar
eine Verdachtsdiagnose bestatigt, aber die Existenz eines Karzinoms durch negative Proben
nicht ausgeschlossen werden. Wird die Anzahl der Biopsien erhéht, kann die Identifikations-
wahrscheinlichkeit eines Tumors deutlich verbessert werden [17, 22-24]. In den letzten Jah-
ren wurden immer haufiger MRT-gesteuerte Stanzbiopsieuntersuchungen durchgefihrt. Es
wird zwischen einer kognitiven und einer digitalen MRT-TRUS-Fusion unterschieden. Bei der
kognitiven Variante werden die in den MRT-Bildern oder -Befunden als suspekt erkannten
Areale der Prostata vom Untersucher gedanklich auf das Ultraschallbild Gbertragen und dann
mittels Stanznadel anvisiert und biopsiert. Dagegen werden bei der digitalen MRT-TRUS-
Fusion die MRT-Datensatze mit den aktuellen Ultraschallbildern durch eine spezielle Soft-
ware verbunden und bewegen sich bei der Biopsieentnahme parallel zu den Ultraschallbil-
dern mit [25]. Durch diese Techniken konnte haufiger und vor allem bei Patienten mit vorher

negativen ultraschallgesteuerten Biopsien ein Karzinom identifiziert werden [26-29].

3.2.4. Bildgebende Verfahren

Bildgebende Verfahren hatten wegen der inhomogenen Parenchymtextur der Prostata und
der vollig uneinheitlichen bildmorphologischen Charakteristika des Prostatakarzinoms bis vor
kurzem einen untergeordneten Stellenwert bei der Diagnostik des Prostatakarzinoms. Die
technische Fortentwicklung der Sonographie, vor allem aber der Kernspintomographie, hat
diese Modalitaten in den letzten Jahren aber wieder in den Vordergrund treten lassen. Mo-
mentan vollzieht sich geradezu ein Paradigmenwechsel, an dessen Ende die MRT als das
entscheidende Diagnostikum beim Prostatakarzinom steht und so die Biopsie in den Hinter-

grund drangen kénnte.



Aulerdem ist die Ausbreitungsdiagnostik die Domane der Bildgebung. Zum Einsatz kommen
unter anderem der transrektale Ultraschall, die Computertomographie, ggf. mit Positronen-

Emissions-Tomographie, die Knochenszintigraphie und die Magnetresonanztomographie.

3.241. Transrektaler Ultraschall

Bei der Durchfuhrung der randomisierten Stanzbiopsieentnahme ist der Einsatz des trans-
rektalen Ultraschalls (TRUS) seit Jahren nicht mehr wegzudenken. So kénnen die einzelnen
Areale der Prostata unter Sicht punktiert werden [30]. Desweiteren werden die Form, Anato-
mie und das Volumen der Prostata mit dem TRUS adaquat beurteilt.

Die Detektions-, Lokalisations- [31-33] und Staginggenauigkeit [9, 11, 32-35] selbst ist jedoch
eher gering einzuschatzen, da sich die Malignome teilweise echogleich zum normalen Pros-
tatagewebe darstellen und deshalb kaum erkannt werden koénnen [36]. Aufgrund der bei ei-
nem Prostatakarzinom vorliegenden veranderten Elastizitdt und Durchblutungseigenschaften
kdonnen durch neuere Techniken, wie dem Kontrastmittelultraschall oder der Elastographie,
bessere Ergebnisse bei der Detektion des Karzinoms erzielt werden. So stieg bei Wijkstra et
al. die Wahrscheinlichkeit ein Malignom mit Kontrastmittelultraschall zu entdecken von 60 auf
78% an [37-39].

3.24.2. Computertomographie und Positronen-Emissions-Tomographie

Das Gewebe der gesunden Prostata unterscheidet sich beziiglich der Dichte kaum von der
eines Karzinoms. Deshalb und wegen des geringen Weichteilkontrasts der Computertomo-
graphie (CT) spielt dieses bildgebende Verfahren kaum eine Rolle bei der Detektion und
dem lokalen Staging von Prostatakarzinomen [35, 40, 41].

Zur Ausbreitungsdiagnostik wird haufig eine Kombination aus der CT und der Positronen-
Emissions-Tomographie (PET) eingesetzt. Bei der PET wird die Verteilung radioaktiv mar-
kierter Substanzen im Organismus dargestellt. Zusatzlich zur morphologischen Darstellung
kénnen so pathologische Stoffwechselvorgéange im Koérper lokalisiert werden. Zum Beispiel
stellt das in Prostatakarzinomgewebe nahezu exklusiv exprimierte prostataspezifische
Membranantigen (PSMA) eine Zielstruktur fur mit radioaktiv markierte Gallium oder Techne-
tium gekoppelte PSM-Antikérper dar. Dies wird sich bei der PSMA-PET zunutze gemacht.
Dadurch wird die Genauigkeit bezlglich der Suche nach suspekten Lymphknoten- oder

Fernmetastasen deutlich verbessert [42-45].

3.2.4.3. Szintigraphie

Bei der Szintigraphie werden ebenfalls Radiopharmaka eingesetzt, die sich in bestimmten
Geweben besonders anreichern. Sie wird aber nicht zur Detektion oder zum lokalen Staging
des Prostatakarzinoms genutzt, sondern ist momentan noch der Goldstandard beim Erken-

nen von Knochenmetastasen. Diese so genannte Knochenszintigraphie, bei der radioaktiv
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markierte Bisphosphonate verwendet werden, Ubertrifft dabei sowohl die Computer- als auch
die Magnetresonanztomographie in der Genauigkeit und Detektionswahrscheinlichkeit [46,
47]. Sie konnte in Zukunft durch das PSMA-PET (s.0.) abgel6st werden.

3.2.4.4. Magnetresonanztomographie

Die Magnetresonanztomographie (MRT) wird gemeinhin als das beste bildgebende Verfah-
ren fr das Auffinden und Lokalisieren von Karzinomen der Prostata bezeichnet [48]. In den
1980er Jahren wurde sie erstmals bei der Diagnostik des Prostatakarzinoms beschrieben
[49, 50]. Inzwischen wurde die Geratetechnik weiterentwickelt. Zum einen wurde die Feld-
starke der Magnetresonanztomographen erhdht, was die Untersuchungsdauer verkirzt und
bessere raumliche Auflésung und Signal-Rausch-Verhaltnisse liefert. Zum anderen kann seit
Ende der 80er Jahre statt einer Beckenoberflachenspule eine endorektale Spule eingesetzt
werden, deren Verwendung fir die Patienten bei der Durchfiihrung der Kernspinuntersu-
chung zwar unangenehmer ist, aber die Darstellbarkeit der Prostata [51] und die Genauigkeit
der Lokalisations- [52] und Stagingdiagnostik [53] verbessert. In einigen Studien wurde aller-
dings keine Erhéhung der Staginggenauigkeit durch den Einsatz einer Endorektalspule [54]
bzw. durch grélere Feldstarken [55, 56] erzielt.

Seit etwa zehn Jahren werden die T1- und T2-Wichtungen durch verschiedene Zusatzunter-
suchungen unterstitzt, welche unter dem Begriff ,multiparametrisches MRT — mp-MRT* zu-
sammengefasst werden. So erhalt man neben der anatomischen auch funktionelle Darstel-
lungen der Prostata [57]. Die angewendeten Zusatzuntersuchungen sind die Spektroskopie,
bei der die Konzentrationen verschiedener Molekile (Kreatin, Cholin, Zitrat) im Gewebe ge-
messen werden [40], die Diffusionsrestriktionswichtung, die auf der Diffusion von Wassermo-
lekdlen im Gewebe beruht [58], und die Perfusionsbildgebung, bei der Kontrastmittel (Gado-
linium) eingesetzt wird. Das Prostatakarzinom zeigt aufgrund der héheren Zelldichte eine
vermehrte Diffusionsrestriktion [59] und bei der Kontrastmittelgabe einen friiheren Beginn der
Signalsteigerung und ein hdheres Singalintensitatsniveau [60]. Bei der Spektroskopie steigt
die Konzentration von Cholin im Vergleich zu Citrat an [61]. Durch die Anwendung dieser
zusatzlichen Untersuchungen konnte die genaue Wiedergabe der Lokalisation und Ausdeh-
nung des Karzinoms verbessert werden [62-72]. Insgesamt liefern zahlreiche bisher durch-
gefuhrte Studien aber sehr unterschiedliche Ergebnisse bezlglich der Genauigkeit. Die Wer-
te fur die Sensitivitat und Spezifitat bei der Lokalisation der Malignome reichten dabei von 21
bis 96% bzw. von 41 bis 100% [52, 66, 68, 72-79]. Auch die Ergebnisse des Stagings wiesen
eine grofe Spannweite fur die Sensitivitat und Spezifitdt auf. Diese reichten bei dem Auffin-
den von extrakapsularen Tumorwachstum von 17 bis 92% bzw. von 67 bis 100% und bei der
Diagnose von befallenen Samenblasen von 27 bis 100% bzw. von 66 bis 100% [54, 56, 62,
63, 69, 71, 76, 80-98]. Auch bei den Untersuchungen zur Genauigkeit des Erkennens von
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Lymphknotenmetastasen, auf die in den bisher durchgeflihrten Studien nur selten eingegan-
gen wurde, wurden uneinheitliche Resultate erzielt [76, 86, 96, 99, 100].

Die 2012 von der ESUR eingefuhrte PI-RADS-Klassifikation hat jedoch zu einer Standardi-
sierung der Beurteilung der multiparametrischen Prostata-MRT durch den Radiologen und
damit zu einer erheblichen Verbesserung der Genauigkeit gefuhrt. Bei der PI-RADS-
Klassifikation handelt es sich um eine Leitlinie zur Befunderhebung der multiparametrischen
MRTs. Die Prostata wird in mindestens 16 Areale unterteilt und fur jedes Gebiet und jede
Untersuchungsmethode (T2-Wichtung und mindestens zwei Zusatzuntersuchungen:
Diffusionsrestriktionswichtung, Kontrastmitteluntersuchung, Spektroskopie) ein Wert zwi-
schen eins und funf vergeben. Je hoher der Wert fur ein Areal ist, desto hoher ist der Ver-
dacht auf das Vorliegen eines Karzinoms. Zuletzt wird ein Gesamtwert berechnet und dieser
in den PI-RADS-Score konvertiert [61]. Bei einem PI-RADS-Score von eins ist das Vorkom-
men eines klinisch relevanten Karzinoms sehr unwahrscheinlich, bei dem Hochstwert von
funf dagegen sehr wahrscheinlich. Im Jahr 2014 wurde die PI-RADS-Klassifikation tberar-
beitet und eine zweite Version entwickelt. Bei dieser ist fir die Beurteilung der zentralen Dri-
senareale in erster Linie die T2-Wichtung und fir die periphere Zone die
Diffusionsrestriktionswichtung bedeutend. Desweiteren werden nun insgesamt 39 verschie-
dene Areale bewertet [101, 102]. Neuere Studien, in denen die MRT-Untersuchungen nach
dem PI-RADS-Schema ausgewertet wurden, zeigten eine relevante Steigerung in der Ge-
nauigkeit sowohl der Lokalisation der Karzinome als auch des Stagings. Dabei wurden mit
Hilfe der zweiten Version der PI-RADS-Klassifikation eine Sensitivitat von 85 bis 88%, eine
Spezifitat von 55 bis 71% fir die Lokalisation der Karzinome [103, 104] und eine Detektions-
genauigkeit von 94% in der peripheren und von 95% in der Transitionszone [105] erreicht.
Die Sensitivitat und Spezifitat extrakapsulares Tumorwachstum zu erkennen, lagen durch die
Verwendung der PI-RADS-Klassifikation bei 60% bzw. 68% [106].

Die MRTs wurden bei den meisten Studien jedoch bei ausgewahlten Patienten angefertigt
und gréfRtenteils von sehr erfahrenen Radiologen ausgewertet, was in der Regel nicht dem
klinischen Alltag entspricht. Vielmehr stellen sich die Patienten mit multiparametrischen Bil-
dern und Befunden zur weiteren Therapie vor, die in nicht-akademischen radiologischen
Einheiten ohne speziellen uroradiologischen Schwerpunkt und haufig ohne Bertcksichtigung
der PI-RADS-Klassifikation angefertigt werden. Diese sind wegen ihrer unterschiedlichen
Erstellungs- und Auswertungsmethoden durch die zitierten Studien nicht reell abgebildet.
Unter realen Bedingungen wurde die multiparametrische Kernspindiagnostik bezuglich ihrer
Staginggenauigkeit nur von Brajtbord et al. untersucht. Die Sensitivitaten fur das Erkennen
von extrakapsularem Tumorwachstum bzw. eines Samenblasenbefalls lagen bei 43% und
33%, die Spezifitaten bei 73% und 89% [87]. Somit konnte der MRT im klinischen Alltag nur

ein begrenzter Wert in der Prostatakarzinomdiagnostik eingerdaumt werden.
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In mehreren Studien wurde demonstriert, inwieweit die Erfahrungen des befundenden Radio-
logen Einfluss auf die korrekte Wiedergabe der Lokalisation und Ausdehnung des Prostata-
karzinoms hatten. Dabei wurde erwartungsgemald festgestellt, dass Radiologen mit mehr
Erfahrung deutlich bessere Ergebnisse ablieferten als weniger erfahrene Arzte [62, 81, 82,
107, 108]. Die Genauigkeit konnte allerdings durch gezieltes Training der Radiologen, die
zusatzliche Durchfuhrung einer Diffusionsrestriktionswichtung und den Einsatz von Kon-
trastmittel gesteigert werden [62, 81, 107]. Dies zeigt wiederum, dass die aktuellen Studien
eher die maximalen diagnostischen Mdglichkeiten der leistungsstarksten MRTs in speziali-

sierten Einrichtungen widerspiegeln als die Versorgungsrealitat.

3.3. Therapie des lokal begrenzten Prostatakarzinoms

Die Therapiemdoglichkeiten des lokal begrenzten Prostatakarzinoms sind vielfaltig. So wird
bei der ,active surveillance“ die Karzinomtherapie unter engmaschiger Uberwachung aufge-
schoben, bis der Patient eine Therapie wiinscht oder der Tumor fortschreitet. Daneben
kommen Bestrahlung, Brachytherapie, Kryotherapie, neue fokale Therapieformen und die
antiandrogene Hormonentzugstherapie zum Einsatz. Der Goldstandard der kurativen Thera-
pie eines stanzbioptisch gesicherten, lokalisierten Prostatakarzinoms ist aber die radikale
Prostatovesikulektomie. Sie wird im Laufe der Behandlung bei 90% der Patienten mit einem
nicht organuiberschreitend wachsenden Karzinom durchgefiihrt [91]. Dabei wird soweit mog-
lich versucht, die neurovaskularen Blindel, die seitlich auRerhalb der Prostatakapsel verlau-
fen und Verbande von Blut-, LymphgefalRen und Nervenbahnen enthalten, zu schonen. Da-
mit ist die Wahrscheinlichkeit einer postoperativ erhaltenen Erektionsfahigkeit und Kontinenz
der Patienten wesentlich erhdht, was eine deutliche Steigerung der Lebensqualitat nach der
Operation mit sich bringt [83, 91]. Wird trotz eines vorhandenen organiberschreitenden
Wachstums des Karzinoms, das bevorzugt in der Nahe der neurovaskularen Bindel auftritt
[109], nervenschonend operiert, bleiben mit hoher Wahrscheinlichkeit positive Resektions-
rander zurtck, die zu Rezidiven flhren kénnen [110]. Aus diesem Grund ist eine praoperati-
ve Kenntnis der Lokalisation des Karzinoms innerhalb der Driise und eines mdglichen kap-
seluberschreitenden Wachstums von entscheidender Bedeutung fir den Operateur.

Oberstes Ziel der radikalen Prostatovesikulektomie ist es, das Karzinom vollstandig zu ent-
fernen und tumorfreie Resektionsrander zu hinterlassen. Im Wesentlichen kommen dabei
drei verschiedene Operationsmethoden in Frage. Welche davon angewendet wird, hangt vor
allem von der Ausdehnung des Karzinoms ab. Das nervenschonendste Operationsverfahren
ist das intrafasziale Vorgehen. Dabei wird das Gewebe der Prostata, die von zwei Faszien
umgeben ist, von der inneren Faszie abgeschalt und entfernt. Es bleiben also beide Faszien
und die neurovaskuldaren Bindel erhalten. Dagegen bleibt bei der interfaszialen
Prostatovesikulektomie die innere Faszie nicht zuriick. Die Gefafl3-Nerven-Blindel, die bei-

derseits der dufReren Faszie verlaufen, bleiben aber zu einem Grofteil erhalten. Das aggres-
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sivste Vorgehen ist die erweiterte Operationsmethode (,wide excision®). Hierbei wird die
Prostata samt ihrer beiden Faszien und den neurovaskuldren Bindeln entnommen.

In bisherigen Studien konnte gezeigt werden, dass das praoperative MRT-Ergebnis Einfluss
darauf hat, ob nervenschonend operiert wird oder nicht [83, 85, 109]. So wurden die Gefal3-
Nerven-Blndel haufiger bei Tumoren, die im MRT praoperativ als organitberschreitend ein-
geschatzt wurden (T3), reseziert als bei den Karzinomen, die im MRT als ein T2-Tumor, also
ein noch auf die Prostata begrenztes Malignom, eingeschatzt wurden [98, 111]. Allerdings
wurde bislang nicht geklart, ob sich diese Tendenz auch in den abschlieRenden
histopathologischen Resultaten niederschlagt. Ob die praoperativen Kernspinergebnisse die
Entscheidung zur Resektion der lokoregiondren Lymphknoten (Fossa obturatoria) beeinflus-

sen, wurde bisher ebenfalls nicht untersucht.

3.4. Vorstellung der durchgefiihrten Studie

Trotz des unklaren Wertes der Kernspintomographie in der realen klinischen Situation brin-
gen immer mehr Patienten ihre auswartig angefertigten MRT-Befunde zur Operation mit. Das
Ziel unserer Arbeit war es herauszufinden, inwieweit diese MRT-Befunde das Vorliegen, die
Lokalisation und die Ausdehnung der Prostatakarzinome im Vergleich zu den pathologischen
Ergebnissen korrekt beschreiben und ob sie einen Einfluss auf die Wahl der Operationsme-
thode haben.

Hierzu fihrten wir eine Studie an insgesamt 94 in der Urologischen Klinik des Universitatskli-
nikums GroRhadern der Ludwig-Maximilians-Universitat Minchen radikal prostatektomierten
Patienten durch. Es wurden retrospektiv der praoperative PSA-Wert, die Ergebnisse der
transrektalen Ultraschall-, der digital-rektalen, der Stanzbiopsie- und der auswarts durchge-
fuhrten, multiparametrischen MRT-Untersuchung mit dem histopathologischen Befundbericht
nach der radikalen Prostatektomie verglichen. Zusatzlich wurden die Operationsberichte
ausgewertet.

Um die MRT-Befunde bezlglich der Lokalisation des Karzinoms innerhalb der Prostata mit
den Ergebnissen der histopathologischen Aufarbeitung der Biopsate und des endgultigen
Prostatektomiepraparates vergleichbar zu machen, wurden sechs Regionen in der Prostata
definiert. Dabei wurden jeweils der rechte und linke Prostataseitenlappen in kraniokaudaler
Richtung in drei Areale unterteilt und so folgende Regionen unterschieden: Rechts basal,
rechts zentral, rechts apikal, links basal, links zentral und links apikal. Fur jeden der Sextan-
ten wurde dokumentiert, ob karzinomattses Gewebe in den unterschiedlichen Untersu-
chungsmethoden gefunden worden ist. Zusatzlich wurden die GréRRe der Prostata und des
Tumors, extrakapsulares Tumorwachstum, Samenblasen- und Lymphknotenbefall vermerkt
und die Ergebnisse der verschiedenen Untersuchungen miteinander verglichen.

Aus den Operationsberichten wurde die jeweils angewandte Operationstechnik, also intra-,

interfaszial oder erweitert, vermerkt und dokumentiert, ob eine Lymphadenektomie erfolgt ist.
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Zusatzlich konnte festgestellt werden, inwieweit der Operateur Uber die Ergebnisse praope-
rativer Untersuchungen, wie Stanzbiopsie-, Kernspin-, TRUS-, Labor- und der digital-rektalen
Untersuchung, informiert war.

Die gewonnen Daten wurden mit SPSS-Software (Version IBM SPSS Statistics 21) statis-
tisch analysiert und mit der bisher verédffentlichten Literatur verglichen. Die Ergebnisse konn-
ten in zwei Artikeln im World Journal of Urology— jeweils mit der Doktorandin als Erstautor -
verdffentlicht werden. In beiden Verdffentlichungen wird die Relevanz der praoperativ vom
niedergelassenen Radiologen durchgefuhrten MRT-Untersuchungen diskutiert. Der erste
Artikel beschreibt die Staginggenauigkeit der MRT-Untersuchungen und den Einfluss der
MRT-Befunde auf die Wahl der Operationsmethode der Prostatektomie. Die zweite Studie
untersucht die Genauigkeit eines routinemafig in der praoperativen Umfelddiagnostik durch-

geflihrten multiparametrischen MRTs, ein Karzinom innerhalb der Prostata zu lokalisieren.
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4, Zusammenfassung

41. Zusammenfassung in deutscher Sprache
Die Standardisierung der Befunderhebung von MRTs der Prostata durch die PI-RADS Klas-

sifikation fuhrte zu einer Verbesserung der Qualitédt der MRT-Berichte. In diesbezuglichen

Studien wurden jedoch meist Arzte eingebunden, die in der Anwendung des PI-RADS Sys-
tem geschult und speziell im Bereich der Uroradiologie ausgebildet sind. Diese Spezialisten
arbeiten selten in den radiologischen Praxen, in denen die Mehrzahl der MRTs vor der radi-
kalen Prostatektomie durchgefiihrt wird. Um die Genauigkeit dieser multiparametrischen
MRTs bei der Lokalisierung der Karzinome innerhalb der Prostata und des Stagings zu ana-
lysieren, fuhrten wir eine Studie durch, in der die Befunde der MRT-Untersuchung der nie-
dergelassenen Radiologen mit den Ergebnissen einer pathologischen Untersuchung nach
Prostatektomie und der Stanzbiopsien verglichen wurden. So wurden anhand der Daten von
94 Patienten, die zwischen Januar 2011 bis Juni 2012 im Klinikum GroRRhadern
prostatektomiert wurden, die Genauigkeit des Stagings sowie der Tumorlokalisation inner-
halb der Prostata ermittelt. AuRerdem wurde der Einfluss der MRT-Befunde auf die durchge-
fuhrte Operationsmethode untersucht.

Die Sensitivitat und Spezifitat der Tumorlokalisation betrugen fir die in sechs Regionen un-
terteilte Prostata 25 bis 62% bzw. 60 bis 94%. Der Durchschnittswert einen Sextanten kor-
rekt als karzinombefallen oder gesund zu identifizieren (3,1 bis 4,0), war nicht signifikant ho-
her als der erratene Wert (3,0). Die Sensitivitdt und Spezifitdt extrakapsulares Tumorwachs-
tum zu diagnostizieren, lagen bei 30% und 93%, das Erkennen des Befalls der Samenblasen
bei 64% und 93%. Demnach konnten mit den durchgefiuihrten MRT-Untersuchungen die Kar-
zinome nicht genau innerhalb der Prostata lokalisiert werden. Auch ein bestehender Samen-
blasenbefall und das Tumorwachstum aulerhalb der Prostatakapsel konnten nicht sicher
ausgeschlossen werden. Weder der Gebrauch einer endorektalen Spule noch der Einsatz
héherer Feldstarken der MRT-Gerate konnten die Genauigkeiten verbessern. Auffallig war,
dass die Patienten, bei denen der Operateur die MRT-Befunde kannte, signifikant haufiger
nervenschonend operiert wurden (links: 93 %; rechts: 89 % vs. links: 75 %; rechts: 75 %).
Dabei stieg der Anteil der positiven Resektionsrander trotz der weniger invasiven Operati-
onsmethode nicht an.

Wir kamen zu dem Ergebnis, dass die haufig im niedergelassenen Setting ohne PI-RADS-
Bewertungsschema und ohne spezielle uroradiologische Kenntnisse durchgefiuhrten MRT-
Untersuchungen zur Feststellung der prazisen Tumorlokalisation innerhalb der Prostata und
zum Staging der Prostatkarzinome nur unzureichend geeignet sind. In Anbetracht der zu-
satzlichen Kosten fir das Gesundheitssystem und der Unannehmlichkeiten fur die Patienten

ist die Durchfiihrung einer solchen Untersuchung nicht gerechtfertigt.
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4.2. Zusammenfassung in englischer Sprache

Standardization with PI-RADS resulted in both increased reporting quality and reduced
interobserver variability. However such trials were performed by academic radiologists spe-
cialized in genitourinary MRI as well as trained in the PI-RADS classification and reflect the
best diagnostic performance of mp-MRI. Those specialists are rare in non-academic institu-
tions where still the majority of MRIs of the prostate are being conducted. Nevertheless, an
increasing number of patients routinely undergo MRI in these “non PI-RADS institutions” pri-
or to radical prostatectomy - independent of their clinical stage or biopsy Gleason sum. For
these patients, we evaluated the accuracy of mp-MRI in localizing intraprostatic cancer le-
sions by correlation with preoperative biopsies and histopathologic findings on prostatectomy
specimen. The aim of our study was to evaluate the practical value of routinely performed,
“non-PIRADS” mp-MRI for cancer localization.

Data from 94 patients who underwent a retropubic prostatectomy between January 2011 and
June 2012 were used to determine the accuracy of staging as well as localizing the tumour
within the gland. Additionally the influence of the MRI results on the individual surgical ap-
proach was investigated. To compare the histopathological with MRI results the prostate was
divided into six sections. For each single sextant, sensitivity and specificity of correct cancer
detection amounted to 25-62 % and 60-94 %, respectively. The mean number of correctly
identified sextants per patient was between 3.11 and 4.00 and, thus, insignificantly above the
value of 3 that one would obtain by tossing the coin.

The sensitivity and specificity of diagnosing extracapsular extension were 30.0 % and
93.3 %, of discovering positive seminal vesical invasion 63.6 % and 92.9 %, respectively.
Therefore we concluded that routinely performed MRI examinations cannot localize cancer
within the prostate accurately. Neither existing seminal vesicle invasion nor extracapsular
tumour extension can be safely excluded. Moreover, neither higher field force nor the use of
an end rectal coil could enhance the accuracy of mp-MRI. Of note, in case the surgeon was
aware of an existing MRI, there was a significantly higher percentage of nerve protection
(left: 93 %; right: 89 % vs. left: 75 %; right: 75 %). This did not result in a higher level of posi-
tive resection margins although the performed technique of surgery was less invasive.

We conclude that in routine clinical practice, mp-MRI at non-academic centres without the
use of PI-RADS classification and without uroradiologic experience has very limited clinical
value in predicting extracapsular extension and seminal vesical invasion. Given the costs for
the health care system, patients‘ discomfort and the low reliability of the investigation, per-
forming a “poor standard” MRI prior to radical prostatectomy on a routine basis is not justi-
fied.
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Abstract

Purpose To evaluate the staging accuracy of preoperative
multiparametric MRI (mp-MRI), its influence on the tech-
nique of radical retropubic prostatectomy (RRP), and its
value for daily clinical practice.

Methods A total of 106 patients underwent RRP (January
2011-June 2012) and had preoperative MRI staging data
available for review. Staging results acquired by mp-MRI
were correlated to both biopsy and histopathology results.
Surgical reports were reviewed for intraoperative aspect
of tumor extension, technique of RRP (nerve sparing or
extended), and extent of lymphadenectomy.

Results The accuracy of diagnosing extracapsular exten-
sion (ECE) was 72.2 %, with an overall sensitivity and
specificity of 30.0 and 93.3 %, respectively. The negative
predictive value was 72.7 %. The sensitivity and specificity
to diagnose positive seminal vesical invasion (SVI) were
63.6 and 92.9 %, respectively. Neither higher field force
nor the use of an endorectal coil could enhance the accu-
racy of mp-MRI. In case of awareness of an existing MRI,
there was a significantly higher percentage of nerve protec-
tion (left: 93 %; right: 89 % vs. left 75 %; right: 75 %). The
higher percentage of nerve sparing surgery did not result in
a higher level of positive resection margins.

Conclusions 1In routine clinical practice, mp-MRI at non-
academic centers has very limited clinical value in predict-
ing ECE and SVI. Our data support the current recommen-
dations against the widespread preoperative use of mp-MRI
because it is not adding reliable predictive information on
the extent of prostate cancer.

A. Billing (<) - A. Buchner - C. Stief - A. Roosen
Department of Urology, Ludwig-Maximilians-University,
Marchioninistrasse 15, 81377 Munich, Germany

e-mail: andrea.billing@gmx.de
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Introduction

Prostate cancer is the most common cancer and second
most common cause of cancer death in men. Both PSA
screening and increasing life expectancy result in a ris-
ing incidence [1]. In 80 % of the cases, prostate cancer is
diagnosed at an organ-confined stage, and many patients
undergo radical retropubic prostatectomy (RRP). The sur-
gical challenge lies with the balance between total cancer
removal and minimal postoperative morbidity. The neuro-
vascular bundles (NVB), which mediate erectile function
and continence [2], run posterolaterally to the prostatic
capsule—the majority of prostate cancers are located in the
peripheral zone. Preoperative knowledge of extracapsular
growth is likely to have an impact on the surgeon’s attempt
to preserve the NVB: Imaging suggesting locally advanced
disease might lead the surgeon to resect the bundle on the
affected side. However, the role of MR imaging is still
under scrutiny because it is expensive, not everywhere
available, and imposes significant discomfort on the patient
[3, 4]. Thus, many urologists consider MRI still not suit-
able for preoperative assessment [5]. The latest diagnostic
consensus meeting of the European Society of Urogenital
Radiology (ESUR) recommended anatomic T2-weighted
imaging combined with at least two functional techniques:
diffusion-weighted imaging (DWI), dynamic contrast-
enhanced MRI (DCE-MRI), and optionally MR spectros-
copy [6].

Reports about the accuracy of multiparametric MRI
(mp-MRI) in staging prostate cancer are at variance, some
suggesting a sensitivity and specificity as well as a negative

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00345-014-1448-5&domain=pdf

924

World J Urol (2015) 33:923-928

predictive value for detecting T3 disease of >90 % [7, 8].
These results insinuate that MRI might play an important
role for the preoperative detection of extracapsular growth
[9]. However, such trials were performed by academic radi-
ologists specialized in MRI as well as in the genitourinary
system and reflect the best diagnostic performance of mp-
MRI. Those specialists are rare in non-academic institu-
tions where the vast majority of MRIs of the prostate are
conducted.

Prosperity of the metropolitan area of Munich as well
as the affluence of German private health insurance com-
panies is the reason why many patients from this region
undergo preoperative MRI independent of their preopera-
tive PSA level, clinical stage, biopsy core involvement, or
biopsy Gleason sum. For these patients, we evaluated the
accuracy of mp-MRI in predicting the presence of extraca-
psular extension (ECE) and seminal vesicle invasion (SVI)
by correlation with preoperative biopsies and histopatho-
logic findings on prostatectomy specimens. Further, we
assessed whether or not this preoperative information had
an influence on the RRP technique. The aim of our study
was to evaluate the practical value of mp-MRI prostate can-
cer staging for daily clinical practice.

Materials and methods

An institutional database of 455 RRP performed by a single
surgeon (C.S.) was queried for those who underwent mp-
MRI. MRI was always initiated by the referring local office
urologist and performed at various regional non-academic
radiology institutions. We retrospectively identified 106
patients who underwent open RRP (January 2011-June
2012) and had preoperative MRI staging data available for
review. Formal approval by our Institutional Review Board
(IRB) was not required for this observational study.

In all patients, prostate cancer was detected by TRUS
guided sextant biopsy performed by an experienced urolo-
gist. Biopsies were taken from the base, the middle, and the
apex of the right and left side of prostate.

The original radiology reports were reviewed for vis-
ibility, localization and extension of the carcinoma within
the gland, ECE, SVI, lymph node involvement (LNI), field
force (1.5 or 3 Tesla), placement of an endorectal coil,
and sequences performed in multiparametric imaging. All
MRIs were interpreted by board certified radiologists.

Surgical reports were reviewed for the intraopera-
tive aspect of tumor extension as judged by the surgeon,
the technique of RRP (nerve sparing or extended), per-
formance and extent of lymphadenectomy (LAD), and
whether or not the surgeon had knowledge of the MRI
report (as was always commented on in the surgical
report). The surgeon was unaware of preoperative MRI
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results when neither radiology report nor original images
could be retrieved at the day of admission. However, the
surgeon was always informed about the biopsy (Gleason
sum, number, and distribution of positive cores) and PSA
value. In all RRP, preparation of the NVB was carried out
independently for both sides. Criteria for nerve sparing
were PSA level <15 ng/ml, number of positive cores not
more than 50 % on the side of nerve sparing, Gleason sum
of the biopsy <7, and the intraoperative aspect suggesting
an organ-confined tumor.

Pathological reports were reviewed for Gleason score
and sum, extension and localization of tumor within the
gland, ECE, SVI, surgical margin, and LNI. Positive sur-
gical margins were defined as any evidence for cancer
extending to the inked margin of the prostatectomy speci-
men. Pathological examination was performed by experi-
enced genitourinary pathologists.

For comparison between biopsy, MRI, and histopathol-
ogy, tumor localization was always allocated to the six sex-
tants: basal, midgland, and apical—left and right.

Data were analyzed using SPSS software (version 21.0;
SPSS Inc., Chicago, IL, USA). Fisher’s exact test was used
to compare categorical variables as SVI, ECE, and LNI and
to determine the statistical coherence between MRI stage
and technique of RRP. Sensitivity, specificity, and likeli-
hood ratios (positive and negative) were calculated. Quan-
titative variables were described as mean (4standard devia-
tion). p < 0.05 was considered statistically significant for
all statistical analyses two-tailed tests.

Results

Preoperative and postoperative histopathological
characteristics

Twelve patients had to be excluded from the study because
of previous radiation, transurethral resection therapy, miss-
ing consent, or insufficient MRI data. A total of 94 patients
remained in the study.

The patients had a mean age of 65.5 years (range 43—
80 years) and a mean preoperative PSA value of 11.7 ng/
ml (range 1.1-87.9 ng/ml). The mean number of performed
biopsies per patient was 13.0 (2-26). The number of posi-
tive biopsies averaged 5.0 (0-22). The Gleason sum were
four, five, six, seven, eight, nine, and ten in one, one, 30,
48, three, ten, and one patients, respectively. The mean
number of prostate regions with cancer detected was 3.3
(0-6).

The pathological stage of the RRP specimen were Tla,
T2a, T2b, T2c, T3a, T3b, and T4 in one, three, two, 55, 16,
15, and two patients, respectively. The Gleason sum aver-
aged 7.2 (6-10).
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Table 1 Accuracy of preoperative MRI regarding ECE, SVI, and
LNI

ECE (%) SVI (%) LNI (%)
Sensitivity 30.0 63.6 66.7
Specificity 93.3 92.9 92.1
PPV 69.2 63.6 66.7
NPV 72.7 94.6 92.1
Accuracy 72.2 88.1 87.2

ECE was detected in 32 patients (34.0 %), while 62 car-
cinomas (66.0 %) did not penetrate the prostatic capsule.
17 patients (18.9 %) had SVI. While 40 of 94 patients
(42.6 %) were operated without LAD, in 54 patients
(57.4 %), LAD was performed. Eleven of them had positive
lymph nodes (20.4 %).

A total of 70 patients (74.5 %) had negative surgical
margins (RO), while 24 (25.5 %) showed positive margins
(R1).

Surgical procedure

In all RRP, preparation of the NVB was carried out inde-
pendently for both sides: On the right side, RRP was per-
formed in a nerve sparing technique in 44 (57.9 %) and
extended in 32 cases (42.1 %). On the left side, RRP was
carried out in a nerve sparing technique in 42 (53.9 %) and
extended in 36 cases (46.2 %). No data were available for
18 patients for the right side and 16 patients for the left
side.

Poor sensitivity of mp-MRI for ECE, SVI, and LNI

Of the 60 patients with histopathologically organ-con-
fined disease, 56 (93.3 %) were correctly diagnosed as
such on MRI, whereas four (6.7 %) were considered to
have cT3 disease and constituted false positives. Among
the 30 patients with pT3 disease, MRI correctly predicted
9 (30.0 %), whereas 21 (70.0 %) were incorrectly consid-
ered to be organ-confined. The MRI reports of two patients
in each group did not supply any information about the T
status which had therefore to be excluded from analysis.
This results in an accuracy of 72.2 %, with an overall sen-
sitivity and specificity for diagnosing pT3 disease of 30.0
and 93.3 %, respectively. The positive predictive value of
mp-MRI in this setting is 69.2 % with a negative predic-
tive value of 72.7 % (Table 1). The sensitivity and specific-
ity of MRI to diagnose positive SVI were 63.6 and 92.9 %,
respectively. The sensitivity and specificity of MRI to diag-
nose positive LNI were 66.7 and 92.1 %, respectively.

21

Endorectal coil and 3 T imaging do not provide higher
accuracy than 1.5 T imaging without endorectal coil

A total of 55 (59.1 %) preoperative MRIs were performed
on 1.5 T scanners, while 38 patients (40.8 %) had 3 T
images. The field force of one MRI examination could not
be ascertained. Of the 55 1.5 T scans, 38 were performed
with an endorectal coil (69.1 %), and for 32 of the 38 3 T
MRIs, endorectal coils were used (84.2 %). For ECE, SVI,
and LNI, 1.5 T MRI scanners showed sensitivities of 33,
75, and 71 %, respectively, and specificities of 93, 92, and
93 %, respectively. Of note, the accuracy of diagnosing
ECE, SVI, or LNI on 3 T scanners was statistically not sig-
nificant. On 1.5 T scans, the use of an endorectal coil did
not enhance sensitivity or specificity for diagnosing ECE or
SVI, but only LNI.

DWI enhances accuracy of SVI and LNI detection

A total of 59 MRIs were performed with and 34 without
diffusion-weighted imaging, while 57 MRIs were car-
ried out with and 34 without spectroscopy. There was no
superior detection rate of ECE by either DWI or spectros-
copy. However, DWI increased the accuracy of both SVI
and LNI detection significantly (accuracy for SVI and LNI
with DWI 92.9 and 92.6 %, without DWI 80.0 and 80 %,
respectively). Statistical evaluation for spectroscopy was
not possible as there were no patients with SVI or LNI in
this group.

Preoperative MRI has an impact on the choice of RRP
technique

In light of the relatively low accuracy of preoperative MRI
staging, it was of interest whether or not the MRI result
had an impact on the surgeon’s choice of nerve sparing or
LAD.

We identified 39 cases in which PSA level (<15 ng/ml),
number of positive cores, and Gleason sum of the biopsy
(<7) as well as intraoperative findings strongly suggested
an organ-confined tumor: The surgeon was aware of the
MRI in 27 of these cases; in 12, he was not. In all cases,
MRI suggested organ-confined disease or could not detect
any tumor.

Interestingly, in case of awareness of an existing MRI,
there was a significantly higher percentage of nerve protec-
tion (left: 93 %; right: 89 % vs. left: 75 %; right: 75 %).
The higher percentage of nerve sparing surgery did not
result in a higher level of positive resection margins.

However, the number of LAD did not significantly differ
between both groups (37 vs. 33 %) (Table 2).
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Table 2 Percentage of nerve sparing (NS), lymphadenectomy (LAD), NO and RO resection in relation to awareness of preoperative MRI

CT2, PSA <15 ng/ml, Gleason <7, MRT <T2 LAD (%) NO (%) Right NS (%) Left NS (%) RO (%)
Surgeon knew ... 37 90 89 93 86
... did not know about MRI 33 100 75 75 83

Discussion

The aim of this study was to assess the practical use of rou-
tinely performed preoperative mp-MRI of the prostate. The
majority of these MRIs were not performed at academic
centers, but in smaller local units and institutions where
specialization in MRI of the genitourinary system is not
always available. We evaluated the accuracy of mp-MRI
predicting the absence or presence of ECE and SVI by
correlation with preoperative biopsies and histopathologic
findings on prostatectomy specimens. Further, we assessed
whether or not this preoperative knowledge had an influ-
ence on the RRP technique.

The mp-MRI appears to be one of the most promising
techniques for prostate cancer detection and staging as it is
able to combine anatomic T2-weighted imaging with func-
tional tissue analysis. In addition to morphology, provided
by T2-weighted imaging [10, 11], DWI provides informa-
tion about water molecule diffusion [12, 13] and DCE-MRI
assesses microvascular properties [14]. MR spectroscopy
measures the concentration metabolites in the prostate at a
cellular level [15, 16]. Thus, mp-MRI provides additional
information about altered vascularization, cellular metabo-
lism, and diffusion [17].

However, the role of preoperative MRI staging is still
controversial. Sensitivity and specificity for the detection
of extracapsular growth are reported in the range from 13
to 95 % and 49 to 97 %. For the prediction of N + dis-
ease, sensitivity and specificity vary between 23 and
80 % and 81 and 99 %, respectively [18]. Our results are
at the low end of these ranges, with a sensitivity of 30 %
for the detection of ECE. Accordingly, the negative pre-
dictive value for predicting locally advanced disease was
only 73 %. This means that if the MRI suggests organ-
confined cancer, nerve sparing would be safe in not more
than 73 % of the cases. For SVI and LNI, we found a bet-
ter sensitivity of 64 and 67 %, compared with ECE, and
a fairly good negative predictive value of 95 and 92 %,
respectively.

According to our data, mp-MRI cannot be consid-
ered reliable enough to safely exclude ECE of prostate
carcinoma. It is therefore questionable whether a sur-
geon should take a preoperative MRI into account for
his approach to the NVB. As could be demonstrated in
our study, however, existing mp-MRI results have a sig-
nificant impact on the surgeon: The probability of nerve
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protection was significantly higher in cases the surgeon
was aware of an MRI predicting organ-confined dis-
ease. Of note, this did not result in a higher rate of R1
resections.

These results are in accordance with the findings of
Brajtbord et al. [19] who assessed the accuracy of a
mixture of preoperative mp-MRI conducted at both aca-
demic and community radiology centers. They found
the overall accuracy of mp-MRI to be 62 % for diag-
nosing pT3 disease, with a positive predictive value of
50 %, suggesting that pretreatment mp-MRI offers min-
imal clinical information. Most interestingly, they were
unable to detect a significant difference in accuracy
between mp-MRIs from community centers and those
conducted in academic institutions. However, the study
setup did not allow looking at a possible impact that the
MRIs might have had on the surgeon’s choice of nerve
sparing.

According to our data, neither higher field force nor
the use of an endorectal coil could enhance the accuracy
of mp-MRI. Previous studies demonstrated the detection
of ECE, SVI, and LNI to be improved by the use of the
endorectal coil at 1.5 T and at 3 T [11, 20]. The staging
accuracy at 1.5 T with an endorectal coil was found to be
comparable to the accuracy at 3 T without an endorectal
coil [21, 22]. Thus, the use of the endorectal coil is rec-
ommended at 1.5 T, whereas it is considered optional at
3 T [23]. However, some recent studies suggest that field
strength and the use of an endorectal coil have only little
impact on staging accuracy compared with other factors
such as Gleason score or tumor extension inside the gland
[24, 25].

In general, € 460-1100 are charged for an mp-MRI in
Germany. Sedation is required for claustrophobic patients.
Further, patients often complain about the discomfort asso-
ciated with the use of an endorectal coil. In light of the low
sensitivity and negative predictive value for ECE that we
obtained, it seems hard to justify the expenses of the proce-
dure as well as the patient’s discomfort.

Limitations of this study are that other studies are
larger [9, 26] and data were collected retrospectively. We
did not standardize the patients who underwent mp-MRI;
by definition, this results in selection bias. Additionally,
we were unable to obtain the training and experience pro-
files of the radiologists who conducted the MRIs. Further,
none of the MRIs were evaluated using the standardized
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PI-RAD system as recommended by the guidelines of the
ESUR [6].

Conclusion

In routine clinical practice, routine mp-MRI has very lim-
ited clinical value in predicting ECE and SVI. Even a nega-
tive mp-MRI (“no cancer detected”) does not reliably rule
out the presence of extraprostatic disease. The accuracy of
detecting T3 disease did not improve by use of higher field
force (3 T) or endorectal coils.

Our data support the current recommendations against
the widespread preoperative use of mp-MRI at non-aca-
demic centers because it is not adding reliable predictive
information on the extent of prostate cancer.
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Abstract

Purpose To evaluate the localization accuracy of rou-
tinely performed preoperative multiparametric MRI (mp-
MRI), not being assessed according to PI-RADS criteria.
Methods One hundred and six patients underwent radical
retropubic prostatectomy (January 2011-June 2012) with
preoperative MRI. Intraprostatic tumor localization sug-
gested by mp-MRI was correlated to both biopsy and his-
topathology results.

Results  Sensitivity and specificity were as low as 25-62
and 60-94 %, respectively. Neither higher field force nor
the use of an endorectal coil could enhance accuracy. There
was no statistically significant concordance in any sex-
tant. The mean number of correctly identified sextants was
between 3.11 and 4.00 and, thus, insignificantly above the
value of 3 that one would obtain by tossing the coin. For
transrectal biopsies, sensitivity and specificity of tumor
localization were 52-63 and 46-80 %, respectively.
Conclusions Neither routinely performed “non-PI-
RADS” MRI nor transrectal biopsy can accurately local-
ize prostate cancer. Focal therapy concepts rely on a
precise intraprostatic tumor detection and therefore inevi-
tably require PI-RADS assessment by radiologists with
genitourinary specialization. Regarding patient discomfort
and costs, “non-PI-RADS” MRIs of the prostate are not
justified.

< Andrea Billing
andrea.billing@gmx.de

Department of Urology, Ludwig-Maximilians-University,
Marchioninistrasse 15, 81377 Munich, Germany
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Introduction

A growing number of studies suggest the feasibility of
a focal therapy of localized prostate carcinoma. Ideally,
focal therapy is targeted to maximize the elimination of the
tumor foci without treating the whole gland, while mini-
mizing side effects [1, 2]. However, all focal therapies for
prostate cancer inevitably rely on an accurate preopera-
tive localization of the intraprostatic cancer lesion. In this
context, the multiparametric MRI (mp-MRI) approach that
combines anatomic T2-weighted imaging with functional
data, such as altered vascularization, cellular metabolism,
and diffusion, appears to be one of the most promising
techniques for prostate cancer detection [3-8]. Reports
about the accuracy of mp-MRI are at variance, some sug-
gesting a sensitivity and specificity as well as a negative
predictive value for identifying a cancer lesion within a
defined region (sextant) of the prostate of >90 % [9-11].
Standardization with PI-RADS resulted in both increased
reporting quality and reduced interobserver variability (pre-
PI-RADS: kappa 0.39-0.55; with PI-RADS 0.46-0.80)
[12, 13]. However, such trials were performed by academic
radiologists specialized in genitourinary MRI as well as
trained in the PI-RADS classification and reflect the best
diagnostic performance of mp-MRI. Those specialists are
rare in non-academic institutions where still the majority of
MRISs of the prostate are being conducted.

Nevertheless, an increasing number of patients routinely
undergo MRI in these “non-PI-RADS institutions” prior
to radical prostatectomy—independent of their clinical
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stage or biopsy Gleason sum. For these patients, we evalu-
ated the accuracy of mp-MRI in localizing intraprostatic
cancer lesions by correlation with preoperative biopsies
and histopathologic findings on prostatectomy specimens.
The aim of our study was to evaluate the practical value of
routinely performed “non-PI-RADS” mp-MRI for cancer
localization.

Materials and methods

Patient demographic, radiographic,
and clinicopathologic data

We retrospectively identified 106 patients who underwent
open retropubic radical prostatectomy (RRP; from January
2011 to June 2012) by a single surgeon and had preopera-
tive MRI staging data available for review.

All MRIs were conducted as preoperative staging
investigation at referring, non-academic institutions and
assessed by board-certified radiologists with experience in
genitourinary tract imaging. However, none of those MRI
reports used PI-RADS classification. All MRIs were mul-
tiparametric and consisted at least of T2-weighted imag-
ing combined with diffusion-weighted imaging (DWI)
and dynamic contrast-enhanced MRI (DCE-MRI). 60 %
of the MRIs were performed on 1.5 T scanners and 40 %
on 3 T scanners; 75 % were conducted with an endorectal
coil.

Radiology reports were reviewed for visibility, localiza-
tion and extension of the carcinoma within the gland, extra-
capsular extension (ECE), seminal vesical invasion (SVL,),
and lymph node involvement (LNI). Pathologic reports
were reviewed for pathologic Gleason score, extension and
localization of tumor within the gland, ECE status, seminal
vesicle invasion, surgical margin status and location if posi-
tive, and lymph node status. Positive surgical margins were
defined as any evidence for cancer extending to the inked
margin of the prostatectomy specimen. Pathologic exami-
nation was always performed by a board-certified patholo-
gist in a high-volume center.

Statistical methods

Data were analyzed using SPSS software (version 21.0;
SPSS Inc., Chicago, IL, USA). Fisher’s exact test was used
to compare categorical variables as SVI, ECE, and LNI and
to determine the statistical coherence between MRI stage
and technique of radical prostatectomy. Sensitivity, speci-
ficity, and likelihood ratios (positive and negative) were
calculated.

P < 0.05 was considered statistically significant for all
statistical analyses two-tailed tests.
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For graphical illustration histograms, boxplots and bar
diagrams were applied.

To evaluate the accuracy of localization by either MRI or
biopsy, prostate was divided into six regions, and findings
were always allocated to the sextants: right apical, medial,
and basal; left apical, medial, and basal. For each patient,
we compared the sextants positive on MRI or biopsy to the
sextants identified as positive by the definitive pathologic
report.

The probability p to obtain an exact match only by
guessing is a binomial distribution as a sequence of inde-
pendent yes/no (Bernoulli) trials:

P= (’,Z) x px (1= py"*

6
6

6
6 a0 (1) _
x0.5°x (1-05)°= (5] =156%

The expected value E[X] indicates the number of match-
ing sextants that one would obtain by tossing the coin:

EX]=np=6x05=3.

In other words, one would on average guess three sex-
tants right for each single patient.
Standard deviation amounts to:

1
o =+/np(l —p)=1/np*>=4/6 % Z:vl.S% 1.22.

ie., 68 % of guessed results would lie within a range
between 1.8 and 4.2. One would expect a modality that
reliably localizes the tumor within the gland to achieve an
average of matching sextants of more than 4.2.

Results

Preoperative and postoperative histopathologic
characteristics

Twelve patients had to be excluded from the study because
of previous radiation or transurethral resection therapy,
missing consent or insufficient MRI data. Ninety-four
patients remained in the study.

The patients had a mean age of 65.5 years (range
43-80 years) and a mean preoperative PSA value of
11.7 ng/ml (range 1.1-87.9 ng/ml). The mean number of
performed biopsies per patient was 13.0 (2-26). The num-
ber of positive biopsies averaged 5.0 (0-22), and the Glea-
son sum was four, five, six, seven, eight, nine, and 10 in
one, one, 30, 48, three, 10, and one patient, respectively.

The pathologic stage of the RRP specimen was Tla,
T2a, T2b, T2c, T3a, T3b, and T4 in one, three, two, 55,
16, 15, and two patients, respectively. The Gleason sum
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averaged 7.2 (6-10). The mean number of prostate sextants
with cancer detected was 3.3 (0-6).

Extracapsular extension (ECE) was detected in 32
patients (34.0 %), while 62 carcinomas (66.0 %) did not
cross the prostatic capsule. Seventeen patients (18.9 %)
had seminal vesicle invasion (SVI). In 54 of 94 patients
(57.4 %), lymph node dissection (LND) was performed,
while 40 patients (42.6 %) were operated without LAD.
Of the 54 patients with LND, 11 had positive lymph nodes
(20.4 %).

Seventy patients (74.5 %) had negative surgical margins
(RO), while 24 (25.5 %) showed positive margins (R1).

Poor localization of prostate carcinoma inside the gland
by MRI

Of all 94 patients, MRI detected prostate cancer in only
84 % of the cases.

For each sextant, sensitivity and specificity of correct
cancer detection by MRI amount to 25-62 and 60-94 %,
respectively. There was no statistically significant concord-
ance in any sextant. The sensitivities and specificities for
localizing prostate cancer correctly are depicted in Table 1.
The number of matching sextants is 3.30 for MRL

Twenty-three patients were allocated to low-risk group
(preoperative PSA < 10 ng/ml and Gleason Score < 6), 28
to intermediate-risk group (preoperative PSA < 10 ng/ml
and Gleason Score = 7), and 41 to high-risk group (pre-
operative PSA > 10 ng/ml or Gleason Score > 8). The
numbers of matching sextants in the MRI are 3.82 for the
low-risk group, and 3.11 and 3.25 for the intermediate- and
high-risk groups, respectively.

Poor localization of prostate carcinoma inside the gland
by transrectal biopsy

Of all 94 patients, transrectal biopsies identify prostate can-
cer in 97 %.

Table 1 Accuracy of tumor allocation to sextants by MRI and tran-
srectal biopsy

Sextant MRI Transrectal biopsy
Sensitivity ~ Specificity ~ Sensitivity  Specificity
(%) (%) (%) (%)

Right apical 49 79 63 80

Right central 50 71 62 64

Right basal 25 94 61 73

Left apical 35 80 52 46

Left central 62 60 63 50

Left basal 46 73 56 57

28

For each sextant, sensitivity and specificity of correct
cancer detection by transrectal biopsy amount to 52—63 and
46-80 %, respectively.

The number of matching sextants is 3.64 for biopsy.
Except for one (right apical), there was no statistically sig-
nificant concordance in any sextant.

Per sextant, sensitivity was generally higher for biopsy
while MRI gained a higher specificity.

No increased accuracy by 3 T field force or endorectal
coil

Fifty-five (59.1 %) preoperative MRIs were performed on
1.5 T scanners, while 38 patients (40.8 %) had 3 T images.
The field force of one MRI examination could not be ascer-
tained. 3 T MRIs identified prostate cancer in 82 %, whereas
1.5 T MRIs detected a tumor in 86 %. For each sextant, sen-
sitivity and specificity of correct cancer detection by 3 T are
22-78 and 73—-100 %, and for 1.5 T MRI, they are 22-61
and 67-100 %, respectively. There was no statistically sig-
nificant concordance in any sextant. The number of match-
ing sextants is 3.55 for 3 T and 3.7 for 1.5 T MRIs.

Seventy (74.5 %) MRI examinations were performed
with and 24 (25.5 %) without an endorectal coil. MRIs with
endorectal coils identify a malignant tumor of the prostate
in 86 % and MRIs without endorectal coils in 79 %. By the
use of an endorectal coil, sensitivity and specificity of cor-
rect cancer detection for each sextant amount to 20—62 and
53-93 %, without endorectal coils 33—-83 and 67-100 %,
respectively. There was no statistically significant concord-
ance in any sextant. With endorectal coils, the number of
matching sextants is 3.55 and 4.00 without.

Even the use of both the field force of 3 T and an endo-
rectal coil does not enhance the results. Sensitivity and
specificity were 13-75 and 56-100 %, respectively. There
was no statistically significant concordance in any sextant.
The number of matching sextants was 3.41.

The sensitivities and specificities for localizing prostate
cancer with or without endorectal coil and with different
field forces correctly are depicted in Table 2.

Discussion

In our retrospective study of routinely performed “non-PI-
RADS” MRIs of the prostate, the mean number of correctly
identified sextants was between 3.11 and 4.00. This is within
the standard deviation and, thus, insignificantly above the
value of 3 that one would obtain by tossing the coin. Most
notably, localization by transrectal 12 core biopsy was not
better with a value of 3.64. A modality that reliably and
reproducibly localizes an intraprostatic lesion would achieve
an average of matching sextants of more than 4.2.
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Table 2 Accuracy of tumor allocation to sextants by MRI related to
the field force and use of an endorectal coil

Correct allocation to
each sextant (%)

3 Tesla
Sensitivity 22-78
Specificity 73-100
1.5 Tesla
Sensitivity 22-61
Specificity 67-100
With endorectal coil
Sensitivity 20-62
Specificity 53-93
Without endorectal coil
Sensitivity 33-83
Specificity 67-100
3 Tesla and endorectal coil
Sensitivity 13-75
Specificity 56-100

However, all focal therapies for prostate cancer inevi-
tably rely on an accurate preoperative localization of the
intraprostatic cancer lesion. In general, this can be achieved
by two means: imaging and biopsy.

As for prostate biopsy, standard practice is to use
TRUS guidance to take 10-12 transrectal needle biop-
sies in a systematic fashion. However, TRUS-guided
biopsy has a substantial false-negative rate, with cancer
being found in ~20 % of repeat biopsies [14] and, thus,
significant cancers going undetected during the initial
biopsy [15]. This is why many authors in the field of
focal therapy advocate 3D transperineal template map-
ping (3D TPM) biopsies for accurate localization of
clinically significant cancers and claim both a sensitivity
and a negative predictive value of 95 % [16, 17]. How-
ever, it places a heavy burden on resources, commonly
requiring general anesthesia and significant pathologist
time.

Although 3D TPM biopsy is a reliable and detailed
method of mapping individual prostate tumors, it may be a
temporary step in our quest for image-guided diagnosis and
treatment, as it has several disadvantages that may limit its
long-term use. The prostate can change in shape as a result
of distortion (from the US probe), rotate, and swell (as a
result of the needle, edema, and hemorrhage), compromis-
ing the 3D spatial information. Morbidity can include tem-
porary erectile dysfunction, perineal ecchymoses, and acute
urinary retention.

Advances in MRI technique show potential for improv-
ing the diagnostic accuracy of MRI for prostate cancer
detection. A recently developed multiparametric MRI
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approach that combines anatomic T2-weighted imaging
with functional data appears to be one of the most prom-
ising techniques for prostate cancer detection [3—8]. The
addition of functional MRI techniques can provide meta-
bolic information, display altered cellularity, and aid in
noninvasive characterization of tissue and tumor vascular-
ity. Although these techniques have not been implemented
broadly in daily clinical practice yet, they are increasingly
mentioned in prostate cancer guidelines [18]. The latest
diagnostic consensus statement by the European Society
of Urogenital Radiology (ESUR) recommends anatomic
T2-weighted imaging combined with at least three func-
tional techniques: diffusion-weighted imaging (DWI),
dynamic contrast-enhanced MRI (DCE-MRI), and option-
ally MR spectroscopy.

In this context, the introduction of PI-RADS resulted in
both increased reporting quality and reduced interobserver
variability (pre-PI-RADS: kappa 0.39-0.55; with PI-RADS
0.46-0.80) [12, 13]. Additionally, PI-RADS seems to pro-
vide thresholds able to discriminate between significant and
insignificant cancers [13, 19, 20]. However, this standard is
usually only available at academic centers specialized in
genitourinary MRI and routinely applying the PI-RADS
classification. This expertise is rare in non-academic insti-
tutions where still the vast majority of MRIs of the prostate
are being conducted. Our results indicate the necessity to
promote a widespread introduction and use of the PI-RADS
classification if focal therapy of prostate carcinoma should
ever become a substantial option of treatment.

The comparably low localization accuracy of transrec-
tal 12 core ultrasound-guided biopsy might be surprising at
first glance; however, it is in line with other reports [21-
23]. TRUS-guided biopsy is generally acknowledged as
carrying multiple random and systematic errors. Our study
reveals that not even the tumor-carrying site can reliably be
predicted.

According to our data, neither higher field force nor
the use of an endorectal coil could enhance the accuracy
of mp-MRI. Previous studies demonstrated the detection of
ECE, SVI, and LNI to be improved by the use of the endo-
rectal coil at 1.5 T and at 3 T [20, 24]. The staging accuracy
at 1.5 T with an endorectal coil was found to be compara-
ble to the accuracy at 3 T without an endorectal coil [24,
25]. Thus, the use of the endorectal coil is recommended
at 1.5 T, whereas it is considered optional at 3 T [26].
However, some recent studies suggest that field strength
and the use of an endorectal coil have only little impact
on diagnostic accuracy compared with other factors such
as Gleason score or tumor extension inside the gland [22,
27]. There is general agreement that protocol (sequences),
radiologist, and manufacturer’s settings have greater impact
on the diagnostic value of mp-MRI than field force or the
use of an endorectal coil. Surprisingly, we found a higher
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sensitivity in low-risk than in high-risk tumors, indicating
the low reliability of MRI not being evaluated according to
PI-RADS standards by genitourinary experts.

In general, € 460-1100 is charged for an mp-MRI in
Germany. Sedation is required for claustrophobic patients.
Further, patients often complain about the discomfort asso-
ciated with the use of an endorectal coil. In light of the low
localization accuracy that we obtained, it seems hard to jus-
tify the expenses of the procedure as well as the patient’s
discomfort if the MRI is not conducted according to the
highest standards including PI-RADS classification.

Limitations of this study are that other studies are larger
[23, 28] and data were collected retrospectively. We did not
standardize the patients who underwent mp-MRI; by defi-
nition, this results in selection bias.

Further, this series consists of a mix of different MR
techniques. The majority of these MRIs were not per-
formed at academic centers, but in smaller local units
and institutions where specialization in MRI of the geni-
tourinary system is not always available—the training and
experience profiles of the radiologists who conducted the
MRIs could not be obtained. Thus, we showed that the
MR accuracy is poor, but the study does not allow iden-
tifying a specific cause for the inaccuracy of intrapros-
tatic cancer localization: bad reporting (no PI-RADS),
lack of training, insufficient MR technique or a combina-
tion of all three factors. However, aim of this investiga-
tion was explicitly not to assess the diagnostic potential
of MRI under best possible study conditions, but to reflect
the current clinical practice of prostate cancer diagnostic
work-up.

Conclusion

“Routine staging” MRI without PI-RADS classification is
generally not able to accurately localize the tumor within
the gland, although advances in MRI techniques and stand-
ardization of evaluation show potential for improving the
diagnostic accuracy of MRI for prostate cancer localiza-
tion. Focal therapies for prostate cancer inevitably rely on
an accurate preoperative localization of the intraprostatic
cancer lesion. Regarding patient discomfort and costs,
“poor standard” MRIs of the prostate are not justified.

Our data support the recommendations against the wide-
spread preoperative use of mp-MRI at non-academic cent-
ers and without standardization of evaluation because it is
not adding reliable predictive information.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict
of interest.

30

Ethical standards This retrospective study was performed in
accordance with the standards of the ethics committee.

Authors’ contribution A. Billing collected, managed, and analyzed
the data, and wrote and edited the manuscript. A. Buchner analyzed the
data. C. Stief involved in protocol and project development. A. Roosen
involved in protocol and project development, managed the data, and
wrote and edited the manuscript.

References

1. Lindner U, Trachtenberg J, Lawrentschuk N (2010) Focal ther-
apy in prostate cancer: modalities, findings and future considera-
tions. Nat Rev Urol 7(10):562-571. doi:10.1038/nrurol.2010.142
Kasivisvanathan V, Emberton M, Ahmed HU (2013) Focal ther-
apy for prostate cancer: rationale and treatment opportunities.
Clin Oncol 25(8):461-473. doi:10.1016/j.clon.2013.05.002

3. Sciarra A, Panebianco V, Salciccia S, Cattarino S, Lisi D, Gen-
tilucci A, Alfarone A, Mariotti G, Passariello R, Gentile V
(2011) Modern role of magnetic resonance and spectroscopy
in the imaging of prostate cancer. Urol Oncol 29(1):12-20.
doi:10.1016/j.urolonc.2009.06.001

Puech P, Sufana Iancu A, Renard B, Villers A, Lemaitre L (2012)
Detecting prostate cancer with MRI: why and how. Diagn Interv
Imaging 93(4):268-278. doi:10.1016/;.diii.2012.01.019
Engelbrecht MR, Puech P, Colin P, Akin O, Lemaitre L, Villers
A (2010) Multimodality magnetic resonance imaging of prostate
cancer. J Endourol 24(5):677-684. doi:10.1089/end.2009.0597
Mazaheri Y, Shukla-Dave A, Muellner A, Hricak H (2011) MRI
of the prostate: clinical relevance and emerging applications. J
Magn Reson Imaging 33(2):258-274. doi: 10.1002/jmri.22420
Hoeks CM, Barentsz JO, Hambrock T, Yakar D, Somford DM,
Heijmink SW, Scheenen TW, Vos PC, Huisman H, van Oort IM,
Witjes JA, Heerschap A, Futterer JJ (2011) Prostate cancer: mul-
tiparametric MR imaging for detection, localization, and staging.
Radiology 261(1):46-66. doi:10.1148/radiol.11091822

Sciarra A, Barentsz J, Bjartell A, Eastham J, Hricak H, Panebi-
anco V, Witjes JA (2011) Advances in magnetic resonance imag-
ing: how they are changing the management of prostate cancer.
Eur Urol 59(6):962-977. doi:10.1016/j.eururo.2011.02.034
Thompson JE, Moses D, Shnier R, Brenner P, Delprado W, Pon-
sky L, Pulbrook M, Bohm M, Haynes AM, Hayen A, Stricker
PD (2014) Multiparametric magnetic resonance imaging guided
diagnostic biopsy detects significant prostate cancer and could
reduce unnecessary biopsies and over detection: a prospective
study. J Urol 192(1):67-74. doi:10.1016/j.juro.2014.01.014
Bains LJ, Studer UE, Froehlich JM, Giannarini G, Triantafyl-
lou M, Fleischmann A, Thoeny HC (2014) Diffusion-weighted
magnetic resonance imaging detects significant prostate cancer
with high probability. J Urol 192(3):737-742. doi:10.1016/j.
juro.2014.03.039

Rud E, Klotz D, Rennesund K, Baco E, Berge V, Lien D, Svindland
A, Lundeby E, Berg RE, Eri LM, Eggesbo HB (2014) Detection
of the index tumour and tumour volume in prostate cancer using
T2-weighted and diffusion-weighted magnetic resonance imaging
(MRI) alone. BJU Int 114(6b):E32-E42. doi:10.1111/bju.12637
Arumainayagam N, Ahmed HU, Moore CM, Freeman A, Allen
C, Sohaib SA, Kirkham A, van der Meulen J, Emberton M
(2013) Multiparametric MR imaging for detection of clinically
significant prostate cancer: a validation cohort study with trans-
perineal template prostate mapping as the reference standard.
Radiology 268(3):761-769. doi:10.1148/radiol. 13120641
Schimmoller L, Quentin M, Arsov C, Lanzman RS, Hiester A,
Rabenalt R, Antoch G, Albers P, Blondin D (2013) Inter-reader

10.

11.

12.

13.

@ Springer


http://dx.doi.org/10.1038/nrurol.2010.142
http://dx.doi.org/10.1016/j.clon.2013.05.002
http://dx.doi.org/10.1016/j.urolonc.2009.06.001
http://dx.doi.org/10.1016/j.diii.2012.01.019
http://dx.doi.org/10.1089/end.2009.0597
http://dx.doi.org/10.1002/jmri.22420
http://dx.doi.org/10.1148/radiol.11091822
http://dx.doi.org/10.1016/j.eururo.2011.02.034
http://dx.doi.org/10.1016/j.juro.2014.01.014
http://dx.doi.org/10.1016/j.juro.2014.03.039
http://dx.doi.org/10.1016/j.juro.2014.03.039
http://dx.doi.org/10.1111/bju.12637
http://dx.doi.org/10.1148/radiol.13120641

1388

World J Urol (2016) 34:1383-1388

14.

15.

16.

17.

18.

19.

20.

21.

agreement of the ESUR score for prostate MRI using in-bore
MRI-guided biopsies as the reference standard. Eur Radiol
23(11):3185-3190. doi:10.1007/s00330-013-2922-y

Ellis WJ, Brawer MK (1995) Repeat prostate needle biopsy: who
needs it? J Urol 153(5):1496-1498

Lawrentschuk N, Haider MA, Daljeet N, Evans A, Toi A, Finelli
A, Trachtenberg J, Zlotta A, Fleshner N (2010) ‘Prostatic evasive
anterior tumours’: the role of magnetic resonance imaging. BJU
Int 105(9):1231-1236. doi:10.1111/j.1464-410X.2009.08938.x
Crawford ED, Wilson SS, Torkko KC, Hirano D, Stewart JS,
Brammell C, Wilson RS, Kawata N, Sullivan H, Lucia MS,
Werahera PN (2005) Clinical staging of prostate cancer: a com-
puter-simulated study of transperineal prostate biopsy. BJU Int
96(7):999-1004. doi:10.1111/}.1464-410X.2005.05801.x

Hu Y, Arumainavagam N, Ahmed H, Freeman A, Hawkes D,
Emberton M, Barratt D (2010) Comparison between transper-
ineal and transrectal biopsy for the detection of prostate cancer
to guide focal therapy. Eur Urol 9(2):55

Barentsz JO, Richenberg J, Clements R, Choyke P, Verma S,
Villeirs G, Rouviere O, Logager V, Futterer JJ (2012) ESUR
prostate MR guidelines 2012. Eur Radiol 22(4):746-757.
doi:10.1007/s00330-011-2377-y

Portalez D, Mozer P, Cornud F, Renard-Penna R, Misrai V,
Thoulouzan M, Malavaud B (2012) Validation of the European
society of urogenital radiology scoring system for prostate can-
cer diagnosis on multiparametric magnetic resonance imaging
in a cohort of repeat biopsy patients. Eur Urol 62(6):986-996.
doi:10.1016/j.eururo.2012.06.044

Roethke MC, Kuru TH, Schultze S, Tichy D, Kopp-Schneider
A, Fenchel M, Schlemmer HP, Hadaschik BA (2014) Evalua-
tion of the ESUR PI-RADS scoring system for multiparamet-
ric MRI of the prostate with targeted MR/TRUS fusion-guided
biopsy at 3.0 Tesla. Eur Radiol 24(2):344-352. doi:10.1007/
s00330-013-3017-5

Mayes JM, Mouraviev V, Sun L, Tsivian M, Madden JF, Polas-
cik TJ (2011) Can the conventional sextant prostate biopsy
accurately predict unilateral prostate cancer in low-risk, local-
ized, prostate cancer? Urol Oncol 29(2):166—170. doi:10.1016/j.
urolonc.2009.03.011

@ Springer

31

22.

23.

24.

25.

26.

217.

28.

Chabanova E, Balslev I, Logager V, Hansen A, Jakobsen H,
Kromann-Andersen B, Norgaard N, Horn T, Thomsen HS (2011)
Prostate cancer: 1.5 T endo-coil dynamic contrast-enhanced MRI
and MR spectroscopy—correlation with prostate biopsy and
prostatectomy histopathological data. Eur J Radiol 80(2):292—
296. doi:10.1016/j.ejrad.2010.07.004

Goris Gbenou MC, Peltier A, Addla SK, Lemort M, Bollens
R, Larsimont D, Roumeguere T, Schulman CC, van Velthoven
R (2012) Localising prostate cancer: comparison of endorectal
magnetic resonance (MR) imaging and 3D-MR spectroscopic
imaging with transrectal ultrasound-guided biopsy. Urol Int
88(1):12-17. doi:10.1159/000331909

Heijmink SW, Futterer JJ, Hambrock T, Takahashi S, Scheenen
TW, Huisman HJ, Hulsbergen-Van CA, de Kaa BC, Knipscheer
LAK, Witjes JA, Barentsz JO (2007) Prostate cancer: body-
array versus endorectal coil MR imaging at 3 T—comparison of
image quality, localization, and staging performance. Radiology
244(1):184-195. doi:10.1148/radiol.2441060425

Fiitterer JJ, Engelbrecht MR, Jager GJ, Hartman RP, King BF,
Hulsbergen-Van CA, de Kaa JA, Witjes JO Barentsz (2007)
Prostate cancer: comparison of local staging accuracy of pel-
vic phased-array coil alone versus integrated endorectal-pelvic
phased-array coils. Local staging accuracy of prostate cancer
using endorectal coil MR imaging. Eur Radiol 17(4):1055-1065.
doi:10.1007/s00330-006-0418-8

Kim CK, Park BK, Kim B (2010) Diffusion-weighted MRI at 3
T for the evaluation of prostate cancer. AJR Am J Roentgenol
194(6):1461-1469. doi:10.2214/ajr.09.3654

Lee SH, Park KK, Choi KH, Lim BJ, Kim JH, Lee SW, Chung
BH (2010) Is endorectal coil necessary for the staging of clini-
cally localized prostate cancer? Comparison of non-endorectal
versus endorectal MR imaging. World J Urol 28(6):667-672.
doi:10.1007/s00345-010-0579-6

Nogueira L, Wang L, Fine SW, Pinochet R, Kurta JM, Katz D,
Savage CJ, Cronin AM, Hricak H, Scardino PT, Akin O, Cole-
man JA (2010) Focal treatment or observation of prostate can-
cer: pretreatment accuracy of transrectal ultrasound biopsy and
T2-weighted MRI. Urology 75(2):472-477. doi:10.1016/j.
urology.2009.04.061


http://dx.doi.org/10.1007/s00330-013-2922-y
http://dx.doi.org/10.1111/j.1464-410X.2009.08938.x
http://dx.doi.org/10.1111/j.1464-410X.2005.05801.x
http://dx.doi.org/10.1007/s00330-011-2377-y
http://dx.doi.org/10.1016/j.eururo.2012.06.044
http://dx.doi.org/10.1007/s00330-013-3017-5
http://dx.doi.org/10.1007/s00330-013-3017-5
http://dx.doi.org/10.1016/j.urolonc.2009.03.011
http://dx.doi.org/10.1016/j.urolonc.2009.03.011
http://dx.doi.org/10.1016/j.ejrad.2010.07.004
http://dx.doi.org/10.1159/000331909
http://dx.doi.org/10.1148/radiol.2441060425
http://dx.doi.org/10.1007/s00330-006-0418-8
http://dx.doi.org/10.2214/ajr.09.3654
http://dx.doi.org/10.1007/s00345-010-0579-6
http://dx.doi.org/10.1016/j.urology.2009.04.061
http://dx.doi.org/10.1016/j.urology.2009.04.061

7. Literaturverzeichnis

1. Krebs in Deutschland 2007/2008. 8 ed. Berlin: Robert Koch Institut
Gesellschaft der epidemiologischen Krebsregister in Deutschland e.V.; 2012.
2. Haberland J, Wolf U, Barnes B, et al. Kurzfristige Prognosen der Krebsmortalitat in

Deutschland bis 2015. Bundesgesundheitsbl Gesundheitsforsch Gesundheitsschutz.
2011;54(11):1229-34.

3. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, et al. Cancer incidence and mortality
patterns in Europe: estimates for 40 countries in 2012. European journal of cancer (Oxford,
England : 1990). 2013 Apr;49(6):1374-403.

4. R. Hautmann HH. Urologie. Heidelberg: Springer; 2006.

5. Kraywinkel K BJ, Laudi A, Wolf U. Epidemiologie und Friherkennung haufiger
Krebserkrankungen in Deutschland. Berlin: Robert Koch Institut; 2012.

6. Sieverding M, Matterne U, Ciccarello L, Luboldt HJ. [Early detection of prostate
cancer in Germany. A study of a representative random sample of the population]. Der
Urologe Ausg A. 2008 Sep;47(9):1233-8.

7. McNeal JE, Redwine EA, Freiha FS, Stamey TA. Zonal distribution of prostatic
adenocarcinoma. Correlation with histologic pattern and direction of spread. The American
journal of surgical pathology. 1988 Dec;12(12):897-906.

8. Spigelman SS, McNeal JE, Freiha FS, Stamey TA. Rectal examination in volume
determination of carcinoma of the prostate: clinical and anatomical correlations. The Journal
of urology. 1986 Dec;136(6):1228-30.

9. Wilkinson BA, Hamdy FC. State-of-the-art staging in prostate cancer. BJU
international. 2001 Mar;87(5):423-30.

10. Breul J. Fehler bei der praoperativen Bestimmung des lokalen Tumorstadiums bei der
radikalen Prostatektomie: Springer; 1991.

11. Smith JA, Jr., Scardino PT, Resnick MI, Hernandez AD, Rose SC, Egger MJ.
Transrectal ultrasound versus digital rectal examination for the staging of carcinoma of the
prostate: results of a prospective, multi-institutional trial. The Journal of urology. 1997
Mar;157(3):902-6.

12. Verbreitung von Krebserkrankungen in Deutschland

Entwicklung der Pravalenzen zwischen 1990 und 2010

Beitrag zur Berichterstattung des Bundes. Berlin: Robert Koch Institut; 2010.

13. Schréder FH, Hugosson J, Roobol MJ, et al. Screening and prostate-cancer mortality
in a randomized European study. The New England journal of medicine. 2009 Mar
26;360(13):1320-8.

14. Andriole GL, Crawford ED, Grubb RL, 3rd, et al. Mortality results from a randomized
prostate-cancer screening trial. The New England journal of medicine. 2009 Mar
26;360(13):1310-9.

15. Crawford ED, Grubb R, 3rd, Black A, et al. Comorbidity and mortality results from a
randomized prostate cancer screening trial. Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. 2011 Feb 01;29(4):355-61.

16. Smith RA, Cokkinides V, Eyre HJ. Cancer screening in the United States, 2007: a
review of current guidelines, practices, and prospects. CA: a cancer journal for clinicians.
2007 Mar-Apr;57(2):90-104.

17. Stamey TA. Making the most out of six systematic sextant biopsies. Urology. 1995
Jan;45(1):2-12.

18. Leitlinienprogramm  Onkologie  (Deutsche Krebsgesellschaft DK, AWMF).
Konsultationsfassung: Interdisziplinare Leitlinie der Qualitat S3 zur Friherkennung, Diagnose
und Therapie der verschiedenen Stadien des Prostatakarzinoms, Langversion 4.0, 2016.
http://leitlinienprogramm-onkologie.de/Prostatakarzinom.58.0.htmI2016.

19. Gleason DF. Classification of prostatic carcinomas. Cancer chemotherapy reports.
1966 Mar;50(3):125-8.

20. Sciarra A, Salciccia S, Panebianco V. Proton spectroscopic and dynamic contrast-
enhanced magnetic resonance: a modern approach in prostate cancer imaging. European
urology. 2008 Sep;54(3):485-8.

32



21. Sciarra A, Panebianco V, Ciccariello M, et al. Value of magnetic resonance
spectroscopy imaging and dynamic contrast-enhanced imaging for detecting prostate cancer
foci in men with prior negative biopsy. Clinical cancer research : an official journal of the
American Association for Cancer Research. 2010 Mar 15;16(6):1875-83.

22. Gore JL, Shariat SF, Miles BJ, et al. Optimal combinations of systematic sextant and
laterally directed biopsies for the detection of prostate cancer. The Journal of urology. 2001
May;165(5):1554-9.

23. Takenaka A, Hara R, Hyodo Y, et al. Transperineal extended biopsy improves the
clinically significant prostate cancer detection rate: a comparative study of 6 and 12 biopsy
cores. International journal of urology : official journal of the Japanese Urological Association.
2006 Jan;13(1):10-4.

24, Guichard G, Larre S, Gallina A, et al. Extended 21-sample needle biopsy protocol for
diagnosis of prostate cancer in 1000 consecutive patients. European urology. 2007
Aug;52(2):430-5.

25. Schwab C, Suk-kyum K, Schmid HP. «Blindbiopsie» vs. Multiparameter MRI zur
Abklarung des Prostatakarzinoms 2016.

26. Dickinson L, Ahmed HU, Allen C, et al. Clinical applications of multiparametric MRI
within the prostate cancer diagnostic pathway. Urologic oncology. 2013 Apr;31(3):281-4.

27. Franiel T, Stephan C, Erbersdobler A, et al. Areas suspicious for prostate cancer:
MR-guided biopsy in patients with at least one transrectal US-guided biopsy with a negative
finding--multiparametric MR imaging for detection and biopsy planning. Radiology. 2011
Apr;259(1):162-72.

28. Hambrock T, Somford DM, Hoeks C, et al. Magnetic resonance imaging guided
prostate biopsy in men with repeat negative biopsies and increased prostate specific antigen.
The Journal of urology. 2010 Feb;183(2):520-7.

29. Yakar D, Hambrock T, Hoeks C, Barentsz JO, Futterer JJ. Magnetic resonance-
guided biopsy of the prostate: feasibility, technique, and clinical applications. Topics in
magnetic resonance imaging : TMRI. 2008 Dec;19(6):291-5.

30. I Heidenreich A, Bellmunt J, Bolla M, et al. EAU guidelines on prostate cancer. Part I:
screening, diagnosis, and treatment of clinically localised disease. European urology. 2011
Oct;59:61-71.

31. Sumura M, Shigeno K, Hyuga T, Yoneda T, Shiina H, Igawa M. Initial evaluation of
prostate cancer with real-time elastography based on step-section pathologic analysis after
radical prostatectomy: a preliminary study. International journal of urology : official journal of
the Japanese Urological Association. 2007 Sep;14(9):811-6.

32. Rorvik J, Halvorsen OJ, Servoll E, Haukaas S. Transrectal ultrasonography to assess
local extent of prostatic cancer before radical prostatectomy. British journal of urology. 1994
Jan;73(1):65-9.

33. Brock M, von Bodman C, Sommerer F, et al. Comparison of real-time elastography
with grey-scale ultrasonography for detection of organ-confined prostate cancer and extra
capsular extension: a prospective analysis using whole mount sections after radical
prostatectomy. BJU international. 2011 Oct;108(8 Pt 2):E217-22.

34. Rifkin MD, Zerhouni EA, Gatsonis CA, et al. Comparison of magnetic resonance
imaging and ultrasonography in staging early prostate cancer. Results of a multi-institutional
cooperative trial. The New England journal of medicine. 1990 Sep 6;323(10):621-6.

35. Fuchsjager M, Shukla-Dave A, Akin O, Barentsz J, Hricak H. Prostate cancer
imaging. Acta radiologica (Stockholm, Sweden : 1987). 2008 Feb;49(1):107-20.

36. Ellis WJ, Brawer MK. The significance of isoechoic prostatic carcinoma. The Journal
of urology. 1994 Dec;152(6 Pt 2):2304-7.

37. Wijkstra H, Wink MH, de la Rosette JJ. Contrast specific imaging in the detection and
localization of prostate cancer. World journal of urology. 2004 Nov;22(5):346-50.

38. Wink MH, de la Rosette JJ, Grimbergen CA, Wijkstra H. Transrectal contrast
enhanced ultrasound for diagnosis of prostate cancer. World journal of urology. 2007
Aug;25(4):367-73.

39. Walz J, Loch T, Salomon G, Wijkstra H. [Imaging of the prostate]. Der Urologe Ausg
A. 2013 Apr;52(4):490-6.

33



40. Hricak H, Choyke PL, Eberhardt SC, Leibel SA, Scardino PT. Imaging prostate
cancer: a multidisciplinary perspective. Radiology. 2007 Apr;243(1):28-53.

41. Platt JF, Bree RL, Schwab RE. The accuracy of CT in the staging of carcinoma of the
prostate. AJR American journal of roentgenology. 1987 Aug;149(2):315-8.

42. Turkbey B, Albert PS, Kurdziel K, Choyke PL. Imaging localized prostate cancer:
current approaches and new developments. AJR American journal of roentgenology. 2009
Jun;192(6):1471-80.

43. de Jong |J, Pruim J, Elsinga PH, Vaalburg W, Mensink HJ. Preoperative staging of
pelvic lymph nodes in prostate cancer by 11C-choline PET. Journal of nuclear medicine :
official publication, Society of Nuclear Medicine. 2003 Mar;44(3):331-5.

44. Scher B, Seitz M, Albinger W, et al. Value of 11C-choline PET and PET/CT in patients
with suspected prostate cancer. European journal of nuclear medicine and molecular
imaging. 2007 Jan;34(1):45-53.

45. Maurer T, Eiber M, Krause BJ. [Molecular multimodal hybrid imaging in prostate and
bladder cancer]. Der Urologe Ausg A. 2014 Apr;53(4):469-83.

46. Taoka T, Mayr NA, Lee HJ, et al. Factors influencing visualization of vertebral
metastases on MR imaging versus bone scintigraphy. AJR American journal of
roentgenology. 2001 Jun;176(6):1525-30.

47. Traill ZC, Talbot D, Golding S, Gleeson FV. Magnetic resonance imaging versus
radionuclide scintigraphy in screening for bone metastases. Clinical radiology. 1999
Jul;54(7):448-51.

48. Chen M, Dang HD, Wang JY, et al. Prostate cancer detection: comparison of T2-
weighted imaging, diffusion-weighted imaging, proton magnetic resonance spectroscopic
imaging, and the three techniques combined. Acta radiologica (Stockholm, Sweden : 1987).
2008 Jun;49(5):602-10.

49. Poon PY, McCallum RW, Henkelman MM, et al. Magnetic resonance imaging of the
prostate. Radiology. 1985 Jan;154(1):143-9.

50. Hricak H, Dooms GC, Jeffrey RB, et al. Prostatic carcinoma: staging by clinical
assessment, CT, and MR imaging. Radiology. 1987 Feb;162(2):331-6.

51. Schnall MD, Lenkinski RE, Pollack HM, Imai Y, Kressel HY. Prostate: MR imaging
with an endorectal surface coil. Radiology. 1989 Aug;172(2):570-4.

52. Heijmink SW, Futterer JJ, Hambrock T, et al. Prostate cancer: body-array versus
endorectal coil MR imaging at 3 T--comparison of image quality, localization, and staging
performance. Radiology. 2007 Jul;244(1):184-95.

53. Fatterer JJ, Heijmink SW, Scheenen TW, et al. Prostate cancer: local staging at 3-T
endorectal MR imaging--early experience. Radiology. 2006 Jan;238(1):184-91.

54. Lee SH, Park KK, Choi KH, et al. Is endorectal coil necessary for the staging of
clinically localized prostate cancer? Comparison of non-endorectal versus endorectal MR
imaging. World journal of urology. 2010 Dec;28(6):667-72.

55. Torricelli P, Cinquantini F, Ligabue G, Bianchi G, Sighinolfi P, Romagnoli R.
Comparative evaluation between external phased array coil at 3 T and endorectal coil at 1.5
T: preliminary results. Journal of computer assisted tomography. 2006 May-Jun;30(3):355-
61.

56. Park BK, Kim B, Kim CK, Lee HM, Kwon GY. Comparison of phased-array 3.0-T and
endorectal 1.5-T magnetic resonance imaging in the evaluation of local staging accuracy for
prostate cancer. Journal of computer assisted tomography. 2007 Jul-Aug;31(4):534-8.

57. Hegde JV, Mulkern RV, Panych LP, et al. Multiparametric MRI of prostate cancer: an
update on state-of-the-art techniques and their performance in detecting and localizing
prostate cancer. Journal of magnetic resonance imaging : JMRI. 2013 May;37(5):1035-54.
58. Kozlowski P, Chang SD, Jones EC, Berean KW, Chen H, Goldenberg SL. Combined
diffusion-weighted and dynamic contrast-enhanced MRI for prostate cancer diagnosis--
correlation with biopsy and histopathology. Journal of magnetic resonance imaging : JMRI.
2006 Jul;24(1):108-13.

59. Langer DL, van der Kwast TH, Evans AJ, et al. Prostate tissue composition and MR
measurements: investigating the relationships between ADC, T2, K(trans), v(e), and
corresponding histologic features. Radiology. 2010 May;255(2):485-94.

34



60. Franiel T, Hamm B, Hricak H. Dynamic contrast-enhanced magnetic resonance
imaging and pharmacokinetic models in prostate cancer. European radiology. 2011
Mar;21(3):616-26.

61. Rothke M, Blondin D, Schlemmer HP, Franiel T. [PI-RADS classification: structured
reporting for MRI of the prostate]. RoFo : Fortschritte auf dem Gebiete der Rontgenstrahlen
und der Nuklearmedizin. 2013 Mar;185(3):253-61.

62. Kim CK, Choi D, Park BK, Kwon GY, Lim HK. Diffusion-weighted MR imaging for the
evaluation of seminal vesicle invasion in prostate cancer: initial results. Journal of magnetic
resonance imaging : JMRI. 2008 Oct;28(4):963-9.

63. Ren J, Huan Y, Wang H, et al. Seminal vesicle invasion in prostate cancer: prediction
with combined T2-weighted and diffusion-weighted MR imaging. European radiology. 2009
Oct;19(10):2481-6.

64. Katahira K, Takahara T, Kwee TC, et al. Ultra-high-b-value diffusion-weighted MR
imaging for the detection of prostate cancer: evaluation in 201 cases with histopathological
correlation. European radiology. 2011 Jan;21(1):188-96.

65. Kitajima K, Kaji Y, Fukabori Y, Yoshida K, Suganuma N, Sugimura K. Prostate cancer
detection with 3 T MRI: comparison of diffusion-weighted imaging and dynamic contrast-
enhanced MRI in combination with T2-weighted imaging. Journal of magnetic resonance
imaging : JMRI. 2010 Mar;31(3):625-31.

66. Delongchamps NB, Rouanne M, Flam T, et al. Multiparametric magnetic resonance
imaging for the detection and localization of prostate cancer: combination of T2-weighted,
dynamic contrast-enhanced and diffusion-weighted imaging. BJU international. 2011
May;107(9):1411-8.

67. Haider MA, van der Kwast TH, Tanguay J, et al. Combined T2-weighted and
diffusion-weighted MRI for localization of prostate cancer. AJR American journal of
roentgenology. 2007 Aug;189(2):323-8.

68. Yoshimitsu K, Kiyoshima K, Irie H, et al. Usefulness of apparent diffusion coefficient
map in diagnosing prostate carcinoma: correlation with stepwise histopathology. Journal of
magnetic resonance imaging : JMRI. 2008 Jan;27(1):132-9.

69. Soylu FN, Peng Y, Jiang Y, et al. Seminal Vesicle Invasion in Prostate Cancer:
Evaluation by Using Multiparametric Endorectal MR Imaging. Radiology. 2013
Jun;267(3):797-806.

70. Turkbey B, Pinto PA, Mani H, et al. Prostate cancer: value of multiparametric MR
imaging at 3 T for detection--histopathologic correlation. Radiology. 2010 Apr;255(1):89-99.
71. Yu KK, Scheidler J, Hricak H, et al. Prostate cancer: prediction of extracapsular
extension with endorectal MR imaging and three-dimensional proton MR spectroscopic
imaging. Radiology. 1999 Nov;213(2):481-8.

72. Chabanova E, Balslev |, Logager V, et al. Prostate cancer: 1.5 T endo-coil dynamic
contrast-enhanced MRI and MR spectroscopy--correlation with prostate biopsy and
prostatectomy histopathological data. European journal of radiology. 2011 Nov;80(2):292-6.
73. Jackson AS, Reinsberg SA, Sohaib SA, et al. Dynamic contrast-enhanced MRI for
prostate cancer localization. The British journal of radiology. 2009 Feb;82(974):148-56.

74. Kirkham AP, Emberton M, Allen C. How good is MRI at detecting and characterising
cancer within the prostate? European urology. 2006 Dec;50(6):1163-74; discussion 75.

75. Kozlowski P, Chang SD, Meng R, et al. Combined prostate diffusion tensor imaging
and dynamic contrast enhanced MRI at 3T--quantitative correlation with biopsy. Magnetic
resonance imaging. 2010 Jun;28(5):621-8.

76. Kim B, Breau RH, Papadatos D, et al. Diagnostic accuracy of surface coil magnetic
resonance imaging at 1.5 T for local staging of elevated risk prostate cancer. Canadian
Urological Association journal = Journal de I'Association des urologues du Canada. 2010
Aug;4(4):257-62.

77. Vargas HA, Akin O, Franiel T, et al. Diffusion-weighted endorectal MR imaging at 3 T
for prostate cancer: tumor detection and assessment of aggressiveness. Radiology. 2011
Jun;259(3):775-84.

78. Villeirs GM, Oosterlinck W, Vanherreweghe E, De Meerleer GO. A qualitative
approach to combined magnetic resonance imaging and spectroscopy in the diagnosis of
prostate cancer. European journal of radiology. 2010 Feb;73(2):352-6.

35



79. Sciarra A, Panebianco V, Salciccia S, et al. Modern role of magnetic resonance and
spectroscopy in the imaging of prostate cancer. Urologic oncology. 2011 Jan-Feb;29(1):12-
20.

80. Futterer JJ. MR imaging in local staging of prostate cancer. European journal of
radiology. 2007 Sep;63(3):328-34.

81. Fatterer JJ, Engelbrecht MR, Huisman HJ, et al. Staging prostate cancer with
dynamic contrast-enhanced endorectal MR imaging prior to radical prostatectomy:
experienced versus less experienced readers. Radiology. 2005 Nov;237(2):541-9.

82. Allen DJ, Hindley R, Clovis S, et al. Does body-coil magnetic-resonance imaging have
a role in the preoperative staging of patients with clinically localized prostate cancer? BJU
international. 2004 Sep;94(4):534-8.

83. McClure TD, Margolis DJ, Reiter RE, et al. Use of MR imaging to determine
preservation of the neurovascular bundles at robotic-assisted laparoscopic prostatectomy.
Radiology. 2012 Mar;262(3):874-83.

84. Somford DM, Hamoen EH, Futterer JJ, et al. The predictive value of endorectal 3-
Tesla multiparametric MRI for extraprostatic extension in low-, intermediate and high-risk
prostate cancer patients. The Journal of urology. 2013 May 13.

85. Labanaris AP, Zugor V, Takriti S, et al. The role of conventional and functional
endorectal magnetic resonance imaging in the decision of whether to preserve or resect the
neurovascular bundles during radical retropubic prostatectomy. Scandinavian journal of
urology and nephrology. 2009;43(1):25-31.

86. Zhang JQ, Loughlin KR, Zou KH, Haker S, Tempany CM. Role of endorectal coil
magnetic resonance imaging in treatment of patients with prostate cancer and in determining
radical prostatectomy surgical margin status: report of a single surgeon's practice. Urology.
2007 Jun;69(6):1134-7.

87. Brajtbord JS, Lavery HJ, Nabizada-Pace F, Senaratne P, Samadi DB. Endorectal
magnetic resonance imaging has limited clinical ability to preoperatively predict pT3 prostate
cancer. BJU international. 2011 May;107(9):1419-24.

88. Bloch BN, Furman-Haran E, Helbich TH, et al. Prostate cancer: accurate
determination of extracapsular extension with high-spatial-resolution dynamic contrast-
enhanced and T2-weighted MR imaging--initial results. Radiology. 2007 Oct;245(1):176-85.
89. Wang L, Mullerad M, Chen HN, et al. Prostate cancer: incremental value of
endorectal MR imaging findings for prediction of extracapsular extension. Radiology. 2004
Jul;232(1):133-9.

90. Porcaro AB, Borsato A, Romano M, et al. Accuracy of preoperative endo-rectal coil
magnetic resonance imaging in detecting clinical under-staging of localized prostate cancer.
World journal of urology. 2012 Jul 7.

91. Augustin H, Fritz GA, Ehammer T, Auprich M, Pummer K. Accuracy of 3-Tesla
magnetic resonance imaging for the staging of prostate cancer in comparison to the Partin
tables. Acta radiologica (Stockholm, Sweden : 1987). 2009 Jun;50(5):562-9.

92. Nogueira L, Wang L, Fine SW, et al. Focal treatment or observation of prostate
cancer: pretreatment accuracy of transrectal ultrasound biopsy and T2-weighted MRI.
Urology. 2010 Feb;75(2):472-7.

93. Sala E, Eberhardt SC, Akin O, et al. Endorectal MR imaging before salvage
prostatectomy: tumor localization and staging. Radiology. 2006 Jan;238(1):176-83.

94. Engelbrecht MR, Jager GJ, Laheij RJ, Verbeek AL, van Lier HJ, Barentsz JO. Local
staging of prostate cancer using magnetic resonance imaging: a meta-analysis. European
radiology. 2002 Sep;12(9):2294-302.

95. Fatterer JJ, Engelbrecht MR, Jager GJ, et al. Prostate cancer: comparison of local
staging accuracy of pelvic phased-array coil alone versus integrated endorectal-pelvic
phased-array coils. Local staging accuracy of prostate cancer using endorectal coil MR
imaging. European radiology. 2007 Apr;17(4):1055-65.

96. Hovels AM, Heesakkers RA, Adang EM, et al. The diagnostic accuracy of CT and
MRI in the staging of pelvic lymph nodes in patients with prostate cancer: a meta-analysis.
Clinical radiology. 2008 Apr;63(4):387-95.

36



97. Jung DC, Lee HJ, Kim SH, Choe GY, Lee SE. Preoperative MR imaging in the
evaluation of seminal vesicle invasion in prostate cancer: pattern analysis of seminal vesicle
lesions. Journal of magnetic resonance imaging : JMRI. 2008 Jul;28(1):144-50.

98. Accuracy of preoperative endorectal MRI in predicting extracapsular extension and
influence on neurovascular bundle sparing in radical prostatectomy, World journal of
urology(2012).

99. Budiharto T, Joniau S, Lerut E, et al. Prospective evaluation of 11C-choline positron
emission tomography/computed tomography and diffusion-weighted magnetic resonance
imaging for the nodal staging of prostate cancer with a high risk of lymph node metastases.
European urology. 2011 Jul;60(1):125-30.

100. Joniau S, Van den Bergh L, Peeters C, Haustermans K, Spahn M. Nodal staging in
prostate cancer: still an unresolved issue. European urology. 2012 Jun;61(6):1139-41.

101.  Weinreb JC, Barentsz JO, Choyke PL, et al. PI-RADS Prostate Imaging - Reporting
and Data System: 2015, Version 2. European urology. 2016 Jan;69(1):16-40.

102. Franiel T, Asbach P, Teichgraber U, Hamm B, Foller S. Prostate Imaging--An Update.
RoFo : Fortschritte auf dem Gebiete der Rontgenstrahlen und der Nuklearmedizin. 2015
Sep;187(9):751-9.

103. Muller BG, Shih JH, Sankineni S, et al. Prostate Cancer: Interobserver Agreement
and Accuracy with the Revised Prostate Imaging Reporting and Data System at
Multiparametric MR Imaging. Radiology. 2015 Dec;277(3):741-50.

104. Hamoen EH, de Rooij M, Witjes JA, Barentsz JO, Rovers MM. Use of the Prostate
Imaging Reporting and Data System (PI-RADS) for Prostate Cancer Detection with
Multiparametric Magnetic Resonance Imaging: A Diagnostic Meta-analysis. European
urology. 2015 Jun;67(6):1112-21.

105. Vargas HA, Hotker AM, Goldman DA, et al. Updated prostate imaging reporting and
data system (PIRADS v2) recommendations for the detection of clinically significant prostate
cancer using multiparametric MRI: critical evaluation using whole-mount pathology as
standard of reference. European radiology. 2016 Jun;26(6):1606-12.

106. Schieda N, Quon JS, Lim C, et al. Evaluation of the European Society of Urogenital
Radiology (ESUR) PI-RADS scoring system for assessment of extra-prostatic extension in
prostatic carcinoma. European journal of radiology. 2015 Oct;84(10):1843-8.

107. Akin O, Riedl CC, Ishill NM, Moskowitz CS, Zhang J, Hricak H. Interactive dedicated
training curriculum improves accuracy in the interpretation of MR imaging of prostate cancer.
European radiology. 2010 Apr;20(4):995-1002.

108. Mullerad M, Hricak H, Wang L, Chen HN, Kattan MW, Scardino PT. Prostate cancer:
detection of extracapsular extension by genitourinary and general body radiologists at MR
imaging. Radiology. 2004 Jul;232(1):140-6.

109. Hricak H, Wang L, Wei DC, et al. The role of preoperative endorectal magnetic
resonance imaging in the decision regarding whether to preserve or resect neurovascular
bundles during radical retropubic prostatectomy. Cancer. 2004 Jun 15;100(12):2655-63.

110. Epstein JI, Carmichael MJ, Pizov G, Walsh PC. Influence of capsular penetration on
progression following radical prostatectomy: a study of 196 cases with long-term followup.
The Journal of urology. 1993 Jul;150(1):135-41.

111. Brown JA, Rodin DM, Harisinghani M, Dahl DM. Impact of preoperative endorectal
MRI stage classification on neurovascular bundle sparing aggressiveness and the radical
prostatectomy positive margin rate. Urologic oncology. 2009 Mar-Apr;27(2):174-9.

37



8. Danksagung

Es ist mir ein Anliegen all jenen Personen zu danken, die zum Gelingen dieser Arbeit mit

beigetragen haben.

Mein besonderer Dank gilt PD Dr. A. Roosen fiir die Uberlassung des Themas, fiir die Be-

gleitung und Unterstitzung meiner Arbeit sowie fir das mir geschenkte Vertrauen.

Fir hilfreiche Ratschlage und Hinweise zu meiner Arbeit, sowie fir die Mitarbeit an den Pub-
likationen bedanke ich mich herzlich bei PD Dr. A. Buchner und Prof. Dr. C. Stief.

Ich danke der Abteilung flir Urologie der Ludwig-Maximilians-Universitat fur die Erlaubnis zur

Einsichtnahme in die Patientenakten.

Zuletzt mochte ich mich bei meinen Eltern und meinem Freund Frank Herrmann bedanken,

die den Fortgang dieser Arbeit mit Geduld und Ricksichtnahme gefdrdert haben.

38



	Teil1
	Paper 1
	Preoperative mp-MRI of the prostate provides little information about staging of prostate carcinoma in daily clinical practice
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Preoperative and postoperative histopathological characteristics
	Surgical procedure
	Poor sensitivity of mp-MRI for ECE, SVI, and LNI
	Endorectal coil and 3 T imaging do not provide higher accuracy than 1.5 T imaging without endorectal coil
	DWI enhances accuracy of SVI and LNI detection
	Preoperative MRI has an impact on the choice of RRP technique

	Discussion
	Conclusion
	Conflict of interest 
	References


	Teil2
	Paper 2
	Poor standard mp-MRI and routine biopsy fail to precisely predict intraprostatic tumor localization
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patient demographic, radiographic, and clinicopathologic data
	Statistical methods

	Results
	Preoperative and postoperative histopathologic characteristics
	Poor localization of prostate carcinoma inside the gland by MRI
	Poor localization of prostate carcinoma inside the gland by transrectal biopsy
	No increased accuracy by 3 T field force or endorectal coil

	Discussion
	Conclusion
	References


	Teil3_ohne Leb



