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RESUMO

Ferraro DA. Desempenho do %Ga-PSMA-11 PET/RM em comparacdo com a
ressonancia magnética multiparamétrica na bidpsia de prostata guiada em pacientes
com antigeno prostatico especifico elevado [tese]. S&o Paulo: Faculdade de
Medicina, Universidade de Sao Paulo; 2023.

Introducéo: o diagndstico de cancer de prostata é estabelecido por histologia, sendo
necesséria bidpsia de prostata para a confirmagdo diagnostica nos casos com
suspeita clinica. A biopsia pode ser sistematica ou guiada por imagem e o método
de imagem de escolha € a ressonancia multiparamétrica da prostata (RMmp). A
tomografia por emissdo de pdsitrons com antigeno prostatico especifico de
membrana associada a ressonancia magnética (*®*Ga-PSMA-11 PET/RM) tem alta
acuracia na deteccgdo do tumor primario da préstata. O Ga-PSMA-11 PET/RM pode
apresentar maior acuracia para guiar biépsia do que a RMmp. O objetivo desse
trabalho foi determinar a acuracia do ®Ga-PSMA-11 PET/RM para guiar biépsia da
prostata e comparar seu desemprenho com a RMmp. Métodos: estudo prospectivo
incluindo 42 pacientes com antigeno prostatico especifico (PSA) elevado e ao
menos uma lesdo suspeita na RMmp (PIRADS 23). Os pacientes realizaram %8Ga-
PSMA-11 PET/RM e biopsia da préstata consistindo em biépsia guiada por imagem
com lesdes-alvo apontadas pelo 8Ga-PSMA-11 PET/RM e bidpsia sistematica por
saturacdo. O resultado da bidpsia foi usado como referéncia. Posteriormente, em
andlise retrospectiva, o %®Ga-PSMA-11 PET/RM e a RMmp foram lidos por dois
leitores e feita analise comparativa por quadrantes quanto a acuracia na deteccao e
localizacdo do tumor primario. Também foram coletados parametros
semiquantitativos no %Ga-PSMA-11 PET/RM (valor de captacdo padronizado
maximo (SUVmax) e volume tumoral de PSMA [PSMAvol]) e na RMmp (maior
diametro tumoral e coeficiente de difusdo aparente [ADC]). A acuracia do %8Ga-
PSMA-11 PET/RM para guiar biépsia e a comparacéo entre 8Ga-PSMA-11 PET/RM
e a RMmp quanto a localizacdo das lesdes foi analisada por lesdo e por paciente
usando tabelas de contingéncia 2 x 2. A concordancia interobservador foi analisada
usando o coeficiente kappa de Cohen para localizacdo de lesbes e coeficiente de
correlacdo intraclasse para os parametros semiquantitativos. Correlacdo entre o
escore de Gleason das lesdes e 0s parametros semiquantitativos foi calculado
usando a correlagdo de Spearman. Foram investigados os casos falso-positivos e
falso-negativos do ®Ga-PSMA-11 PET/RM e da RMmp com peca cirlrgica quando
disponivel. Resultados: a acuracia do #8Ga-PSMA-11 PET/RM para guiar bidpsia foi
de 90% com sensibilidade de 96% e especificidade de 81%. Trinta e cinco porcento
dos pacientes tiveram tumor diagnosticado somente pela biopsia por saturacao e 8%
somente pela bidpsia guiada pelo ¥Ga-PSMA-11 PET/RM. A andlise por quadrantes
demonstrou acuracia de 83,3 % para o %8Ga-PSMA-11 PET/RM e 81,4 % para a
RMmp (p = 0,56). A concordancia interobservador para localizacdo de lesdes foi
substancial para os dois métodos e quase perfeita para o0s parametros



semiquantitativos do %8Ga-PSMA-11 PET e diametro tumoral e moderada para ADC.
Houve correlacdo do grau tumoral com os parametros semiquantitativos do ®8Ga-
PSMA-11 PET, mas ndo com os da RMmp. Concluséo: o %8Ga-PSMA-11 PET/RM
tem boa acuracia para guiar bidpsia da préstata. ®8Ga-PSMA-11 PET/RM e RMmp
apresentam acuracia semelhante na localizacdo do tumor primario da préstata e sdo
métodos complementares na deteccdo de tumores perdidos por um dos métodos.
68Ga-PSMA-11 PET/RM e RMmp apresentam concordancia interobservador
substancial. Os parametros semiquantitativos do ®Ga-PSMA-11 PET apresentaram
correlagcdo com o grau do tumor primario de prostata, ao contrario dos parametros da
RMmp, que ndo apresentaram correlacgéo.

Palavras-chave: Tomografia por emissdo de positrons. Imageamento por
ressonancia magnética multiparamétrica. Neoplasias da prostata. Biopsia guiada por
imagem.



ABSTRACT

Ferraro DA. Diagnostic performance of ®®Ga-PSMA-11 PET/MR in comparison to
multiparametric magnetic resonance imaging for prostate biopsy-guidance in patients
with elevated prostate specific antigen [thesis]. S&o Paulo: “Faculdade de Medicina,
Universidade de Séo Paulo”; 2023.

Introduction: prostate cancer diagnosis is stablished by histopathology through biopsy.
Prostate biopsy can be systematic or guided by imaging and multiparametric resonance
magnetic imaging (mpMRI) is the method of choice for the latter. Positron emission
tomography with prostate specific membrane antigen associated with resonance magnetic
imaging (°®Ga-PSMA-11 PET/MR) has high accuracy for the detection of the primary
tumor. 8Ga-PSMA-11 PET/MR has the potential to guide prostate biopsy. Methods: this
is a prospective study including 42 patients with high prostate specific antigen (PSA) and
at least one suspicious lesion on mpMRI (PIRADS 23). Patients underwent Ga-PSMA-
11 PET/MR and saturation and 8Ga-PSMA-11 PET/MR-guided prostate biopsy. Biopsy
result was used as standard reference. In a later retrospective analysis ®Ga-PSMA-11
PET/MR and mpMRI were read by two readers for a comparative quadrant-based
analysis for detection and localization of the primary lesion. Semiquantitative parameters
were collected for 88Ga-PSMA-11 PET (maximum standardized uptake value (SUVmax)
and PSMA tumor volume [PSMAvol]) and for mpMRI (maximum tumor length and
apparent diffusion coefficient [ADC]). ¥8Ga-PSMA-11 PET/MR accuracy to guide biopsy
and the comparison of 8Ga-PSMA-11 PET/MR and mpMRI for localization of lesions
were done in a patient-based and quadrant-based analysis using 2 x 2 contingency tables.
Interobserver agreement was analysed using Cohen’s kappa coefficient for lesion
localization and intraclass correlation coefficient for semiquantitative parameters.
Correlation of Gleason score and semiquantitative parameters was calculated using
Spearman’s rank correlation. False-positive and false-negative findings of ®8Ga-PSMA-11
PET/MR and mpMRI were investigated using the prostatectomy specimen when
available. Results: %8Ga-PSMA-11 PET/MR accuracy to guide biopsy was 90%,
sensitivity of 96% and specificity of 81%. Thirty-five percent of patients had tumor
diagnosed only by systematic biopsy and 8% only by image-guided biopsy. Quadrant-
based analysis showed accuracy of 83,3% for PET-PSMA/MR and 81,4% for mpMRI (p =
0,56). Interreader agreement for lesion localization was substantial for both methods and
almost perfect for ®8Ga-PSMA-11 PET semiquantitative parameters and tumor length and
moderate for ADC. ®Ga-PSMA-11 PET semiquantitative parameters correlated with
Gleason score whilst mpMRI parameters did not. Conclusion: ¥8Ga-PSMA-11 PET/MR
has good accuracy for prostate biopsy-guidance. 8Ga-PSMA-11 PET/MR and mpMRI
have similar accuracy for tumor localization and are complementary methods for the
detection of lesions missed by one of the methods. 88Ga-PSMA-11 PET/MR and mpMRI
have substantial interreader agreement. %Ga-PSMA-11 PET semiquantitative
parameters correlate with Gleason score whilst mpMRI parameters do not.



Key words: Positron-emission tomography. Multiparametric magnetic resonance
imaging. Prostatic neoplasms. Image-guided biopsy.
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1.1 CANCER DE PROSTATA

O cancer de proéstata representa a neoplasia maligna mais comum entre 0s
homens no Brasil, tendo sido responséavel por 15.841 6bitos em 2020 e com uma
incidéncia estimada de 71.730 casos em 2022 (INCA, 2022). Além da mortalidade, a
morbidade relacionada ao cancer e ao seu tratamento tem impacto negativo na
qualidade de vida dos pacientes, com sintomas relacionados principalmente a
disfuncéo sexual e urinéria (Lardas et al., 2017).

O tipo histolégico mais comum € o adenocarcinoma acinar, que se
desenvolve em 70% das vezes na zona periférica da préstata (Robbins; Kumar;
Cotran, 2010). Mais da metade dos tumores sdo multifocais, com relatos de 60% a
90% de multifocalidade na literatura sendo comum a ocorréncia de tumores
concomitantes com graus histolégicos variados na glandula. Da mesma maneira, as
lesbes sdo heterogéneas quanto ao grau histolégico, podendo haver regifes de
graus histolégicos diferentes dentro de uma mesma lesdo (Arora et al., 2004,
Andreoiu; Cheng, 2010).

A suspeita clinica do tumor é geralmente levantada por aumento nos niveis
séricos de antigeno prostatico especifico (PSA) e/ou exame fisico de toque retal
alterado e o diagndstico é feito por amostragem histologica (Mottet et al., 2017;
Moses et al., 2023). As principais diretrizes atuais concordam que apenas um dos
parametros pode ser suficiente para justificar a bidpsia caso traga suspeita alta de
cancer, como pacientes com PSA > 10 ou pacientes com toque retal com alta
suspeicdo mesmo que com PSA < 3 (Mottet et al., 2017, Moses et al., 2023).

O grau histolégico tumoral proveniente da bidpsia é definido pelo escore de
Gleason (GS) e classificacdo mais recente proposta pela Sociedade Internacional de
Uropatologia (ISUP) (lczkowski; van Leenders; van der Kwast, 2021). Ambos
escores dividem as neoplasias de acordo com suas caracteristicas histolégicas e
atribuem a elas uma numeragéo. Essa numeracao é crescente conforme o aumento
de atipias no tumor e conforme o distanciamento das suas caracteristicas
histolégicas do tecido glandular normal. O GS é calculado pela soma dos dois
padrdes histologicos dominantes em um tumor, sendo atualmente aceita uma escala
que varia de 3 a 5 (menor grau 3+3=6 e maior grau 5+5=10). J4 a classificacdo de
ISUP prop6e uma escala crescente de grau tumoral que varia de 1 a 5, que tem

correspondéncia com o GS.
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O grau histologico tem correlagcdo com progndstico e definicdo de tratamento.
Pacientes com tumores com graus mais altos tem maior chance de recorréncia de
doenca apds o tratamento (Epstein et al., 2016). Por este motivo € fundamental que
a biopsia seja acurada e consiga identificar o foco tumoral mais agressivo no caso
de tumores multifocais e, dentro de uma mesma leséo, a regido mais agressiva do
tumor.

Levando em consideracdo parametros histolégicos, as neoplasias podem ser
divididas em clinicamente significantes e clinicamente insignificantes. Essa
classificacdo baseia-se no fato de que pacientes com tumores clinicamente
significantes tém maior risco de metastases, menor sobrevida e maior frequéncia de
eventos adversos relacionados ao cancer em relagcdo aos pacientes com tumores
clinicamente insignificantes, e, por isso, a classificacdo € um dos parametros
utilizados para discriminar os pacientes que devem ser tratados e aqueles que
podem ficar em vigilancia (Mottet et al., 2017), evitando sobrediagndstico e
tratamento desnecessario em pacientes que provavelmente ndo teriam
morbimortalidade significativa relacionada a doenca. A classificacdo de tumor
clinicamente significante ndo € consenso, com algumas definicbes levando em
consideracdo apenas o grau histolégico do tumor, enquanto outras consideram além
disso o tamanho do tumor na amostra da biopsia (Ahmed et al., 2011). Ainda que
essa definicdo varie entre os centros, uma definicho comumente utilizada atualmente
€ a de que tumores com escore de GS maior ou igual que 3 + 4 = 7 / ISUP 2 sdo
clinicamente significantes e tumores com GS de 3 + 3 =6/ ISUP 1 sdo clinicamente
insignificantes. Essa definicdo também foi adotada em comum pelos principais
ensaios clinicos recentes que avaliaram métodos de imagem para guiar bidpsia de
prostata, como o PRECISION, PROMIS e MRI-FISRT (Ahmed et al., 2017; Rouviere
et al., 2019; Emmett et al., 2021).

O estadiamento da neoplasia de prostata segue o padrdao TNM do Comité
Conjunto Americano de Cancer (AJCC). Em sua edicdo mais recente publicada em
2017, a neoplasia primaria de prostata (T) € classificada de acordo com a extensao
do envolvimento da glandula prostéatica e presenca de extensdo extraprostatica ou
invasdo de 6rgdos adjacentes, sendo essa informacdo especialmente importante
para a definicdo da abordagem cirdrgica nos casos com indicacédo de prostatectomia
radical (Byrd et al., 2017).
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1.2 BIOPSIA DA PROSTATA

O diagnéstico de cancer de préstata é estabelecido por histologia, sendo
necessaria bidpsia de prostata para a confirmacdo diagndstica nos casos com
suspeita clinica. A técnica de biopsia pode variar em relacdo a via de acesso a
glandula, ao numero de amostras retiradas, a abordagem podendo ser sistematica
ou guiada por métodos de imagem e, nesse ultimo caso, também em relacdo ao
meétodo utilizado para guiar a biopsia.

O acesso a glandula € mais comumente realizado por via transretal ou
transperineal. Os métodos acessam a prostata por vias diferentes, ambos com auxilio
do ultrassom com probe endorretal. A via transretal é realizada com agulhas que
atravessam o reto enquanto na transperineal as agulhas acessam a prostata por via
transcutanea pelo perineo com auxilio de uma grade localizatéria com coordenadas
(Figuras 1 e 2). Trabalhos anteriores ndo mostraram diferenga entre as duas vias em
termos de eficiéncia diagnoéstica quando o mesmo ndmero de amostras € retirado
(Hara et al., 2008; Takenaka et al., 2008; Abdollah et al., 2011; Grummet, 2017).
Estudos mais recentes mostram desvantagem da via transretal por complicacées
sangramento retal e infeccao de forma que, em bidpsias com amostragem extensa, a
via transperineal é geralmente preferida pelo baixo risco de sepse (Mottet et al., 2017;
Xiang et al., 2019).

Figural- Esquema de biépsia transperineal usando grade localizatéria com matriz
quadriculada com coordenadas para orientacdo da posicdo e furos para
insercao das agulhas de biopsia. De acordo com a regido da préstata ao
ultrassom que se pretende atingir, o sistema informa ao médico em qual
coordenada a agulha deve ser inserida
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Figura 2 - Sistema de hardware de aparelho usado para biopsia de prostata guiada
por ultrassonografia. A esquerda na figura sistema de hardware de biopsia
guiada por ultrassonografia consistindo de sonda de ultrassom retal, grade
localizatéria e aparelho de ultrassonografia portéatil. A direita na figura o
sistema posicionado com phantom representando a posi¢do da préstata do
paciente (prostate), grade localizatéria (needle guide), sonda de
ultrassonografia retal (probe) e dispositivo de fixagcdo acoplado & mesa
cirirgica e a sonda para localizacdo nos trés eixos da agulha de bidpsia

(stepper)

Fonte: Zogal et al. (2011).

As principais possiveis complicagcbes do procedimento sdo sangramento
(hematuria, hematospermia e sangramento retal), sintomas de trato urinario baixo
incluindo retencdo urinaria, disfuncéo erétil, infeccdo e dor. A ocorréncia de
complicagbes pode estar relacionada a diversos fatores como idade e comorbidades
do paciente, tamanho da préstata, técnica de bidpsia e nUmero de bidpsias prévias.
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Medidas para diminuir o risco de complicacbes incluem analgesia adequada,
suspensdo de medicacdes anticoagulantes quando possivel e profilaxia com
antibioticos. De qualquer maneira, a maioria dos sintomas relacionados a
complicacBes de biopsia de prostata séo leves e autolimitados, com casos raros de
necessidade de internacdo hospitalar (Borghesi et I., 2017), havendo vantagem da
via transperineal em relacdo a via transretal pelo menor risco de complicacéo
infecciosa (Mottet et al., 2017; Roberts et al., 2017; Xiang et al., 2019).

Na biopsia sistemética, amostras sdo retiradas de areas pré-determinadas de
acordo com a segmentacdo da glandula na tentativa de encontrar um tumor de
localizacdo desconhecida, ja na guiada por imagem uma lesdo suspeita identificada
por algum método de imagem é alvo da biépsia. Os dois métodos também podem
ser empregados juntos no mesmo procedimento, na tentativa de aumentar a chance
de diagnosticar um tumor clinicamente significante. Cada um desses métodos €

explicado em mais detalhes a sequir.
1.2.1 Bibpsia sistemética

A biépsia sistematica da préstata, como ja citado anteriormente, ndo tem
como alvo uma lesdo especifica, mas consiste em retirar amostras de diversas areas
da prostata para tentar identificar uma neoplasia de localizacdo desconhecida na
glandula. A ultrassonografia é utilizada para guiar essa biépsia, auxiliando na correta
identificacdo das areas da glandula a serem amostradas e na localizacdo das
agulhas. E importante que as zonas prostaticas de interesse sejam representadas na
bidpsia e por isso as areas a serem biopsiadas sdo pré-definidas com base na
segmentagdo da prostata. De acordo com a segmentagdo usada pelo Prostate
Imaging Reporting and Data System (PIRADS v 2.1) (Turkbey et al.,, 2019), a
glandula é dividida em apice, terco médio e base, e cada uma dessas regides é
subdividida em zonas periférica, central, de transicdo e estroma anterior e, ainda, em
lados direito e esquerdo com base na linha média da préstata, além de subdivisbes
das zonas periférica e central, determinando 38 areas. Além disso, a diviséo inclui,
ainda, duas areas para as vesiculas seminais direita e esquerda e uma para a

uretra, totalizando 41 areas (Figura 3).
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Figura 3 - Segmentacdo prostatica
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O numero de amostras retiradas no procedimento é variavel dependendo da

técnica e tamanho da glandula. Segundo diretriz europeia conjunta da Associagado
Europeia de Urologia, Sociedade Europeia de Radioterapia e Oncologia e Sociedade
Internacional de Oncogeriatria para rastreio, diagnéstico e tratamento do cancer de
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préstata clinicamente localizado, as amostras devem incluir ambos os lados da
prostata, da base ao apice e o niumero minimo recomendado é de 12 amostras
(Eichler et al., 2006; Mottet et al., 2017). No esquema padrdo de 12 amostras
sistematicas a glandula é dividida em seis regifes (apice, terco médio e base, cada
uma delas subdividida em direita e esquerda), com duas amostras de cada uma
delas. Porém, a sensibilidade para a deteccdo de cancer clinicamente significante de
prostata desse esquema de bidpsia é baixa, num estudo prospectivo recente com
576 pacientes a sensibilidade foi de 48% (Ahmed et al.,, 2017), existindo a
possibilidade de erros de amostragem e falha no diagnostico da neoplasia
clinicamente significante. Dentre as falhas diagndsticas possiveis encontram-se falha
em atingir qualquer tumor com as agulhas resultando numa bi6psia falso-negativa,
falha em alcancar o tumor mais agressivo no cenario de doenca multifocal e falha
em alcancar a regido mais agressiva dentro do tumor principal (Figura 4). Como o
grau tumoral é definidor de progndstico e tratamento do paciente, é fundamental que
seja identificada pela bidpsia a lesdo de maior grau, no caso de pacientes com
tumores multifocais, e a area de maior grau dentro da lesdo principal. Por esse
motivo, visando uma maior acuracia da biépsia, foram desenvolvidos métodos de
bidpsia sistematica com amostragem extensa da préstata como a bidpsia por

saturacdo e mapeamento.

Figura 4 - Representacdo dos possiveis erros de amostragem da neoplasia de
prostata pela bidpsia. A esquerda na figura a bidpsia atinge apenas tecido
néo-neoplasico e perde o tumor. Na imagem do meio a bidpsia atinge
apenas foco de neoplasia clinicamente insignificante e perde o foco mais
agressivo numa préstata com tumor multifocal. A imagem da direita a
biépsia atinge o foco tumoral principal porém apenas na sua regido de
menor agressividade, perdendo aregido do tumor de maior grau

Area mais

Tumor ;
agressiva do tumor

3 -

I
Agulha n&o atingiu Agulha detectou cancer Agulha perdeu a area mais
o tumor clinicamente insignificante agressiva do tumor

Fonte: adaptado de Goldberg (2023).
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A biépsia de préstata por saturacéo é caracterizada pela retirada de multiplas
amostras em namero maior do que na bidpsia padrdo, sendo 18 ou 20 amostras
comumente aceito como numero minimo, que pode ainda ser adaptado ao volume
glandular com mais amostras retiradas. O meétodo visa abranger todo tecido
prostatico com representacdo extensa de todos o0s segmentos da glandula
diminuindo a probabilidade de um resultado falso-negativo. Uma metanalise
demonstrou haver vantagem da bidpsia inicial por saturacdo em relacdo a bidpsia
padrdo na deteccdo de cancer, principalmente em préstatas com volume acima de
40 mL (Jiang et al., 2013), o que ja havia sido demonstrado usando o corte de
volume prostatico de 55 mL, com taxas de deteccdo de 31,5% da biépsia com 18
amostras contra 24,8% da biépsia com 12 amostras (Scattoni et al., 2008).

Outro método de bidpsia com amostragem extensa € a bidpsia por
mapeamento. Nesse tipo de biopsia a abordagem é usualmente transperineal e uma
grade localizatéria de braquiterapia com furos distando 5 mm entre eles é usada
para posicionar as agulhas e retirar amostras a cada 5 mm do tecido prostatico.
Nesse tipo de bidpsia o niumero de amostras colhidas depende do volume prostéatico
e a taxa de deteccéo pode chegar a 92% e a sensibilidade na deteccdo de neoplasia
clinicamente significante encontrada num estudo com média de 54 amostras foi de
95% (Crawford et al., 2005).Entretanto, existem consideracfes importantes a
respeito de abordagens mais invasivas com maior niumero de amostras, como a
necessidade de anestesia geral ou raquidiana para maior conforto do paciente e o
maior potencial de complicacdes destacando-se infec¢des e retencdo urinaria (Pepe;
Aragona, 2013). Além disso, a deteccdo de tumores clinicamente insignificantes é
maior nesse tipo de abordagem (Crawford et al., 2005). Uma alternativa € guiar a
bidpsia por métodos de imagem, atingindo lesGes-alvo suspeitas aos meétodos na
tentativa de aumentar a eficiéncia do procedimento para a detec¢cdo de cancer
clinicamente significante sem a necessidade de coleta de um numero alto de

amostras.
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1.2.2 Bidpsia guiada por imagem

A biopsia guiada por imagem consiste no uso de método de imagem para
detectar as lesdes suspeitas, permitindo direcionar a retirada de amostras de cada
lesdo-alvo detectadas pela imagem. Atualmente, o exame de escolha para guiar a
bidpsia é a ressonancia magnética multiparamétrica (RMmp).

Para evitar as dificuldades da realizacdo da bidpsia no equipamento de
ressonancia magnética (RM), em geral € feita a correlacdo da localizacdo das
lesGes-alvo apontadas pela RM com a ultrassonografia (US). A US endorretal auxilia
a localizar a glandula e averiguar a posi¢do da agulha, mas, devido a sua limitada
sensibilidade para o cancer de prOstata, ndo é usado para identificar as lesGes
suspeitas (Onur et al., 2004; Smeenge et al., 2012; Rouviére et al., 2019) e por este
motivo, deve ser aplicado método que permita transpor a informacdo da RMmp para
o US.

O meétodo mais simples € a correlacdo visual das imagens pelo médico
responsavel pela biopsia, que ird identificar as lesfes suspeitas detectadas na
RMmp e identificar as areas correspondentes na US (“fusdo” cognitiva), para, a
seguir, proceder a biopsia das lesdes-alvo. A fusdo também pode ser feita com
auxilio de softwares, que transpdem a posicdo da lesdo na RM para a imagem do
US, baseado em marcos anatdmicos ou no delineamento da glandula pelo proprio
médico (Zogal et al., 2011).

A RM tem sensibilidade e especificidade para cancer clinicamente significante
entre 58 e 96% e 23% e 87%, respectivamente (Futterer et al., 2015). Num estudo
prospectivo com 576 pacientes a especificidade por paciente encontrada para
tumores clinicamente significantes variou entre 41% e 47% (Ahmed et al., 2017). A
sensibilidade por lesédo levando em conta cada foco de neoplasia clinicamente
significante é estimada em 65% (Johnson et al., 2019) e a realizacdo exclusiva da
biépsia guiada por RM leva a perda de lesBes clinicamente significantes, seja por
limitacdo de sensibilidade do método ou por discordancia entre a posi¢cao da leséo
na imagem de RM e o tecido efetivamente biopsiado no procedimento guiado por
us.

A literatura mostra que os dados de bidpsia guiada por ressonancia
magnética ndo sdo suficientes para dispensar a biopsia sistematica e que 14% a

20% das lesdes clinicamente significantes sdo perdidas se somente uma das
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técnicas for utilizada (Rouviére et al., 2019). Por esse motivo, diversos centros usam
a combinacdo das técnicas de bidpsia guiada por ressonancia e biopsia sistematica
no mesmo procedimento, com em geral trés a cinco amostras de cada lesao
suspeita associada a retirada de 10 a 12 amostras sisteméticas para cobrir 0
restante da glandula. Ainda assim, um estudo prospectivo mostrou que cerca de
14,4% dos pacientes sao subclassificados com escores de Gleason menores do que

o real encontrado na peca cirdargica de prostatectomia (Ahdoot et al., 2020).

1.2.3 PET com ligantes de PSMA (PET-PSMA)

O antigeno prostatico especifico de membrana (PSMA) é uma proteina
transmembrana expressa no tecido prostatico normal e com intensidade de
expressdo de 100 a 1000 vezes maior no cancer de préstata. Apenas cerca de 6%
dos adenocarcinomas de prostata se mostram PSMA-negativos na
imunohistoquimica (Minner et al., 2011). Além disso, a expressdo de PSMA nos
tumores de prostata tem correlacdo com o grau tumoral, sendo maior nos tumores
de grau mais alto (Bravaccini et al., 2018).

O desenvolvimento de ligantes de PSMA marcados com radioisétopos
emissores de pdsitron permite a caracterizacdo in vivo do cancer de prostata por
meio da tomografia por emissao de pésitrons com antigeno prostatico especifico de
membrana (PET-PSMA). As moléculas ligantes de PSMA mais amplamente
utilizadas atualmente sdo marcadas com %Ga ou, mais recentemente, 8F. Apesar
de diferencas na biodistribuicdo e forma de excre¢ao entre os tracadores, ambos sé&o
considerados equivalentes em termos de pratica clinica e os centros de medicina
nuclear tendem a optar por um deles de acordo com questdes praticas e de
disponibilidade (Diesel et al., 2017; Eiber et al., 2017) Alguns dos tracadores mais
utilizados para imagem sdo o 8F-DCFPyL, 8F-PSMA-1007, ®8Ga-PSMA-11 ou %Ga-
PSMA-HBED-CC, %Ga-PSMA |&T, entre outros (Eiber et al., 2017). Ao longo da
altima década o PET-PSMA tem sido empregado de forma crescente na
investigagdo do cancer de prostata em diferentes cenarios clinicos, com destaque
para o estadiamento e reestadiamento em casos de recorréncia bioquimica.

No estadiamento, apesar da sensibilidade ainda limitada demonstrada em
metandlises, o PET-PSMA é o método de imagem com maior capacidade de deteccdo

de disseminacéo para linfonodos e ossos (Perera et al., 2020; Tu et al., 2020). Os
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estudos incluidos nas metanalises foram realizados utilizando tracadores marcados
com %Ga, notadamente 8Ga-PSMA-11. O método é considerado por alguns autores
como a modalidade de imagem de primeira linha para estadiamento do cancer de
prostata de alto risco no momento do diagndstico. Estudo prospectivo mostrou que o
PET/CT com ®Ga-PSMA-11 traz informag6es com impacto de mudanca de conduta em
27% dos pacientes em relacdo a imagem de estadiamento convencional (Hofman et al.,
2020).

Metandlise sobre o impacto do PET-PSMA em pacientes com recorréncia
biogquimica (11 estudos, 908 pacientes) mostrou mudanca de conduta em 54% dos
pacientes, apesar da heterogeneidade de cenarios clinicos (Han et al., 2018), sendo
indicado na investigacdo de pacientes com PSA superior a 0,2 ng/mL apods a
prostatectomia radical (Cornford et al., 2021).

Ao lado de seu emprego mais frequente para estadiamento e reestadiamento
do cancer de prostata, o PET-PSMA apresenta também alta acuracia para deteccao
do tumor primario da prostata clinicamente significante, com sensibilidade de 90%
encontrada em metanalise que incluiu estudos usando tragadores marcados com
68Ga (Perera et al., 2020).

A maioria dos estudos que avaliaram acuracia e impacto na conduta do PET-
PSMA foram realizados com PET/CT. Entretanto, a RM é superior a tomografia
computadorizada (CT) na avaliacdo da préstata, fornecendo maior detalhamento
anatdmico que permite diferenciacdo entre as zonas prostaticas e identificacdo de
lesBes. Nesse sentido, a combina¢do do PET com a RM (PET/RM) tem potencial de
ser superior ao PET/CT na avaliacdo de pacientes com cancer de prostata

diagnosticado ou suspeitado.

1.2.4 PET/RM

O PET/RM é uma modalidade de imagem relativamente recente, com o
primeiro escaner integrado disponivel no mercado em 2011. O desenvolvimento da
técnica com a possibilidade de aquisicdo simultanea de imagens de PET e de RM
em protocolos otimizados tornaram o estudo factivel num tempo toleravel para o
paciente e vantajoso em termos de detalhamento anatémico e avaliagdo funcional,
além de menor exposi¢cdo a radiagdo ionizante em comparacdo com o PET/CT

(Evangelista et al., 2021). O PET/MRI é superior ao PET/CT para estadiamento local
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de neoplasias pélvicas (Catalano et al., 2013). Estudo com %Ga-PSMA-11 PET/RM
mostrou especificidade do método de até 97% na deteccdo do tumor primario de
prostata (Eiber et al., 2016) Isso foi confirmado em uma metanalise que mostrou que
a especificidade do PET/RM com ligante de PSMA, medida por lesdo na préstata, €
de 90,9% (Evangelista et al., 2021). Num estudo prospectivo que comparou achados
do PET/RM com a peca cirargica de prostatectomia, os autores encontraram forte
correlagdo da captagdo de 8F-DCFPyL e alteragdes na RM com a leséo prostatica
dominante (Bauman et al., 2018).

Dessa maneira, a unido da alta sensibilidade e especificidade para deteccéo de
cancer de proéstata clinicamente significante do PET-PSMA com a resolucéo
anatdbmica da RM fazem com que a técnica tenha o potencial de aprimorar a selecédo
de pacientes para realizacdo de bidpsia de préstata e ser o método de imagem ideal
para guiar a bidpsia nos casos em que for indicada. A alta acuracia do PET/RM com
PSMA na deteccao do tumor primario clinicamente significante idealmente permitiria
poupar da biopsia pacientes com imagem negativa. Em contrapartida, o exame
poderia ser usado para guiar a bidpsia em pacientes com imagem positiva. 1sso
reduziria a necessidade da bidpsia sistematica, bem como a chance de biépsia falso-

negativa ou com grau tumoral subestimado.

1.3. JUSTIFICATIVA

Com base nos dados disponiveis na literatura, levantou-se a hipétese que o
PET-PSMA possa aumentar a acuracia diagnéstica da investigacdo de cancer de
préstata clinicamente significante em relacdo a investigacdo utilizando a RMmp. A
associacdo do PET-PSMA a RM em um unico procedimento (PET-PSMA/RM) tem o
potencial de guiar a biopsia da préstata, combinando a alta acuracia do PET-PSMA
para neoplasia de prostata com a resolucdo anatbmica da RM. Esta associacédo de
métodos com a finalidade de guiar biopsia de tumores de préstata ndo foi estudada

de forma prospectiva até o inicio do presente trabalho.
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2.1 OBJETIVO PRIMARIO

Determinar a acuracia do %Ga-PSMA-11 PET/RM para guiar bidpsia da

prostata usando o resultado da bidpsia de saturacdo como padrao-ouro.

2.2 OBJETIVOS SECUNDARIOS

Comparar o desempenho do %Ga-PSMA-11 PET/RM com a RMmp na
localizacédo do tumor primario de prostata.

Investigar os casos falsos-negativos e falsos-positivos do %Ga-PSMA-11
PET/RM bem como os casos de discordancia entre o %8Ga-PSMA-11 PET e a
RMmp pela andlise da peca cirdrgica da prostatectomia quando disponivel.
Comparar a andlise da concordancia interobservador para o Ga-PSMA-11
PET/RM e RMmp na localiza¢éo do tumor primario de prostata.

Investigar a correlacdo dos parametros semiquantitativos do %8Ga-PSMA-11

PET/RM e RMmp com o grau tumoral.



3 TEXTO SISTEMATIZADO
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3.1 ORGANIZACAO DO TEXTO SISTEMATIZADO

O texto sistematizado refere-se as seguintes publicacdes, que cobrem os

objetivos desta tese:

Publicacdo 1: FERRARO DA, Becker AS, Kranzbulhler B, Mebert |, Baltensperger A,
Zeimpekis KG, Grinig H, Messerli M, Rupp NJ, Rueschoff JH, Mortezavi A, Donati
OF, Sapienza MT, Eberli D, Burger IA. Diagnostic performance of 68Ga-PSMA-11
PET/MRI-guided biopsy in patients with suspected prostate cancer: a prospective
single-center study. Eur J Nucl Med Mol Imaging. 2021 Sep;48(10):3315-3324.

Objetivo principal: determinar a acuracia do %Ga-PSMA-11 PET/RM para guiar

bidpsia da prostata usando o resultado da bidpsia de saturacdo como padrao-ouro.

Obijetivo secundario: investigar os casos falsos-negativos e falsos-positivos do %8Ga-
PSMA-11 PET/RM.

Status: publicado em 23 de fevereiro de 2021.

Publicacdo 2: FERRARO DA, Hotker AM, Becker AS, Mebert |, Laudicella R,
Baltensperger A, Rupp NJ, Rueschoff JH, Mduller J, Mortezavi A, Sapienza MT,
Eberli D, Donati OF, Burger IA. 68Ga-PSMA-11 PET/MRI versus multiparametric
MRI in men referred for prostate biopsy: primary tumour localization and interreader
agreement. Eur J Hybrid Imaging. 2022 Jul 18;6(1):14.

Obijetivo principal: comparar o desempenho do %Ga-PSMA-11 PET/RM com a
RMmp na localizagdo do tumor primario de prostata.

Objetivos secundarios: investigar os casos de discordancia entre o 8Ga-PSMA-11
PET e a RMmp pela analise da peca cirurgica da prostatectomia quando disponivel;
comparar a andlise da concordancia interobservador para o $8Ga-PSMA-11 PET/RM
e RMmp na localizacdo do tumor primario de prostata; investigar a correlacao dos
parametros semiquantitativos do %Ga-PSMA-11 PET/RM e RMmp com o grau

tumoral.

Status: publicado em 18 de julho de 2022.
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3.2 PUBLICACAO 1

FERRARO DA, Becker AS, Kranzbuhler B, Mebert |, Baltensperger A, Zeimpekis KG,
Grinig H, Messerli M, Rupp NJ, Rueschoff JH, Mortezavi A, Donati OF, Sapienza
MT, Eberli D, Burger IA. Diagnostic performance of 68Ga-PSMA-11 PET/MRI-
guided biopsy in patients with suspected prostate cancer: a prospective single-
center study. Eur J Nucl Med Mol Imaging. 2021 Sep;48(10):3315-3324.

O estudo teve por objetivo avaliar a acuracia da bidpsia guiada pelo %8Ga-
PSMA-11 PET/RM no diagnostico do céncer primario da prostata clinicamente
significante, usando como método de referéncia o escore de Gleason da biopsia por
saturacdo. Também permitiu investigar os casos falsos-negativos ou falsos-positivos
do 68Ga-PSMA-11 PET/RM, com andlise da peca cirlrgica derivada da
prostatectomia, quando disponivel. Para isso, foram incluidos pacientes com
suspeita de cancer de préstata devido a elevacdo de PSA e alteracdo suspeita na
RMmp. Esses pacientes realizaram %¢Ga-PSMA-11 PET/RM para identificacdo das
lesBes suspeitas, essas posteriormente submetidas a bidpsia guiada, associada a
bidpsia sistematica por saturacdo. A escolha da bidpsia por saturacdo como método
de referéncia se deve ao fato dos pacientes incluidos ndo obrigatoriamente terem
cancer confirmado pela biépsia e, naqueles com cancer confirmado, nem todos
terem indicacdo de cirurgia da prostata, inviabilizando a andlise da peca cirargica
como padrdo-ouro. A acuracia foi calculada por paciente e por leséo e, para fins de
comparacdo com a literatura, foram estabelecidas duas definicbes de cancer
clinicamente significante: 1) ISUP = 3 ou tamanho = 6mm na biépsia e 2) ISUP = 2.

Em uma coorte final de 42 pacientes, a acuracia do ®Ga-PSMA-11 PET para
cancer clinicamente significante por paciente, usando-se a localizacdo da lesdo na
imagem e todas as biopsias retiradas dessa regiéo, foi de 90%, com sensibilidade de
96% e especificidade de 81% (pela definicdo 1 de cancer significante). Quando foram
consideradas apenas as amostras provenientes das bidpsias guiadas, houve uma gqueda
de acuracia, o que significa que lesdes-alvo vistas ao ®Ga-PSMA-11 PET nado foram
atingidas pela bidpsia guiada. O fato de lesdes-alvo vistas no %8Ga-PSMA-11 PET e
transpostas para a bidpsia com auxilio do software de fusdo serem perdidas na biopsia

guiada e detectadas na bidpsia sistematica da mesma regido merece uma melhor analise
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critica.

A maioria dos tumores clinicamente significantes foi detectada tanto pela
biépsia sistematica por saturacdo quanto pela bidpsia guiada pelo 8Ga-PSMA-11
PET, porém 35% dos pacientes tiveram tumor diagnosticado somente pela biopsia
sistematica por saturacdo e 8% tiveram o cancer diagnosticado somente pela bidpsia
guiada pelo ®8Ga-PSMA-11 PET. Ressalta-se que foi retirado um elevado nimero de
amostras sisteméaticas neste estudo (mediana de 43) e que a biopsia sistemética por
saturacdo também encontrou um maior niumero cancer clinicamente insignificante,
podendo levar a overdiagnosis e overtreatment.

A andlise de falso-positivos e falso-negativos ao 8Ga-PSMA-11 PET mostrou
que quase a totalidade dos falso-positivos tratava-se de tumores clinicamente
insignificantes que poderiam ser classificados como verdadeiros positivos
dependendo da definicdo de tumor clinicamente significante. Houve um Unico
paciente com resultado falso-negativo ao ®®Ga-PSMA-11 PET, relacionado a um
tumor sem expressdo de PSMA na imunohistoquimica da amostra de bidpsia.

Em relacdo a RMmp de inclusdo dos pacientes, o %Ga-PSMA-11 PET
discriminou o Unico paciente com cancer clinicamente significante classificado como
PIRADS 3 e discriminou quase todos 0s pacientes sem cancer clinicamente
significante que haviam sido classificados como PIRADS 4.

Em concluséo, o estudo mostrou que o 8Ga-PSMA-11 PET/RM mostrou alta
acuracia na deteccdo de cancer de préstata clinicamente significante e € uma
ferramenta promissora que pode ajudar na selecdo de pacientes para bidpsia, bem
como para guia-la.

Segue-se o texto do artigo conforme publicado originalmente em inglés na

referéncia acima mencionada;

Diagnostic performance of 68Ga-PSMA-11 PET/MRI-guided biopsy in patients

with suspected prostate cancer: a prospective single-center study

Daniela A. Ferraro!?, Anton S. Becker®#, Benedikt Kranzbihler®, lliana Mebert'>,
Anka Baltensperger!®, Konstantinos G. Zeimpekis!, Hannes Griinig?, Michael
Messerlil, Niels J. Rupp®, Jan H. Rueschoffé, Ashkan Mortezavi®, Olivio F. Donati®,

Marcelo T. Sapienza?, Daniel Eberli®, Irene A. Burger’#8
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Abstract

Purpose Ultrasound-guided biopsy (US biopsy) with 10-12 cores has a suboptimal
sensitivity for clinically significant prostate cancer (sigPCa). If US biopsy is negative,
magnetic resonance imaging (MRI)—guided biopsy is recommended, despite a low
specificity for lesions with score 3—-5 on Prostate Imaging Reporting and Data System
(PIRADS). Screening and biopsy guidance using an imaging modality with high
accuracy could reduce the number of unnecessary biopsies, reducing side effects.
The aim of this study was to assess the performance of positron emission
tomography/MRI with 68Ga-labeled prostate-specific membrane antigen (PSMA-
PET/MRI) to detect and localize primary sigPCa (ISUP grade group 3 and/or cancer
core length =2 6 mm) and guide biopsy. Methods Prospective, open-label, single-
center, non-randomized, diagnostic accuracy study including patients with suspected
PCa by elevation of prostate-specific antigen (PSA) level and a suspicious lesion
(PIRADS =3) on multiparametric MRl (mpMRI). Forty-two patients underwent PSMA-
PET/MRI followed by both PSMA-PET/MRI-guided and section-based saturation
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template biopsy between May 2017 and February 2019. Primary outcome was the
accuracy of PSMA-PET/MRI for biopsy guidance using section-based saturation
template biopsy as the reference standard. Results SigPCa was found in 62% of the
patients. Patient-based sensitivity, specificity, negative and positive predictive value,
and accuracy for sigPCa were 96%, 81%, 93%, 89%, and 90%, respectively. One
patient had PSMA-negative sigPCa. Eight of nine false-positive lesions corresponded
to cancer on prostatectomy and one in six false-negative lesions was negative on
prostatectomy. Conclusion PSMA-PET/MRI has a high accuracy for detecting
sigPCa and is a promising tool to select patients with suspicion of PCa for biopsy.
Trial registration This trial was retrospectively registered under the name “Positron
Emission Tomography/Magnetic Resonance Imaging (PET/MRI) Guided Biopsy in
Men with Elevated PSA” (NCT03187990) on 06/15/2017
(https://clinicaltrials.gov/ct2/show/NCT03187990).

Introduction

Assessment of histological tumor grade on biopsy is needed for diagnosis and
risk classification of prostate cancer (PCa). The updated European Association of
Urology (EAU) guideline recommends ultrasound-guided systematic prostate biopsy
(US biopsy) in patients with suspicion of PCa [1, 2]. Magnetic resonance imaging
(MRI)—guided biopsy is considered for cases in which no cancer was detected [2].
The PROMIS trial revealed sensitivity of only 48% for their primary definition of
clinically significant cancer (sigPCa) using 10-12 cores US biopsy and suggested
that, instead, multiparametric MRl (mpMRI) should be used to reduce the number of
unnecessary biopsies. However, if all lesions with a score =2 3 on Prostate Imaging
Reporting and Data System (PIRADS) are targeted, the specificity of mpMRI is only
41% [3]. Several other studies also showed superior detection rates of sigPCa in
MRI-guided biopsy compared to US biopsy [4-7]. Nevertheless, false-negative
results or histological upgrade after surgery are found in 21% of patients [8—10]. The
most reliable method to reduce undersampling and false-negative results is
transperineal saturation biopsy (template biopsy) with samples taken from all 20
Barzell zones, leading to organ coverage of approximately 95% [10]. Screening and
imaging-guided biopsy could potentially reduce side effects of saturation prostate
biopsies [11], but recent studies suggest that a template-based systematic approach

should not be omitted despite mpMRI [6, 12]. Positron emission tomography
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(PET)/MRI targeting prostate-specific membrane antigen (PSMA) could be an ideal
technique to improve the accuracy of imaging-guided biopsies, combining the high
sensitivity and specificity of PSMA-PET for PCa with the high anatomical contrast
and spatial resolution of MRI [13-15]. Despite promising results in PSMA-
PET/computed tomography (CT) for biopsy targeting [16], with an accuracy of 80.6%
for sigPCa [17], the diagnostic accuracy of PSMA-PET/MRI-guided biopsy has not
yet been prospectively assessed. Therefore, the aim of this study is to assess the
performance of 68Ga-PSMA-11 PET/MRI (PSMA-PET/MRI) to detect and localize

primary sigPCa for accurate prostate biopsy guidance.

Patients and methods
Study design

The study was designed as an open-label, single-center, non-randomized,
prospective diagnostic accuracy study including patients with suspected PCa.
Patients without biopsy-proven sigPCa but suspicion of cancer due to persistently
elevated prostate-specific antigen (PSA) (PSA > 2.5 ng/ml if age 30— 50 years and
PSA > 4 ng/ml if age 50-80 years) and at least one suspicious lesion on mpMRI
clinical report (PIRADS 23) were included. All patients underwent PSMA-PET/MRI
followed by both PSMA-PET/MRI-guided and section-based saturation template
biopsy of the prostate between May 2017 and February 2019. Exclusion criteria were
age < 30 and > 80, previous biopsy within 8 weeks prior to imaging, previous pelvic
irradiation, prostatectomy, transurethral resection of the prostate (TURP) or androgen
deprivation hormonal therapy (ADT), and any contra-indication to MRI or prostate
biopsy as well active urinary tract infection or indwelling catheter. PSMA-PET/MRI
and biopsy were performed with an interval of up to 30 weeks from mpMRI (median
2.7 weeks, IQR 0.4-12). Figure 1 illustrates patient selection. This study was
approved by the institutional review board (BASEC Nr: 2017-00016), was carried out
in accordance with the Declaration of Helsinki, and is registered in the international
trial registry ClinicalTrials.gov (NCT03187990).

68Ga-PSMA-11 PET/MRI imaging acquisition and analysis
All patients underwent a pelvic PET/MRI on a hybrid scanner (SIGNA
PET/MR, GE Healthcare, Waukesha, WI, USA) 60 min after injection of 85 MBq of

68Ga-PSMA-11. A 15- min frame over the prostate was recorded, allowing reducing
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the dose since patients without confirmed cancer were included. For biopsy targeting,
suspected lesions were delineated on PSMA-PET/MRI by a double-board-certified
nuclear medicine physician and radiologist, specialist in pelvic imaging, with 10 and 5
years of experience (IAB,MM), with a maximum of three target lesions. Imaging
protocol and analysis are given in the supplements (Online Resource 1).
Biopsy

Biopsies were performed under general anesthesia by specialized urologists
with US-MRI software fusion (BiopSee®). Axial fused PSMA-PET/MRI images in
DICOM format were uploaded to BiopSee® instead of T2w MRI sequences.
Standard transperineal template biopsy with number of cores adapted to prostate
volume as well as PSMA-PET/MRI-targeted biopsy was performed with a maximum
of three cores per target lesion (Online Resource 2). Patients with no suspicious
uptake on PSMA-PET/MRI or with discordant lesions between PSMA-PET/MRI and
mpMRI underwent template biopsy and the urologist was free to target any

suspicious lesion on mpMRI.

Clinically significant cancer definition

SigPCa was defined as International Society of Urological Pathology (ISUP)
grade group 3 and/or cancer core length =2 6 mm [18]. Conversely, clinically
insignificant cancer (insigPCa) was defined as ISUP 1 or 2 lesions with cancer core
length < 6 mm. Biopsies with the latter characteristics were classified as negative for
further analysis. Results based on other definition of sigPCa (ISUP 22) are in Table
S3 (Online Resource 1).

Reference standard

Results of PSMA-PET/MRI-targeted biopsies were compared to template
biopsies regarding presence of sigPCa on histopathology. All patients classified as
having a false-positive or false-negative 68Ga-PSMA-11 PET/MRI result had the
biopsy samples, or radical prostatectomy (RPE) specimens if available, reevaluated
on histopathology for possible explanations including PSMA immunohistochemistry
(IHC). Biopsies and RPE specimens were evaluated by two board-certified

genitourinary pathologists (NR, JR) with 8—10 years of experience.

Data analysis
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Study results were analyzed using descriptive statistics and frequency tables
in Excel (Excel2016, Microsoft, USA). Accuracy was assessed on 2 x 2 contingency
tables on patient and lesion basis. For lesion-based analysis, the number of lesions
was defined as number of PSMA-positive lesions added to number of PSMA-
negative lesions with sigPCa found on biopsy. For patient-based analysis in patients
with more than one lesion and different classifications (for example, one true-positive
and one false-negative lesion), we considered whether PSMA-PET/MRI correctly
staged the patient regarding the presence or absence of sigPCa according to Table
S1 (Online Resource 1). We also assessed patient-based accuracy for PET/MRI-

targeted cores.

Results General

Forty-nine patients met the inclusion criteria and were included between May
2017 and January 2020. Seven patients withdrew participation before the PSMA-
PET/MRI scan or the biopsy was performed; therefore, data from 42 patients were
analyzed (descriptive characteristics in Table 1). Median interval between PSMA-
PET/MRI and biopsy was 12 days (interquartile range (IQR) 6—18)

Biopsy

Based on template and targeted biopsy, 26 of 42 (62%) patients had sigPCa.
While there was no malignancy in seven of 42 patients (17%), in the remaining nine
patients (21.4%), cancer detected on biopsy did not meet the criteria of sigPCa.
Fifteen cases of sigPCa were detected by both template and targeted biopsies (58%,
15/26), nine only by template (35%) and two only by targeted (8%). Two cases of
insigPca were detected by both biopsy methods (22%, 2/9), six only by template
(67%) and one only by targeted. Table 2 and Fig. 2 show the distribution of sigPCa,
insigPCa, and no disease, in correlation to PIRADS, ISUP, and PSMA-PET/MRI
result. Eighteen patients had one lesion, seven patients had two, and one patient had
three lesions, resulting in 35 sigPCa lesions in total. The median number of positive
cores per patient was three (IQR 2—-6). The median number of samples taken per
patient was 43 (IQR 36-44). Eight patients (19%, 8/42) had biopsy procedure
complications, none life-threatening. Six patients presented to the emergency
department for acute urinary retention, one patient had postinterventional bleeding

with need of catheter irrigation, and one patient with anesthesia complications was
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admitted for observation and released the day after.

68Ga-PSMA-11 PET/MRI

Table 3 shows sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and accuracy of PSMA-PET/MRI per patient and per lesion.
PSMA-PET/MRI was positive in 28 patients (66.7%, 28/42), of which 25 had sigPCa
on biopsy (89%, 25/28) and negative in 14 patients (33.3%, 14/42), of which only one
had sigPCa (7%, 1/14) (Figs. 2b and 3a). Nineteen patients had one PSMA-positive
lesion, eight patients had two lesions, and one patient had three lesions, resulting in
38 PSMA-positive lesions. One patient had a lesion without PSMA uptake but clear
PIRADS 5 features on MRI, confirmed as sigPCa by MRI-targeted biopsy and
classified as negative PSMA-PET/MRI for further analysis. Figure 3b shows PSMA-
PET/MRI results in relation to PIRADS. The accuracy of PSMA-targeted cores was
lower compared to PSMA-PET/MRI imaging findings. In eight cases with PSMA
uptake in the sigPCa lesion, the three target needles were negative, but additional
adjacent template needles confirmed sigPCa. Per lesion, 44 lesions were detected in
29 patients (38 on PSMA-PET/MRI and 35 on biopsy, with 29 concordant lesions).
Six sigPCa lesions and 24 insigPCa lesions were not detected by PSMA-PET/MRI.

False-positive PSMA-PET/MRI

Three patients had a false-positive PSMA-PET/MRI, but insigPCa on biopsy in
at least one of the PSMA uptake areas (ISUP grade group 2 with cancer length of
1.5-5 mm). Relevant cancer was confirmed on RPE specimen in all three cases (Fig.
4). Per lesion, nine lesions were false-positive (Online Resource 3). In all patients,
RPE was available and showed cancer in eight lesions (Table 4). In the case without
cancer, additional pathology workup showed clear PSMA overexpression on IHC, but
no benign or malignant alterations. Interval between biopsy and RPE in these

patients ranged from 1 to 3.8 months.

False-negative PSMA-PET/MRI

68Ga-PSMA-11 PET/MRI was false-negative in one patient with sigPCa, who
had two positive cores with ISUP grade group 2 and lengths of 9 and 10 mm. Despite
no PSMA uptake, the lesion was easily appreciated on T2- and diffusion-weighted

sequences of the MRI component (Fig. 5). Per lesion, six were false-negatives
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(Online Resource 4). In four lesions, ISUP grade was low or tumor volume small (up
to 3 mm) on biopsy. In one case, there was no cancer on RPE in the corresponding
location of the positive biopsy core (Table 4). One lesion with positive cores of ISUP
grade group 4 (6 mm) was downgraded to ISUP grade 2 on RPE and in one lesion
(ISUP 2, 10 mm) biopsy cores stained for PSMA on IHC showed a PSMA-negative
tumor (Fig. 5). The interval between biopsy and RPE in these patients ranged from
1.4 to 3.7 months.
Discussion

PSMA-PET/MRI showed a patient-based accuracy of 90% for detecting
sigPCa in our cohort, with a sensitivity of 96% and specificity of 81%. This is higher
than the mpMRI accuracy reported in most studies using template biopsy as
reference standard [19], including the PROMIS trial, which reported sensitivity and
specificity of 93% and 41%, respectively [3]. Our improved specificity was mainly due
to PSMA-PET mitigating false-positive mpMRI PIRADS 3 and 4 lesions harboring no
sigPCa (Fig. 3b). The PROMIS authors conclude that screening by mpMRI prior to
biopsy could reduce the number of unnecessary biopsies. Our study suggests
PSMA-PET/MRI could further improve on mpMRI patient selection. In our cohort, 16
patients (38%) without sigPCa underwent biopsy based on equivocal or suspicious
lesions on mpMRI (PIRADS 3 to 5). Omitting biopsy in patients with negative PSMA-
PET/MRI would have spared 13 (13/16, 81%), without missing any patient with
sigPCa. Only one patient had a false-negative PSMA-PET result; however, his ISUP
2 tumor would not have been missed due to clear PIRADS 5 features on MRI. The
tumor was PSMA-negative on IHC, which is in accordance with the reported rate of
around 5% of PSMA-negative tumors in the literature [20]. For the three patients with
false-positive PSMA-PET/MR results, insigPCa was present on template biopsy, and
cancer with Gleason 4 pattern was confirmed on RPE in each case. Interestingly,
despite PET findings confirmed by biopsy in 90% of the cases, the accuracy of 71%
with a sensitivity of 65% for PET-targeted biopsy shows that some of the sigPCa
lesions seen on PET are actually missed by the three targeted cores. This was
already reported by van der Leest et al. [9] in a study comparing transrectal US-
guided biopsy versus MRI-guided biopsy. They found that positive TRUS cores were
obtained from the mpMRI lesion area or its neighboring and suggested that four
additional perilesional cores greatly improved sigPCa detection with MRI-guided

biopsy. They concluded that the majority of sigPCa missed by targeted biopsy was
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probably due to sampling errors related to spatial heterogeneity of the tumor [9].
False-negative and false-positive lesions in our study were often lesions with
borderline characteristics regarding clinical significance. The lower PSMA expression
in Gleason pattern 3 compared to 4 has been demonstrated on IHC [20—-22] and our
results probably reflect it: most false-negative lesions corresponded to low-grade
groups (ISUP 1 and 2) or small volume tumors and, in only one case, a significant
PSMA-negative tumor. Omitting template biopsy in our cohort would leave
undetected six sigPCa, but also 24 lesions with insigPCa, mitigating overdiagnosis.
On the other hand, eight of nine false-positive lesions based on biopsy were
insigPCa, with only one showing no cancer on RPE specimen. This case was
previously published as a case report with extensive histopathology workup excluding
inflammation, pre-cancerous lesions, or other malignancies [23]. Therefore, template
and targeted biopsies were false-negative for significant disease for eight lesions.
The definition of sigPCa is not standardized among centers; therefore, we chose the
definition used in the PROMIS trial [3] to allow a direct comparison of our results. We
recognize that other definitions can be found in the literature and that more recent
guidelines of the EAU suggest considering any ISUP grade group 2 biopsy as
sigPCa [1, 2]. Incorporating this cutoff, we would have had only one false-positive
PET in our cohort on per-patient analysis, but four false-negative PET scans.
Therefore, we also give the results using this other definition of sigPCa in Tables S2
and S3 (Online Resource 1). There is sparse literature on PSMA-PET/CT-guided
biopsy. Recently, PSMA-PET/CT was compared, for biopsy purposes, to micro-
ultrasound, a novel imaging technigue with promising results when added to mpMRI
[24]. PSMA-PET/CT yielded an accuracy of 83% versus 61% of micro-ultrasound
[25]. No study so far compared PSMA-PET/CT to PET/MRI for biopsy guidance. In
our limited experience (anecdotal data not included in present study), delineating the
prostate and PSMA-positive lesions on non-contrast-enhanced CT using US-fusion-
software is feasible but cumbersome. In a study with 31 patients, sensitivity and
specificity for sigPCa of PSMA-PET/CT-guided biopsy was 100% and 68% [17]. The
higher sensitivity and lower specificity compared to our study may be explained by
the approach to biopsy the prostate area with highest PSMA uptake if no suspicious
lesion was reported. This probably led to false-positives, which could be ruled out by
MRI but not by CT, such as activity in the central zone [26]. Another study found a
region-based sensitivity of PET/CT for sigPCa of 61%, lower than our lesion-based
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sensitivity (83%). However, patients did not undergo mpMRI so no insights on
PET/CT limitations compared to PET/MRI could be drawn [27]. A prospective study
showed higher detection rate of sigPCa for PET/CT compared to 12- core TRUS
biopsy; however, biopsies were performed within the CT scanner, and again mpMRI
was not performed routinely [28]. In a study with 97 patients that compared PSMA-
PET/CT with mpMRI, PSMA-PET/CT identified 25% of patients with Gleason 7
tumors missed by mpMRI [29]. Due to their inclusion criteria, around half of the
patients that were biopsied had contra-indications to mpMRI or PIRADS 1 or 2; what
makes it difficult to compare their results to ours but rather offers nice complementary
data. Interestingly, these results are similar to the results found by the same group in
a smaller cohort using 11CCholine PET/CT, with 26% of patients with Gleason 7
tumors detected by PET in patients with negative or contra-indication to mpMRI [30].
Advantages of PET/MRI over PET/CT are that surgeons are already used to
delineate prostate and target lesions based on MRI and that they can target lesions
by both PSMA-PET and MRI in case of discordance. That a combination of these
both methods could further improve the sensitivity for detecting PCa was already
shown by Eiber et al. [13]. While PET/ MRI profits from the higher soft tissue contrast,
studies performing head-to-head comparisons are needed to investigate whether this
offsets the higher general availability and lower cost of PET/CT. Moreover, post hoc
image fusion of MRI and PSMA-PET (from PET/CT) may be a viable option for
centers without a dedicated PET/MRI device. Despite the good coverage of template
biopsy, absence of RPE specimen as reference standard in some cases is a
limitation of this study. Given that RPE specimen were not available for all patients,
we opted to use RPE results only to investigate false-positive or false-negative
lesions on PSMA-PET/MRI. Another limitation is pre-selection of patients based on
mpMRI results. The aim of this proof-of-mechanism study was to assess whether
PSMA-PET/MR could add value to mpMRI. Given that the probability of sigPCa in
patients with PIRADS 1-2 is very low, we opted to exclude those patients in a first
step. However, this limits the conclusion about the accuracy of PET scans in an

mpMRI naive population.

Conclusions
PSMA-PET/MRI has a high accuracy for detecting sigPCa and is a promising

tool to select patients for biopsy as well as to guide it, with the potential to
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substantially reduce unnecessary biopsies compared to mpMRI and might even

improve the detection of sigPCa in comparison to systematic template biopsies.
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Tables

Table 1 Characteristics of the patients at inclusion in the study (n = 42).

Characteristics Value

Age at scan (years)

Mean+SD 64+6

Median (IQR) 65 (59-68)
PSA at time of PET scan (ng/ml)

Mean=SD 10£7.4

Median (IQR) 8 (7-11)
PIRADS (n)

3 7 (16.7%)

4 24 (57.1%)

5 11(26.2%)

SD = standard deviation; IQR = interquartile range
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Table 2 Distribution of patients with sigPCa and insigPCa, based on biopsy,

according to ISUP grade groups. Clinically significant prostate cancer defined as

ISUP grade = 3 and/or cancer core length = 6 mm. Seven patients had no cancer on

biopsy.
sigPCa insigPCa
ISUP
1 1 (4%) 3 (33%)
2 6 (23%) 6 (67%)
3 9 (34%) -
4 8 (31%) -
5 2 (8%) -
Total 26 9

sigPCa = clinically significant prostate
cancer; insigPCa = clinically insignificant

prostate cancer

Table 3 Performance of PSMA-PET/MRI for biopsy guidance, given patient-based for

PSMA-PET/MRI imaging findings and PET-targeted cores, and lesion-based.

Patient- Patient-based Lesion-
based targeted cores based
Sensitivity 96% (25/26) 65% (17/26) 83% (29/35)
Specificity 81% (13/16) 81% (13/16) -
PPV 89% (25/28) 61% (17/28) 76% (29/38)
NPV 93% (13/14) 93% (13/14) -
Accuracy 90% (38/42) 71% (30/42) -

PPV = positive predictive value; NPV =negative predictive value. For
the targeted core analysis, values were calculated as if patients with a
negative PSMA-PET/MRI were not submitted to biopsy and patients with
a positive PSMA-PET/MRI underwent only PSMA-PET/MRI-targeted
biopsy. Lesion-based specificity and NPV were not calculated since pa-
tients with negative PSMA-PET/MRI and no significant cancer on biopsy

have, per definition, no lesion

Table 4 Findings on PET (SUVmax), biopsy, and radical prostatectomy (RPE)

specimen of the false-positive and false-negative lesions on PSMA-PET/MRI. PSMA-

PET/MRI image of each lesion can be seen in the correspondent supplementary

figure (Online Resources 3 for Fig. S2 and 4 for Fig. S3) showed in the first column.
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Fig. SUV ax Biopsy RPE specimen

Finding ISUP Length (mm) Finding ISUP
False-positive lesions*

Pat. 03 S2a 7.9 ASAP - - PSMA overexpression -
Pat. 24 S2b 53 Inflammation - - Cancer 3
Pat. 30 S2¢ 54 insigPCa 2 1.0 Cancer 2
Pat. 32 s2d 129 insigPCa 2 20 Cancer 2
Pat. 33 S2e 9.4 insigPCa 2 1.5 Cancer 3
Pat. 35 S2f 4.4 insigPCa 2 5.0 Cancer 2
Pat. 35 S2g 57 None - - Cancer 3
Pat. 38 S2h 10.1 None - - Cancer 2
Pat. 42 S21i 8 insigPCa 2 1.5 Cancer 2
False-negative lesions™
Pat. 05 S3a - sigPCa 1 6.0 Not available -
Pat. 07 S3b - sigPCa 3 1.0 No cancer -
Pat. 16 S3c - sigPCa 3 3.0 Cancer 3
Pat. 26 S3d - sigPCa 4 6.0 Cancer 2
Pat. 32 Sle - sigPCa 2 6.0 Cancer 2
Pat. 39 S3f - sigPCa PSM A-negative 2 10.0 Not available -

*Based on biopsy findings
ASAP = atypical small acinar proliferation; insigPCa = clinically insignificant prostate cancer; sigPCa=clinically significant prostate cancer;
SUVmax = maximum standardized uptake value

Figures
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Fig. 2 Distribution of patients with clinically significant prostate cancer (sigPCa),
clinically insignificant prostate cancer (insigPCa), and no evidence of disease on
biopsy in correlation to PIRADS classification on multiparametric resonance magnetic
imaging (a) and 68Ga-PSMA-11 PET/MRI result (b).
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Fig. 3 Distribution of patients with clinically significant prostate cancer (sigPCa),
clinically insignificant prostate cancer (insigPCa), and no evidence of disease on
biopsy according to 68Ga-PSMA-11 PET/MRI results (a) and according to 68Ga-
PSMA-11 PET/MRI results in correlation to PIRADS classification on multiparametric
resonance magnetic imaging (b). The single false-negative case and the three false-
positive cases shown in part “@” are shown in part “b” under PIRADS 5/negative
PSMA-PET/ MRI and PIRADS 3/positive PSMA-PET/MRI (two cases) and 4/positive
PSMA-PET/MRI (one case), respectively.
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Fig. 4 All three patients with a false-positive PSMA-PET/MRI. From left to right,
prostate MRI sequences T2-weighted and diffusion-weighted images (b value 1000),
fused PET/MRI, representative pathology map with biopsy results, and radical
prostatectomy (RPE) specimen with tumor outlined on hematoxylin and eosin
staining (H&E) and PSMA-IHC (overview and magnification). Bars represent 2.5 mm
in the H&E and PSMA-IHC images and 100 ym in the PSMA-IHC magnified images.
Blue dots in the pathology map correspond to location of needles with clinically
insignificant cancer diagnosed. a 67-year-old patient, with a PSA of 7.3 ng/ml and a
PIRADS 4 lesion on mpMRI. PSMA-PET/ MRI shows one targeted lesion (arrow) in



TEXTO SISTEMATIZADO - 48

the posterior right peripheral zone, where biopsy found ISUP grade group 2 tumor
with up to 1.5-mm length. RPE specimen shows a PSMA-positive ISUP grade group
3 tumor in the PSMA uptake area. b 65-year-old patient, with a PSA of 7.18 ng/ml
and a PIRADS 3 lesion on mpMRI. PSMA-PET/MRI shows one targeted lesion
(arrow) in the anterior zone, where biopsy found ISUP grade group 2 tumor with up to
1.5-mm length. RPE specimen shows a PSMA-positive ISUP grade group 2 tumor in
the PSMA uptake area. c 65-year-old patient, with a PSA of 48.5 ng/ml and a
PIRADS 3 lesion on mpMRI. PSMA-PET/MRI shows two targeted lesions (arrows) in
the transition zone corresponding on biopsy to ISUP grade group 2 tumor up to 5 mm
length, and in the posterior left peripheral zone, where biopsy was negative. RPE
specimen shows a PSMA-positive ISUP grade group 3 tumor in the PSMA uptake

area of the posterior left peripheral zone.

Fig. 5 The only patient with a false-negative PSMA-PET/MRI in our cohort. A 62-
year-old patient with a PSA of 11.38 ng/ml. Top images from left to right are prostate
MRI sequences T2-weighted and diffusion-weighted images and fused PET/MRI
showing a PIRADS 5 lesion in the anterior transition zone (arrows) with no PSMA
uptake. Bottom left image shows the representative pathology map with biopsy
results including two cores with clinically significant cancer in the lesion area (red
dots, ISUP grade group 2 tumor with length up to 10 mm) and many cores with
clinically insignificant cancer (blue dots). Remaining bottom images show one of the

biopsy cores with clinically significant cancer. The tumor is outlined in hematoxylin
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and eosin staining (H&E) and PSMA-IHC (overview and magnification), showing a
virtually PSMA-negative tumor. Bars represent 2.5 mm in the H&E and PSMA-IHC
images and 100 ym in the PSMA-IHC magnified image.

Supplementary material

Online Resource 1

Sample size calculation The sample size was calculated with the assumption that
the sensitivity of PSMA PET would be 15% higher than mpMRI. We determine the
number of patients required to achieve a power of 80% to prove an increase of the
sensitivity by 15% on a significance level of a=5% in this paired design by utilizing the
one-sided MC Nemar test. We used the statistical programming language R to
perform the sample size calculation and the result is that 40 patients are needed.
Imaging protocol All patients underwent a pelvic PET/MRI on a dedicated hybrid
scanner (SIGNA PET/MR, GE Healthcare, Waukesha, WI, USA) 60 minutes after
injection of 85 MBg PSMA and images were transferred to a dedicated review
workstation (Advantage Workstation, Version 4-6 or 4.7, GE Healthcare) for
reporting. To reduce PSMA activity in the bladder, furosemide was injected
intravenously 30 minutes prior to the 68Ga-PSMA-11 injection. PET acquisition for
the whole-body protocol was in 3D time of flight (TOF) mode, two bed positions with
4 min acquisition time per bed position pelvis to the renal vessels. An additional

pelvic frame over 15 minutes was acquired. Based on previous dose reduction
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calculation we concluded that the 15 min scan would allow us to lower the injected
dose to 85 MBq to minimize dose for patients without confirmed cancer (Quantitative
performance and optimal regularization parameter in block sequential regularized
expectation maximization reconstructions in clinical 68Ga-PSMA PET/MR. Ter Voert
EEGW, Muehlematter UJ, Delso G, Pizzuto DA, Miller J, Nagel HW, Burger IA.
EJNMMI Res. 2018 Jul 27;8(1):70. doi: 10.1186/s13550-018-0414-4.). Axial FOV
was of 25 cm, overlap of 24%, matrix 256x256, 2 iterations, 28 subsets, with sharpIR
algorithm (GE Healthcare), and 5 mm filter cutoff. To rule out lymph nodes or distant
metastasis, one more frame with 4 minutes frame-time was be performed up to the
renal vessels. The MRI protocol included specific sequences covering the pelvis: a
high-resolution T1-weighted LAVA-FLEX sequence, T2-weighted fast recovery fast
spin-echo sequence in three planes and diffusion weighted images, detailed in the

table below.
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Axial Axial Axial Axial Coronal Coronal Axial Axsyn. SagT2w
DWI LAVA-  Tiw T2w T2w T2w DCE DWI

EPI FLEX Whole FRFSE- WB RESE. (s Focus T RFSE
(Focus) WB ARC XL FRFSE- (" (D‘“""‘
(Pelvis) (DIXON) (Pelvis) (Peivis) XL yn)
evis (Pelvis)  (Pelvis)
Repetition
time, TR 4000 56 550 5034 5538 5034 6:361 3500 4678
(ms)
Echo time,
673 1327 826 120 120 120 2:376  Minimum 120
TE (ms)
Flip angle,
FA 90 12 111 140 111 140 30 - 140
(degrees)
Acquisition 160 x 344 x 288 x 160 x
atrix 80 p 384x384 300x280 »., 300x280 g 140x70  300x272
Image size 256 x 512 x 512 x 512 x 512 x 512 x 288 x )
(voxels) 256 512 512 512 512 512 192
Slice
thickness 4 3 5 35 5 35 4 4 35
(mm)
Signal 8 0-68 0-5 2 0-5 4 0-35 -
averages
0(6
b-values av.) 0
(sf/mm2) 400 (8 400
and signal  av.) 1000
1500
averages ?00{16 2000
av.)
Diffusion ), Al
direction
Bandwidth o553 166 625 50 909 50 625 250 50
(Hz/pixel)
Acquisition
time 541 0:18 1:44 3:27 0:50 327 3:27 4:05 312
(mm:ss)

Imaging analysis The acquired 68Ga-PSMA-11 PET and MRI images were
transmitted to a dedicated review workstation (Advantage Workstation, Version 4.6 or
4.7, GE Healthcare), which enables the review of the 68Ga-PSMA-11 PET and the
MRI images side by side and in fused mode. All scans were analysed by a double-
boarded nuclear medicine physician and radiologist, specialist in pelvic imaging, with

10 and 5 years of experience (IAB, MM), incorporating both the MRI and 68Ga-
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PSMA-11 PET information. The readers had access to clinical information for the
readouts. Dual board certified nuclear physicians and radiologists interpreted the
scans, taking zonal anatomy based on T2- MRI into account. Lesions were
considered suspicious if there was focal PSMA-uptake higher than local background.
Readers were aware of potential pitfalls, such as increased uptake in prostatitis or in
the central zone to avoid false-positive findings (Pizzuto et al. The central zone has
increased 68Ga-PSMA-11 uptake: «Mickey Mouse ears» can be hot on 68Ga-PSMA-
11 PET. EJNMMI, 2018). PSMA-negative lesions seen only on the MRI component

were considered as negative.

Table S1 Classification of patients that had up to three lesions with different
classifications

Lesion 1 Lesion 2 Lesion 3 Patient

classification
Patients TP FP or FN — TP
with 2
lesions FN FP - FN
Patients TP FPorFN FPorFN TP
with 3
lesions FN FPorFN FPorFN FN

TP= true positive; FP= false positive; FN= false negative. Patients classified as false

positive had only false-positive lesions.

Table S2 Distribution of patients with sigPCa, insigPCa and no cancer, based on
biopsy, according to PIRADS, ISUP grade groups and PSMA-PET/MRI result using

the criteria for clinically significant prostate cancer as tumours with ISUP grade = 2.

sigPCa insigPCa No cancer
PIRADS
3 3 (10%) 1(25%) 3 (43%)
4 17 (55%) 3 (75%) 4 (57%)
5 11 (35%) 0 0
ISUP
1 0 4 (100%)
2 12 (39%) -
3 9 (29%)
4 8 (26%)
5 2 (6%)
PSMA-PET/MRI
Positive 27 (87%) 1(25%) 0
Negative 4 (13%) 3 (75%) 7 (100%)
Total 31 2 7

sigPCa = clinically significant prostate cancer; insigPCa = clinically insignificant

prostate cancer
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Table S3 Performance of PSMA-PET/MRI for biopsy guidance, given patient-based
for PSMA-PET/MRI imaging findings and PET-targeted cores, and lesion-based,
using the criteria for clinically significant prostate cancer as tumours with ISUP grade
2.

Patient-based

Patient-based targeted cores

Lesion-based

Sensitivity 87% (27/31) 68% (21/31) 66% (33/50)
Specificity 91% (10/11) 91% (10/11) -

PPV 96% (27/28) 75% (21/28) 87% (33/38)
NPV 71% (10/14) 71% (10/14) -
Accuracy 88% (37/42) 74% (31/42)

PPV= positive predictive value; NPV= negative predictive value. For the targeted
cores analysis, values were calculated as if patients with a negative PSMA-PET/MRI
were not submitted to biopsy and patients with a positive PSMA-PET/MRI underwent
only PSMA-PET/MRI targeted biopsy. Lesion-based specificity and NPV cannot not
be calculated since patients with negative PSMA-PET/MRI and no significant cancer

on biopsy have, per definition, no lesion.

Online Resource 2

Example of PSMA -PET/MRI targeted biopsy. (A) PSMA -PET/MRI of a 57 years -
old patient with prostate specific antigen (PSA) level of 15 ng/ml and a PIRADS 5
lesion on previous multiparametric resonance magnetic imaging (MRI) showing two
suspicious lesions with high PSMA uptake (SUVmax 19.3 on the right and 13.5 on
the left lesion) with hipointense signal on T2 -weighted MRI sequence. (B) DICOM file
inserted by the urologist in the MRI -US machine, prepared by the nuclear physician
who outlined the two suspicious lesions on PET for biopsy targeting. (C)
Representative prostate map with targeted lesions delineated in blue and green
according to the DICOM file. Each number represent a biopsy sample, the position of
needles with clinically significant cancer (ISUP grade 4 on the right and 3 on the left)

and clinically insignificant cancer are marked by red and blue dots, respectively.
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Online Resource 3

False-negative PSMA -PET/MRI lesions based on biopsy. From left to right,
prostate magnetic resonance imaging (MRI) sequences diffusion - weighted T 2 -
weighted images, fused PET/MRI and representative pathology map with biopsy
results in which red and blue dots correspond to the location of needles with clinically
significant cancer and clinically insignificant cancer, respectively. Table 4 shows the

biopsy and radical prostatectomy findings for each lesion.
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Online Resource 4

False-positive PSMA-PET/MRI lesion based on biopsy. From left to right, prostate
magnetic resonance imaging (MRI) sequences diffusion-weighted T2-weighted
images, fused PET/MRI, and representative pathology map with biopsy results in
which red and blue dots correspond to the location of needles with clinically
significant cancer and clinically insignificant cancer, respectively. False-positive
target lesions are pointed out by arrows. Images F and G belong to the same patient,
who had two false-positive lesions on PSMA-PET/MRI. Table 4 shows the biopsy and
radical prostatectomy specimen findings, as well as the maximum standardized

uptake value (SUVmax) for each lesion.
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3.3 PUBLICACAO 2

FERRARO DA, Hotker AM, Becker AS, Mebert |, Laudicella R, Baltensperger A,
Rupp NJ, Rueschoff JH, Muller J, Mortezavi A, Sapienza MT, Eberli D, Donati
OF, Burger IA. 68Ga-PSMA-11 PET/MRI versus multiparametric MRI in men
referred for prostate biopsy: primary tumour localization and interreader
agreement. Eur J Hybrid Imaging. 2022 Jul 18;6(1):14.

O estudo publicado consistiu em uma analise retrospectiva dos dados da
coorte do primeiro estudo, tendo como objetivos comparar o %Ga-PSMA-11
PET/RM com a RMmp quanto a capacidade de localiza¢cdo do tumor primério e a
concordancia interobservador e investigar a correlacdo dos parametros
semiquantitativos de ambos os métodos com o grau tumoral, além de investigar
histologicamente os casos de discordancia entre o 8Ga-PSMA-11 PET e a RMmp
com analise da peca cirurgica derivada da prostatectomia, quando disponivel.

Dos 42 pacientes participantes do primeiro estudo, trés tiveram que ser
excluidos devido a impossibilidade de analise das imagens da RMmp, sendo
estudados 39 pacientes. Os exames de ®®Ga-PSMA-11 PET/RM e RMmp foram
lidos por dois especialistas em cada modalidade que, para cada lesao, definiram
uma classificagcdo de acordo com o sistema PIRADS v2.1 para a RMmp e com
uma escala adaptada para o %Ga-PSMA-11 PET e coletaram parametros
semiquantitativos (valor de captacdo padronizado maximo [SUVmax] e PSMA
volume para o ®®Ga-PSMA-11 PET e diametro da lesdo e coeficiente de difusdo
aparente [ADC] para a RMmp). Para andlise, o resultado da leitura foi
dicotomizado em positivo e negativo e comparado com o resultado da bidpsia
numa analise por lesdo e baseada em quadrantes da prostata. No contexto pré-
biépsia considerou-se adequado privilegiar a sensibilidade mesmo que em
detrimento da especificidade, portanto na dicotomizacdo o escore 3 foi incluido
junto aos escores 4 e 5 e considerado positivo, sendo os escores 1 e 2
considerados negativos para ambos os meétodos.

A distribuicdo dos quadrantes com cancer clinicamente significante e a
acuracia dos dois métodos ndo mostrou diferenca estatisticamente significativa,
com acuracia de 83,3 % para o 8Ga-PSMA-11 PET e 81,4 % para a RMmp (p =
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0,56) e a concordancia interobservador da analise visual foi substancial em
ambos os métodos. A analise dos parametros semiquantitativos demonstrou
correlacdo com o grau tumoral dos parametros do ®8Ga-PSMA-11 PET mas nao
dos parametros da RMmp e houve alta concordéancia interobservador para os
parametros do %8Ga-PSMA-11 PET e para o didmetro tumoral e moderada para
ADC.

Em relagdo a analise dos casos discordantes entre os dois métodos ou
destes com a bidpsia, cabem os seguintes destaques:

- A maioria dos quadrantes (4/5) falso-positivos na imagem em que %8Ga-

PSMA-11 PET e RMmp discordaram da bidpsia (negativa) consistiu na
realidade em um erro do resultado da biopsia, sendo comprovada a
existéncia de cancer na peca cirurgica.

- A maioria dos quadrantes (9/12) falso-negativos na imagem em que
68Ga-PSMA-11 PET e RMmp discordaram da biépsia (positiva) teve
neoplasia confirmada na peca cirdrgica, predominantemente Gleason
3+4. Houve casos (2/12) em que a peca cirurgica foi de acordo com 0s
métodos de imagem e mostrou auséncia de neoplasia no quadrante
com bidpsia positiva, o que pode ter sido causado por uma ma
identificacdo do quadrante biopsiado, por exemplo por distorcao
arquitetural da prostata no momento da biépsia.

- Na maioria dos quadrantes (8/9) em que a RMmp foi positiva e %8Ga-
PSMA-11 PET negativo, a biépsia ou peca cirargica confirmou a
presenca de cancer.

- Em todos os quadrantes (12/12) com %Ga-PSMA-11 PET positivo e
RMmp negativa, a biopsia ou peca cirdrgica confirmou a presenca de
cancer.

Em conclusdo, o estudo mostrou acuracia semelhante e alguma
complementariedade entre o 8Ga-PSMA-11 PET/RM e a RMmp na localizagdo
da leséo primaria de cancer de prostata, bem como concordancia interobservador
substancial para ambos os métodos. O estudo também mostrou correlacdo entre
0s parametros semiquantitativos do %8Ga-PSMA-11 PET e o grau tumoral, ao
contrario dos paradmetros da RMmp.

Segue-se o texto do artigo conforme publicado originalmente em inglés na

referéncia acima mencionada:
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Abstract

Background: Magnetic resonance imaging (MRI) is recommended by the European
Urology Association guidelines as the standard modality for imaging-guided biopsy.
Recently positron emission tomography with prostate-specific membrane antigen (PSMA
PET) has shown promising results as a tool for this purpose. The aim of this study was to

compare the accuracy of positron emission tomography with prostate-specific membrane



TEXTO SISTEMATIZADO - 60

antigen/magnetic resonance imaging (PET/MRI) using the gallium-labeled prostate-
specific membrane antigen (68Ga-PSMA-11) and multiparametric MRI (mpMRI) for pre-
biopsy tumour localization and interreader agreement for visual and semiquantitative
analysis. Semiquantitative parameters included apparent diffusion coeficient (ADC) and
maximum lesion diameter for mpMRI and standardized uptake value (SUVmax) and
PSMA-positive volume (PSMAvol) for PSMA PET/MRI. Results: Sensitivity and specificity
were 61.4% and 92.9% for mpMRI and 66.7% and 92.9% for PSMA PET/MRI for reader
one, respectively. RPE was available in 23 patients and 41 of 47 quadrants with
discrepant findings. Based on RPE results, the specificity for both imaging modalities
increased to 98% and 99%, and the sensitivity improved to 63.9% and 72.1% for mpMRI
and PSMA PET/MRI, respectively. Both modalities yielded a substantial interreader
agreement for primary tumour localization (mpMRI kappa=0.65 (0.52-0.79), PSMA
PET/MRI kappa=0.73 (0.61-0.84)). ICC for SUVmax, PSMAvol and lesion diameter were
almost perfect (=0.90) while for ADC it was only moderate (ICC=0.54 (0.04-0.78)). ADC
and lesion diameter did not correlate significantly with Gleason score (p=0.26 and p=0.16)
while SUVmax and PSMAvol did (p= -0.474 and p= -0.468). Conclusions: PSMA
PET/MRI has similar accuracy and reliability to mpMRI regarding primary prostate cancer
(PCa) localization. In our cohort, semiquantitative parameters from PSMA PET/MRI

correlated with tumour grade and were more reliable than the ones from mpMRI.

Introduction

Precise diagnosis and risk assessment are of major importance for treatment
planning of prostate cancer (PCa) (American Joint Committee on Cancer and Amin
2017). Tumour diagnosis is based on prostate biopsy (American Joint Committee on
Cancer and Amin 2017; Mottet, et al. 2017). While systematic 12-core ultrasound-
guided biopsy lacks accuracy, saturation biopsy (SB) has a high number of cores
with increased side effects (Loeb et al. 2013). Therefore, MRI-guided biopsy has
been adopted by many centers in addition to systematic biopsy (Kasivisvanathan
et al. 2018; Ahdoot et al. 2020; Ahmed et al. 2017; Elkhoury et al. 2019). Magnetic
resonance imaging (MRI) is recommended by the European Urology Association
guidelines as the standard modality for imaging-guided biopsy (Mottet, et al. 2017)
with reported sensitivity and specificity ranging between 58-96% and 23-87%,
respectively (Futterer etal. 2015). Furthermore, accurate and robust lesion

localization needs good interreader agreement and implementation and continuous
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improvement of the PI-RADS scoring system has significantly improved MRI rates
over time, achieving substantial agreement (Park et al. 2020).

Recently, positron emission tomography with prostate-specific membrane
antigen (PSMA PET) has gained importance in the setting of PCa initial staging,
especially because of its known high sensitivity and specificity for metastasis
(Hofman et al. 2020). Lately, there is an increasing use of the method in treatment-
naive patients. It was shown that staging PSMA PET has a general impact on
management in about 21-29% of patients (Han etal. 2018; Ferraro et al. 2019;
Grubmuller et al. 2018; Roach et al. 2018). Furthermore, studies have shown that the
combination of PET and MRI in PSMA PET/ MRI may have additional value for local
assessment when compared to multiparametric MRl (mpMRI) alone, including 98%
sensitivity for tumour detection without missing important information such as
extraprostatic extension (Muehlematter et al. 2019; Eiber et al. 2016). Primary tumour
localization with PSMA PET/MRI was assessed retrospectively in patients with
biopsy-proven intermediate to high-risk PCa, showing it outperforms mpMRI
(Grubmuller et al. 2018; Eiber et al. 2016; Park et al. 2018; Li et al. 2019). In the pre-
biopsy setting, a recent prospective trial at our institution found PSMA PET/ MRI to
be negative in all seven patients with false-positive findings on mpMRI (Ferraro et al.
2021). The aim of this study was to perform a head-to-head comparison between
mpMRI and PSMA PET/MR for pre-biopsy tumour localization accuracy and
interreader agreement for visual and semiquantitative analysis using transperineal

template saturation biopsy (TTSB) as reference standard.

Patients and methods
Study design

This is a retrospective analysis of data collected within a prospective trial (trial
identification number blinded for review). The original trial aimed to assess PSMA
PET/ MRI diagnostic accuracy for biopsy targeting. The aim of this study is to
compare PSMA PET/MRI with 68Ga-PSMA-11 and mpMRI with respect to accuracy
for primary prostate cancer detection and localization and interreader agreement,
using histopathology from TTSB as reference standard. Patients with elevated PSA
and at least one suspicious lesion on mpMRI (PIRADS v.223) were included in the
trial and underwent PSMA PET/MRI. For this analysis, only patients with available
mpMRI classified as adequate by our radiologist were selected. Thirty-nine of the 42
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previously published patients were included, and three patients were excluded
because of mpMRI imaging not available for a second readout (15). Images were
anonymized and read by four specialists at our institution. Figure 1 illustrates patient

selection.

68Ga-PSMA-11 PET/MRI protocol

All patients underwent a pelvic PET/MRI on a dedicated hybrid scanner
(SIGNA PET/ MR, GE Healthcare, Waukesha, WI, USA) 60 min after injection of
85 MBq PSMA. Detailed protocol has been published previously (Ferraro et al. 2021).
In brief, the PET/MR protocol included specific sequences covering the pelvis: a high-
resolution T1l-weighted 3D-FSPGR sequence, T2-weighted fast recovery fast spin-
echo sequence in three planes and diffusion-weighted images. A 15-min frame over
the prostate was recorded, allowing reducing the dose since patients without
confirmed cancer were included. To reduce PSMA activity in the bladder, furosemide

was injected intravenously 30 min prior to the 68Ga-PSMA-11 injection.

mpMRI

MpMRI acquisition protocol at our institution was already published elsewhere
(Muehlematter et al. 2019). The typical protocol included diffusion-weighted imaging,
T2-weighted fast spin-echo in three planes and dynamic contrast-enhanced imaging
and was in accordance with current guidelines (PI-RADS v2.1). Detailed information

of the mpMRI protocol is given in the supplements.

Imaging analysis

Two readers for each modality (R1-M and R2-M for mpMRI and R1-P and R2-P for
PSMA PET/MRI) analysed anonymized images, blinded for the results of the biopsy or for
the other imaging modality as well as for clinical data. A double board-certified nuclear
medicine physician and radiologist with 10 years of experience (R1-P) and a nuclear
medicine physician with 2 years of experience (R2-P) analysed the PSMA PET/ MRI
images (PET and T2 sequence), and two expert radiologists (Rooij et al. 2016) with 10
(R1-M) and 8 (R2-M) years of experience in interpretation of mpMRI of the prostate
analysed the mpMRI images. Imaging findings were delineated by the readers using a
transaxial prostate map and classified according to PIRADS v2.1 (Turkbey et al. 2019) for
mpMRI and according to an adaptation of the same scale for focal uptake on 68Ga-



TEXTO SISTEMATIZADO - 63

PSMA-11 PET/MRI (1 = no focal uptake; 2 = benign; 3 = undetermined; 4 = suspicious for
malignancy < 1.5 cm; 5 = suspicious for malignancy > 1.5 cm) as illustrated in Fig. 2.
Readers also recorded quantitative parameters for suspected lesions: maximum
standardized uptake value (SUVmax) and PSMA-positive volume (PSMAvol) from PSMA
PET/MRI and from mpMRI diffusion restriction were assessed measuring the mean
apparent diffusion coefficient (ADCmean in 10-3 mm2/s) and lesion size (maximum
diameter) from mpMRI. In the case of artifacts on diffusion-weighted imaging (DWI) from
the mpMRI that would affect ADC measurement, mpMRI readers were allowed to use the
ADC data set from the PSMA PET/MRI study for quantitative analysis, without access to
the PET images (n=7) (Donati et al. 2014).

Standard reference and histology-imaging matching

Section-based TTSB was performed under general anesthesia by board
certified urologists with a minimum of 2 years of experience in fusion-guided biopsies
as described previously (Mortezavi et al. 2018). Cores were taken throughout the
prostate according to the modifed Barzell zones (20 sectors) with number of cores
adapted to the prostate volume (Kanthabalan etal. 2016). All biopsies and
prostatectomy specimens were analysed by one of the genito-urinary pathologists,
with 9 and 11 years of experience for Gleason score (GS) and International Society
of Urological Society (ISUP) grade groups (Epstein et al. 2016). In case of discordant
results between PSMA PET/MRI or mpMRI and TTSB results in patients who
underwent a clinically indicated prostatectomy, final GS/ISUP grade groups and
lesion location from radical prostatectomy (RPE) specimen were analysed for
possible explanations of false-positive or negative results, but since RPE was not
available in all patients, this information was not used for the primary accuracy
calculation with TTSB as the sole reference standard. We however further
investigated every quadrant with discrepant results between imaging modalities or
imaging and TTSB for the RPE result and calculated a secondary accuracy based on
the mixed standard.

Lesions delineated by the more experienced reader from each modality were
matched with the TTSB map automatically generated by the fusion software (Fig. 2).
For both PSMA PET/MRI and mpMRI, readouts scores 1 and 2 were considered as
negative and 3, 4 and 5 as positive for suspicious lesions. Because there are no

clear anatomic landmarks to delineate the quadrants, lesions involving the anterior
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and posterior ipsilateral quadrants were considered as matching between imaging
and histology if the main part of the lesion was delineated in the positive quadrant on
histology. However, this concession was not made for lesions crossing the midline,
because involvement of both lobes has prognostic value and therefore is relevant
information on imaging. Clinically significant PCa (csPCa) was defined as GS=3+4
(ISUP=2) (Mottet et al. 2017; Briganti et al. 2018).

Data analysis and statistics

Descriptive statistics and frequencies were calculated in Excel (Excel2016,
Microsoft, USA) and presented as median (interquartile range (IQR) Q1, Q3) and mean
(zstandard deviation (SD)). Gleason score (GS) and quadrant localization of lesions
(data concatenated into quadrants anterior right, anterior left, posterior right, posterior
left) were compared to the lesions delineated by the two more experienced readers to
define the accuracy of PSMA PET/MRI and mpMRI using accuracy tables and was
compared using the area under the curve (AUC) from clustered receiver operating
characteristic curves (ROC) data with DelLong test. Interreader agreement was
calculated per quadrant using Cohen’s kappa for dichotomized data (1, 2 = negative and
3, 4, 5 = positive). Intraclass correlation coefficient (ICC) of semiquantitative parameters
was calculated per imaging findings (regardless of score on imaging) only for the
findings in common for the two readers of each modality. Interreader coefficients were
categorized according to Landis and Koch as poor (less than 0.20), fair (0.21-0.40),
moderate (0.41-0.60), substantial (0.61-0.80) or almost perfect agreement (0.81-1.00)
(Landis and Koch 1977). Percentage of interreader agreement for each PIRADS
category or PET score category was calculated dividing the number of quadrants
classified as a certain category by both readers by the number of quadrants classified as
that category by at least one of the readers. Correlations between semiquantitative
parameters and GS were based on the readout of the more experienced readers using
Spearman’s rank correlation, and GS was included as a continuous parameter for
patients with cancer on biopsy, separating GS 7 in 3+4 and 4+3. All statistical
computations were performed using R version 4.0.5 (R Foundation for Statistical

Computing, Vienna, Austria).

Results

Thirty-nine consecutive patients were included (Fig. 1). Table 1 shows patient
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characteristics at study inclusion. Median interval between mpMRI and PSMA
PET/MRI was 14 days (IQR 2, 78) and between biopsy and last performed imaging
eight days (IQR 6, 17). RPE was available in 23 patients.

Biopsy

Median number of biopsy cores was 43 (IQR 38, 44). TTSB showed csPCa in
29/39 patients (74.3%), in 57/156 quadrants (36.5%). In 11 patients, csPCa was
found in only one quadrant, in nine patients in two quadrants, in eight patients in
three quadrants, and in one patient all four quadrants were positive for csPCa on
TTSB. GS 3+4 (ISUP 2), 4+3 (ISUP 3), 4+4 (ISUP 4) and 4+5 (ISUP 5) were found in
30, 14, 11 and two quadrants, respectively. Among the quadrants without csPCa, GS
3+3 (ISUP 1) was found in 15/99 (15%)).

mpMRI and 68Ga-PSMA-11 PET/MRI results

MpMRI was positive (PIRADS v2.123) in 42 quadrants (27%, 42/156). PSMA
PET/MRI was positive in 45 quadrants (29%, 45/156). Table 2 shows the quadrant-
based accuracy for detection of csPCa for both modalities and Fig. 3 shows readout
results in relation to biopsy findings, using the results from the two more experienced
readers. Results of all four readers are given in the supplements (Additional file 1:
Table S1). MpMRI and PSMA PET/MRI were concordant in 135 quadrants regarding
suspicion for csPCa (positive or negative) (86.5%, 135/156). Both were negative in
102 gquadrants (65%, 102/156): 90 true-negative (88%, 90/102) and 12 false-negative
(12%, 12/102). Both were positive in 33 quadrants (21%, 33/156): 28 true-positive
(85%, 28/33) and 5 false-positive (15%, 5/33).

MpMRI and PSMA PET/MRI were discordant in 21 quadrants: only mpMRI was
positive in nine (seven true-positive, two false-positive), and only PSMA/PET/MRI was
positive in 12 (10 true-positive, two false-positive). Figures 4 and 5 show imaging and
histopathological findings of some illustrative cases in which imaging modalities were
discordant or there was discordance between images and TTS, respectively. RPE
specimen was available for analysis in 18 of these patients. Detailed information about
false-positive and false-negative cases as well as RPE results can be found in Tables 3
and 4.

In a per quadrant analysis, performing PSMA PET instead of mpMRI prior to
biopsy leads to detection of 10/156 (6.4%) additional quadrants and miss 7/156
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(4.5%) quadrants harboring csPCa assessed by TTPB. These seven false-negative
guadrants in PSMA were graded after TTPB as GS 3+4=7 (ISUP 2) in five cases, GS
4+3=7 (ISUP 3) in one case and GS 4+4=8 (ISUP 4) in one case.

Semiquantitative results
Correlation between semiquantitative parameters and GS is also shown in
Table 5, with significant correlation for both PET parameters (SUVmax and PSMAvol)

but no association between GS with size or ADC values on mpMRI.

Interreader agreement

Both modalities yielded a substantial interreader agreement for primary tumour
localization per quadrant (Table 2). The main reason of discordance was that the
less-experienced readers considered as suspicious lesions that were not suspicious
for the more-experiences readers, which occurred in 13 quadrants in mpMRI and 11
quadrants in PSMA PET/MRI. Most of these quadrants (8/13 in mpMRI and 9/11 in
PSMA PET/ MRI) were proven negative by TTSB resulting in a lower specificity for
the less-experienced readers (Additional file 1: Table S1). The score that held the
highest disagreement rates was score 3, with an agreement rate of 13.3% for mpMRI
(2/15 quadrants) and no agreement for PSMA PET (0/5 quadrants). MpMRI and
PSMA PET/MRI agreement rates for scores 1 and/or 2 were 82% and 85%,
respectively, and for scores 4 and/or 5 was 54% and 74%, respectively. Reasons for
disagreement on PSMA PET/MRI included physiological uptake in the central zone
and uptake close to the urethra that was misinterpreted by the less-experienced
reader.

Interreader agreement for semiquantitative parameters was based on 31
lesions on mpMRI (31 common lesions for both readers, R1-M reported additional 10
lesions and R2-M reported 8), and 50 lesions were reported on PSMA PET/MRI by
both readers (R1-P reported 5 and R2-P reported 9 additional funding). Lesion size
on mpMRI as well as PSMA PET/MRI semiquantitative parameters yielded an almost

perfect interreader agreement while for ADC it was only moderate (Table 5).

Secondary analysis of quadrants with discrepant findings between imaging
and biopsy
RPE was available in 23 of the 38 quadrants with discrepant findings (false-
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negative or false-positive on mpMRI or PSMA PET (Table 3) or on both (Table 4)).
For those quadrants without RPE available, TTSB remained the standard reference.
Of the 12 quadrants that were false-negative on both imaging modalities, further
workup with RPE showed that two had no cancer (biopsy GS 3+4 and 4+3, ISUP 2
and 3). Eight quadrants were confirmed as GS 3+4 (ISUP 2) disease and one
quadrant harbored a lesion with GS 4+3 (ISUP 3). Among the five quadrants that
were false-positive on PSMA PET/MRI and mpMRI, RPE was available in four,
showing GS 3+4 (ISUP 2) or GS 4+3 (ISUP 3) disease in all of them. Among the 21
quadrants with disagreement between mpMRI and PSMA PET/MRI, RPE showed
true-positive lesions in 10 quadrants on PSMA PET/MRI and five quadrants on
mpMRI. One quadrant negative on biopsy showed GS 4+3 (ISUP 3) cancer on RPE
(true-positive on PSMA PET/MRI with PIRADS 1 on mpMRI). Taking the
discrepancies between biopsy results and RPE into account, the sensitivity and
specificity of reader one for mpMRI would rise to 63.9% and 94.7%, and for PSMA
PET/MRI to 72.1% and 96.8%, respectively.

Discussion

Per-quadrant accuracy for tumour localization before biopsy did not differ
significantly for mpMRI and PSMA PET/MRI, with sensitivities of around 61% and
67%, respectively, and specificity of = 93% for both methods. Interreader agreement
for lesion localization was substantial for both modalities but slightly higher for PSMA
PET/MRI compared to mpMRI (0.73 vs 0.65). PSMA PET/MRI semiqguantitative
parameters (SUVmax and PSMAvol) had an almost perfect interreader agreement as
well as lesion size on mpMRI, while for ADC it was only moderate. Furthermore,
SUVmax and PSMAvol correlated with biopsy GS, but mpMRI semiquantitative
parameters did not. Our findings suggest PSMA PET/MRI could be used to guide
biopsy in patients with suspicious prostate cancer, with similar accuracy and reliability
in comparison with mpMRI regarding lesion localization, but with a more robust
assessment of lesion aggressiveness by semiquantitative parameters.

The relatively lower per-quadrant accuracy for primary tumour localization on
PSMA PET/MRI compared to our previously published per-patient accuracy (83.3%
vs 88.0%) (Ferraro et al. 2021) is in concordance with other results. Eiber et al.
reported 98% tumour detection with PSMA PET/MRI on a patient basis but only 76%

of sensitivity for lesion localization in prostate per sextants (Eiber et al. 2016), and
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Park et al. reported a sensitivity of around 85% using per-lobe localization (Park et al.
2018). Bodar et al. reported a significant drop in sensitivity and specificity in their
cohort from 84.4 to 61.4% and from 97 to 88%, respectively, when using more
stringent criteria of tumour localization with PSMA PET/CT using 12 prostate regions
(Bodar et al. 2020). This drop in accuracy might also reflect the limitation of TTSB as
a reference standard.

Furthermore, the current results also point out that TTSB as a reference
standard has limitations. Incorporating the RPE results for all quadrants with
discrepant findings was rising the specificity for both imaging modalities to around
95% (mpMRI) and 97% (PSMA PET/MRI). Also, the sensitivity improved for both
imaging methods, from around 61 to 64% for mpMRI and from around 67 to 72% for
PSMA PET/MRI, respectively. Given that several patients did not have any evidence
for significant PCa on imaging or biopsy, despite the initial PIRADS 3 lesions on the
clinical read out of the mpMRI, we could not incorporate RPE systematically within
this study. However, the observation reflects the limitation of TTSB, which despite
being the most accurate way to study the prostate through biopsies still has a
substantial disagreement with RPE results (Crawford et al. 2013). Causes of false-
positive and false-negative results on PSMA PET/MRI in this cohort were already
published and discussed elsewhere (Ferraro et al. 2021).

MpMRI PIRADS version 2 interreader agreement has been extensively
assessed in the literature. In a meta-analysis including 4095 patients, Greer et al.
(2019) found substantial interreader agreement using score 4 as cutoff but observed
fair to moderate agreement using score 3. They also found significant variation
associated with reader experience. Similarly, we have observed a low interreader
agreement on lesions classified as PIRADS 3, and in our cohort, reader experienced
affected specificity more than sensitivity. Furthermore, a high agreement of 82—-85%
on negative quadrants was already reported by Brembilla et al. (2020), which
matches well our result of 82%.

PSMA PET interreader agreement is known to be high for primary tumour
detection and agreement for T, N and M range from substantial to almost perfect in
the literature (Basha et al. 2019; Fendler et al. 2017; Toriihara et al. 2020). Therefore,
we expected it to be high in the pre-biopsy context for primary tumour localization,
which is crucial in the biopsy-guidance setting. Our results indeed show substantial

agreement for both primary tumour detection and its localization but also draw
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attention to some pitfalls on PSMA PET/MRI such as physiological uptake in the
central zone (Pizzuto et al. 2018) or uptake close to the urethra, which can potentially
mislead readers that lack MRI training despite of awareness of the potential pitfalls.

The full potential of semiquantitative measures on imaging is still under
investigation. SUVmax correlation to GS has been shown before (Uprimny et al.
2017) as well as to presence of lymph node metastasis (Ferraro 2019). In fact,
SUVmax reflects the tumour PSMA expression (Woythal etal. 2018), which
correlates to tumour aggressiveness and has prognostic value (Paschalis et al. 2019;
Hupe et al. 2018). In our cohort, both SUVmax and PSMAVvol positively correlated
with GS on TTSB. While an inverse correlation between mpMRI ADC value and GS
can be demonstrated in large meta-analysis (Shaish et al. 2017), ADC more strongly
correlates with other cellularity metrics/differences in tumour architecture (Chatterjee
et al. 2015). As expected, in our cohort however, neither ADC nor tumour size on
mpMRI correlated significantly with GS. Furthermore, ADC had the lowest interreader
agreement, suggesting overall that parameters derived from PSMA expression and
tumour size are more robust for prediction of GS.

Important considerations must be made about PSMA PET/MRI. It is not an
ionizing radiation-free modality, it is not widely available, and no study so far
assessed its cost-effectiveness in the pre-biopsy setting of PCa. This study showed
that PSMA PET/ MRI can localize the primary tumour with similar accuracy to mpMRI
read by a dedicated genitourinary radiologist and it has substantial interreader
agreement. However, further studies are needed to determine which patients could
benefit from it in clinical routine. Interestingly, in the present readout 11 of 39 patients
that had a PIRADS=3 lesion on clinical read out were considered as not suspicious
(PIRADS 1/2) by Reader 1. This probably reflects the higher accuracy of mpMRI read
by a dedicated genitourinary radiologist compared to clinical reports, whose positive
predictive value can vary widely (Westphalen et al. 2020). Interestingly, this seems to
be less problematic on PSMA PET/ MRI, since a nuclear medicine physician without
specific MRI training with two years of experience was able to reach a moderate
interreader agreement.

Limitations of this study include its retrospective nature, the lack of whole
mount prostatectomy specimens as standard of reference and the quadrant-based
approach. These limitations were partially mitigated by using TTSB with an extensive

number of cores (median 43) and a careful readout by a nuclear physician and a
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radiologist together to defiine quadrant status as positive or negative based on
matching histopathology and lesions delineated on the imaging readouts. Another
drawback is the lack of validation for the 5-point score used for PSMA PET/MRI,
which was chosen to allow a direct comparison between the two imaging modalities.
Finally, inherent limitations of using score 3 as cutoff for positive quadrants must be
acknowledged since its impact in accuracy was already shown for mpMRI (Wadera
et al. 2021). However, we believe this is the most reasonable approach for patients
imaged in the pre-biopsy setting, in which targeting a false-positive lesion would
probably bring less harm than failing to target a csPCa lesion or dismissing from

biopsy a patient with csPCa.

Conclusion

PSMA PET/MRI has similar accuracy and reliability to mpMRI regarding
primary PCa localization. Semiquantitative parameters from PSMA PET/MRI
correlated with tumour grade and were more reliable than the ones from mpMRI.
Further studies are needed to determine which patients could benefit from pre-biopsy
PSMA PET/MRI in clinical routine.
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Tables

Table 1 Patient characteristics at study inclusion (n=39)

Characteristics Value

Age (years)

Mean=+5SD 6446
Median (IQR) 65 (59-68)
PSA at time of PET scan (ng/ml)

Mean=+5D 9947
Median (IQR) 7.1(6.3-104)
PIRADS* 2.0 1 (%)

3 5 (13%)

4 24 (61%)

5 10 (26%)

* Refers to mpMRI clinical report used for inclusion in the study

Table 2 Per-quadrant accuracy and interreader agreement results for PSMA
PET/MRI and mpMRI for detection of csPCa
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PSMA PET/MRI mpMRI p value

AUC (95% CI) 0.80(0.73,0.86) 077 (0.71,0.83) 0.56
Sensitivity 66.7% 61.4%

Specificity 92.9% 92.9%

PPV 84.4% 83.3%

NPV 82.9% 80.7%

Accuracy 83.3% 81.4%

Cohen'’s Kappa coefficient* (95%  0.73 (0.61-0.84) 065 (0.52-0.79)

cl

AUC, area under the receiving operator characteristics curve; Cl, confidence interval; csPCa, clinically significant prostate
cancer; NPV, negative predictive value; PPV, positive predictive value

*Calculated considering readout scores 1 and 2 as negative and 3, 4 and 5 as positive

Table 3 Imaging and histopathological fndings of quadrants with disagreement
between PSMA PET/MRI and mpMRI (n=21%)

Quad mpMRI PIRADS PSMA PET/ Biopsy ISUP Final diagnosis

MRI score
Pat. 1 4 2 4 2 No RPE. PSA dropped after HIFU
Pat. 8 1 1 4 1 ISUP 2
Pat. 11 172 11 4/4 2/3 ISUP 3
Pat. 11 3 2 4 3 ISUP 3
Pat. 22 4 1 5 3 No follow up or RPE
Pat. 24 2 1 4 No cancer ISUP 3
Pat. 30 1/4 171 4/4 2/4 ISUP 2/ISUP 4
Pat. 32 4 1 4 2 ISUP 3
Pat. 35 2 1 3 2 ISUP 2
Pat. 42 1 1 4 2 ISUP 2
Pat. 6 3 5 1 No cancer No follow up or RPE
Pat. 10 1 5 1 3 ISUP 3
Pat. 17 3 3 1 No cancer No cancer
Pat. 19 4 4 2 2 ISUP 3
Pat. 26 2 5 1 4 ISUP 2
Pat. 33 3 4 1 2 ISUP 2
Pat. 39 172 5/5 1 2/2 No RPE. IHC of biopsy cores
showed PSMA-negative tumour
Pat. 42 3 3 1 2 ISUP 2 (infiltrative pattern)

HIFU, high intensity focused ultrasound; IHC, immunohistochemistry staining; Pat., patient; Quad, quadrant; RPE, radical
prostatectomy

" PSMA PET positive in 12 and mpMRI in 9

Table 4 Imaging and histopathological fndings of the quadrants in which both
imaging modalities. (PSMA PET/MRI and mpMRI) disagree with template biopsy

results (n=17 quadrants)
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Quad Imaging mpMRIPIRADS PSMAPET/ Biopsy ISUP Final diagnosis
MRI score

Pat.4 3 FN 1 1 2 No follow up or RPE
Pat.7 1 FN 1 1 3 (1 mm) No cancer
Pat. 16 1/4 FN 1/1 1/2 3/2 ISUP 2
Pat.17 4 FN 1 1 2 ISUP 2
Pat.24 3 FN 1 1 2(2mm) No cancer
Pat.26 1 FN 1 1 4 ISUP 2
Pat.31 4 FN 1 1 2 ISUP 2
Pat.33 1 FN 1 1 2 ISUP 3 (infiltrative pattern)
Pat.34 2 FN 1 1 2 (2mm) ISUP 2 (1 mm)
Pat.40 2 FN 1 1 4 ISUP 2
Pat.41 4 FN 2 1 2 ISUP 2
Pat.8 4 FP 4 4 1 ISUP 2
Pat.23 4 FP 3 3 1 (several cores, 7 mm)  No follow up or RPE
Pat.34 1 FP 4 4 No cancer ISUP 3
Pat.35 3 FP 3 4 No cancer ISUP 3
Pat.38 1 FP 5 4 No cancer ISUP 2 (8 mm, foamy dif-

ferentiation)

FN, false-negative; FP, false-positive; Pat., patient; Quad, quadrant; RPE, radical prostatectomy

Table 5 Semiquantitative parameters

Median (IQR) Mean (+SD) ICCR1 x R2 Correlation with GS
SUV oy 6.8 (4.7,10.5) 102 (£123) 0.99 (0.99, 0.99) p=0474 (p=0.002)
PSMA, 0.8 (04,06) 18(£21) 0.90 (0.83,0.94) 0 =0468 (p=0.003)
ADC 832.5 (688.8, 966.3) 836.3 (£263.9) 0.54 (0.04,0.78) p=—0.182(p=026)
Size* 13(1,1.6) 14 (£06) 0.90(0.8,0.95) 0=0.220 (p=0.16)

Median, mean and correlation with GS based on results from the more experienced reader

GS, Gleason score; I0R, interquartile rage (Q1, Q3); ICC, intraclass correlation coefficient; R1, reader 1; R2, reader 2; SD,
standard deviation

" On mpMRI

Figures
Fig. 1 Patient selection. After signing the informed consent, three patients refused
PSMA PET/MRI and other four patients gave up participation before the biopsy.

mpMRI images from three patients were not available for review
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High PSA level
and PIRADS = 3
on mpMRI report

l

INCLUSION
49

['brOP OUT |

6Ga-PSMA-11
PET/MRI
46

DROP OUT
4

68Ga-PSMA-11
PET/MRI-targeted
and template biopsy
42

mpMRI images
not available
3

39 patients
included

Fig. 2 Example of the method used for lesion localization. A Readout of PSMA
PET/MRI by one of the readers with the prostate gland divided in 4 quadrants (Q1:
anterior right; Q2: anterior left; Q3: posterior left and Q4: posterior right). The reader
delineated three areas of 68Ga-PSMA-11 uptake and labeled area 1 as suspicious
for malignancy and areas 2 and 3 as benign/physiological. B 68Ga-PSMA-11
PET/MRI images of this patient show physiological bilateral uptake in the central
zone (arrows) and a suspicious area with intense uptake in the posterior peripheral
zone on the left (D). C histopathological map automatically generated by the biopsy
fusion software with numbered biopsy cores, red spots represent the localization of
needles with Gleason score=3+4, confrming the suspicious lesion on Q3 and
showing another lesion on Q1 not depicted on PSMA PET/MRI. For the analysis , Q1
was considered false-negative, Q2 true-negative, Q3 true-positive and Q4 false-

negative (lesion crossing the midline not depicted by imaging)
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Fig. 3 Imaging fndings in relation to biopsy results. Quadrant-based (n=156) biopsy
results in relation to PIRADS on mpMRI and to an adaptation of the same scale for
focal uptake on PSMA PET/MRI (1=no focal uptake; 2=benign; 3=undetermined,;
4=suspicious for malignancy<1.5 cm; 5=suspicious for malignancy>1.5 cm).
csPCa=clinically signifcant cancer (red, GS=3+4); ciPCa=clinically insignifcant cancer

(blue, GS 3+3)

mpMRI PSMA-PET/MRI
120% 120%

100%

1 2 100% 4
2
80% 80%
4
60% 75 60% 68 12
40% 40%
v I o BN
0%
1 2 3 4 1 3 4 5

0%
2

msigPCa minsigPCa ' no cancer msigPCa minsigPCa  no cancer

Fig. 4 Imaging and histopathological fndings of cases with discordance between
PSMA PET/MRI and mpMRI fndings. Each line corresponds to one patient. From left
to rightt mpMRI readout, DWI, T2-w, PSMA PET/MRI readout, fusion PSMA
PET/MRI and template biopsy map. Readouts:.lesions in red were classifed by the
readers as suspicious while the ones in green were classifed as non-suspicious.
Template biopsy maps: red dots correspond to GS=3+4 biopsy cores and blue dots
to GS 3+3. A The lesion in the left posterior quadrant was depicted on both mpMRI
and PSMA PET, corresponding to csPCa on template biopsy, but the two lesions in

the right quadrants were only seen on PSMA PET (arrow in the anterior one). B
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PSMA PET and mpMRI were concordant regarding the lesions in the anterior right
and posterior left quadrants but the apex lesion crossing the midline to the posterior
right quadrant was only seen on PSMA PET (arrow). C The lesion in the right
posterior quadrant was seen on mpMRI but not on PSMA PET because physiological
uptake in the central zones impaired the visual analysis

mpMRI PSMA-PET
A B

Fig. 5 Imaging and histopathological fndings of cases in which imaging fndings of
both mpMRI and PSMA PET were false-positive or false-negative using template
biopsy as reference standard. Each line corresponds to one patient. From left to right:
mpMRI readout, DWI, T2-w, PSMA PET/MRI readout, fusion PSMA PET/MRI and
template biopsy map. A Both imaging modalities depicted the lesion in the posterior
right quadrant (arrows) but missed the lesion in the anterior right one (Pat. 7). B Both
imaging modalities depicted the lesion in the posterior right quadrant (not shown) but
missed the left one and PSMA PET was also false-positive for the anterior left
quadrant (arrow). C Imaging was false-positive in the anterior right quadrant, on
mpMRI the lesion seems to cross the midline while in PSMA PET the uptake

suggests a second lesion (arrow)
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PSMA-PET

Supplementary Material Readout sheet layout, Table S1 and mpMRI protocol.
88Ga-PSMA-11 PET/MRI and mpMRI readout sheets

Patient study identification code XXX

PET/MRI
Reader 1

Leson | ‘pswi-taDS" | suumex | pswivol |
1
2
3
4
Patient study identification code XXX
mpMRI
Reader 1
[Lesion | PiRADs _[ADC____sie |
1
2
3
4
Table S1 Per-reader results
PSMA-PET/MRI PSMA-PET/MRI MpMRI MpMRI
R1 R2 R1 R2
Sensitivity 66.7% 61.4% 61.4% 57.9%
Specificity 92.9% 85.9% 92.9% 86.9%
PPV 84.4% 72.9% 83.3% 71.7%
NPV 82.9% 78.7% 80.7% 78.2%
Accuracy 83.3% 76.9% 81.4% 76.3%

R1 were the more experienced ones.



TEXTO SISTEMATIZADO - 81

Multiparametric MRI protocol

At our institution, the typical multiparametric MRI protocol consisted of T2-
weighted fast spin-echo images covering the prostate gland and the seminal vesicles,
which were obtained in three planes (transverse, sagittal, and coronal). Diffusion-
weighted imaging was performed in the transverse plane with identical orientation as
the T2-weighted images. The apparent diffusion coefficient parametric maps were
calculated by using three b values (0, 50, and 1000 sec/mm? or 100, 600, and 1000
sec/mm?). A high-b-value image (1400 sec/mm?) was calculated. Dynamic contrast
material- enhanced MRI was performed to yield transverse sections with a temporal
resolution of less than 8 seconds. Gadoterate meglumine (Dotarem; Guerbet,
Darmstadt, Germany) was used as a contrast agent in a dose of 0.1 mmol per
kilogram of body weight. The typical MRI protocol included T2-weighted images in

three planes, diffusion-weighted imaging, and dynamic contrast-enhanced imaging.
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Em relacdo ao principal achado dos estudos, o %8Ga-PSMA-11 PET/RM
apresenta alta acuracia na deteccdo de cancer de prostata clinicamente
significante, sem diferenca significativa em relacdo a RMmp para localizacdo de
lesdes primérias nos pacientes com suspeita de neoplasia de préstata. Apesar da
elevada acuréacia, a biépsia guiada por ®8Ga-PSMA-11 PET/RM n&o permite
dispensar biopsia sistematica.

Nesse contexto, considerando que a RMmp faz parte da investigacao
estabelecida do cancer de préstata e que cerca de 6% dos adenocarcinomas de
prostata ndo expressam o PSMA, a investigacdo de pacientes com suspeita de
neoplasia de préstata seria usualmente iniciada pela RMmp e seguida pelo PET-
PSMA, com potencial de ser particularmente Gtil em casos de RMmp duvidosa ou
alta suspeita clinica com RMmp negativa. O PET-PSMA e a RMmp podem,
teoricamente, ser realizados simultaneamente em um Unico equipamento de
PET/RM, similar ao empregado neste projeto, com pequenos ajustes de protocolo
de aquisicdo. A vantagem de realizar os métodos em unico tempo deve ser
considerada a luz da baixa disponibilidade e alto custo dos equipamentos de
PET/RM. Outra opcdo, provavelmente mais exequivel clinicamente, seria a
realizacdo do exame em dois tempos, iniciando-se por uma RMmp e, num
segundo momento, o estudo PET. O mais provavel, frente a disponibilidade de
equipamentos e custo do exame, seria a realizacdo do estudo PET em
equipamento tomografia por emissdo de pésitrons/tomografia computadorizada
(PET/CT), com a possibilidade de avaliacdo locorregional e, também, a
investigacdo de metastases em casos de maior risco. Estudo publicado
posteriormente a este trabalho demonstrou ser possivel o uso de PET/CT com
PSMA para guiar bidpsias de prostata, confirmando a correta amostragem da
lesdo de interesse por mensuracdo imediata da atividade radioativa do tecido
retirado por espectroscopia gama (Ferraro et al., 2022).

Idealmente 0 método de referéncia para avaliagcdo de acuracia do exame
de imagem seria a andlise da peca cirurgica de prostatectomia, 0 que néo seria
possivel pela auséncia de indicacdo clinica de prostatectomia em todos os
pacientes desta coorte. Dessa forma, mesmo com a realizacdo de biopsia com
alto numero de amostras, existem limitacbes inerentes ao procedimento. Os
estudos apresentados evidenciaram casos em que o PET/RM detecta leséao

suspeita, inclusive confirmada na peca cirargica, mas com bidpsia negativa.
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Também ocorreram casos com bidpsia guiada negativa e biopsia sistematica em
campo adjacente positiva (dados nao publicados), sugerindo erro na localizacao
da biopsia. Este erro é provavelmente resultante da somatoria de pequenos erros
ou desvios inerentes a cada componente da cadeia de procedimentos, que parte
da aquisicdo dos meétodos de imagem até a conclusdo da bidpsia. A lesao
suspeita localizada na imagem ¢é inicialmente identificada visualmente, havendo
uma boa correlacéo interobservador no presente estudo, e, a seguir, transposta
para a US com auxilio do software de fusdo (Biopsee ®), o qual depende da
correta delineacdo da prostata na RM e no US. O procedimento de bidpsia
também depende da experiéncia e habilidade do profissional responséavel, no
presente estudo sempre realizada pelo mesmo urologista, com extensa
experiéncia no procedimento e no uso do software. O core da biopsia é de
pequena extensdo, e pequenos desvios nas fases precedentes podem levar ao
erro de amostragem. Outro fator a ser considerado é a possivel deformidade da
préstata devido a manipulagdo durante o proprio procedimento, decorrentes de
edema ou sangramento a cada biopsia (mediana de 43 biopsias por paciente
neste estudo). Considerando que a morfologia e localizacdo das lesbes a RM ja
foram fusionadas a US no inicio do procedimento, eventuais distorcbes do
parénquima ao longo do procedimento ndo serdo corrigidas e irdo impactar as
biépsias obtidas ao final mais do que no inicio do procedimento. Para reduzir este
impacto da localizacdo precisa do sitio de bidpsia, neste estudo foi empregada a
correlacdo da RMmp e %8Ga-PSMA-11 PET com os quadrantes e ndo por lesédo
especifica. Frente ao exposto, uma proposta pratica a ser considerada na biépsia
guiada seria aumentar as amostras por lesao suspeita, incluindo outras areas na
periferia ou adjacentes a lesdo suspeita, aléem de manter a biopsia sistematica
com 12 amostras.

Outro ponto significativo a ser considerado € o valor de predicdo negativa
pela associacdo do %8Ga-PSMA-11 PET e RMmp demonstrado nos quadrantes
com ambos os métodos negativos. Caso comprovado, outra possibilidade de
aplicacdo dos métodos seria a ndo realizacdo de bidpsia imediata em pacientes
sem outros critérios de gravidade e que poderiam realizar seguimento clinico-
laboratorial. Em publicacdo posterior a este trabalho foi demonstrada
sensibilidade proxima a 97% para deteccdo de tumor clinicamente significante
pela associacdo de %©Ga-PSMA-11 PET e RMmp (Emmett et al., 2021). Desta
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forma, uma possivel aplicacdo do %©Ga-PSMA-11 PET em associacdo com a
RMmp seria evitar a biépsia imediata nos pacientes com resultados negativos em
ambos. Esta conduta precisaria ser mais bem avaliada, inclusive diferenciando
caracteristicas clinico-laboratoriais dos pacientes (exemplo: a elevacdo de PSA é
menos especifica que alteracdes do toque retal). Evitar a biépsia poderia reduzir
complicacbes como sangramento (hematuria, hematospermia e sangramento
retal), sintomas de trato urinario baixo incluindo retencdo urinaria, disfuncéo

erétil, infeccdo e dor, além dos custos diretos e indiretos associados.
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A acuracia do %Ga-PSMA-11 PET/RM para guiar biépsia da prostata
usando o resultado da biopsia de saturacdo como padréo-ouro é de 90%,
com sensibilidade de 96% e especificidade de 81%.

O %8Ga-PSMA-11 PET/RM apresentou acuracia semelhante a da RMmp
na localizacdo do tumor primario de prostata e, a despeito de terem
resultados concordantes para a maioria das lesdes, os dois métodos
apresentam complementariedade na deteccdo de tumores perdidos por
um dos métodos.

A maioria dos casos falso-positivos ao %Ga-PSMA-11 PET/RM trata-se
de tumores clinicamente insignificantes, destacando-se que essa € uma
definicdo variavel na literatura, e tumores sem expressao de PSMA séo
potenciais falso-negativos.

%8Ga-PSMA-11  PET/RM e RMmp apresentam concordancia
interobservador substancial.

Os parametros semiquantitativos do %Ga-PSMA-11 PET (SUVmax e
PSMAvol) apresentaram correlacdo com o grau do tumor primario de
préstata, ao contrario dos parametros da RMmp (diametro tumoral e

ADC), que néo apresentaram correlacao.
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Beschlussmitteilung der Kantonalen Ethikkommission Ziirich

Gesuch BASEC-Nr. 2017-00016

Single-center study investigating the diagnostic performance of biopsy
guidance using the [68Ga]JPSMA PET/MR in patients with elevated PSA e-
ligible for prostate biopsy in comparison to multiparametric MRI.

Gesuchsteller FD Dr. med. Irene Burger, UniversitatsSpital Zurich

Zentren PD Dr. med. Irene Burger, UniversitatsSpital Zirich

1. Verfahren

[l  ordentliches Verfahren

Il. Entscheid

<] Die Bewilligung wird erteilt

] wereinfachtes Vierfahren

B prasidiales Verfahren

Bedeutet: Das Vorhaben geméss bewilligtem Forschungsplan kann gestartet und im
Rahmen der anwendbaren rechtlichen Bestimmungen durchgefiihrt werden,

Bewilligungen firr klinische Versuche der Kategorie B und C stehen unter

dem Veorbehalt, dass

1. allfallig durch die zustindige eidgentssische Zulassungsbehbrde
(Swissmedic/BAG) festgestellte Mangel keine Anderungen der von der
Ethikkommission evaluierten Unterlagen erfordemn, und dass

2. die Bewilligung der eidgentssischen Zulassungsbehorde (Swissmedic/BAG)

varliegt,

Baschiugs &bt & Naersion 25012017
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Die Bewilligung wird mit Auflagen erteilt
Bedeutet: Das \Vorhaben gemass bewilligtem Forschungsplan:

kann gestartet und im Rahmen der anwendbaren rechtlichen Bestimmungen
durchgefihrt werden.

Die Auflagen sind innert angemessener Frist zu erfllien. Die revidierten Dokumente
werden nach Einreichung im prasidialen Verfahren gepriift.

Folgende Auflagen missen erflllt werden:

Kontaktperson:

Gegenwiirtig kann die Bewilligung noch nicht erteilt werden

Bedeutet: Das Yorhaben kann noch nicht gestartet werden. Die nachfolgenden
Bedingungen sind zu erfillen. Die revidierten Dokumente werden nach Einreichung
von der Ethikkommission geprift,

Folgende Bedingungen missen fir alle Zentren erflllt werden:

Kontaktperson:

Die Bewilligung wird nicht erteilt

Bedeutet: Das Vorhaben kann in der vorliegenden Form nicht durchgefhrt werden.
Eine Meueinreichung ist méglich.

Auf das Gesuch wird nicht eingetreten

Bedeutet: Die Ethikkommission ist fur die Beurteilung rechtlich nicht zusténdig
(entweder ist eine andere Stelle fir die Bewilligung zusténdig, oder das Vorhaben
kann ohne Bewilligung durchgefilhrt werden). Oder: Das Gesuch ist nicht volistandig.

Das Verfahren wird infolge Gegenstandslosigkeit abgeschrieben

Bedeutet: Das Verfahren wird wegen Rickzugs des Gesuchs oder anderen Griinden
gegenstandslos,

Das Verfahren wird sistiert

Die Bewilligung wird entzogen
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X Das Vorhaben gilt als klinischer Versuch geméss KlinV
B Kategorie @ A OB I C
= mit Arzneimitteln
CJ mit Medizinprodukten
O mit Transplantatprodukten
[ der Gentherapie
[ mit gentechnisch veranderten oder pathogenen Organismen
[ der Transplantation
[ anderer klinischer Versuch gemass 4. Kapitel KlinV/
] Umkategorisierung gemass Art. 71 Abs. 3 KlinV, Kategorie CJA (B [IC
] mit Strahlenguellen

[l Das Vorhaben gilt als Forschungsprojekt geméss HFV
(] Forschung mit Personen, Kategorie L1A CIB
[ Umkategorisierung gemass Art. 48 Abs. 2 HFV, Risiko-Kategorie CJA (1B
] mit Strahlenguellen

O Weiterverwendung biologischen Materials und/oder gesundheitsbezogener
Personendaten

O Forschung mit verstorbenen Personen
[0 Forschung an Embryanen und Faten einschliesslich Totgeburten

[] Weiterverwendung ohne vorbestehende Einwilligung (Art. 34 HFG,

Art. 37-40 HFV)
a. Verwendungszweck

b. Bezeichnung des biologischen Materials/Personendaten
¢.  zur Weitergabe berechtigter Personenkreis

d.  zur Entgegennahme berechfigter Personenkreis

] Multizentrisches Forschungsprojekt

Oee COnz Oee Oos Omn Ovo OzH
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IV. Begriindung
gi:dljimikkmnmissinn etiitzt ihre Begrindung auf die Unterlagen, wie sie aufgefihrt
B in der submission summary vom 17.03.2017
"1 in der /den Stellungnahme/n der Kantonalen Ethikkommission/en:
® im Beschluss der Kantonalen Ethikkommission Zurich vom 08.02.2017
[ sowie auf
[ wir bitten Sie, die gednderten Unterlagen im BASEC hochzuladen.

V. HKosten
Die Gebihren wurden bereits in Rechnung gestellt.

VI. Rechtsmittelbelehrung
Gegen diesen Beschluss kann innert 30 Tagen, von der Mitteilung an gerechnet,
beim Regierungsrat des Kantons Zrich schriftlich Rekurs eingereicht werden. Die
Rekursschrift muss einen Antrag und dessen Begriindung enthalten. Der angefoch-
tene Entscheid ist beizulegen oder genau zu bezeichnen. Die angerufenen Beweis-
mittel sind genau zu bezeichnen und soweit maglich beizulegen.

Vil. Mitteilung an den Gesuchsteller
und in Kopie an:

L] sponsor

& swissmedic

L] BAG

] beteiligte, lokale EKs {multizentrische Studien)
[] Behrden:

[] andere:
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Vill. Zusammensetzung der am Entscheid beteiligten Kommission

am Beschluss beteiligt
nein
El
Mame, Vorname Berufliche Stallung / Titel = f ! sbwesand | In Ausstand
Vorsitz Meier-Abt Pater Prof. Dr, med. D0 # O 1
Mitglieder | Baumann-Hélzle Ruth Dr. theol. O|=E| 0O O ]
Betschart Cornelia Dr. med. O|®E| O O O
Bloch E. Konrad Prof. Dr. med. BiO| O O [
Geschwindner Heike L OD|®|O O O
Gussmann-Bader Marianne | Rechtsanwaltin, lic. iur. O ® |0 Ol O
Haug Achim Prof. Dr.med. EB| O[O O O
Hess Christian Dr. med. ®|O| O O [
Jetter Alexander PO Or, med. ®iO| O O O
Jokeit Hennric* ;‘[gf_'_ggtg nat w|o|Oo| O O
Kapossy Katrin Firsprecherin Ol & |0 | O
Keller-Senn Anita Pflegefachfrau MScN O|®| 0O O O
Kiinig Gabriella PD Dr. med. O|®E | O O O
Litolf Urs M, Prof. em. Dr. med. B|O| 0O O O
Metzger Urs Frof, Dr. med. B | O] O C O
Nadal David Prof. Dr. med. H|O|O O O
Ramel Urs Dr. med. dent. B A O O O
Siegrist Michael Prof. Dr. phil. ®B|0O| 0O W) O
:ﬂmr Stacker Reto Praf. Dr. med. ®|O| O | O
Mitgiind® Ziltener Erika Lic. phil. |, Patientenstelle | [ | B | O O O

{ob o
Peter Meier-Abt / —}em

1
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Bemerkungen

Registrierungspflicht
Der Sponsor muss — falls es sich um einen klinischen Versuch handelt — diesen in einem
WHO-Primarregister oder im Register der Nationalen Medizinbibliothek der USA

rials. erfassen und anschliessend diese Nummer im BASEC-Portal eingeben.
Die Ubertragung der erforderlichen Daten in das Swiss National Clinical Trials Portal
(SNCTP) kann nach Bewilligung der Ethikkommission und Zustimmung des Gesuchstellers
automatisch erfolgen. Die Informationen tber den klinischen Versuch sind in beiden Regis-
tern &ffentlich zuganglich. Zusétzlich verdffentlicht swissethics wenige Informationen wie
Titel, Projekttyp oder Leit-Ethikkommission aller durch die kantonalen Ethikkommissionen
bewilligten Gesuche auf gwissethics.ch (ausser Phase-I-Studien).

Die Kantonale Ethikkommission Zarich bestétigt, dass sie nach ICH-GCP arbeitet.

Vorgehen zur Einreichung revidierter Dokumente

- Revidierte Unterlagen sind der Ethikkommission (iber BASEC zuzustelien.

- Die Anderungen sind in den revidierten Dokumenten zu markieren.

- Die revidierten Dokumente sind auch weiteren involvierten Zulassungsbehdrden zu-
zustellen, sofern sie von diesen fiir die Bewilligung benétigt werden.

Meldungen und Berichterstattung an die Ethikkommission siehe Anhang 1
und Anhang 2
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Anhang 1
Meldungen und Berichterstattung an die Ethikkommission ab
1. Januar 2014 fiir klinische Versuche (KlinV)

Meldung von Sicherheits- und Schutzmassnahmen
siehe Art. 37 KlinV:

Meldung an die EK innerhalb von 7 Tagen

Versuche mit Medizinprodukten: innerhalb von 2 Tagen

Abschluss, Abbruch oder Unterbruch des klinischen Versuchs
siehe Art. 38 Klin\/:

Abschlussmeldung an die EK innerhalb von 90 Tagen

Abbruch- oder Unterbruchmeldung an die EK innerhalb von 15 Tagen
Schlussbericht an die EK: innerhalb 1 Jahres nach Abschluss/Abbruch

Schwerwiegende unerwiinschte Ereignisse (Serious Adverse Events,
SAE) bei klinischen Versuchen mit Arzneimitteln
Siehe Art. 40 KlinV:

Falls geméss Protokell nicht anders vorgesehen SAE mit Todesfolge innerhalb von 7 Ta-
gen (an lokale EK nur lokale Ereignisse, an Leit-EK alle Ereignisse in der CH).

Verdacht auf eine unerwartete schwerwiegende Arzneimittelwirkung (Su-

spected Unexpected Serious Adverse Reaction, SUSAR)

Siehe Art. 41 KlinV:

SUSAR mit Todesfolge innerhalb von 7 Tagen, sonstige SUSARs innerhalb von 15 Tagen
(an lokale EK nur lokale Ereignisse, an Leit-EK alle Ereignisse in der CH).

Schwerwiegende unerwiinschte Ereignisse (Serious Adverse Events,

SAE) bei klinischen Versuchen mit Medizinprodukten

Siehe Art. 42 KlinV:

Bei Versuchen der Kategorie C SAE bei Verdacht auf Zusammenhang mit Prufprodukt oder
erfolgtem Eingriff innerhalb von 7 Tagen (an lokale EK nur lokale Ereignisse, an Leit-EK
alle Ereignisse in der CH).

Schwerwiegende unerwiinschte Ereignisse (Serious Adverse Events,
SAE) mit méglichem Zusammenhang zu untersuchter Intervention bei iib-
rigen klinischen Versuchen

Siehe Art. 63 KlinV':
Meldung an EK innerhalb von 15 Tagen,

Berichterstattung iiber die Sicherheit der teilnehmenden Personen
Sighe Art. 43 Klin':
1 mal jshrlich Auflistung der Ereignisse weltweit (Annual Safety Report)

Mit dem jahrlichen Sicherheitsbericht sind der EK auch alle Anderungen zu melden, die
nicht bewilligungspflichtig sind (d.h. alle Anderungen, die gemass Art. 29 KlinV nicht als
wesentliche gelten).
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Anhang 2

Meldungen und Berichterstattung an die Ethikkommission

ab 1. Januar 2014 fiir Forschungsprojekte mit Ausnahme der klinischen
Versuche (HFV)

Forschung mit Personen, die mit Massnahmen zur Entnahme biclogischen
Materials oder zur Erhebung gesundheitsbezogener Personendaten ver-
bunden

Sicherheits- und Schutzmassnahmen siehe Art, 20 HFV
Meldung an die EK innerhalb von 7 Tagen

Schwerwiegende Ereignisse siehe Art. 21 HFY
Meldung innerhalb von 7 Tagen (an lokale EK nur lokale Ereignisse, an Leit-EK alle Ereig-
nisse in der CH) und Unterbruch des Forschungsprojektes.

Abschluss und Abbruch des Forschungsprojekts siehe Art. 22 HFV
Meldung an die EK innerhalb von 90 Tagen

Weiterverwendung biologischen Materials und gesundheitsbezogener Per-
sonendaten fiir die Forschung

Siehe Art. 36 HFV!
Wechsel Projektieitung: Meldung an die EK: vorgangig

Abschluss und Abbruch des Forschungsprojekis
Meldung an die EK innerhalb von 80 Tagen

Weiterverwendung biologischen Materials und gesundheitsbezogener Per-
sonendaten fiir die Forschung bei fehlender Einwilligung und Information
nach Artikel 34 HFG

Siehe Art. 40 HFV:

Anderungen der in der Bewilligung genannten Angaben

Meldung an die EK (vorgangig)

Abschluss oder Abbruch des Forschungsprojekts
Meldung an die EK innerhalb von 80 Tagen

Forschung an verstorbenen Personen (Art. 43 HFV)
Siehe Art. 43 HFY,
Wechsel der Projektleitung: Meldung an die EK (vorgéngig)

Bei Forschungsprojekten mit verstorbenan Personen, die kinstlich beatmet werden
Wesentliche Anderungen des Forschungsplans
Meldung an die EK (vorgangig)

Abschluss oder Abbruch des Forschungsprojekts
Meldung an die EK innerhalb von 90 Tagen
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Dr. med. Peter Hleist
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B091 Zurich

07. Februar 2020 / mom

Verfigung der Kantonalen Ethikkommission Ziirich

Wesentliche Anderung  Amendmant 5

Eingereicht am 30. Januar 2020
BASEC-Mr. 201700016
Projekttitel Single-center study investigating the diagnostic performance of

biopsy guidance using the [68Ga]PSMA PET/MR in patients with
elevated PSA eligible for prostate biopsy in comparison to
multiparametric MRI.

Zentrum PD Dr, med. Irene A. Burger, Klinik fir Muklearmedizin, USZ

Entscheid

Die Bewilligung wird erteilt.
Allféllige weitere Bewilligungspflichten sind zu beachten.

Entscheidverfahren

[ versinfachtes Verfahren [ prasidialentscheid

Die Ethikkommission bestatigt, dass sie nach ICH-GCP arbeitet.

Geblihren
Betrag: CHF 300.- Tarifcode: 3.3.2
Gemass der geltenden Gebihrenordnung von swissethics.
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Rechtsmittelbelehrung

Gegen diesen Beschluss kann innert 30 Tagen, von der Mitteilung an gerechnet, beim Regle-
rungsrat des Kantons Zirich schriftlich Rekurs eingereicht werden. Die Rekursschrift muss ei-
nen Antrag und dessen Begrundung enthalten. Der angefochtene Entscheid ist beizulegen oder
genau zu bezeichnen. Die angerufenen Beweismittel sind genau zu bezeichnen und soweit
maéglich beizulegen.

]
L] Swissmedic

[] Bundesamt fiir Gesundheit
(] beteiligte Ethikkommission
O

andere:
Prof. Dr. med. Peter Meier-Abt Dr. med. Peter Kleist

Prasident Geschéftsfihrer

Anhang: - Liste der Dokumente
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Anexo B - Aprovacdao CEP Faculdade de Medicina da Universidade de Sao
Paulo

USP - FACULDADE DE
MEDICINA DA UNIVERSIDADE wntn
DE SAO PAULO - FMUSP

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: DESEMPENHO DO 68Ga-PSMA-11 PET/RM EM COMPARACAO COM A
RESSONANCIA MAGNETICA MULTIPARAMETRICA NA BIOPSIA DE PROSTATA
GUIADA EM PACIENTES COM PSA ELEVADO

Pesquisador: Marcelo Tatit Sapienza

Area Temdtica:

Versao: 1

CAAE: 25929919.2.0000.0065

Instituigdo Proponente: Faculdade de Medicina da Universidade de Sao Paulo
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 3.807 518

Apresentagdo do Projeto:

Trata-se de um estudo para avaliar a performance do PET/RM com antigeno de membrana especifico da
prostata (PSMA) na deteccio e localizacdo do cancer primario da prostata clinicalmente significative para
finalidade de guiar bidpsia, usando o escore de Gleason (GS) da amostra como padrio-ouro.

Objetive da Pesquisa:

O objetivo principal do estudo & avaliar a performance do PET/RM com PSMA em detectar e localizar cancer
primario da prostata clinicalmente significativo para guiar biopsia, usando o GS da amostra como padrao-
ouro. Num segundo momento, a performance do PET/RM com PSMA para guiar biopsia de prostata sera
comparada com a da RM sozinha. Primariamente sera determinada a taxa de detecg&o de cancer de
prostata do PET/RM com PSMA com base nos resultados histopatologicos, por paciente e por segmento
prostatico. Em segundo lugar, sera determinada a proporgao de lesdes detectadas pela RM sozinha, pelo
PET com PSMA sozinho e pelo 68Ga-PSMA-11 PET/RM.

Avaliagao dos Riscos e Beneficios:
Esse estudo apresenta riscos minimos associados a execucdo da bidpsia prostatica

Enderego: DOUTOR ARMALDO 251 217 andar sala 36

Bairro: FACAEMEU CEP: 01.246-803
UF: 5P Municipio: SAO PAULD
Telefone: (11)3803-4401 E-mail: cepfmi@usp.br

Pagina 0 de 03
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Continuacio do Parecer: 3.807.518

Comentarios e Consideragdes sobre a Pesquisa:

Esse estudo foi aprovado pelo Comité De Etica Competente do Hospital da Universidade de Zirich (BASEC
Nr: 2017-00016, documento em anexo) e sera realizado de acordo com os principios enunciados na versao
atual da Declaracdo de Helsinki, as diretrizes de boa pratica clinica do International Council on
Harmonization (www.ich.org) e requerimentos das autoridades Suigas competentes. O protocolo € o termo
de consentimento livre e esclarecido bem como outros documentos especificos a respeito do estudo foram
submetidos e o estudo n&o foi iniciado até o momento da sua aprovagéo pelo Comité de Etica.

Consideragdes sobre os Termos de apresentacdo obrigatéria:
Os termos estdo adequados a legislagdo vigente

Conclusdes ou Pendéncias e Lista de Inadequacdes:
Aprovo o estudo e submeto esse parecer ao colegiado

Consideracoes Finais a critério do CEP:
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Abstract

Purpose Ultrassund-guided biopsy (US biopsy) with 10-12 cores has a subaptimal sensitivity for clinically significant prostate cancer
(sigPCa). If US biopsy is negative, magnetic resonance imaging (MRI)-guided biopsy is recommended, despite a low specificity for
lesions with score 3-5 on Prostate Imaging Reporting and Data System (PIRADS), Screening and biopsy guidance using an imaging
maodality with high accuracy could reduce the number of unnecessary biopsies, reducing side effects. The aim of this study was to
assess the performance of positron emission tomography/MRI with “Ga-labeled prostate-specific membrane antigen (PSMA-PET/
MRI) to detect and localize primary sigPCa (ISUP grade group 3 and/or cancer core length =6 mm) and guide biopsy.

Methods Prospective, open-label. single-center, non-randomized, diagnostic accuracy study including patients with suspected
PCa by clevation of prostate-specific antigen (PSA) level and a suspicious lesion (PIRADS =3) on multiparametric MRI
(mpMRI), Forty-two patients underwent PSMA-PET/MRI followed by both PSMA-PET/MRI-guided and section-based satu-
ration template biopsy between May 2017 and February 2019. Primary outcome was the accuracy of PSMA-PET/MRI for biopsy
guidance using section-based saturation template biopsy as the reference standard,

Results SigPCa was found in 62% of the paticnts. Patient-based sensitivity, specificity, negative and positive predictive value,
and accuracy for sigPCa were 96%, 81%, 93%. 89%, and 904, respectively, One patient had PSMA-negative sigPCa. Eight of
nine false-positive lesions corresponded to cancer on prostatectomy and one in six false-negative lesions was negative on
prostatectomy.

Conclusion PSMA-PET/MRI has a high aceuracy for detecting sigPCa and is a promising tool to seleet patients with suspicion of
PCa for biopsy.

Trial registration This trial was retrospectively registered under the name “Positron Emission Tomography/Magnetic Resonance
Tmaging (PETMRD Guided Diopsy in Men with Elevated PSA™ (NCTO3187990) on 06/15/:201 7 (hups:/clinicaltrials, govic2/
show/NCT03187990).
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Introduction

Assessmient of histologlcal umor grade on biopsy Is needed for
diagnosis and nisk classification of prostate cancer (PCa). The
updated European Association of Urology (EAU) guideline
recommends ultrasound-guided systematic prostate biopsy
(US biopsy) in patients with suspicion of PCa [1, 2].
Magnetic resonance imaging (MRI)-guided biopsy is consid-
ered for cases in which no cancer was detected [2). The
PROMIS trial revealed sensitivity of only 485 for their primary
definition of clinically significant cancer (sigPCa) using 10-12
cores US biopsy and suggested that, instead, multiparametric
MR (mpMRI) shauld he used to reduce the number of unnec-
essary biopsies. However, if all lesions with a score =3 on
Prostate Imaging Reporting and Data System (PIRADS) are
targeted, the specificity of mpMRI is only 41% [3]. Several
other studies also showed supenior detection rates of sigPCa
in MRI-guided biopsy compared to US biopsy [4-7],
Nevertheless, false-negative results or histological upgrade after
surgery are found in 219 of patients [8-10], The most relsable
method to reduce undersampling and false-negative results is
transperineal satration biopsy (template biopsy) with samiples
taken from all 20 Barzell zones, leading to organ coverage of
approximately 95% [10]. Screening and imaging-guided biopsy
could potentially reduce side effects of saturation prostate biop-
sies [11], but recent studies suggest that a template-based sys-
tematic approach should not be omitted despite mpMRI [6, 12].

Positron emission tomography (PET)/MRI targeting
prostate-specific membrane antigen (PSMA) could be an ideal
technique to improve the accuracy of imaging-guided biop-
sics, combining the high sensitivity and specificity of PSMA-
PET for PCa with the high anatomical contrast and spatial
resolution of MRI [13-15]. Despite promising results in
PSMA-PET/computed tomography (CT) for biopsy targeting
[16], with an accuracy of 80.6% for sigPCa [17], the diagnos-
tic accuracy of PSMA-PET/MRI-guided biopsy has not yet
been prospectively assessed. Therefore, the aim of this study
is to assess the performance of *Ga-PSMA-11 PET/MRI
(PSMA-PET/MRI) to detect and localize primary sigPCa for
ACCUTALE PrOState BIOPSY guidance,

Paticnts and mcthods
Study design

The study was designed as an open-label, single-center, non-
rndomized. prospective diagnostic accuracy study including
patients with suspected PCa. Patients without biopsy-proven
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sigPCa but suspicion of cancer due to persistently elevated
prostate-specific antigen (PSA) (PSA > 2.5 ng/ml if age 30—
S0 years and PSA >4 ng/ml if ag¢ S0-80 years) and at least
one suspicious lesion on mpMRI clinical report (PIRADS =3)
were included. All patients underwent PSMA-PET/MRI
followed by both PSMA-PET/MRI-guided and section-
based saturation template biopsy of the prostate between
May 2017 and February 2019. Exclusion criteria were age <
30 and > 80, previous biopsy within 8 weeks prior to imaging,
previous pelvic imadiation, prostatectomy, transurethral resec-
tion of the prostate (TURP) or androgen deprivation hormonal
therapy (ADT), and any contra-indication to MRI or prostate
hiopsy as well active urinary tract infection or indwelling
catheter. PSMA-PET/MRI and biopsy were performed with
an interval ofup to 30 weeks from mpMRI (median 2.7 weeks,
IQR 1.4-12). Figure 1 illustrates patient selection. This study
was approved by the mstitutional review board (BASEC Nr:
2017-00016), was carried out in accordance with the
Declaration of Helsinki, and is registered in the intemational
trial registry ClinicalTrials.gov (NCT03187990),

%8Ga-PSMA-11 PET/MRI imaging acquisition and
analysis

All patients undenwent a pelvic PET/MRI on a hybrid scanner
(SIGNA PET/MR, GE Healthcare, Waukesha, W1, USA)

High PSAlavel
and PIRADSz 3
on mpMRI report

Fig: 1 Patient selection and inclusion in the study
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60 min after injection of 85 MBq of **Ga-PSMA-11. A 15-
min frame over the prostate was recorded, allowing reducing
the dose since patients without confimmed cancer were includ-
ed. For biopsy targeting, suspected lesions were delineated on
PSMA-PET/MRI by a double-board-certified nuclear medi-
cinc physician and radiologist, specialist in pelvic imaging.
with 10 and 5 years of experience (IAB,MM), with a meaxi-
mum of three target lesions, Imaging protocol and analysis are
given in the supplements (Online Resource 1).

Biopsy

Biopsies were performed under general anesthesia by specialized
urologists with US-MRI software fusion (BiopSce@). Axial
fused PSMA-PET/MRI images in DICOM format were
uploaded to BiopSee® instead of T2w MRI sequences.
Standard transperineal template biopsy with number of cores
adapted to prostate volume as well as PSMA-PET/MRI-targeted
biopsy was performed with a maximum of three cores per target
leston (Online Resource 2). Patients with no suspicious uptake
an PSMA-PET/MRI or with discordant lesions between PSMA-
PET/MRI and mpMRI underwent template biopsy and the wrol-
ogist was free to target any suspicious lesion on mpMRI.

Clinically significant cancer definition

SigPCa was defined as International Society of Urological
Pathology (ISUP) grade group 3 and’or cancer core length =
6 mm [18). Conversely, clinically insignificant cancer
(insigPCa) was defined as ISUP 1 or 2 lesions with cancer
core length <6 mm. Biopsies with the latter characteristics
were classified as negative for further analysis. Results based
on other definition of sigPCa (ISUP =2) are in Table S3
{Online Resource 1).

Reference standard

Results of PSMA-PET/MRI-targeted biopsies were compared
to template biopsics regarding presence of sigPCa on histopa-
thology. All patients classified as having a [alse-positive or
false-negative **Ga-PSMA-11 PET/MRI result had the biopsy
samples, or radical prostatectomy (RPE) specimens if avail-
able, reevaluated on histopathology for possible explanations
including PSMA immunohistochemistry (IHC). Biopsies and
RPE specimens were evaluated by two board-certified genito-
urinary pathologists (NR. JR) with 8-10 years of experience.

Data analysis

Study results were analyzed using descriptive statistics and
frequency tables in Excel (Excel2016, Microsoft, USA).
Accuracy was assessed on 2 % 2 contingency tables on patient
and lesion basis. For lesion-based analysis, the number of

lesions was defined as number of PSMA-positive lesions
added to number of PSMA-negative lesions with sigPCa
found on biopsy. For patient-based analysis in patients with
more than one lesion and different classifications (for exam-
ple, one true-positive and one false-negative lesion), we con-
sidered whether PSMA-PET/MRI correctly staged the paticnt
regarding the presence or absence of sigPCa according to
Table S1 (Online Resource 1). We also assessed patient-
based accuracy for PET/MRI-targeted cores.

Results
General

Forty-nine patients met the inclusion eriteria and were includ-
ed between May 2017 and January 2020. Seven patients with-
drew participation before the PSMA-PET/MRI scan or the
biopsy was performed: therefore, data from 42 patients were
analyzed (descriptive chamcteristics in Table 1). Median in-
terval between PSMA-PETMRI and biopsy was 12 days (in-
terquartile range (IQR) 6-18).

Biopsy

Based on template and targeted biopsy, 26 of 42 (62%) pa-
tients had sigPCa, While there was no malignancy in seven of
42 patients (17%), in the remaining nine patients (21.4%),
cancer detected on biopsy did not meet the criteria of
sigPCa. Fifteen cases of sigPCa were detected by both tem-
plate and targeted biopsies (58%, 15/26), nine only by tem-
plate (3565) and two only by targeted (860). Two cases of
insigPca were detected by both biopsy methods (22%, 2/9),
six only by template (67%) and one only by targeted. Table 2
and Fig. 2 show the distribution of sigPCa, insigPCa, and no
disense, in correlation to PIRADS, ISUP, and PSMA-PET/

Table 1 Charmacieristics of the patienes at inclusion in the ssudy (7 =42)
Charucteristics Value
Age at scan (years)
Mean+SD 6416
Meduan (1QR) 65 (59-6K)
PSA at time of PET scan (ng'ml)
Mean£SD 10474
Median (IQR) 8(7-11)
PIRADS (m)
3 T(16.7%)
K 24 (57.1%)
s 11 (26.2%)

SD = standard deviation; IQR = interquartile range
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Table 2 Distribution of

patients with sigP{n and sigPCa insigPCa
insigPCa, based on

biopsy. according to Isup

ISUP grade groups. 1 1 (4%) 3(33%)
Clinically significant s 6 (3% & (67%
prostate cancer defined ) = O™
a5 ISUP grade > 3 and/or 3 Y (d4%) 5

cancer core length = 4 8 (31%) -

6 mm. Scven patients 5 2 (R%)

had no cancer on biopsy Total 2% 9

sigPCa = ¢linically significant prostate
cancer; insigPCa = clinically insignificant
prostate cancer

MRI result. Eighteen patients had one lesion, seven patients
had two, and one patient had three lesions, resulting in 35
sigPCa lesions in total. The median number of positive cores
per patient was three (IQR 2-6). The median number of sam-
ples taken per patient was 43 (IQR 36-44). Eight patients
(194, 8/42) had biopsy procedure complications, none life-
tnrcatening, Six puticuts presented w the ancngeney dopna -
ment for acute urinary retention, one patient had
postinterventional bleeding with need of catheter irrigation,
and one patient with anesthesia complications was admitted
for observation and released the doy after.

%%Ga-PSMA-11 PET/MRI

Table 3 shows sensitivity, specificity, positive predictive value
{PPV), negative predictive value (NPV), and accuracy of
PSMA-PET/MRI per patient and per lesion. PSMA-PET/MRI
was positive in 28 patients (66.7%, 28/42), of which 25 had
sigPCa on biopsy (89%, 25/28) and negative in 14 paticnts
{33.3%, 14/42), of which only one had sigPCa (7%, 1/14)

Fig, 2 Distribution of patients a
with clinically significant prostute 100%
cancer (sigPCa), clinically

i gnificant prostte cancer °0%
(insigPCa), and no evidence of

disease on biopsy in comelation 10

PIRADS 3
= No cancer

@_ Springer

80%

PIRADS classification on 70%
multiparametnic resonance

magnetis imaging (a) wnd " Ca- 80%

PSMA-T1 PET/MRI result (b) 50%

40%

0%

20%

10%

0%

PIRADS 4
minsighCa

Table 3 Performance of PSMA-PET/MRI for biopsy gusdance, given
ratient-hasexd for PSMA-PET/MRI imaging findings aned PET-tarpeted
cores, and lesion-based

Patient- Patsent-hased Lesion-
based targeted cores based
Sensitivity 96% (25126) 65% (1726) 83% (29/35)
Specificity S1% (13/16) 1% (13/16) -
PPV 89% (25728) 61% (1728) T6% (29/38)
NPV 93% (13/14) 93% (1314)
Accuracy 90% (3842) T1% (30042)

PPV = positive pradictive value, NPV = negative predictive value. For
the targeted core analysis, values were calculated as if patients with a
negative PSMA-PET/MRI were not submitted to biopsy and patients with
0 positive PSMA-PETMRI underwent only PSMA-PET/MRI-targeted
biopsy. Lesion-based specificity and NPV were not caleulated since pa-
tients with negative PSMA-PET/MRI and no significant cancer on biopsy
have. per definition, no lesion

{Figs. 2b and 3a). Nineteen patienis had one PSMA-positive
lesion, eight patients had two lesions, and one patient had three
lesions, resuliing in 38 PSMA-positive lesions. One patient had a
lesion without PSMA uptake but clear PIRADS § features on
MR, confirmed as sigPCa by MRI-targeted biopsy and classi-
fied as negative PSMA-PET/MRI for further analysis. Figure 3b
shows PSMA-PET/MRI results in relation to PIRADS.

The accuracy of PSMA-targeted cores was lower com-
pared to PSMA-PET/MRI imaging findings. In cight cases
with PSMA uptake in the sigPCa lesion, the three target
needles were negative, but additionzl adjacent template
needles confired sigPCa.

Per lesion, 44 lesions were detected in 29 patients (38 on
PSMA-PET/MRI and 35 on biopsy, with 29 concordant le-

sions). Six sigPCa lesions and 24 insigPCa lesions were not

detected by PSMA-PET/MRIL

100%

ans.

80%

0%

60%

50%

40%

30%

20%

10%

0%

PET - PET +

wNocancer winsigPCa wsigPCa

PIRADS 5
usigPCa
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Flg. 3 Distribution of patients a P
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False-positive PSMA-PET/MRI

Theee patients had a false-positive PSMA-PET/MRI, but
insigPCa on biopsy in at least one of the PSMA uptake areas
(ISUP grade group 2 with cancer length of 1.5-5 mm).
Relevant cancer was confinned on RPE specimen in all three
cases (Fig. 4),

I'er lesion, nine lesions were false-positive (Online Resource
3). In all patients, RPE was available and showed cancer in
eight lesions (Table 4). In the case without cancer, additional
pathology workup showed clear PSMA overexpression on
[HC, but 0o benign or walignant aliciations. Inierval between
biopsy and RPE in these patients ranged from | to 3.8 months.

False-negative PSMA-PET/MRI

“Ga-PSMA-11 PET/MRI was false-negative in one paticnt
with sigPCa, who had two positive cores with ISUP grade
group 2 and lengths of 9 and 10 mm. Despite no PSMA
uptake, the lesion was easily appreciated on T2- and
diffusion-weighted sequences of the MRI component (Fig. 5).

ﬁﬁﬂmfﬂmi

Per lesion, six were false-negatives (Online Resaurce 4). In
four Jesions, ISUP grade was low or tumor volume small (up to
3 mim) on biopsy. In one case, there was no cancer on RPE in the
corresponding location of the positive biopsy core (Table 4).
One lesion with positive cores of ISUP grade group 4 (6 mm)
was downgraded to ISUP grade 2 on RPE and in one lesion
(ISUP 2, 10 mm) biopsy cores stined for PSMA on THC
showed a PSMA-negative tumor (Uig. 5). The interval between
biopsy and RPE in these patients ranged from 1.4 to 3.7 months,

Discussion

PSMA-PET/MRI showed a patient-based accuracy of 904 for
detecting sigPCa in our cohort, with a sensitivity of 96% and
specificity of 8170, This 13 higher than the mpMRI accuracy
reported in most studies using template biopsy as reference
standard [19], including the PROMIS trial, which reported
sensitivity and specificity of 93% and 41%. respectively [3].
Our improved specificity was mainly due to PSMA-PET mit-
igating false-positive mpMRI PIRADS 3 and 4 lesions har-
boring no sigPCa (Fig. 3b). The PROMIS authors conclude

&) Springer
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Flg.4 All three patients with & false-positive PSMA-PET/MRL From left
o right, prostsic MRI sequences T2-weghted and diffusion-weighied
images (b value 1000), fused PET/MRI, representative pathology map
with biopsy results, and radical progatectomy (RPE) specimen with w
mor outlined on hematoxylin and eosm sianmg (H&E) and PSMA-THC
(overview and fication). Bars 2.5 mm in the HEE and
PSMA-ILIC images and 100 pm in the PSMA-IIC magnified fmages.
Blue dots in the pathology map comrespond to Jocation of needles with
clinscally insignificant cancer diagnosed. a 67-year-old patient, with a
PSA of 7.3 ng/mil and a PIRADS 4 lesion on mpMRL PSMA-PET/
MRI shows one targeted lesion (arrow) in the posterior right peripheral
rone, where biopsy found ISUT grade group 2 umor with up to 1,5-mm

that screening by mpMRI prior to biopsy could reduce the
number of unnecessary biopsies, Our study suggests PSMA-
PET/MRI could further improve on mpMRI patient selection.

In our cohort, 16 patients {38%) without sigPCa underwent
biopsy based on equivocal or suspicious lesions on mpMRI
(PIRADS 3 to 5). Omitting biopsy in patients with negative
PSMA-PET/MRI would have spared 13 (13/16. 81%). with-
out missing any paticnt with sigPCa. Only one patient had a
false-negative PSMA-PET result; however, his ISUP 2 tumor
would not have been missed due to clear PIRADS § leatures
on MRL The tumor was PSMA-negative on [HC, which is in
accordance with the reported rate of around §% of PSMA.-
negative tumors in the literatre [20]. For the three patients
with false-positive PSMA-PET/MR results, insigPCa was
present on template biopsy, and cancer with Gleason 4 pattem
was confirmed on RPE in cach case,

Interestingly, despite PET findings confirmed by biopsy in
90% of the cases, the accuracy of 71% with a sensitivity of
65% for PET-targeted biopsy shows that some of the sigPCa
lesions seen on PET am m:umlly missed by the three l;wtp_‘(o_‘d
cores, This was already reported by van der Leest et al, [9] in a
study comparing transrectal US-guided biopsy versus MRI-
guided biopsy. They found that positive TRUS cores were
obtained from the mpMRI lesion area or its neighhoring and
suggested that four additional perilesional cores greatly im-
proved sigPCa detection with MRI-guided biopsy. They

@ Springer

length. RPE specimen shows a PSMA-positive ISUP grade group 3 tu-
umn i the PSMA uplahe wicn, b 65-you-vld paticnl, with a PSA of
7.18 ng/ml and a PIRADS 3 lesion on mpMRL PSMA-PET'MRI shows
ome targeted lesion (arrow) in the antenor zone, where bropsy found ISUP
grade group 2 tumor with up to |.5-mm length. RPE specimen shows u
PSMA-pasitive ISUP grade group 2 tumor in the PSMA uptake area. ¢
63-year-old padent, with a PSA of 48.5 ng/ml and a PIRADS 3 lesion on
mpMRL PSMA-PET/MRI shows two targeted lesions (arrows) i the
transition zone camesponding on biopsy to ISUP grade group 2 tumor
up to 5 mm length. and in the posterior left peripheral 2one, where biopsy
was negative. RPE specimen shows a PSMA-postive ISUP grade group
2 tumor in the PSEMA uptake arca of the poaterior left penpheml ronc

concluded that the majority of sigPCa missed by targeted bi-
opsy was probably due to sampling errors related to spatial
heterogeneity of the tumor [9].

False-negative and false-positive lesions in our study were
often lesions with borderline characteristics regarding clinical
significance. The lower PSMA expression in Gleason patiern
3 compared to 4 has been demonstrated on IHC [20-22] and
our results probably reflect it: most false-negative lesions
comesponded to low-grade groups (ISUP | and 2) or small
volume tumors and, in only one case, a significant PSMA-
negative tumor. Omtting template biopsy in our cohort would
leave undetected six sigPCa, but also 24 lesions with
insigPCa. mitigating overdiagnosis. On the other hand, eight
of nine false-positive lesions based on biopsy were insigPCa,
with only one showing no cancer on RPE specimen. This case
was previously publizhed as a case report with extensive hia-
topathology workup excluding inflammation, pre-cancerous
lesions, or other malignancics [23]. Therefore, template and
targeted biopsies were false-negative for significant discase
for -?ishl losions

The definition of sigPCa is not standardized among cen-
ters; therefore, we chose the definition used in the PROMIS
trial [3] to allow a direct comparison of our results. We rec-
ognize that other definitions can he found in the literature and
that more recent guidelines of the EAU suggest considering
any ISUP grade group 2 biopsy as sigPCa[ 1, 2]. Incorporating
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Tabled Findings on PET {SUV .. ) biopsy, and radical prostatectomy
(RPE) specimen of the false-positive and false-negative lesions on

PSMA-PET/MRI PSMA-PET/MRI image of coch Jesion can be seen

in the correspondent supplementary figure (Online Resources 3 for Fig,
§2 and 4 for Fig. §3) showed in the first column

Fig. SUV e Biopsy RPE specamen
Finding sup Length (mm) Finding Isup

False-positive lesions™

Pat, 03 520 7.9 ASAP PSMA overexpression

Pat. 24 S2b 53 Inflammation - - Cancer 3

Pat. 30 S2¢ 54 =g PCa 2 Cuncer 2

Pat, 32 S2d 129 insigPCa 2 20 Cancer 2

Pat. 33 S2e 94 insigPCa 2 5 Cancer 3

Pat, 35 S2f 44 insigPCa 2 50 Cancer 2

Pat, 35 Sig 37 Nome Canver 3

Pat. 38 S2h 10.1 Nane Cancer 2

Pat. 42 S2i 8 insigPCa 2 1.5 Cancer 2
False-negative lesions®

Pat. 05 S3a sigPCa 1 6.0 Not avalable

Pat. 07 Sib - sePCa 3 1.0 No cancer -

Pat. 16 Sle - #gPCa 3 20 Cuncer k]

Pat. 26 Sid sigPCa 4 6.0 Cancer 2

Pat. 32 Sie sigPCa 2 6.0 Cancer 2

Pat, 39 S3f sigPCa PSMA-neygative 2 100 Not available

*Based on biopsy findings

ASAP =atypical small acinar prolifesation: insigPCa = clinically insignificant prostate cancer: sigPCa = clinically significant prostate cancer:

SUVmax = maximum standardized uptake value

H&E

Fig. 5 The only patient with a fulse-negative PSMA-PET/MRI in our
cohont. A 62-year-old patient with a PSA of [ 1.38 ng/ml. Top images
from left to right are prostate MRI sequences T2-weighted and diffusion-
weighted images and fused PET'MRI showing a PIRADS 5 lesion in the
anterior transition zone (armows) with no PSMA uptake. Bottom lefi im-
age shows the representative pathology map with biopsy results inclading
o cores with elinically significant cancer in the besion area (red dots.

ISUP gradde group 2 tumor with length up to 10 mm) and many cores with
clinically insignificant cancer (blue dots). Remaining bottom images
show one of the biopsy cores with clinically significant cancer. The tumor
is outlined in hematoxylin and cosin staining (H&E) and PSMA-IHC
(loverview and magnification), showing a virtually PSMA-negative tu
maor. Bars represent 2.5 mm in the H&E and PSMA-THC images and
100 wm in the PSMA-IHC magnified image

@ Springer
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this cutoff, we would have had only one false-positive PET in
our cohort on per-patient analysis, but four false-negative FET
scans. Therefore. we also give the results using this other
definition of sigPCa in Tables S2 and S3 (Online Resource 1).

There is sparse literature on PSMA-PET/CT-guided biopsy.
Recently, PSMA-PET/CT was compared. tor biopsy purposcs,
to micro-ultrasound, a novel imaging technigue with promising
results when added to mpMRI [24]. PSMA-PET/CT yielded an
accuracy of 83% versus 61 % of micro-ultrasound [25]. No study
so far compared PSMA-PET/CT to PET/MRI for biopsy guid-
ance. In our limited expenence (anecdotal data not included in
present study), delineating the prostate and PSMA-positive le-
sions on non-contrast-<enhanced CT using US-fusion-software is
feasiblo but cumbersome. In a study with 31 patients, sensitivity
and specificity for sigPCa of PSMA-PET/CT-guided biopsy was
1004 and 68%% [17]. The higher sensitivity and lower specificity
compared to our study may be explained by the approach to
biopsy the prostate area with highest PSMA uptake if no suspi-
cious lesion was reported. This probably led to false-positives,
which could be ruled out by MRI but not by CT, such as activity
in the central zone [26]. Another study found a region-based
sensitivity of PET/CT for sigPCa of 61%. lower than our
lesion-hased sensitivity (834¢). However, patients did not under-
2o mpMRI so no insights on PET/CT limitations compared o
PET/MRI could be drawn [27). A prospective sudy showed
higher detection rate of sigPCa for PET/CT compared to 12-
core TRUS biopsy; however, biopsies were performed within
the CT scanner, and again mpMRI was not performed routinely
[28]. In a study with 97 patients that compared PSMA-PET/CT
with mpMRI, PSMA-PET/CT identified 25% of patients ‘with
Gleason 7 tumors missed by mpMRI [29]. Due to their inclusion
¢ritena, around half of the patients that were biopsied had contra-
indications to mpMRI or PIRADS | or 2: what makes it difficult
to compare thetr results to ours but rather offers nice complernen-
tary data. Interestingly, these results are similar to the results
found by the same group in a smaller cohort using 11C-
Choline PET/CT, with 26% of patients with Gleason 7 tumors
detocted by PET in patients with negative or contra-indication to
mpMRI [30]. Advantages of PET'MRI over PET/CT are that
surgeons are already used to delineate prostate and target lesions
based on MRI and that they can target lesions by both PSMA-
PET and MRI in case of discordance. That a combination of
these both methods could further improve the sansidvity lor de-
tecting PCa was already shown by Eiber et al. [13]. While PET/
MRI profits from the higher soft tissue contrast, studies
performing head-to-head comparisons are needed to investigate
whether this offacts the higher gencrul availability and lower cost
of PET/CT. Moreover, post hoc image fusion of MRI and
PSMA-PET (from PET/CT) may be a viable option for centers
without a dedicated PET/MRI device.

Despite the good coverage of template biopsy, absence of
RPE specimen as reference standard in some cases is a limita-
tion of this study. Given that RPE specimen were not available

&1 springer

for all patients, we opted to use RPE results only to investigate
false-positive or false-negative lesions on PSMA-FET/MRI,
Another limitation is pre-selection of patients based on
mpMRI results. The aim of this proof-of-mechanism study
was to assess whether PSMA-PET/MR could add value to
mpMRI. Given that the probability of sigPCa in paticnts with
PIRADS 1-2 is very low, we opted to exclude those patients in
a first step. However, this limits the conclusion about the accu-
racy of PET scans in an mpMRI naive population.

Conclusions

PSMA-PET/MRI has o high accumcy for detecting sigPCi and
is a promising tool to select patients for biopsy as well as to guide
it, with the potential to substantially reduce unnccessary biopsics
compared 10 mpMRI and might even improve the detection of
sigPCa in comparison to systematic template biopsies.
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Abstract

Background: Magnetic resonance imaaging (MRI) is recommended by the European
Urolagy Assoclation guidelines as the standard medality for imaging-quided biopsy.
Recently positron cmission tomography with prostate specific membranc antigen
(PSMA PET) has shown promising results as a taol for this purpose. The aim of this
study was to compare the accuracy of positron emission tomography with prostate-
specific membrane antigen/magnetic rescnance imaging (PET/MRI) using the gallium-
labeled prostate-specific membrane antigen (%¥Ga-PSMA-1 1) and multiparametric MRI
{mpMRI) for pre-biopsy tumour localization and interreader agreement for visual and
sermiguantitative analysis. Semiquantitative parameters included apparent diffusion
coefficient (ADC) and maximum lesion diameter for mpMRI and standardized uptake
value (SUV,...) and PSMA-positive volume (FSMA) for PSMA PET/MRI,

Results: Sensitivity and specificity were 61.4% and 92.9% for mpMRI and 66.7% and
92.9% for PSMA PET/IMRI for reader one, respectively. RPE was available in 23 patients
and 41 of 47 quadrants with discrepant findings. Based on RPE results, the specificity
for beth imaaing modalities increased to 98% and 99%. and the sensitivity improved
10 63.9% and 72.1% far mpMRBI and PSMA PET/MRI, respectively, Both modalities
yielded a substantial interreader agreement for primary tumour lacalization (mpMRI
kappa =063 (0.52-0.7'9), P3MA PET/MRI Kappa = 0.73 (0.61-0.84)). KCC for SUV.,,
PSMA, , and lesion diamatar were almost perfact (- 0.90) while for ADC it was only
moderate (IKC=0.54 {0.04-0.78)). ADC and lesion diameter did not correlate sig-
nificantly with Gleason score (p =026 and p=0.16) while SUV, .., and PSMA , did
(= =0474 and p= = 0463},

Conclusions: PSMA PET/MRI has similar accuracy and reliability to mpM&BI regarding
primary prostate cancer (PCa) localization. In cur cohort, semiquantitative parameters
from PSMA PET/MRI correlated with tumour grade and were more reliable than the

ones from mpMRI.

©The Ashorls) 2022 Open Access: This artich is licercad under 8 Creatve Commans ATIIDULON 40 Intemational License, which penmits
use, haring. adaraton, dstoution) and spraduction in ay medium o fommaL, & kng as you give Sapepnate Cedit 16 the onginal
ashorls) and the source, provide a ink to the Crestve Commons kcence, and Incicate € changes wess made. The mages or other third
party materal in the arbde e inchaded in the artickes Cresbve Commoans licence, unless indicatied ctherwese in 2 credit ine to the mate-
risl If matenial is nat induded in the arsde’s Crsative Commors lcence and your intended use & nat permittad by statusory regubstion o
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Introduction

Precise diagnosis and risk assessment are of major importance for treatment planning of
prostate cancer (PCa) (American Joint Committee on Cancer and Amin 2017). Tumour
diagnosis is based on prostate biopsy (Amecican Joint Committee on Cancer and Amin
2017; Mottet, et al. 2017). While systematic 12-core ultrasound-guided biopsy lacks
accuracy, saturation biopsy (SB) has a high number of cores with increased side effects
(Loebk of al W3] Therefare, MRI-ginuded hiapsy has heen adaplod hy many cenlers in
addition to systematic biopsy (Kasivisvanathan et al, 2018; Ahdoot et al. 2020; Ahmed
et al. 2017; Elkhoury et al. 2019). Magnetic resonance imaging (MRI) is recommended
by the European Urology Association guidelines as the standard modality for imaging-
guided biopsy (Mottet, et al. 2017) with reported sensitivity and specificity ranging
between 58-96% and 23-87%, respectively [Futterer et al. 2015). Furthermore, accurate
and robust lesion focalization needs good interreader agreement and implementation
and continuous improvement of the PI-RADS scoring system has significantly improved
MRI rates over time, achieving substantial agreement (Park et al, 2020).

Recently, positron emission tomography with prostate-specific membrane antigen
(PSMA PET) has gained importance in the setting of PCa initial staging, especially
because of its known high sensitivity and specificity for metastasis (Hofman et al. 2020).
Lately, there is an increasing use of the method in treatment-naive patients. It was
shown that staging PSMA PET has a general impact on management in about 21-29% of
patients (Han et al. 2018; Ferraro et al. 201%; Grubmuller et al. 2018; Roach et al. 2018).
Furthermore, studies have shown that the combination of PET and MRI in PSMA PET/
MRI may have additional value for local assessment when compared to multiparamet-
ric MRI (mpMRI) alone, including 98% sensitivity for tumour detection without missing
important information such as extraprostatic extension (Muehlematter et al. 2019; Eiber
et al. 2016). Primary tumour localization with PSMA PET/MRI was assessed retrospec-
tively in patients with biopsy proven internsediate to high risk PCa, showing it outper
forms mpMRI (Grubmuller et al. 2018; Eiber et al. 2016; Park et al. 2018; Li et al. 2019).
In the pre-biopey setting, a recent praspective trial at our institution found PSMA PET/
MRI to be negative in all seven patients with false-positive findings on mpMRI (Ferraro
et al. 2021). The aim of this study was to perform a head-to-head comparison between
mpMRI and PSMA PET/MR for pre-biopsy tumour localization accuracy and inter-
reader agreement for visual and semiquantitative analysis using transperineal template
saturation biopsy (TTSB) as reference standard.

Patients and methods

Study design

This is a retrospective analysis of data collected within a prospective trial (trial iden-
tification number blinded for review). The original (rdal almed (o assess PSMA PET/
MRI diagnostic accuracy for blopsy targeding, The aim of this study is to compare
PSMA PET/MRI with **Ga-PSMA-11 and raipMRI with respect to accuracy for primary
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prostate cancer detection and localization and interreader agreement, using histopathol-
ogy from TTSB as reference standard. Patients with elevated PSA and at least one sus-
picious lesion on mpMRI (PIRADS w.2= 31 were included in the trial and underwent
PSMA PET/MRL For this analysis , only patients with available mpMRI classified as
adequate by our radiologist were selected. Thirty-nine of the 42 previously published
patients were included, and three patients were excluded because of mpMRI imaging
not available for a second readout (15). Images were anonymized and read by four spe-
cialists at our institution, Figure 1 illustrates patient selection.

“UGa-PSMA-11 PET/MRI protocol

All patients underwent a pelvic PET/MRI an a dedicated hybrid scanner (SIGNA PET/
MR, GE Healthcare, Waukesha, W1, USA) 60 min after injection of 85 MBg PSMA.
Detailed protocol has been published previously (Ferraro et al. 2021). In brief, the
PET/MR protocol included specific sequences covering the pelvis: a high-resolution
Tl-weighted 3D-FSPGR sequence, T2-welghted fase recovery fast spin-scho saquance
in three planes and diffusion-weighted images. A 15-min frame over the prostate was
recorded, allowing reducing the dose since patients without confirmed cancer were

High PSA level
and PIRADS 2 3

on mpMRI report

INCLUSION

a9
i
Jeaey:
PGa-PSMA-11

PET/IMRI
46

BGa-PSMA-11

PET/MRI-targeted
and tempiate biopsy

42

39 patients
included
Flg. 1 Pationt selection. After sgning the informed consent, thiee patients refused PSMA PET/MIE and other

four patients gave up paticipation before the biopsy. mpMA Images from theee patients were not avallable
for review
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included. To reduce PSMA activity in the bladder, furosemide was injected intravenously
30 min prior to the “Ga-PSMA-11 injection.

mpMRI

mpMRI acquisition protocol at our institution was already published elsewhere (Mue-
hlematter et al. 2019). The typical protocol included diffusion-weighted imaging,
T2-welghted fast spin-echo In three planes and dynamic contrast-enhanced Imaging and
was in accordance with current guidelines (PI-RADS v2.1), Detalled information of the
mpMRI protocol is given in the supplements.

Imaging analysis

Two readers for each modality (R1-M and R2-M for mpMRI and R1-P and R2-P for
PSMA PET/MRI) analysed anonymized images, blinded for the results of the biopsy
or for the other imaging modality as well as for clinical data. A double board-certified
nuclear medicine physician and radiologist with 10 years of experience (R1-P) and a
nuclcar medicine physician with 2 years of experience (R2-P) analysed the PSMA PET/
MRI images (PET and T2 sequence), and two expert radiologists (Rooij et al. 2016) with
10 (R1-M) and 8 (R2-M) years of experiencze in interpretation of mpMRI of the pros-
tate analysed the mpMRI images. Imaging findings were delineated by the readers
using a transaxial prostate map and classified according to PIRADS v2.1 (Turkbey et al.
2019) for mpMRI and according to an adaptation of the same scale for focal uptake on

of the method wsed for lesion localization. A

MR by one of the readers
and O4

o SLUISEROIOUS
sl B “Ga-PSMA-11 PET/MRI images of this patient

> (arrows) and & suspicious area with intense uptake in
ft (D). € histoparhological map automatically gener:

dout of PSMA PE
veithy the oo ¢ gland divided in 4 quadiaras (Q1: nig 3 SRS 8 X

pastenior nght), The reader defineated three areas of B5a-PSMA-11 uptake and labeled area
for maligna and areas 2 and 3 & benign/phiysi
hysiological bilateral uptake in the central 20

stevior peripheral zone on t

pd by the biopsy

e with numbered bi y cotes, rad ipots repeesent the localization of neadles with Gl
onfirming the suspicious lesion on Q3 and showing ancther lesion on Q1 not depicted on

WAL, For the analysis , Q1 was considered lakenegative, Q2 tue-negative, Q3 true-positive and Q4

e >34+4.C
PSMA PE

fabke-negative {leskon crossing the midline not depicted by Imaging)
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“Ga-PSMA-11 PET/MRI (1=no focal uptake; 2=benign; 3=undetermined; 4= sus-
picious for malignancy < 1.5 cm; 5=suspicious for malignancy> 1.5 cm) as illustrated
in Fig. 2. Readers also recorded quantitative parameters for suspected lesions: maxi-
mum standardized uptake value (SUV, ) and PSMA-positive volume (PSMA_ ) from
PSMA PET/MRI and from mpMRI diffusion restriction were assessed measuring the
mean apparent diffusion coefficient (ADC, .., in 10~* mm?/s) and lesion size {maximum
diameter) from mpMRI. In the case of artifacts on diffusion-weighted imaging (DW1)
from the mpMRI that would affect ADC measurement, mpMRI readers were allowed to
use the ADC data set from the PSMA PET/MRI study for quantitative analysis, without
access to the PET images (n=7) (Donati et zl. 2014),

Standard reference and histology-imaging matching

Section-based TTSB was performed under general anesthesia by board certified urolo-
gists with a minimum of 2 years of experience in fusion-guided biopsies as described
previously (Mortezavi et al. 2018). Cores were taken throughout the prostate according
to the modified Barzell zones (20 sectors) with number of cores adapted to the prostate
volume (Kanthabalan et al. 2016). All biopsies and prostatectomy specimens were ana-
lysed by one of the genito-urinary pathologists, with 9 and 11 years of experience for
Gleason score (GS) and International Society of Urological Society (ISUP) grade groups
(Epstein et al. 2016). In case of discordant results between PSMA PET/MRI or mpMRI
and TTSE results in patients who underwent a clinically indicated prostatectomy, final
GS/ISUP grade groups and lesion location ‘rom radical prostatectomy (RPE) specimen
were analysed for possible explanations of false-positive or negative results, but since
RPE was not available in all patients, this information was not used for the primary accu-
racy calculation with T'TSB as the sole reference standard. We however further inves-
tigated every quadrant with discrepant results between imaging modalities or imaging
and TTSB for the RPE result and calculated a secondary accuracy based on the mixed
standard.

Lesions delineated by the more experienced reader from each modality were matched
with the TTSB map automatically generated by the fusion software (Fig, 3), For both
PSMA PET/MRI and mpMR], readouts scores 1 and 2 were considered as negative and
3, 4 and 5 as positive for suspicious lesions. Because there are no clear anatomic land-
marks to delineate the quadrants, lesions involving the anterior and posterior ipsilateral
quadrants were considered as matching between imaging an histology if the main part
of the lesion was delineated in the positive cuadrant on histology. However, this conces-
sion was not made for lesions crossing the midline, because involvement of both lobes
has prognostic value and therefore is relevant information on imaging. Clinically signifi-
cant PCa (csPCa) was defined as GS = 3+ 4 {ISUP = 2) (Mottet et al. 2017; Briganti et al.
2018).

Data analysis and statistics

Descriptive statistics and frequencies were calculated in Excel (Excel2016, Microsoft,
USA) and presented as median (interquartile range (IQR) Q1, Q3) and mean (+stand-
ard deviation (5D)). Gleason score (GS) and quadrant localization of lesions (data con-
catenated into quadrants anterior right, anterior left, posterior right, posterior left) were
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compared to the lesions delineated by the two more experienced readers to define the
accuracy of PSMA PET/MRI and mpMRI using accuracy tables and was compared using
the area under the curve (AUC) from clustered receiver operating characteristic curves
(ROC) data with DelL.ong test. Interreader agreement was calculated per quadrant using
Cohen’s kappa for dichotomized data (1, 2=negative and 3, 4, 5=positive). Intraclass
correlation coefficient (ICC) of semiquantitative parameters was calculated per imag-
ing finding (regardless of score on imaging) only for the findings in common for the two
readers of each modality. Interreader coefficients were categorized according to Landis
and Koch as poor (less than 0.20), fair (0.21=0.40), moderate (0.41-0.60), substantial
(0.61-0.80) or almost perfect agreement (0.81-1.00) (Landis and Koch 1977). Percent-
age of interreader agreement for each PIRADS category or PET score category was cal-
culated dividing the number of quadrants classified as a certain category by both readers
by the number of quadrants classified as that category by at least one of the readers. Cor-
relations between semiquantitative parameters and GS were based on the readout of the
more experienced readers using Spearman’s rank correlation, and GS was included as a
continuous parameter for patients with cancer on biopay, scparating GS 7 in 34 4 and
44 3. All statistical computations were performed using R version 4.0.5 (R Foundation
for Statistical Computing, Vienna, Austria).

Results

Thirty-nine consecutive patients were included (Fig. 1). Table 1 shows patient charac-
teristics at study inclusion. Median interval between mpMRI and PSMA PET/MRI was
14 days (IQR 2, 78) and between biopsy and last performed imaging eight days (IQR 6,
17). RPE was available in 23 patients.

Biopsy

Median number of biopsy cores was 43 (IQR 38, 44). TTSB showed csPCa in 29/39
patients (74.3%), in 57/156 quadrants (36.5%). In 11 patients, csPCa was found in only
onc quadrant, in ninc patients in twe quadrants, in cight patients in three quadrants,
and in one patient all four quadrants were positive for csPCa on TTSB. GS 3+ 4 (ISUP
2), 443 (ISUP 3), 444 (ISUP 4) and 445 (ISUP 5) were found in 30, 14, 11 and two

Table 1 Patient characteristics at study inclusion in=3%)

Characteristics Value
AQe (years)

Mean+50 GAx6H
Median (QR) 65 {59-68)
PR at timo of PET cran (regfml)

Mean+5D 95%7
Median (KQR) 71 (63-104)
PIRADS® 2.0n (%)

3 S(13%)

4 J4161%)

5 10 {26%)

* Refers to mpARI clinical report used for inclusion in the study
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Table 2 Per-quadrant accuracy and interreader agreement results for PSMA PET/MRI and mpMRI for
detection of csPCa

PSMA PET/MRI mpMRI p value
ALC {95% Cl) 0.0 (0.73,086) 027 0.71,083) 056
Sensitivity 66.7% 61.4%
Specificity 029% 920%
pov BAA%: B3.3%
NPV £29% 80.7%
Accuracy B33% 81.4%
Cohen's Kappa coefficient® (95% (.73 (061-084) 065 1052-0.79)
Cl}
AUC, aren under the recendng op ch Isties curves O, confich Imerval; <sPCa, clinically significant prostate

cancer; NPV, negative predictive value; PPV, posithve predictive vatue
*Calculated considering readout scorcs 1 and 2 36 negative and 3, 4 and 5 2% positive

( g

PEMAFETIVIN
Vawe -
1oen . » 1% .
L) X -
*
L » e - "
o -
- ~H OH
“ "
1 1 1 . . 1 : 3 . s
SUPCa wimPOn o cancer OgPCs wimkPCa o canow

Fig. 3 Imaging findings in relation 1o biopsy results Quadrant-based (n = 156) biopsy results in relation

o PIRADS on mphdRi and to an adapeation of the wame scale for focal uptake an PSMA PCT/ANL (1 —no

focal uptake; 2=benign; 3=undetermined; 4= suspidous for mafignancy < 1.5cm; 5 =suspicious for

malgnancy > 1.5 am). csPCa=clinically significant cancer (red, GS > 3 4 4); clPCa=clinically insignificant
| cances (olue, G5 34-3)

quadrants, respectively, Among the quadrents without csPCa, GS 3+ 3 (ISUP 1) was
found in 15/99 (15%).

mpMRI and **Ga-PSMA-11 PET/MRI results

MpMRI was positive (PIRADS v2.1 = 3) in 42 quadrants (27%, 42/156), PSMA PET/MRI
was positive in 45 quadrants (29%, 45/156). Table 2 shows the quadrant-based accuracy
for detection of ¢sPCa for both modalities aad Fig. 3 shows readout results in relation to
biopsy findings, using the results from the two more experienced readers. Results of all
four readers ave given in the supplements (Additional file 1; Table S1).

MpMRI and PSMA PET/MRI were concordant in 135 quadrants regarding suspicion
for ¢sPCa (positive or negative) (86.5%, 135/156). Both were negative in 102 quadrants
(65%, 102/156); 90 truc-ncgative (66%, 90/102) and 12 falsc-negative (12%, 12/102). Both
were positive in 33 quadrants (21%, 33/156): 28 true-positive (85%, 28/33) and 5 false-
positive (15%, 5/33). MpMRI and PSMA FET/MRI were discordant in 21 quadrants:
only mpMRI was positive in nine (seven true-positive, two false-positive), and only
PSMA/PET/MRI was positive in 12 (10 truz-positive, two false-positive). Figures 4 and
5 show imaging and histopathological findings of some illustrative cases in which imag-
ing modalities were discordant or there was discordance between images and TTSB,
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Fig. 4 Imaging and histopatholegical findings of cases with discordance between PSMA PET/MRI and
mpdl findings. Each line corresponds 1o one patient From left 1o right: mpdAR! readout, DWW T2-w, PSMA
PET/MRI readout, fusion PSMA PET/ME and remplate topsy map. Readouts:Jesions in red were dassiied by
the readers as susprcious while the anes in green weee classibed as non-suspioous. Termplate Blopsy maps
red dots comespond 16 G5 2 3 44 biopsy cores and blue dots 10 GS 34- 3 A The keson in the left posteror
quadrant was depictad on both metRl and PSWA PEL corresponding 1o csPCa on template biopsy, but the
two lesions in the right quadrants were caly seen on PSMA PET (arrow in the anterior one), B PS4 PET and
PV WeTe CONCOFTIINT TEaring T Iesions In e sTeior rgT and posteron ieft quadrants but the apex

lesion crossing the midiine to the posteror ngit quadant was cnly seen on PSMA PET (amow). € The lesion

in the right pogteriorn guadrant was seen on MERMRI DU not on PSMA PET because physiokogical uptake in

the central zones imp

od the wsual analysis

PEMAPET

G

Fig. 5 Imaging and histopathological fndings of cases in which imaging indings of both mpMAl and PSMA
FET wenne [abse-pusitive o Taise-negatve using eanplaie bupsy @ wlaence sianddad. Esch lne conesponds
10 ene patent. From 1o naht mpMRI readour, DV, T2-v, PSMA PET/MRI readout, Tusion PSMA PET/MRI
and template blopsy map. A Both maging modalities depicted the lesion In the posterior right quadrant
arrows) but missed the lesion in the anteror right one {Pat. 7). B Both imaging madalities depicted the lesion
nisses the lelt one and PSMA PET was also false-positive for
Talyegrusitive e U aeter o eyl g SR TAR e
WA PET the uptake suggests a second lesion (arow)

in the posterior right quadrant (not shown) b

U gk fell quachan (anuw). € hingyh v
lesion seems 10 cross the midiine whike In PS

respectively, RPE specimen was available for analysis in 18 of these patients, Detailed
information about false-positive and false-negative cases as well as RPE results can be
found in Tables 3 and 4.

In a per quadrant analysiz, performing PEMA PET instead of mpMRI prior to biopey
leads to detection of 10/156 (6.4%) additional quadrants and miss 7/156 (4.5%) quad-
rants harboring ¢sPCa assessed by TTPB. These seven false-negative quadrants in
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Table 3 Imaging and histepathaleagical indings of quadrants with dissgreement between PSMA

PET/MA1 and mpMRI {r=21%)

Quad mpMil PIRADS PSMA PET!  Blopsy ISUP Final diagnosis
MR scora
Par. 1 4 2 4 2 i APE. PS A dropped after HIFU
Par 8 1 1 4 1 e 2
Fat, 11 142 11 474 X3 15LP 3
Far. 11 3 2 4 k] LR 3
Far. 22 | 1 3 3 Ky fioll oy i o RFE
Pat. 24 2 1 4 o cancer 5P 3
Pat. 30 144 11 44 24 GUP HEUP 4
Pat. 32 q 1 4 2 5P 3
Pat, 35 z 1 3 2 e 2
Fal. 42 1 1 4 2 5P 2
Far. & 3 5 1 Ko cancer Kz followy wp o RFE
Far, 10 1 4] 1 3 [P 3
Far. 17 3 c| 1 Mo cancar i canicer
Far, 19 1 1 a F] LR 3
Fat. 26 2 4 1 4 150 2
Pat. 33 3 4 1 2 GUP 2
Pat. 39 112 55 111 2 Hiz RPE. IHC of biopsy cores
showed PEMA-negative tumour
Par, 42 3 3 1 . ISP 2 Cirfilurative patiemm)

HIFLL high intensity focused witrasound; IHC, immunoshistoche mistry staining; Pat, patient, Quad, quadrant; RPE, radical
PEOSRAtECTOTTY
* PSMA PET positive in 12 and mpMAIIn 3

Table 4 maging and histopathalogical fndings of the guadrants in which both imaging modalitlas,
(PEMA PET/MAI and miphRi) disagree with templace Blopey results (= 17 quadrants)

Fat. 4

Pat. ?

Pat, 16
Pat, 17
Pat, 24
Pat. 28
Fat, 41
Par. 33
Pat. 34
Fat. 40
Fal. 11
Par. 8

Fat. 23
Pat, 34
Par, 35
Pat. 38

Quad

—_ ke = B B & ko B = e = W B o= =

Imaging mpMRIPIRADS PSMAPET/ Blopsy ISUP

FM
FM
FM
FN
FN
PN
N
FN
FM
FM
N
FP
FF
FP
FP
FP

=

[ U U WU S

31 mmi

1 [saveral coeas, 7 mm)

No cancer
e cancer

Mo cancer

Final diagnasis

o fioliow up or RPE
Mo cancer

15LIP 2

15L0F 2

Ne cancer

15Lp 2

I5lp 2

15LF 3 firfiltrative patberm)
ISLIP 2 {1 mm)
ISLIP 2

15UF 2

1SLP 2

T filicey wp or RFE
15LF %

ISR 3

15L0F 2 (B mim, foarrsy dif
ferentiation]

FH, false-negative; FF, false-positive; Pat., patient; Quad, guadrant; APE, radical prostatectomy
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PSMA were graded after TTPB as GS 3+4=7 (ISUP 2} in five cases, GS 4 +3=7 (ISUP
3) in one case and GS 4+ 4=8 (ISUP 4} in one case.

Semiquantitative results
Correlation between semiquantitative parameters and GS is also shown in Table 5, with

significant correlation for both PET parameters (SUV,,,, and PSMA, ) but no assacia-
tlon berween GS with size or ADC values or mpMRI,

Interreader agreement

Both modalities yielded a substantial interreader agreement for primary tumour
localization per quadrant (Table 2). The main reason of discordance was that the less-
experienced readers considered as suspicicus lesions that were not suspicious for the
more-experiences readers, which occurred i 13 quadrants in mpMRI and 11 quadrants
in PSMA PET/MRL Most of these quadrants (8/13 in mpMRI and 9/11 in PSMA PET/
MRI) were proven negative by TTSB resulting in a lower specificity for the less-experi-
enced readera (Additional file 1; Table 1), The score that held the highest disagreement
rates was score 3, with an agreement rate of 13.3% for mpMRI (2/15 quadrants) and no
agreement for PSMA PET (0/5 quadrants). MpMRI and PSMA PET/MRI agreement
rates for scores 1 and/or 2 were 82% and 85%, respectively, and for scores 4 and/or 5
was 54% and 74%, respectively. Reasons for disagreement on PSMA PET/MRI included
physiological uptake in the central zone and uptake close to the urethra that was misin-
terpreted by the less-experienced reader.

Interreader agreement for semiquantitative parameters was based on 31 lesions on
mpMRI (31 common lesions for both readers, R1-M reported additional 10 lesions and
R2-M reported 8), and 50 lesions were reported on PSMA PET/MRI by both readers
(RI-P reported 5 and R2-P reported 9 additional findings). Lesion size on mpMRI as well
a8 PSMA PET/MRI semiquantitative parameters yielded an almost perfect interreader
agreement while for ADC it was only moderate (Table 5).

Secondary analysis of quadrants with discrepant finding between imaging and biopsy

RPE was available in 23 of the 38 quadrants with discrepant findings (false-negative or
false-positive on mpMRI1 or PSMA PET (Table 3) or on both (Table 4)). For those quad-
rants without RPE available, T'I'SE remainec the standard reference, Of the 12 quadrants
that were false-negative on both imaging modalities, further workup with RPE showed

Table S Semiquantitative parameters

Median (IQR) Mean (+50) ICCR1 x R2 Correlation with GS
NI, b 144, 105 0.2 1123 VYY1, 1Y) p=UAM p=U112
P‘SAAA.,, 08{04,06) 18(£21, 050 0A3,094) Hw0A468 (p=0003)
ADC 8325 (6888, %66.3) BE35.3 (£26:9) 0.54 {004,078) p=—0.182 (p=0.26)
Size* 130,16 14 (406, 090 08, 0.95) =022 p=016)

Median, mean and correlation with G5 based on results from the more experienced reader

GS, Cleason score; KR, interquartlle rage [©1, Q3% IEC, Imracli ss comelation coofficlent; RY, reader 1; B2, reader 2 50,
standard devistion

" On mpMRI
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that two had no cancer (biopsy GS 3+4 and 44 3, ISUP 2 and 3). Eight quadrants were
confirmed as GS 3+4 (ISUP 2) disease and one quadrant harbored a lesion with GS
4+ 3 (ISUP 3). Among the five quadrants that were false-positive on PSMA PET/MRI
and mpMRI, RPE was available in four, showing GS 3+ 4 (ISUP 2) or GS 4+ 3 (ISUP 3)
disease in all of them. Among the 21 quadrants with disagreement between mpMRI and
PSMA PET/MRI, RPE showed true-positive lesions in 10 quadrants on PSMA PET/MRI
and five quadrants on mpMRI. One quadrart negative on biopsy showed GS 4+ 3 (ISUP
3) cancer on RPE (true-positive on PSMA P=T/MRI with PIRADS 1 on mpMRI).

Taking the discrepancies between biopsy results and RPE into account, the sensitivity
and specificity of reader one for mpMRI would rise to 63.9% and 94.7%, and for PSMA
PET/MRI to 72.1% and 96.8%, respectively.

Discussion

Per-quadrant accuracy for tumour localization before biopsy did not differ significantly
for mpMRI and PSMA PET/MRI, with sensitivities of around 61% and 67%, respectively,
and specificity of = 93% for both methods. Interreader agreement for lesion localization
was substantial for both modalities but slightly higher for PSMA PET/MRI compared
to mpMRI (0.73 vs 0.65). PSMA PET/MRI semiquantitative parameters (SUV, _ and
PSMA ) had an almast perfect interreader agreement as well as lesion size on mpMRI,
while for ADC it was only moderate. Furthermore, SUV_ . and PSMA_, correlated
with biopsy GS, but mpMRI semiquantitative parameters did not. Our findings suggest
PSMA PET/MRI could be used to guide biopsy in patients with suspicious prostate can-
cer, with similar accuracy and reliability in comparison with mpMRI regarding lesion
localization, but with a more robust assessment of lesion aggressiveness by semiquanti-
tative parameters.

The relatively lower per-quadrant accuracy for primary tumour localization on
PSMA PET/MRI compared to our previously published per-patient accuracy (83,3% vs
88.0%) (Ferraro et al. 2021) is in concordance with other results. Eiber et al. reported
98% tumour detection with PSMA PET/MRI on a patient basis but only 76% of sensi-
tivity for leston locallzatlon In prostate per sextants (Etber et al. 2016), and Park et al.
reported a sensitivity of around 85% using per-lobe localization (Park et al. 2018). Bodar
vt al. reported a sigoificant drop in sensitivity and specificity in twie colort from 844
to 61.4% and from 97 to 88%, respectively, when using more steingent criteria of tumour
localization with PSMA PET/CT using 12 prostate regions (Bodar et al. 2020). This drop
in accuracy might also reflect the limitation of TTSB as a reference standard.

Furthermore, the current results also pcint out that TTSB as a reference standard
has limitations. Incorporating the RPE results for all quadrants with discrepant find-
ings was rising the specificity for both imaging modalities to around 95% (mpMRI)
and 97% (PSMA PET/MRI). Also the scnsitivity improved for both imaging methods,
from around 61 to 64% for mpMRI and from around 67 to 72% for PSMA PET/MRI,
respectively. Given that several patients did not have any evidence for significant PCa
on imaging or biopsy, despite the initial PIRADS 3 lesions on the clinical read out of
the mpMRI, we could not incorporate RPE systematically within this study. However,
the observation reflects the limitation of TTSB, which despite being the most accu-
rate way to study the prostate through biopsies still has a substantial disagreement
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with RPE results (Crawford et al. 2013). Causes of false-positive and false-negative
results on PSMA PET/MRI in this cohort were already published and discussed else-
where (Ferraro et al. 2021).

MpMRI PIRADS version 2 interreader agreement has been extensively assessed in
the literature. In a meta-analysis including 4095 patients, Greer et al. (2019) found
substantial interreader agreement using score 4 as cutoff but observed fair to mod-
erate agreement using score 3. They also found significant variation associated with
reader experience. Similarly, we have observed a low interreader agreement on lesions
classified as PIRADS 3, and in our cohort rzader experienced affected specificity more
than sensitivity. Furthermore, a high agreement of 82-85% on negative quadrants was
already reported by Brembilla et al. (2020), which matches well our result of 82%.

PSMA PET interreader agreement is known to be high for primary tumour detec-
tion and agreement for T, N and M range from substantial to almost perfect in the
literature (Basha et al. 2019; Fendler et al. 2017; Toriihara et al. 2020). Therefore, we
expected it to be high in the pre-biopsy context for primary tumour localization,
whicl iy cruciul in e biopsy-guidunce settiog, Our results indeed show substan-
tial agreement for both primary tumour detection and its localization but also draw
attention to some pitfalls on PSMA PET/MRI such as physiological uptake in the cen-
tral zone (Pizzuto et al. 2018) or uptake close to the urethra, which can potentially
mislead readers that lack MRI training despite of awareness of the potential pitfalls.

The full potential of semiquantitative measures on imaging is still under investigation.
SUV .., correlation to GS has been shown before (Uprimny et al. 2017) as well as to
presence of lymph node metastasis (Ferrara 2019). In fact, SUV_ reflects the tumour
PSMA expression {Woythal et al. 2018), which correlates to tumour aggressiveness and
has prognostic value (Paschalis et al. 2019; Hupe et al. 2018). In our cohort, both SUV_
and PSMA, positively correlated with GS on TTSB. While an inverse correlation
between mpMRI ADC value and GS can be demonstrated in JTarge meta analysis (Shaish
et al. 2017), ADC more strongly correlates with other cellularity metrics/difterences in
tumour architecture (Chatterjee et al. 2015). As expected, in our cohort however, neither
ADC nor tumour size on mpMRI correlated significantly with GS. Furthermore. ADC
had the lowest interreader agreement, suggesting overall that parameters derived from
PSMA expression and tumour size are more robust for prediction of GS.

Important considerations must be made about PSMA PET/MRL It is not an loniz-
ing radiation-free modality, it is not widely available, and no study so far assessed its
cost-effectiveness in the pre-biopsy setting of PCa. This study showed that PSMA PET/
MRI can localize the primary tumour with similar accuracy to mpMRI read by a dedl-
cated genitourinary radiologist and it has substantial interreader agreement. However,
further studies are needed to determine which patients could benefit from it in clinical
routine, Interestingly, in the present readout 11 of 39 patients that had a PIRADS =3
lesion on clinical read out were considered as not suspicious (PIRADS 1/2) by Reader 1.
This probably reflects the higher accuracy of mpMRI read by a dedicated genitourinary
radiologist compared to clinical reports, whose positive predictive value can vary widely
(Westphalen e al. 2020). Interestingly, this seems w be less problematlc on PSMA PET/
MRI, since a nuclear medicine physician without specific MRI training with twa years of
experience was able to reach a moderate interreader agreement.
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Limitations of this study include its retrospective nature, the lack of whole mount
prostatectomy specimens as standard of reference and the quadrant-based approach.
These limitations were partially mitigated by using TTSB with an extensive number
of cores (median 43) and a careful readout by a nuclear physician and a radiologist
together to define quadrant status as posit ve or negative based on matching histopa-
thology and lesions delineated on the imaging readouts, Another drawback is the lack
of validation tor the 5-point score used tor PSMA PE1/MRI, which was chosen to
allow a direct comparison between the twe imaging modalities. Finally, inherent limi-
tations of using score 3 as cutoff for positive quadrants must be acknowledged since
its impact in accuracy was already shown ‘or mpMRI (Wadera et al. 2021), However,
we believe this is the most reasonable approach for patients imaged in the pre-biopsy
setting, in which targeting a false-positive |esion would probably bring less harm than
failing to target a csPCa lesion or dismissirg from biopsy a patient with ¢sPCa.

Conclusion

PSMA PET/MRI has similar accuracy and reliability to mpMRI regarding primary
PCa localization. Semiquantitative parameters from PSMA PET/MRI correlated with
tumour grade and were more reliable than the ones from mpMRI. Further studies are
needed to determine which patients coulc benefit from pre-biopsy PSMA PET/MRI
in clinical routine.
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