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RESUMO

Objetivo: A terapia fotodindmica vascular (VTP) é uma abordagem de ablacdo tumoral usada
para tratar o cancer de préstata em estagio inicial e também pode ser eficaz para o cancer
urotelial do trato urinario superior (UTUC) com base em dados pré-clinicos. No sentido de
aumentar as taxas de resposta ao VTP, avaliamos sua eficacia em combinacdo com inibidor de

PD-1 com agonista de OX40 em um modelo animal de tumor urotelial.

Projeto experimental: Em camundongos aloenxertados com células MB-49 UTUC,
comparamos os efeitos do VTP combinado com o inibidor PD-1 e agonista OX40 em relagéo
ao crescimento tumoral, sobrevida, ocorréncia de metéastase pulmonar e respostas imunes

antitumorais.

Resultados: A combinacdo de VTP com inibidor de PD-1 e agonista de OX40 inibiu o
crescimento do tumor e prolongou a sobrevida em um grau maior do que VTP com qualquer
um dos imunoterapicos individualmente. Esses efeitos resultam do aumento da infiltracdo
tumoral e proliferacdo intratumoral de células T citotdxicas e auxiliares, deplecéo de células

Treg e supressdo de células supressoras derivadas de mieloides.

Conclus6es: Nossos resultados sugerem que o VTP sinergiza-se com o bloqueio de PD-1 e
agonista OX40 para promover fortes respostas imunes antitumorais, produzindo eficacia

terapéutica em um modelo animal de cancer urotelial.

Palavras-chave: cancer urotelial, ablagcdo tumoral, TOOKAD, terapia focal, imunoterapia



ABSTRACT

Purpose: Vascular targeted photodynamic therapy (VTP) is a non-surgical tumor ablation
approach used to treat early-stage prostate cancer and may also be effective for upper tract
urothelial cancer (UTUC) based on preclinical data. Toward increasing response rates to VTP,
we evaluated its efficacy in combination with concurrent PD-1 inhibitor/OX40 agonist

immunotherapy in a urothelial tumor-bearing model.

Experimental design: In mice allografted with MB-49 UTUC cells, we compared the effects
of combined VTP with PD-1 inhibitor/OX40 agonist with those of the component treatments

on tumor growth, survival, lung metastasis, and antitumor immune responses.

Results: The combination of VTP with both PD-1 inhibitor and OX40 agonist inhibited tumor
growth and prolonged survival to a greater degree than VTP with either immunotherapeutic
individually. These effects result from increased tumor infiltration and intratumoral
proliferation of cytotoxic and helper T cells, depletion of Treg cells, and suppression of

myeloid-derived suppressor cells.

Conclusions: Our findings suggest that VTP synergizes with PD-1 blockade and OX40 agonist
to promote strong antitumor immune responses, yielding therapeutic efficacy in an animal

model of urothelial cancer.

Keywordds: urothelial carcinoma, tumor ablation, TOOKAD, focal therapy, immunotherapy
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1. INTRODUCAO

O carcinoma urotelial representa o sexto tumor maligno mais comum entre 0s homens
nos Estados Unidos e é mais prevalente entre os homens com mais de 60 anos (1). Em pacientes
com tumores uroteliais pequenos de baixo grau, bem como aqueles nos quais a preservacéo
funcional é especialmente critica (ou seja, pacientes com rim Unico, funcgéo renal deficiente e/ou
ndo elegiveis para cistectomia/nefro-ureterectomia), as terapias ablativas locais surgiram como
um meio promissor de reduzir a morbidade do tratamento e priorizando a preservagédo

renal/funcional (3,4).

A terapia VTP empregando WST11 (TOOKAD Soluble, Steba Biotech, Franca) foi
clinicamente aprovada na Europa e no México em 2017 para cancer de prostata localizado em
estagio inicial (5-7) e demonstrou eficacia em varios modelos animais de carcinoma urotelial
(7,8). WST-11 é um fotossensibilizador administrado por via intravenosa e tem meia-vida de
60 minutos. A iluminac&o a laser confinada fornecida por meio de fibras dpticas ativa a droga
localmente e induz a liberacdo rapida de substéncias toxicas, principalmente radicais livres de
vida curta, dentro dos vasos sanguineos do tumor, levando a oclusédo vascular e, finalmente, a

necrose do tumor 48 horas apos o tratamento (9).

Embora o VTP possa erradicar os tumores uroteliais, a taxa de cura no modelo de
camundongo padréo é de apenas aproximadamente 30%. Para aumentar sua eficacia, o VTP foi
combinado com inibidores de checkpoint imunoldgico capazes de induzir respostas
imunolégicas antitumorais por meio de uma reacdo inflamatoria rapida e proeminente (10). A
atividade do VTP com inibidores de checkpoint, como anti-PD-1 e anti-CTLA-4, foi
demonstrada em estudos com animais, nos quais a taxa de resposta completa é superior a 40%
(7,11). A combinacéo de drogas imunomoduladoras com inibidores de checkpoint imunoldgico
tem recebido consideravel atencdo como forma de aumentar o beneficio destes ultimos, que

podem induzir respostas clinicas e imunolégicas potentes em uma minoria de pacientes (12).
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1.1 Objetivos

Objetivo Principal

Nesse estudo, postulamos que a combinacdo de VTP com bloqueio de PD-1 e
imunoterapia agonistica OX40 aumentaria a eficacia terapéutica no cancer urotelial, induzindo

imunidade antitumoral de longa duracéo.

Objetivos Secundarios
- Auvaliar a resposta imunoldgica (linfocitos T) local e sistémica.

- Avaliar a prevengdo de metastases.
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2. REVISAO DA LITERATURA

2.1. Epidemiologia

Os tumores uroteliais, em especial o carcinoma urotelial, representam um importante
problema de saude publica devido a sua prevaléncia e forte associagdo com fatores ambientais
(1,2). Trata-se de um cancer relativamente comum, correspondendo a aproximadamente 3% de
todos os canceres diagnosticados. Dados recentes da Globocan em 2022 destacam a posi¢do do
cancer de bexiga entre os dez tipos de cancer mais comuns em nivel mundial. Se considerarmos
apenas pacientes do sexo masculino, o cancer de bexiga ocupa a sexta posi¢do, sendo a nona

causa mais comum de morte por cancer (39).

A incidéncia de tumores uroteliais varia significativamente conforme sua localizacdo
no trato urinario. Aproximadamente 90% desses tumores ocorrem na bexiga, enquanto os 10%
restantes se originam no trato urinario superior (TTUA). Essa distribuicdo anatbmica também
se reflete nas diferengas de incidéncia entre 0s sexos: 0s tumores uroteliais da bexiga afetam os
homens em uma proporcdo de 4:1 em relacdo as mulheres, enquanto nos TTUA essa proporcao
é de 2:1. Aproximadamente 60% dos tumores do trato urinario superior (pelve renal e ureter)
sdo invasivos no momento do diagndstico, enquanto essa taxa € significativamente menor nos

tumores de bexiga, variando entre 15% e 25%.

2.2. Estadiamento

Os tumores confinados a mucosa e que invadem a lamina propria séo classificados como
Ta e T1, respectivamente, de acordo com a classificagdo TNM (Tumor, Nodulo e Metastase).
Tumores planos de alto grau, restritos a mucosa, sdo categorizados como carcinoma in situ
(CIS). Esses tumores, conhecidos como tumores ndo musculo-invasivos da bexiga (NMIBC),
podem ser tratados por meio de ressecgdo transuretral (RTU) da bexiga e instilacGes
intravesicais, como veremos adiante. Em contraste, tumores que invadem a camada muscular
do urotélio, o tecido perivesical e estruturas adjacentes da bexiga séo classificados como T2,

T3 e T4, respectivamente, sendo considerados tumores invasivos (MIBC) (Anexo B).
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2.3. Tratamento

2.3.1. Cancer de Bexiga

O tratamento inicial do cancer de bexiga € comumente realizado por meio de ressec¢do
transuretral do tumor (RTU). Esse procedimento tem como objetivo a ressec¢do completa de
todos os tumores visualizados durante a cistoscopia. A escolha do tratamento subsequente esta
intimamente relacionada ao estadiamento e a histologia do tumor. Nos tumores ndo masculo-
invasivos, particularmente aqueles maiores que 3 cm, que invadem a lamina propria, e/ou 0s
tumores recorrentes, ou classificados como de alto grau (incluindo carcinoma in situ), é
recomendada a terapia adjuvante com BCG (Bacilo de Calmette-Guérin) ou quimioterapia
(Gemcitabina/Mitomicina) intravesical (34). O objetivo dessa terapia é reduzir as taxas de

progressao e recidiva tumoral.

No entanto, deve-se considerar que o uso de BCG e/ou quimioterapicos podem estar
associados a efeitos colaterais, incluindo complicacdes graves em até 5% dos casos. Essas

complicacGes podem limitar, e muito, seu uso.

Para pacientes que apresentam tumores muasculo-invasivos ou mesmo superficiais, mas
que tém um alto risco de progressdo ou recidiva, a cistectomia radical acompanhada de
linfadenectomia pélvica é o tratamento padréo. A cistectomia radical € reconhecida como o
melhor e mais eficiente tratamento curativo disponivel para esses pacientes, embora esteja
associada a um indice significativo de complicacdes pos-operatorias. Cerca de 25-30% dos
pacientes apresentam complicagOes graves, classificadas como Clavien-Dindo grau > 3. Além
disso, essa cirurgia exige a realizacdo de derivagdes urinarias, que podem impactar
consideravelmente a qualidade de vida dos pacientes, devido as alteracdes funcionais e
metabdlicas associadas a perda da bexiga; incluindo o risco de doenca renal crénica dialitica de
até 20% em 5 anos (Apéndice C).

2.3.2 Tumores do trato urinéario alto

A nefroureterectomia com ressec¢do do cuff vesical é considerada o tratamento padréo-
ouro para 0 manejo dos TTUA. Esta abordagem cirurgica envolve a remogdo completa do rim
afetado, do ureter e de uma porc¢édo da bexiga onde o ureter se insere, garantindo a remogéo

abrangente do tecido tumoral e minimizando o risco de recorréncia local.
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No entanto, em casos selecionados, especialmente em pacientes de baixo risco, pode-se
optar por uma cirurgia preservadora do rim (tratamento endoscépico principalmente), com o
objetivo de preservar a funcdo renal sem comprometer os resultados oncologicos. Essa
abordagem é considerada segura e eficaz em situacGes em que o tumor € pequeno, de baixo

grau e localizado de forma que permita uma excisdo completa, mantendo a fungéo renal.

Em pacientes de alto risco, incluindo aqueles com tumores de alto grau, grandes,
multifocais ou com invaséo profunda, a preservacao renal é geralmente contraindicada devido
ao maior risco de recorréncia e progressdo da doencga. No entanto, a cirurgia preservadora do
rim pode ser considerada em situacdes excepcionais, como em pacientes com insuficiéncia
renal cronica ou com rim solitario, onde a perda da funcdo renal pode levar a necessidade de
dialise. Nesses casos, a decisao cirtrgica deve ser cuidadosamente ponderada, levando em conta
a necessidade de balancear o controle oncoldgico rigoroso com a preservacao da funcéo renal

remanescente.

2.4 Vascular Targeted Therapy (VTP) — Terapia Vascular Fotodinamica

De maneira geral, a terapia fotodindmica é uma modalidade de tratamento que utiliza a
combinacdo de luz, um agente fotossensibilizador e oxigénio para destruir seletivamente células

anormais como as células cancerigenas. O processo envolve trés etapas principais:

1. Administracdo do Fotossensibilizador: Um agente fotossensibilizador, que é uma
substancia quimica que se acumula preferencialmente nas celulas-alvo, € administrado
ao paciente. Esse agente € inicialmente inerte e ndo toxico.

2. Ativacdo por Luz: Apos a administracdo do fotossensibilizador, a area-alvo do corpo,
onde as células anormais estdo localizadas, é exposta a uma fonte de luz de uma
determinada frequéncia que corresponde a absorcao do fotossensibilizador. Essa luz
ativa o fotossensibilizador.

3. Producéo de Espécies Reativas de Oxigénio (RLO): A ativacdo do fotossensibilizador
pela luz leva a geragdo de espécies reativas de oxigénio, que sdo moléculas altamente
reativas que causam dano celular. Esses danos podem incluir a destruicdo das
membranas celulares, proteinas, acidos nucleicos ou endotélio vascular, resultando na

morte das células no tecido tratado
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A terapia fotodindmica é utilizada no tratamento de varios tipos de canceres, incluindo
canceres de pele, esdfago, pulméo e prostata, alem de algumas condi¢des ndo oncoldgicas. Ela
é particularmente Gtil para tumores localizados, pois permite a destruicdo seletiva das células
tumorais com danos minimos ao tecido saudavel circundante. Além disso, ela pode ser
combinada com outras modalidades terapéuticas para potencializar o efeito antitumoral e

promover a cura da doenca.

A Terapia Fotodinamica Vascular (VTP) é uma abordagem terapéutica inovadora que
se distingue por seu mecanismo de ac¢do focada na vasculatura tumoral. Utilizando o agente
fotossensibilizante WST11 (Tookad® Soluvel, Steba Biotech, Franga), a VTP tem como alvo
primario 0s vasos sanguineos que nutrem o tumor, essencialmente interrompendo o suprimento
de sangue e, consequentemente, levando a morte das células tumorais por necrose/apoptose

celular.

O processo terapéutico comega com a administracdo intravenosa do WST11, que € um
composto fotossensibilizante soltvel em agua derivado da clorofila. Este agente possui uma
alta afinidade pela circulagédo sanguinea e, diferentemente de outros fotossensibilizadores que
se acumulam diretamente nas células tumorais, 0 WST11 permanece predominantemente no
sistema vascular. Apos a aplicacdo local de uma fonte de luz laser especifica, com um
comprimento de onda que corresponde & absor¢do maxima do WST11, esse agente é ativado e
uma cascata de reacfes quimicas € iniciada, gerando uma rapida producéo de espécies reativas
de oxigénio (RLO), principalmente radicais livres que sdo altamente citotdxicos. Estes radicais
livres provocam danos oxidativos graves as células endoteliais que revestem 0s vasos
sanguineos do tumor. Como resultado, ocorre uma destruicdo seletiva da vasculatura tumoral,

induzindo a interrupgdo do fluxo de sangue e, consequentemente a necrose tumoral/tecidual.

Além de causar necrose direta das células tumorais por privacdo de sangue, a VTP tem
sido associada a um efeito imunoldgico sistémico. A destruicdo da vasculatura tumoral e a
subsequente morte celular liberam antigenos tumorais no sistema imunoldgico, que pode ser
estimulado a reconhecer e destruir células tumorais remanescentes ou metastaticas em outras
partes do corpo (efeito episcopal). Esse processo envolve principalmente a imunidade celular,
mediada por células T, mas também a imunidade humoral, envolvendo a producdo de
anticorpos contra antigenos tumorais. Assim, a VTP nédo s6 combate o tumor localmente, mas

também pode promover uma resposta imunoldgica de longa duracdo contra o cancer,
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potencialmente prevenindo a recorréncia da doenca. Atualmente, o VTP é apresentado como

uma forma de imunoterapia.

A aplicacdo da VTP no trato urinario humano era uma abordagem inédita até o inicio
dos experimentos recentes. Primeiramente, um estudo pré-clinico utilizando modelos suinos,
foi realizado focando na avaliagdo dos efeitos histoldgicos e fisioldgicos da VTP nos ureteres
e rins dos animais. Nesse estudo, os suinos foram submetidos & injeg&o intravenosa de WST11,
seguida por uma sessao de iluminagdo com laser por um periodo de 10 minutos. O principal
objetivo foi avaliar o impacto da terapia nos tecidos tratados e monitorar a evolugdo dos animais
no periodo poés-operatorio. Os resultados indicaram que a funcdo renal e os niveis de

hemoglobina permaneceram dentro dos limites normais apos o tratamento (8)

As analises histologicas retiradas dos animais desse experimento mostraram
regeneracdo do urotélio superficial nas &reas tratadas, sem evidéncias de obstrucGes
sintomaticas ou hidronefrose significativa apds um periodo de quatro semanas. Esses achados
comprovaram que a VTP é uma abordagem segura e eficaz para o tratamento de tumores no
trato urinario, fornecendo base para seu potencial aplicacdo clinica em seres humanos e

estabelecendo novas perspectivas para 0 manejo terapéutico dessa condicao.

Recentemente, um estudo de fase 1 da Terapia Fotodindmica Vascular (VTP) com o
fotossensibilizador WST11 (Tookad® Solavel, Steba Biotech, Franca) para o tratamento do
carcinoma urotelial foi publicado (41). Nesse estudo, 19 pacientes com carcinoma urotelial
foram tratados com VTP e a seguranca foi monitorada com foco em efeitos adversos. Esses
efeitos foram predominantemente leves, sem eventos graves (Clavien >2) relacionados ao
tratamento. A eficacia foi avaliada por bidpsias e exames de imagem, revelando uma resposta
positiva em alguns pacientes, com significativa reducdo do tamanho do tumor e resposta
completa ou parcial em mais de 90% dos casos. Esses resultados iniciais indicam que a VTP é
uma abordagem segura e promissora para o carcinoma urotelial, sugerindo a necessidade de

estudos adicionais para validar a eficacia e refinar o protocolo de tratamento.

2.5 Imunoterapia

A terapia intravesical com Bacillus Calmette-Guérin (BCG) para o cancer de bexiga foi
introduzida por Morales, Eidinger e Bruce A. em 1976. Eles observaram que o BCG poderia

induzir inflamac&o e ativar o sistema imunoldgico para combater células tumorais. Desde entéo,
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0 sucesso da imunoterapia com BCG no tratamento do carcinoma urotelial gerou interesse na

investigacdo de outros agentes imunoterapicos para o tratamento desses tumores.

Os checkpoints imunoldgicos sdo moléculas reguladoras que desempenham um papel
crucial na modulacdo da resposta imune. Eles podem ser encontrados na superficie das células
imunolégicas, como os linfdcitos T, e atuam como "interruptores" que podem ativar ou inibir a
atividade dessas células. A funcéo principal dos checkpoints imunoldgicos é garantir que a
resposta imune seja equilibrada, evitando reacfes excessivas que podem levar a danos aos
tecidos do proprio organismo. A avaliacdo do receptor PD-1 (Programmed Death-1) no
tratamento do cancer de bexiga tem sido um campo ativo de pesquisa, especialmente com o
desenvolvimento de inibidores desse checkpoint imunol6gico que visa melhorar a resposta
imune antitumoral. Ensaios clinicos iniciais demonstraram que os inibidores de PD-1, como o
pembrolizumab e o nivolumab, apresentaram uma resposta significativa em pacientes com
cancer de bexiga avancado ou metastatico. Em varios estudos, esses agentes mostraram taxas
de resposta objetiva variando de 20% a 30%, com alguns pacientes apresentando respostas
duradouras (42). Além disso, 0 uso desses agentes no cancer de bexiga superficial de alto grau,
ndo responsivo ao BCG, também tem se mostrado eficaz, com taxa de resposta completa em

torno de 19%, apds um ano de seguimento.

Um alvo imunomodulador atraente é o receptor coestimulador de células T
denominado OX40 (CD134). Ele é um membro da superfamilia do receptor do fator de necrose
tumoral (TNFRSF) que atua sobre as vias de sinalizacdo de células T que promovem a
sobrevivéncia, proliferagcéo e producao de citocinas (13). O conceito de ativacdo de OX40 para
o tratamento de c&ncer tem recebido atencdo crescente devido a sua capacidade de melhorar a

eficacia das respostas imunes contra células tumorais

Estudos pré-clinicos demonstraram que 0s anticorpos agonistas OX40 podem
aumentar a imunidade antitumoral por meio da expanséo das células T, levando a uma melhor
sobrevida livre de progressdo (14-17). O agonismo de OX40 demonstrou aumentar a eficicia

dos inibidores de checkpoint em modelos de diferentes tipos de canceres (18-21).

Ateé o presente momento, nenhum ensaio clinico foi publicado avaliando a eficicia desse

agente no tratamento do cancer urotelial em humanos.
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2.5.1 Combinagdes de imunoterapia

Estudos combinados mostraram respostas promissoras, mas também tém sido
associados a um aumento na incidéncia de efeitos colaterais graves. A combinacdo de
nivolumabe e ipilimumabe, por exemplo, demonstrou um beneficio clinico em alguns pacientes
com cancer de bexiga, embora o perfil de seguranca precise ser cuidadosamente monitorado
(42).

A combinagdo de quimioterapia com inibidores de PD-1/PD-L1 também tem sido
estudada em céncer de bexiga, com resultados que mostram uma capacidade da quimioterapia
em sensibilizar o tumor a imunoterapia, embora mais uma vez, os efeitos colaterais e a eficacia

precisam ser cuidadosamente avaliados.

As combinagdes de imunoterapia tém o potencial de melhorar significativamente o
tratamento do cancer de bexiga, oferecendo novas estratégias para superar a resisténcia ao
tratamento e aumentar as taxas de resposta. No entanto, o desenvolvimento e a implementacéo
dessas combinacBes exigem uma compreensdo aprofundada dos mecanismos imunol6gicos
envolvidos, bem como a gestdo cuidadosa de efeitos colaterais e a selecdo apropriada de
pacientes. Esses ensaios clinicos continuos sdo essenciais para validar a eficacia e a seguranca

dessas abordagens combinadas.

2.6 Terapia fotodinamica e imunoterapia

A combinacdo da Terapia Fotodindmica Vascular (VTP) com imunoterapia emergiu
como uma abordagem inovadora no tratamento do céncer urotelial. Este método visa
potencializar os efeitos antitumorais da VTP por meio da modulacéo do sistema imunoldgico,

aproveitando as sinergias entre a destruicao direta do tumor e a estimulacdo da resposta imune.

Embora o VTP possa erradicar os tumores uroteliais, a taxa de cura no modelo de
camundongo padréo é em torno de 30%. Para aumentar sua eficacia, o VTP foi combinado com
inibidores de checkpoint imunoldgico capazes de induzir respostas imunoldgicas antitumorais
por meio de uma reacdo inflamatoria rapida e proeminente (10). A atividade do VTP com
inibidores de checkpoint, como anti-PD-1 e anti-CTLA-4, foi demonstrada em estudos com

animais, nos quais a taxa de resposta completa € superior a 40% (7, 11).
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3. METODOLOGIA
3.1 Aspectos Eticos

Todos os procedimentos envolvendo animais estavam de acordo com as regras éticas
do MSKCC, instituicdo em que foram realizados os procedimentos. O projeto e o protocolo
deste estudo foram aprovados pelo Institutional Review Board e pelo comité institucional de
cuidados dos animais (APENDICE A)

3.2 Cultura de células

Para realizacdo dos experimentos foi necessario o desenvolvimento de uma linhagem
celular adequada para o estudo. A linha celular tumoral utilizada nos estudos foi a Murine
Bladder 49 (MB-49). Séo células tumorais originadas em bexigas de camundongos machos
C57BL/6, induzidas pela utilizacdo de um carcin6geno aplicado intravesicalmente. As células
MB-49 foram cultivadas em soluc¢éo de Dulbecco’s modified eagle media, suplementado com

solucdo de soro fetal bovino a 10%, penicilina/estreptomicina a 1% e piruvato de sédio a 0,1%.
3.3 Geragéo de linha MB-49 expressando Luciferase

Para geracdo de células MB-49, que expressam luciferase (MB-49-luc), foram
utilizados genes de virus de ceélulas estaminais de camundongo (MSCV) -puromicina-
Luciferase-GFP. O PMSCV-puro-Luciferase-GFP foi transferido para células de
empacotamento retroviral pantropic GP2-293 (BD Biosciences, San Jose, CA), utilizando
lipofectamina 2000 (Invitrogen, Grand Island, NY) e o retrovirus recolhido foi utilizado para
infectar células MB-49. As células infectadas foram selecionadas com 0,5 pg/mL de
puromicina (Invitrogen, Grand Island, NY) e o conjunto sobrevivente de células foi designado

MB49/luciferase. A infecgdo foi realizada com 6 pg/mL de polibreno (Sigma, St. Louis, MO).
3.4 Estudos in vivo

Foram utilizados camundongos C57BL/6 machos de sete a oito semanas de idade
(Taconic Farms) em todos os diferentes experimentos conduzidos (avaliagdo de tumor e de
metastases pulmonares, sobrevida e citometria de fluxo). A escolha pela utilizacdo de
camundongos machos se deu em razdo destes serem menos influenciados pelas oscilagdes

hormonais em comparacdo com as fémeas. Os camundongos da espécie C57BL/6 apresentam
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sistema imune intacto e necessario para se testar os efeitos da imunoterapia. Além disso, a
linhagem celular escolhida é proveniente desta espécie e a utilizacdo de outra espécie poderia
influir negativamente no desenvolvimento e uniformidade de crescimento dos tumores

inoculados.

As células MB-49 marcadas com luciferase foram obtidas da American Type Culture
Collection (ATCC; Manassas, VA) e cultivadas em meio RPMI suplementado com soro fetal
de vitela a 10% (Life Technologies / Thermo Fisher Scientific, Waltham, MA). Antes da
implantacéo do tumor, os camundongos foram anestesiados com isoflurano inalado, meloxicam
(2 mg / kg) e buprenorfina (0,5 mg / kg), e o cabelo e a pele sobre o flanco direito foram
esterilizados usando uma solucéo de iodopovidona e alcool etilico. Células MB-49 (50.000

células / pL) foram implantadas no flanco direito (Figura 1)

Figura 1: Modelo tumoral subcutaneo usado no experimento

Quatorze dias ap0s a implantacdo do tumor, os camundongos foram avaliados quanto
a formag&o de tumor usando imagem de bioluminescéncia ndo invasiva- IVIS. As regides de
interesse das imagens exibidas foram desenhadas com base na intensidade do sinal e
quantificadas usando o software Living Image versdo 2.60. O sinal especifico foi calculado
como a razéo entre o sinal bioluminescente na regido de interesse e o sinal bioluminescente em
uma regido de fundo que ndo contém tumores. Quando o volume do tumor atingiu
aproximadamente 100 mm3, os animais foram atribuidos aleatoriamente aos seguintes grupos
de estudo: controles (n = 5), inibidor PD-1 (n = 5), agonista OX40 (n = 5), inibidor PD-1 e
agonista OX40 (n = 10), VTP (n = 10), VTP e agonista OX40 (n = 10), VTP e inibidor PD-1
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(n = 10) e VTP e agonista OX40 e inibidor PD-1 (n = 10) (Figura 2). Para comparagédo da
sobrevida e crescimento do tumor, o experimento foi repetido duas vezes, exatamente no

mesmo padréo, e os resultados foram reunidos para analise estatistica.

Figura 2: Divisdo dos grupos do estudo

8 Grupos (n=60)

S Grupos
Contrclen Pn 10
p+ox P+OX—

e g0 0 o0 e g? @0 e@ e 5@
: 3
. eeoe : 09@3 2 9@ ® ‘xeeo@ K@ o “XOGGE
\\ ~3, \‘0 \ 3, \ 3, \ ~3, \«\ :
S YU - o S Sa S T =Y S 2 4l

3.4.1 VTP, administracdo dos imunoterapicos e acompanhamento tumoral

Quinze dias apds a implantacdo do tumor, camundongos com tumor foram
anestesiados por injecdo intraperitoneal (ip) de uma mistura de ketamina (150 mg / kg de peso
corporal) e xilazina (10 mg / kg) mais isoflurano inalado administrado por meio de um cone
nasal bem ajustado. Apds a injecdo retro-orbital de WST11 (9 mg / kg de peso corporal), 0s
tumores foram iluminados com luz 753 nM fornecida via laser de diodo com uma fibra final de
600 um (Biolitec, East Longmeadow, MA) por 10 min a 150 mW / cm2 (Figura 3).
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Figura 3. Aplicacéo do VTP

Nos subgrupos de inibidores de PD-1, InVivoPlus anti-camundongo PD-1 CD279 -
Clone: 29F.1A12 (250 mg / kg, Bioxcell, West Lebanon, NH) foi injetado por via
intraperitoneal (IP) nos dias 1, 4, 7, 10, 13 e 16 apds VTP. Nos subgrupos de agonistas OX40,
InVivoPlus anti-camundongo OX40 CD134 - Clone: OX-86 (500 mg / kg, Bioxcell, West

Lebanon, NH) foi injetado IP em uma unica dose no dia 1 apds VTP.

Pelo menos uma vez por semana até 90 dias apds o tratamento com VTP, o volume
do tumor foi medido, a saude dos animais foi verificada e a imagem de espectro VIS foi
realizada para monitorar o tumor local e a metastase pulmonar. Quando os tumores excederam
2.000 mm3 ou metastases pulmonares foram demonstradas, o0s camundongos foram
sacrificados por meio de 100% de dioxido de carbono a 5 PSI por um minimo de 3 minutos.
Essa pratica de eutanasia estd de acordo com os Métodos Recomendados para Animais de
Laboratorio do Centro de Recursos de Animais de Pesquisa de nossa instituicdo e com as

Diretrizes da Associacdo Médica Veterindria Americana para a Eutanésia de Animais.

3.4.2 Imagem luminescente

Um dos desafios encontrados para monitorizacdo do crescimento tumoral e
desenvolvimento de metastases foi em relacdo a maneira como estas variaveis seriam

monitoradas. Foi utilizada imaginologia bioluminescente para avaliar os camundongos dos
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experimentos de avaliagdo de desenvolvimento de metéstase e sobrevida. A opcdo pela
bioluminescéncia se deu em razdo de esta técnica refletir o nimero de células tumorais
metabolicamente ativas e ser uma maneira objetiva de se mensurar o desenvolvimento de

metastases pulmonares.

A imagem foi realizada com camera sensivel e refrigerada (IVIS®, Xenogen). A
imagem e a quantificagdo dos sinais foram controladas pelo software de aquisi¢do e analise
Living Image (Living Image® — Xenogen). Os camundongos foram anestesiados (1-2,5% de
isoflurano) e receberam D-luciferina (PerkinElmer Inc.), uma dose de 3 mg por animal, por
injecdo retro-orbital para imagens in vivo. Apds, os camundongos foram colocados dentro da
caixa de cdmara resistente a luz, com exposicao continua a 1-2% de isoflurano. Os tempos de
imagem foram de 1 segundo a 2 minutos. Os niveis de luz emitidos pelos tumores
bioluminescentes foram detectados pelo sistema de camara IVIS, integrados e exibidos. As
regides de interesse (ROI) das imagens exibidas foram designadas em torno dos locais do tumor

e do pulméo e quantificadas como ROI/segundo usando o software Living Image (FIGURA 4).
Figura 4

* Bioluminescéncia: células MB49podem ser
modificadas para expressar genes de bioluminescéncia
(luciferase). Essa bioluminescéncia pode ser usada para
monitorar a progressao local e o crescimento de
metastases, por meio de imagem (IVIS).
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A imunohistoquimica (IHC) foi realizada para CD3, CD4, CD8 e OX40 (CD134). A

IHC foi realizada em CD3, CD4 e CD8 usando um filtro automatico Leica Bond RX com

3.4.3 Imunohistoquimica

reagentes Bond (Leica Biosystems, Buffalo Grove, IL), incluindo um sistema de detecgéo de



26

polimero (DS9800, Novocastra Bond Polymer Refine Detection, Leica Biosystems). O
cromogeno foi 3,3 diaminobenzidina tetracloreto (DAB), e os cortes foram contrastados com
hematoxilina. A IHC foi realizada manualmente em OX40 (CD134) usando um sistema de
deteccao de avidina-biotina (Kit Vectastain Elite ABC HRP, Vector Laboratories, Burlingame,
CA). O cromdgeno foi 3,3 diaminobenzidina tetracloreto (DAB), e 0s cortes foram contrastados

com hematoxilina. Os detalhes de cada marcador sdo mostrados na Figura 5.

As laminas foram digitalizadas usando um scanner digital Pannoramic Flash 250
(3DHistech, Budapeste, Hungria) e uma objetiva Zeiss 20x / 0.8NA. As regides de tecido
relevantes foram denotadas e analisadas usando o Pannoramic Viewer (3DHistech, Budapest,
Hungary). A coloracdo de CD3, CD4, CD8 e 0OX40 foi quantificada dentro dos tumores por

contagem manual de células positivas dentro de regides definidas.

Figura 5 — Histologia: imunohistoquimica
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3.4.4 Experimento para avaliagdo de sobrevida

Os camundongos foram mantidos vivos por 90 dias. As mortes por metastases ou

quando os tumores ultrapassassem o limite estabelecido pelo protocolo (2000 mm?3), foram



27

consideradas morte por cancer. A imagem bioluminescente foi realizada antes dos animais

serem sacrificados.

3.4.5 Citometria de fluxo

As suspensdes de células unicas foram preparadas a partir do baco, nédulos linfaticos
ou tumores apds dissociacdo mecéanica e passagem por um filtro de nailon de 40 um. Para todos
0s experimentos de citometria de fluxo, as suspensdes de células Unicas foram mantidas em
tampdo de citometria de fluxo (PBS, 2% FBS) e bloqueadas com CD16 / 32 anti-camundongo
por 15 min a 4 °C antes de incubar com os coquetéis de anticorpos apropriados no escuro por
30 min a 4 °C. A coloracgao intracelular foi realizada usando reagentes Cytofix / Cytoperm (BD
Biosciences, Catalogo No 554714) de acordo com as instrugdes do fabricante. Os anticorpos
usados para o painel mieloide incluem CD45.2-FITC (BD 553772), CD11c-PE (BD 557401),
CD8a-PE-Texas Red (Life Technologies MCDO0817), Ly6G-PerCP-Cy5.5 (BD 560602), Ly6C
-PE-Cy7 (5236982), MHC Il-eFluor450 (eBioscience 48-5321-82), CD86-APC (BD 558703),
CD11b-APC / eFluor 780 (eBioscience 47-0112-82). Os anticorpos usados para o painel de
ativacdo de células T incluem Ki67-FITC (eBioscience 11-5698-82), CD62L-PE (BD 553151),
GrzB-PE / Dazzle 594 (Biolegend 372216), CD8a-PerCP-Cy5.5 (BD 551162), CD44-PE / Cy7
(Biolegend 103030), CD4-Vv450 (BD 560468), Foxp3-APC (eBioscience 17-5773-82),
CDA45.2-Alexa Fluor700 (eBioscience 56-0454-82), CD25-APC / Cy7 (BD 557658). Ambos 0s
painéis também incluem corante de viabilidade fixavel eBioscience-eFluor506 (ThermoFisher
65-0866-14). As células foram quantificadas usando um analisador LSRFortessa (BD
Biosciences, San Jose, CA) equipado com lasers de excitacdo de 350 nm, 405 nm, 488 nm, 561

nm e 640 nm.

Os dados foram coletados usando o software BD FACS Diva (BD Biosciences) e
analisados usando o software FlowJo (Tree Star, Ashland, OR, EUA). Durante a aquisi¢éo, um
portdo CD45 + vivo foi definido de acordo com os pardmetros de dispersdo, vivo / morto e
coloragcdo CD45. Um minimo de 1-4 x105 células CD45 + vivas foram adquiridas por amostra.
A compensacéo foi definida usando esferas UltraComp (ThermoFisher Scientific, Cat No 01-
2222-41) coradas com fluorocromos individuais e células coradas com corante vivo / morto.
As matrizes de compensacdo foram calculadas e aplicadas usando o software FlowJo. As
células ndo coradas foram adquiridas para cada tipo de tecido analisado e os controles de
fluorescéncia menos um (FMO) foram usados para permitir a distingdo entre populacGes de

células coradas positivamente e negativamente.
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3.5 Analise estatistica

A analise comparativa das medidas e sinal pulmonar no dia do sacrificio foi realizada
com o teste de Mann-Whitney. Este método também foi empregado para comparar os resultados
do experimento de citometria de fluxo. As variaveis avaliadas nestes experimentos sao
continuas e a distribuicdo no grafico ndo seguia a distribuicdo normal, o que justificou a
utilizacdo do teste em questdo. A comparagdo entre o sinal médio pulmonar, em diferentes
tempos, foi realizada com teste de ANOVA. Este método foi o escolhido, pois foram avaliadas
diferentes curvas de diferentes grupos, associando varidveis categoricas e continuas. O teste de
Kruskal-Wallis foi usado para avaliar as diferencas entre todos 0s grupos, onde as distribuices

das variaveis ndo eram gaussianas.

A sobrevida foi tracada utilizando o método de Kaplan-Meier e as diferencas na
sobrevida entre os grupos foram comparadas aplicando o teste de log-rank. Este teste foi
utilizado, pois houve a comparagdo de sobrevida de dois grupos e um entre 0S grupos
apresentava a sua populacdo ja em obito, apresentando um desvio para a direita. Para as
avaliacOes estatisticas utilizou-se o software GraphPad Prism (GraphPad Prism® (GraphPad
Software, San Diego, CA).
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4. RESULTADOS

4.1 Resposta do tumor primario e sobrevida

A combinag&o de inibidor de PD-1 com agonismo de OX40 e terapia VTP suprime o

crescimento do tumor e prolonga a sobrevida (Graficos 1, 2 e 3)

Para avaliar o efeito terapéutico antitumoral da combinagdo do tratamento de VTP
com a imunoterapia, camundongos com aloenxerto MB-49 foram tratados com VTP no dia 15
apos a implantacdo do tumor e injetados no dia seguinte com anticorpos agonistas OX40 e
inibidores de PD-1, conforme descrito acima. Cinco de 80 camundongos (6,25%) tratados com
VTP morreram nas primeiras 72 horas, relacionados a toxicidade de VTP, e foram excluidos
do estudo. Em comparacgdo com os controles, os grupos de agentes imunomoduladores sem a
terapia focal por VTP (apenas agonista OX40, apenas inibidor de PD-1 e dupla combinacéo:
PD-1 e OX-40) ndo atrasaram significativamente o crescimento (Grafico 1a). Ja o tratamento
com VTP reduziu o crescimento do tumor em comparacdo ao controle e 0s grupos tratados
apenas com imunoterapicos (grafico 1b). Quatorze dias apds a ablacdo com VTP, 42% (8 de
19) dos camundongos ndo exibiram tumores (p = 0,04). Enquanto o tratamento com agente
anico (inibidor de PD-1 ou agonista OX-40) apresentou um efeito bem limitado, um
camundongo (10%) no grupo tratado com ambas as drogas apresentou regressdo tumoral
completa e sobreviveu até o final do estudo (Grafico 2). A combinagdo de VTP com inibidor
de PD-1 e agonista OX40 (VPO) reduziu a carga tumoral em compara¢do com camundongos
tratados apenas com VTP ou VTP associado a um unico agente (p <0,0001). O tratamento com
VPO aumentou significativamente a sobrevida para 60% em 90 dias em comparacdo com 25%
em camundongos tratados com VTP sozinho, 31,25% naqueles que receberam VTP e inibidor
de PD-1, 20% para VTP e agonista OX40 (p <0,0001). Todos os animais ndo tratados com
VTP, exceto um no grupo OX40 + PD1, morreram cerca de 50 dias apds a injecéo de células

tumorais (Gréfico 2).

Embora o tratamento com VTP tenha meelhorado significativamente as taxas de
resposta do tumor primario, ele ndo preveniu a disseminagdo metastatica pulmonar (Gréfico 3),
sugerindo mecanismos de escape adicionais. Entre a coorte final de 60 camundongos que foram
submetidos ao estudo de imagem IVIS, 10 (16,6%) tiveram metastases pulmonares detectadas
por imagens de bioluminescéncia. Os Unicos grupos sem um sinal pulmonar positivo foram os

animais pertencentes ao grupo VPO e OX40 com inibidor de PD-1. Apesar de nenhuma
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diferenca estatistica demonstrada, provavelmente devido ao pequeno nimero de metastases
(limitacdo do modelo), este achado interessante sugere que a adicdo de ambos os agentes
imunomoduladores ao tratamento com VTP pode ajudar a proteger contra metastases e

corrobora com o aumento significativo da sobrevida no grupo VPO em relacdo aos demais
grupos.
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4.2 Resposta imunologica do tumor primario: linfécitos

A terapia combinada com VTP seguida por inibidor de PD-1 e tratamento com
agonista OX40 aumenta a infiltracdo de células T no tecido tumoral urotelial (Gréficos 4a e
4b).

Como o objetivo da imunoterapia contra o cancer é eliciar respostas de células T
especificas fortes e duraveis capazes de eliminar os tumores malignos, comparamos 0
recrutamento de células T entre os grupos de tratamento no dia 7 ap6s o tratamento com VTP
por citometria de fluxo multicolorida. Como observado em controles, esses tumores
normalmente contém poucas células T CD8 + e CD4 + e abundantes células Treg CD4 + Foxp3
+ CD25 + (Graéfico 4a). Apos o tratamento com VTP, CD4 + e CD8 + diminuiram. De acordo
com a resposta terapéutica observada apds tratamento combinado de VTP com agonista de
OX40 / inibidor de PD-1, esta combinacdo levou a um aumento nas células T CD8 + e CD4 +
intratumorais em compara¢do com VTP sozinho, no setimo dia pds-tratamento (Gréafico 4b). A
imunohistoguimica nesse dia confirmou a presenca de altos numeros de linfocitos T CD8 + e
CD4 + em tumores tratados com VPO comparados com o grupo VTP sozinho. A quantificagdo
da intensidade do sinal de CD4 e CD8 em tumores indicou que esse aumento foi significativo
(p <0,01; Gréfico 2b). O exame cuidadoso das sec¢des do tumor revelou que a maioria das

células T infiltrantes foram recrutadas na periferia do tumor.

A luz desses dados, caracterizamos ainda os fendtipos de células T CD8 + e CD4 +.
Descobrimos que ambas as populacGes de células T CD8 + e CD4 + eram mais proliferativas
no sétimo dia (5 a 10 vezes) nos camundongos tratados com VPO em comparagdo com VTP
sozinho (conforme evidenciado pela abundante co-expressédo do marcador de proliferacéo Ki67
— Gréfico 2b). Também observamos um aumento significativo da expressdo de proliferacao
(Ki67) dentro da populacdo CD45 + em tumores tratados com VPO (p <0,01, Grafico 4b). Esses
marcadores de proliferacdo celular podem ser usados como substitutos para a ativacdo de
celulas T, uma vez que a ativacdo é necesséria para a proliferagdo. Em seguida, avaliamos a
expressdo da granzima B, que esta associada a atividade citotoxica das células T CD8 +. A
expressdo de Granzima B foi regulada positivamente na populagcdo CD8 + de tumores tratados

com VPO em comparagdo com tumores tratados com VTP apenas (Grafico 4b).



33

No geral, 0 aumento na infiltracdo e proliferacdo de linfécitos T CD8 + e CD4 + e a
ativacdo de células T CD8 + citotdxicas associadas a combinacdo de agonista OX40 e inibidor

de PD-1 com VTP indicam que esta abordagem terapéutica promove imunidade antitumoral

Gréficos 4a e 4b: Citometria: Avaliagdo do perfil de linfécitos T nos grupos controles e
tratados por VTP
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4.3 Resposta imunoldgica ao tumor primario: imunossupressao

A imunoterapia combinada com inibidor PD-1 / agonista OX40 diminui a

imunossupressao em tumores tratados com VTP (Grafico 5).

Avaliamos a eficacia dos inibidores de PD-1 combinada com ativacdo do
coestimulador OX40 no bloqueio da imunossupressdao em aloenxertos MB-49, quantificando
populacdes de células regulatorias, incluindo células T regulatorias (Tregs), células supressoras
derivadas de mieloide (MDSCs) e macrdfagos associados a tumores (TAMs). A adicdo de
blogueio de PD-1 e ativacdo de OX40 ao VTP reduziu o nimero de Tregs em tumores no sétimo
dia p6s-VTP . Os tumores tratados com VPO continham drasticamente menos Tregs em
comparacdo com os controles e aqueles tratados com VTP apenas. Além disso, descobrimos
que os TAMs foram significativamente reduzidos em tumores tratados com VPO em
comparagdo com tumores tratados com VTP, enquanto as DCs com apresentacdo cruzada de
CD8 + CD11c + foram significativamente elevadas em tumores tratados com VPO em
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comparagdo com VTP sozinho ou imunomoduladores (agonista OX40 e inibidor PD-1) sem
VTP (Grafico 5; p <0,01). No geral, essas descobertas sugerem que a combinacgéo da inibicéo
de PD-1 e ativacdo de OX40 com VTP reduz o numero de células imunossupressoras. Como a
deplecdo de Tregs foi correlacionada com respostas antitumorais aumentadas, isso esta de
acordo com nossos achados de aumento do acumulo de células T intratumorais e maior

sobrevida nos camundongos tratados com VPO.

Gréfico 5: Citometria: painel de células imunossupressoras
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5. DISCUSSAO

Nosso estudo destaca a imunoterapia combinada como um meio potencial para
aumentar a eficacia do tratamento com VTP. Nd6s mostramos que essa combinacgédo reduz a
carga do tumor e aumenta a sobrevida em um grau maior do que VTP ou os imunomoduladores
sozinhos em um modelo animal de cancer urotelial. Demonstramos ainda que esses efeitos
antitumorais ocorrem principalmente de uma maneira dependente de células T, ou seja,
enriquecimento de células T citotdxicas e auxiliares na area do tumor e deplecdo de células
Treg. Esse efeito levou ao aumento de células T intratumorais e ao aumento da sua proliferacao.
A combinacdo tripla também atua por meio de um mecanismo independente de células T para
promover imunidade antitumoral, pois reduz o nimero de MDSCs intratumorais. A eficacia
desta combinagdo se encaixa bem com evidéncias anteriores mostrando que 0s canceres
uroteliais sdo doencas malignas altamente imunogénicas. Essa imunogenicidade € conhecida
hé décadas, desde a descoberta de que o bacilo Calmette-Guerin retarda o crescimento do cancer
de bexiga ao invocar a atividade imunoldgica (22). Da mesma forma, os inibidores de
checkpoint imunologico tém se mostrado benéficos como terapia de resgate no cancer urotelial
metastatico (23-27). As respostas imunologicas também estdo correlacionadas com a
agressividade dos tumores mesmo na auséncia de imunoterapias, uma vez que o nimero de
células T CD8 + foi recentemente descrito como um preditor de sobrevivéncia no carcinoma

invasivo muscular e urotelial avancado (28,29).

O beneficio de combinar VTP com bloqueio de PD-1/ PD-L1 e agonismo de OX40
(VPO) pode se estender a outros canceres. O’Shaughnessy et al. mostraram recentemente que
adicionar anti-PD-1 ou anti-PD-L1 ao VTP reduz a metastase e melhora a sobrevida num
modelo animal de cancer renal (11). Assim como Preise et al., que mostraram que o VTP induz

imunidade antitumoral com reacdo cruzada entre canceres de célon e mama (10).

Nosso estudo expande o conjunto de terapias com as quais 0 agonismo de OX40
demonstrou ter um efeito adicional. Os anticorpos estimuladores de OX40 mostraram aumentar
a eficacia de varios tratamentos que estimulam indiretamente as respostas imunes, incluindo
dasatinibe (em um modelo de tumor de mastocitoma mutante c-KIT P815 (30), dabrafenibe e
trametinibe (em BRAFV600E - melanoma mutante) (31) e radioterapia (32-34).
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Descobrimos que a combinagdo de VTP mais inibigdo de PD-1 mais tratamento com
agonista OX40 (VPO) inibe a supressao imunoldgica, reduzindo a prevaléncia intratumoral de
células T reguladoras (Tregs), macréfagos associados a tumor (TAMS) e, especialmente, células
supressoras derivadas de mieloide (MDSCs). Os MDSCs tém sido o foco de intensa pesquisa
nos Gltimos anos; um grande nimero dessas células imunossupressoras tem sido correlacionado
com a agressividade tumoral e mau prognéstico, incluindo no cancer urotelial (35,36). Nosso
laboratério demonstrou recentemente que alvejar MDSCs usando anti-CSF1R em combinacgéo
com VTP ndo s6 diminuiu o numero de MDSCs e TAMs intratumorais, mas também aumentou
a infiltracdo de células T CD8 +, diminuindo o crescimento do tumor e melhorando a sobrevida
geral em um modelo de cancer de prostata (37). Assim sendo, a reducdo de TAMs e MDSCs

pela combinacdo VPO pode ter sido um fator chave para sua eficacia no nosso estudo.

O forte recrutamento de células T induzido pelo tratamento com VPO é um achado
importante de nosso estudo. Assim, a adicdo de VTP pode superar uma limitagdo dessas
imunoterapias, que geralmente sdo mais eficazes em camundongos com pequenos tumores.
Este efeito nas células T confirma a postulacdo de Aspeslagh et al., de que as terapias que
aumentam a liberacdo do antigeno, um efeito conhecido do VTP (38), poderiam melhorar a
poténcia da estimulagdo OX40 (13). Especulamos que a resposta inflamatéria aguda induzida
pelo VTP atua como um impulsionador imunologico, liberando antigenos aos quais reagem

com as células T estimuladas e desinibidas pela imunoterapia.
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6. CONCLUSAO

Em sintese, fornecemos evidéncias de que o agonismo de OX40 associado a
imunoterapia com inibidor de PD-1 é uma abordagem valiosa que melhora a eficacia de VTP
em um modelo de cancer urotelial. A manipulacdo simultanea dessas duas vias imunes
maximiza a eficicia do VTP no controle local do tumor e melhora a sobrevida. Este estudo,
portanto, indica que a adi¢cdo de imunoterapia ao tratamento com VTP é uma estratégia
terapéutica eficaz para reduzir a imunossupressao no microambiente tumoral e, em Ultima

anélise, aumentar a imunidade antitumoral
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APENDICE A- Protocolo e projetos aprovados pelo “ Institutional Review Board” e
“Animal Model of Vascular Targedted Phototherapy”

Protocol preview

Pl Coleman, Jonathan
Number: 11-02-004
Title: Animal Model of Vascular Targeted Phototherapy
General
01 Title
Animal Model of Vascular Targeted Phototherapy
02 Progress Report

Small animal studies:

Mice: We established the dose and duration of laser illumination in rodent tumor models. The effect of VTP therapy was determined in multiple
prostate dels in both ir petent and deficient rodent models, which indicated better efficacy of VTP in immune-competent
models. We plan o continue to study the effect of VTP in prostate cancer, especially in metastatic models and expand it to other urological
cancers. A pilot expression study of addressing molecular changes in VTP-treated tumors revealed changes in several survival pathways. This
pilot study as well as future repeats in other tumor types (360 mice) will guide us for hypothesis-driven combination therapies for the next 3
years. The combination therapy includes immune therapeutics, small molecule targeted therapies and ch herapeutic drugs. This portion of
proposal was added at the end of the current protocol (1600 mice) and only the first experiment is currently ongoing using 200 mice. We plan to
perform more repeats to determine drug scheduling and routes in addition to what was proposed in cycles 1. We estimate total 4000 animals
encompassing cycles 1 and 2 (in animal justification) for this aim and 3800 additional mice will be needed for cycle 2 considering 200 mice being
used. We expect the bulk of this aim will be addressed in the next 3 year period.

What are your specific aims for this project?

Rodent tumor model studies:

1. To determine the effect of VTP in urological cancers in rodent models of cancer
2. To assess the molecular and immunological changes induced by VTP in tumors in rodent models of cancer.

3. To develop combination therapy to improve the outcome of VTP treatment using animal models of cancer.
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Special Considerations

AU.01 Are unanesthetized animals restrained more than momentarily?
No

AU.06 State the nature and frequency of observations to evaluate the health and well-being of this species during the course
of the research:

Animals will be examined at least once per week. Animals that have undergone a surgical procedure will be observed dally for 3 days and
twice per week after 3 days. Should clinical evidence of distress be present, animals will be euthenized. Animals will be sacrified if they have

a tumor larger than 1.5 omd, respiratory rate greater than 110% of control, weight loss greater than 10% of control, or clinically obvious
deterioration of grooming habits.

AU.07 Are adverse effects expected or is there a potential for them to occur as a result of the procedures conducted in this
species?
Yes

As the individual responsible for this project, | confirm that:

« The information contained in this protocol Is true and accurate and, to the best of my knowledge, conforms with MSKCC, NIH, and USDA policies on the us(
of animals in research and teaching.

* lhave idered al tives to the biological models used in this project, and have found these other methods unacceptable on scientific or educational
grounds.

« This project does not unnecessary duplicate previous experiments.

= | have received and reviewed the RARC User's Guide.

« Al individuals who will be involved with the animals used in the project have been instructed in the humane care, handling, and use of animals as well as
the safe handling of hazardous agents, if utilized, and that | have reviewed their qualifications to conduct the experiments described herein.

« No change will be made to the p care or housing without prior written notification to and approval by the Institutional Animal Care and Use
Committee (IACUC).

| understand that failure to comply with IACUC policies and p dures will jeopardize MSKCC's Animal Weifare Assurance on file with the NIH, and may lead to
tion of my privileges to conduct animal research at MSKCC.

Pl: Coleman, Jonathan
Submitted: 03/24/2014
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APENDICE B- Estadiamento dos tumores Uroteliais

Bexiga Trato urinario alto (TUA)

Table 1. Bladder Cancer TNM Staging

Table 1 TNM definitions of transitional cell carcinoma of the renal
pelvis and the ureter

Primary Tumor (T)
™ Primary tumor cannot be assessed Primary tumor
T0 No evidence of primary tumor (T)
T Noninvasive papillary carcinoma TOa Non-invasive papilloma
Tis Urothelial carcinoma in situ Tis Carcinoma in situ
T e e prarr T1 Tumor invades subepithelial 'connective tissue
pT2a Invades superficial muscularis propria R Tumor ivadss:the tusoulscs
T3 (for renal ~ Tumor invades beyond muscularis into
e Al hnnp GRCLE propr pelvis only)  peripelvic fat or renal parenchyma
AES Ficroscoplc. partvasich) invasion T3 (for ureter Tumor invades beyond muscularis into
pT3b Macroscopic perivesical invasion only) periureteric fat
T4a Extravesical tumor invades prostatic stroma, uterus, T4 Tumor invades adjacent organs or through the
bk kidney into perinephric fat
T4b Extravesical tumor invades pelvic wall, abdominal wall Regional lymph nodes (N)
Lymph Nodes (N) NO No regional lymph node metastasis
NX Nodes cannot be assessed NI Metastasis in a single lymph node, <2 cm
NO No lymph node metastasis in greatest dimension
NI Single regional lymph node metastasis in true pelvis N2 Metastasis in a single lymph node, between
N2 Multiple regional lymph node metastasis in true pelvis 2 cm and 5 cm in greatest dimension; or multiple
N3 Lymph node metastasis to common iliac lymph nodes lymph nodes, <2 c¢m in greatest dimension
Metastasis (M) N3 Metastasis in a lymph node more than 5 cm
MO No distant metastasis in greatest dimension
Mla Distant metastasis limited to lymph nodes beyond the Distant metastasis (M)
common iliacs MO No distant metastasis
Mib Non-lymph node distant metastasis MI Distant metastasis
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APENDICE C- Classificacdo Clavien-Dido de complicacdes cirtrgicas

Grau

lll-a
IHi-b

IV-a
IV-b

Defini¢do

Qualquer desvio do curso pos-operatério normal sem necessidade de intervencdo para além da administracdo de
antieméticos, antipiréticos, analgésicos, diuréticos, eletrélitos e fisioterapia *

Complicagdo requerendo tratamento farmacolégico com outros medicamentos além dos que sdo permitidos para as
complicagdes de grau |.

Complicacao requerendo intervengdo cirurgica, endoscopica ou radiolégica

Intervengao sem ser sob anestesia geral

Intervencdo sob anestesia geral

Complicagdo com perigo de vida requerendo admissao em unidade de terapia intensiva

Disfungdo de 6rgdo dnico (incluindo dialise)

Disfungado multi-6rgao

Morte do paciente




ANEXOS - Artigos publicados relacionados a pesquisa apresentada na tese.
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Abstract: Purpose: Vascular targeted photodynamic therapy (VTF) is a nonsargical tamior ablation
approach used to treat eardy-stage prostate cancer and may also be effective for upper tract urathelial
canoer (UTUC) based on preclinical data. Toward increxsing response rates to VTF, we evaluated
ite efficacy in combinaticn with concurment FD-1 inhibitor /\OX40 agonist immunatherapy inoa
urnthetial fumor-bearing miodel. Experimental design: In mice allografted with MB-89 UTUC colls,
we compared the effects of combined VTP with PD-1 inhibitor /OX40 agonist with those of the
component reatments on tumor growth, survival, lung metastasis, and anbhamor immane responses.
Results: The combination of VTP with both PI-1 inhibitor and OX40 agonist inhibited hamor growth
and prolonged survival g a greater degres than VTP with either immomotherapeutic individually.
Theese effects nesult from increased tumor infiltration and imtratumoeral proliferation of cytotosc
and helper T cells, depletion of Treg cells, and suppression of myelodd -derived suppressor oells.
Conclusions: Our findings soggest that VTP synergizes with PD-1 blockade and O340 agondst i

PO b steong anbiumaor imamumne responses, vielding therapeutic efficacy in an andimal model of
urpdhedial cancer.

Keywards: bladder cancer; hamor ablation; TOORAD; focal therapy; immurotherapy

1. Intreduodtion

Urothelial carcinoma (L) represents the fifth most comemiom malignancy amang men
in the United States and is most prevalent among men over 60 years old. Bebween 5%
and 10% of primary urothelial cancers originate from the ureter or renal pelvis and are
collectively called upper tract urothelial cancers (UTUCs) [1,2].

In patients with low-grade, small UTUC tumors, as well as those in whom functional
preservation is especially critical {ie., those with a single kidney, poor renal function, or
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bilateral disease]), Iocal ablative therapies have emerged as a means of reducing treatment-
related morbdity. Cne such minimally invasive therapy is vascular targeted photodynamic
(VTF) therapy, which eradicates cancer cells by targeting the vascular compartment of the
tumer while preserving healthy tissue [34]. VTT therapy employing WST11 (TOORAD
Snduble, Steba Biotech, Luxembourg ) was clinically approved in Europe and Mexico in HI17
for earhy-stage bocalized prostate cancer [5-7] and has demonstrated efficacy in multiple an-
imal models of UTUC |7.5). WST-11isa photosensitizer that is administered introvenouwsly
and hars a 6l min hali-life, avosding bong-term toxicity. Condined bser dllumination supplied
via opptical fibers inserted into the malignant tssue activates the circalating drug locally
and induces rapid release of toxic, short-lived free radicals inside tumor blood vessels,
leading to vascular ocdusion and ultimately tumor necaosis 48 h post-treatment [9].

Though VTP can eradicate UTUC tumers, the cure rate in the standard mouse maodel
iﬂ-m‘l]}' a]:lprmhnalzl}r 3%, To increase its ei['iac_!.-, VTP has been combinesd with immune
checkpoint inhibitors based on the observation that it induces antitumos immune responses
through a prominent and rapid inflammatory reaction [10). The symengy of VTF with
tl'lE'l:kFlnLnl inhibitors such as anti-PD-1 and andi-CTLA-4 has been demonstrated in animal
studies, in which thi complete response rate is greater than 50% [7.11].

To maximize the clinical benefit of VTI, adding another immunotherapeutic agent &
a promising approach. Combining immunomadolatory drugs with immune checkpoint
inhibitors has received considerable attention as a micans of incressing the benetit of
the latter, which can induce potent clinical and immunodegic responses in a minority of
patients [12]. An attractive immunomodulatory target is the T cell costimulatory recepior
OXAD {CD134), a member of the tumor necrosis fBctor receptor superfamily (TNFESF) that
acts wpon T cell n'E'n.alinE; p\arhwa]m that promiote survival, prn]iﬁeraliun, and cytokine
production [13]. Preclinical studies have shown that OX80 agonist antibodies can enhance
antitumor immunity through T cell expansion, leading to improved progression-fres
survival [14-17]. OX40 agonism has been shown to augment the efficacy of checkpaoint
inhibitors in medels of multiple cancers [18-20].

In addition, high-dose radiation has also been shown to transform the immunossap-
pressive tumaor micoenvinonment, resulting in an intense CO8° T-cell tumer nfiltrate and
improving the tumaor ablation effect. This transformation is dependent on antigen cross-
presenting COE* dendritic cells, secretion of [FNy, and CIM® T cells expressing COMOL,
opening the concept of OX40 plus ablation therapy (VTF) can increase this effect [21].

We postulated that combining VTP with PD-1 blockade and OX40 agonistic im-
munotherapy would enhance the therapeatic efficecy of VTP in wrothelial cancer by
inducing lomg-lasting antitumor immumnity.

2. Results
2.1. Combimation of PD-1 Blockade and QX408 Agoatsm with VTP Therapy Suppresses Timor
Grosth and Prolorgs Sweroioal

To evaluate the antitumer therapeutic effect of combining VT treatment with the
combination immunotherapy, MB-49 UTUC allograft-bearing mice were treated with VT
on day 15 kdlowing tumor implantation and injected the fdlowing day with OX40 agonist
and P11 inhibitor antibodies, as described above. Five out of 80 mice (6.25%) treated with
VT died in the first 72 h, related to infense inflammatory reaction from the YT treatment,
and were excluded from the study. For comparison, other mice were treated with one of the
compenent therapies or a dual combination. Compared tocontrols, the immunomodulatory
agent groups (OX40 agonist only, PD-1 inhibitor only and dual combination) significantly
delay tumor growth (p < U001 ), however nao difference was observed between the different
schemes (p = 0.59; Supplementary Figure 51). Treatmient of primary ME-49 fumaors with
VTP reduced tumor growth compared with control and immunomodulatory agent-treated
animals. Fourteen days after VT ablation, 42% (B out 19) of VTP only-treated mice did not
diq:la}' tumars and the average volume was 442 mm, while mice in the latter freatment
groups developed fumors with almost double size (average volume = 800 mm®, p = 004,
Supplementary Figure 51). While single-agent treatment with either PD-1 inhibitor oc
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O30 apgonist had limited effect, one mouse {10%) treated with both |:|.r|.1[a;.-.' had a complete
tumor regression and survived until the end of stody (Figure 1). Combined VTP plus
FD-1 inhibitor phus OX40 agonist therapy (VTP+0X40+PD-1) dramatically reduced tumor
burden compared with mice treated with either VTP alone or VTP plus a single drug
(Supplementary Figures 51 and 52, p o< L0001}, VTP +OX40+PD-1 I'r:n‘hnmt:l.g:mﬁc.mll}
imcreased survival fo 60% at 6 days compared with 25% in mice treated with VT alone,
31.25% in those given VTP plus PD-1 inhibitor, 20% for VTP plus OX40 agonist (p < 0.0001;
Figure 1). Al non-YTP-treated animals, but one exception in OX40 + PO group, died
around 30 days after VTP treatment (Figure 1).

Survival proportions

!
m

] i-_ CONTROL
J LL 04

o I T T T 1 OXdd+PD1
o 20 A &0 i8]

Days

Figure 1. Combined treatment with OX40 agonist and FD1 inhibitor antibodics following VTP
therapy suppresses primany tamor growth and improses sorvival. Percent survival of maoe plotted
by Kaplans=Meber methods (p < (000001).

X3 G.Imﬁ'm.n!n:!.rrﬂump it mFlﬂ'mb'H'Pﬂ-I Irefrebrtur ard OXAD Agrourist Treaborenf
Enbitnces T Cefl Ir:_,ﬁﬂru'}ulrl irtee Lirebhedind Tumor Tissue

As the goal of cancer immuniotherapy is to elicit strong, durable tumor-specific T
cell responses capable of eliminating malignant tumors, we compared T cell recrudtment
among treatment groups at day 7 after VTT? treatment by multi-color flow cytometry. As
seen in controls, these tumors nommally contain few CD8* and CO4° T cells and aburndant
CIM- F«I‘IAEFE"CDE* Tregg cells (Figure 24 B Atter VT treatment, CIM® and CDE* were
decreased (Figure 2C.1¥). In accordance with the observed therapeutic nesponse following
combinesd VTT with OX4D agonist/ PO-1 inhibitor treatment (Figure 2), this combination
lesd fo a striking increase in intratumoral CD8” and CD4™ T cells compared to YT alone, at
day 7 post-treatment (Figure 2} Immunchistochemistry at day 7 after treatment confinmed
the presence of high numbers of CD8* and CD4* T lymphocytes in VTP +OX40+PD-1-
treated fumors compared with VT alone group (Figure 2CE) Cuantification of CD4
and CDE signal mtensity in tumors indicated that this increase was significant (p < 0.01;
Figure 2,10, Careful examination of tumor sections revealed that maost in['il‘h1|inE T el
were recruited close to the tumor boundary (Figume 2CE)

In light of these data, we further characterized the CD8* and CIM* T cell phenotypes.
We found that both CDE* and CDM* T cell populations were mone Fu1:||:il:|.-m‘|:i1.'|.- at day 7,
the latter b:,.' 5t 10-fodd, in YTP+OXAD+ PD-1 -treated mice -:WI'L]:'md with VT alome,
a= evideniced b'_!.rabmdanr CO-eXpression of ‘H'lepmli.feral:i.-lm marker Ki67 (Figure 24 E)
We also observed significantly increased KifT expression within the CDM5* population in
VTP FD-1-treated tumaors (p < 001, Figunes 24 B and 3). Such markers of cellular
FmEE-:raI:inn can be used ax surrogates for T cell achvation, given that activation is :mqui:red.
tor ]:!rnli.feml:i.-lm. We then evaluated granzyme B expression, which iz ss=nciated with
the cytotoxic activity of CD8* T cells. Granzyme B expression was upregulated in the
CDE* population of VTP+OX40=PD-1-treated tumors compared with VTP-treated tumors
ithough similar to that in control and immunomodulator-treated tumors; Figure 28
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Figure 2. Adding FD-1 inhibitor and OX40 agonist to VT therapy increases T cell infiltration and
activation nbe MBE=£9 UTUC allografis at 7 days post-teeatment and increases CD4° and O T cell
infiltraticn imto ME-49 UTUC allografted tumors. (A) Heat map showing the mean feequency of cach
ol population as measured by fow oytometry incontrol and treated tumors. Each b represents
the mean peroentage of positive cells among the parent cell population, Le, COM5* among live cells,
C* ar CD8* cells amang CD45* cells, Foxp?® Tregs or Teff among CO4* cells, CO25* fPaxp3*
Tregs among CIM*° cells, GrzB® among CD45° cellls, GrzB* cells amang CO8 ar CO4* cells, Kigd™
orlls among CDE5Y celle, and K67 among COE* or COW* cellks. (B) Fregquency of positive celle
among the parent cell populstion. Graph bars indicate mean = SERL * p < 0. OXPD1, OX40
agonist phus PON inhibitor; VTP 0340+ PD-1, VTP ples PDM inhibitor and O340 agonist. (C) A
representative [HC of CD4° T lymphocytes in VTP+OX40 PO Lstreated tomors compared with
VTP followed by the signal intensity comparison shawing a mare significant CIM* staining in
VTP+O0A0 PO group oomparned to VTP alone {p = 00013). (D) A representative THC of COE T
Iymphiocytes in VT +OX80+PDs1eneated tuminrs companed with VTP folbowed by the signal intensity
comparison showing a more significant CD8* staining in VTP+OX40+PD-1 group compared to VT
abone (p = 00017). (E)] A representative microscopy IHC illustration of CDE* T lymphocytes and
4" T ymphocytes difference between conteol, YTE OX40 plus PO and VTP#O0X40 PDE1 growps.
In both staining, YTF+ON40+PD-1 presented a chear high intensity signal.
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Figure 3. Adding PI-1 Inhibitor and OX40 agondst to VTP therapy increases T cell infiltration and activation compared to
VTP alone, ivto ME-43 UTUC allografis at 7 days post-treatment. Bepresentative flow cytometry plots showing the peroeniage
of T4 and CD8* cells amiong CTM5* cellls (top ros), Ki6?™ in CD4* (second mow), KisT in CT8* (third row), Foopd* Tregs
and Fonopd~ Teff in DM {foarth row), and GreB in COE* T cells (bottom pos) in controd and rested umors analyzed 7
days after treatment. A flooresoent minus anae (FM0) sample was induded for each marker a5 2 negative controd for gating.-

Creerall, the increase in CDE™ and CD4° T l}nn]:!hnc}'lr infiltratiomn and ]:!rnli.fm'l:im,
and activation of cytofoxic CDE* T cells associated with combining OX40 agonist and PD-1
inhibitor with VTP indicates that this therapeutic approach promotes antitumaos immunity.
2.3, Conrbined PD-1 Infibritory OX40 Agorst Inrnmmothe [umermrshes Immanosipypression in
VT P-Treahal Tumaors ! Age o

We evaluated the efficacy of combined mhibition of the immune checkpoint PD-1 and
activation of the costimulatery OX40 in blocking immunosuppression in ME-49 UTUC
alhﬁ'nﬂ:b}rmu:rhf}m rzﬁula.l'nq,rnd.l ulations i.ru:|.1.||:|:i1'|3 :I'EEJJ-I.“II"’TEU.I ( Tregs),
myeloid derived suppressor cells {MEED}:H:I tumor-associated macrophages (TAMs)
The addition of PD-1 blockade and OX40 activation to VIT reduced Treg numbers in tumaoss
at day 7 post-V TP {Figure 24 B); VTP+0X40+PD-1-treated tumors contained drastically
fewer Tregs compared with controds and those treated with VTP or both immunomodula-
tors. Furthermore, we found that TAM = werne !@iﬁcm‘ﬂ:.' reduced in VT PHONA0+P-1-
treated compared with VTP-treated tumors, whereas COBCD e cros-presenting DCs
were significantly elevated in VTP+0X404+FD-1-treated tumors compared to VT alone
or immunomasdu lators (OXAD agonist ]:!lul P11 inhibitor) without ¥V TP {Figure JA-C-
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p = 000, Owverall, these Andings suggest that combining FD-1 inhibition and OX40 acti-
vation with VTP reduces numbers of immune-suppressive cells. As depletion of Tregs
has been correlated with enhanced antitumor responeses, this agrees with our F.ind:in.gnul:
increased intratumoral T cell accumulation and survival m VTP +0OXA0+PD- 1 -treabed mice.
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Figure 4 Combined FD-1 inhibdbor AO080 agonist therapy alters the frequency of specific myeloid cell subsets in YTP-treated
tuminrs by day 7 post-treatrnent. (&) Representative flow cytometry plots identifving myelobd cell subsets sithdm viablie
single oells. (B) Heat map summarizing the findings of flow cvtometry analvses of tamor samples at day 7 after theatment.
Values in boses represent the mean peroentage of cach coll subpopulation (highlighted by rosw) ineach experimaental
condition (highlighted by column). (C) Plot of Sow optometry data shown as the percentage of positive svents among
parent gated events. DCs, dendribic cells; pDCs, plasmacytold dendritic oells; Corv DCs, conventional dendritic cells; TAMs,
umpr-associated macrophages; MIDSCs, myeloid-derived suppressor cells. Graph bars indicate mean = SEM. OXPDI,
040 agonist plus PD-1 inhibitor; VTP+OX40+FD-1, VTP ples PD-1 inhibitor and OX40 agonist.

Wi also pertormed studies using mice bearing 4T1 breast tumor cells. This is an
amrmiw.* breast cancer model with fast metastatic -:I-Hlethmﬂ'll, even whien the prima.r:,.'
turmior i stall n.-laﬁn:l}" small {<BD mrn]']. However, at this time, many animalks ah‘Ead}" haad
mietasfatic disease, and I:hn:}' dliesd I\EEHI-I:“I'.‘H of the ]:lri.m.a:}' tumor treated I:l_1_,r YTE I this
validation model, outcomes wens i.1'n]:|m1.l=d in the VTP+FO-1+0540 Froup Cl!ﬂ'l'l.P.'!l'Ed [ 53]
thie others, but the overall survival was not. In thas xh.ld}-, na animal was sacrificed because
ot ﬂ'bepri.mar}' huarmar Emwlh {volume > 2000 |:r|u'|1?']. Endlesd, H1|.~1.' died even nftl:rmm]:l]:lr
ablation of the primary tumor, showing that our imepoint for VTP treatmient at two weeks
was oo late for disease comiml {HI.I.]:IFED'UE'IIZT}' ]‘_I.S'I.II.'E ST

3. Materials and Methods
3.1, Cell Candtreree aurd Tirmmor Mo

Luciferase-labelled MB-49 cells were obtained from the American Type Culture Collec-
tion {ATOC; Manassas, VA, UsAj and cultured in RFMI medium supplemented with 100%
fetal calf serum (Life Technologies/ Thermo Fisher Scientific, Waltham, MA, USA). Seven-
b eight-wesk-old male CS7BL /6] mice were purchased from the Mational Cancer Institufe
[Frederick Mational Labozatory for Cancer Research, Frederick, MDY, USA) and housed and
treated according to a protocol approved by the MSKOC Institutional Animal Care and
s Committes (LACUC). Before tumor implantation, mice were anesthetized with inhaled
imodlurane, meloxicam (2 rrl.g.-"kl.';]. and buprenorphine (05 mg/ kg, and the hair and skin
owverlying the ri.ghtfl.a.nl: was sterilized using a povidone-iodine and ethyl alcohol solution.
MB-49 cells (50,000) werne implanted in the right flank.

Fourteen days after tumor implantation, mice were assessed for tumor formation
using noninvasive bioluminescence imaging. Animals were retro-orbitally mjected with D-
luciferin {200 mg/ kg) 5 min before undergoing a 30-5 scan using an [V1S Spectrum Optical
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Imaging System { Xenogen, Alameda, Ca, USA). ReEi.nm:uE interest from |:|.1.r_|:|la:,'ed images
were drawn based on signal intensity and quantified using Living Image software version
260, Specific signal was calculated as the ratio of bicluminescent signal in the region of
interest to the bioluminescent signal in a background region containing no tumors. When
tumor volume reached approximately 100 mm?, animals were m‘ldqml:,.' assigned to the
E-nUm'.".i.nE_ cohorts for ubure experiments: controls {1 = 10), PD-1 inhibibor (s = 1), OX40
aggomist (m = 10), PD-1 inhibitor plus 0X40 agonist (n = 10), VTP {r = 20), VTP plus OX40
agemist {n = 20), VT plus PD-1 inhibitor {ir = 20) and VTP plus OX40 agonist and PD-1
inhibitor (n = 20) (Table 1). For survival and tumos growth comparison, the experiment
was made in two :tq:u. amd the resulis were put h:IEEtI'IEI' bor statistical a.rl.a]:,.':ix.

Table 1. Thetapeutic schemis received by cach group.

CROUPS

INTERVENTION

PFD-1

OX40  PD-1+0X40 VTP VTP+FD-1 ¥TP+OX40 VT« 0X40+FD-1 CONTROL

Andibody ant OX-40
Antibody anti-P1
VTP *

MO
INTERVEMTION

X

X X X
X X
X X X

]

* Vicular Target Photodvramic Burapy (150).

32, WETTI-¥TP and Inmunomodulatory Trectment and Tumor Folloe-Up

Fifteen days after tumor implantation, tumor-bearing mice were anesthetized by
intraperitoneal (i.p.) injection of a mixture of ketamine {13 mg/kg body weight) and
sylazine (10 mg/ kgh plus inhaled isoflurane administered via a ight-fitting nose cone.
Follkswing retro-orbital infection of W5T11 (% mg/ kg bodyweight), tumors were illuminated
with 753 nm light delivered via diode laser with 2 600 pm end-fire fiber (Bioliter, East
Lomgmesdow, MA, USA) faosr 10 mim at 150 mW.-‘l:rnz. In the FI-1 inhibitor :uhgnmp:,
InVivoPlus antimeouse FO-1CD279-Clone: 2961412 (250 mg/ kg Baowcell, West Lebanon,
MH, USA) was injectsd mmPﬂ'ihuieaUr (IF) on |:L1:,': 1.4, 7. 10, 13 and 16 after VTP In the
OXA0 agomnist xuhgnmp&:, InVivoPlus antimase OX40 C0134-Clone: OX-86 (300 mig/ kg,
Bimwcell, West Lebanon, BNH, USA) was injected 1P ina xi:lg]ednu on :la_'!.- 1 after VT

At least omce a week lmﬁlﬁﬂda}a after ¥YTT treatmient, tumor volume was measared,
thie animals” health was checked, and IVIS spectrum imaging was Pe:rfmnﬂd s mundtor
lescal tumor and lung metastasis. When fumaors exceeded 2000 mm’ or lung metastasis
-d:w:lnpﬂl, mice were euthanized via 100% carbon dioxide at 5 PSI for & mindmume of
1 min, at a displa.n:mcrl.{ rate of 3% chamber volume / minute in a cage or ruthanasia
chamber. These euthanasia practices are in accordance with our institution’s Research
Animal Resource Center's Recommended Methods of Euthanasia for bboratery Animaks
and the American Veterinary Medical Association Guidelines for the Euthanasia of Animals.
For statistical analysiz, we comparned tumor volume until 30 days after tumos injection
(Day 14 pos-VTF), when tumor volume in the control group reached the protocol limit
(2000 mamn®).

3.3, Immuenohistochemistry

Immunohistochemistry (IHC) waﬂ-]:!er.fnnm.-d for COF, CD4, CD8, and OXA4A0 (CD3).
IHC wa=s pe:l'l"mnnd on CD3, C04, and CDE using a Leica Bond EX automated straimer
with bond reagents {Leica Biosystemns, Buffala Growe, [L, USA), iJ'lcl.ud:in.g a polymer
detection system (DS9R00, Movocasira Bomd ]"‘nl}-'l'ru:r Hofine Detection, Leica Eiru:,.':hﬂ'n:.,
Buffalo Growe, IL, USA). The I:|.1ll!u11.HEE:I'I was 33 diaminobenridine tetrachlonde (DAB),
and sections were counterstained with hematoxylin, IHC was performed manually on
N0 (I3 using an avidin-biotin detection system (Vectastain Elite ABC HEF Kit,
Vector Laboratories, Eur|inﬁa.|:r|e, CA, USA). Th:d'mmnﬂ:‘n waz 33 diaminobenzidine
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tetrachloride (DAB), and sections wene counterstained with hematoxylin, Details for each
miarker are shown in the Supplementary Table 51.

Slides were digitally scanned wsing a Fannoramic Flash 2350 digital scanner (3DHistech,
Budapest, Hungary) and a Zeiss 20x/0.8MA objective. Relevant tissue Tegions were denoted
and analyzed using the Pannoramic Viewer (3DHistech, Hudapﬂ'l_ Hungary). CD3, CD4,
CDR, and OX4D staining was ql.l.a.nliﬁad within tumor= I:l}- manual counting of positive cells
within defined regions of equal area.

3. Floww Crtvmaetry

Single-cell suspensions were prepared from spleen, lymph nodes, or dissociated tu-
miors after mechanical dissociation and passage through a 40 wm nylon filker. For all flow
cybometry experiments, !.i:I'IElE-:E".TI.I.I]:‘EM-HﬁB were maintained in flow cytometry buffer
(PBS, 2% FBS) and blocked with rat antimouse CIN6/ 32 for 15 min at 4 °C before incubating
with the appropriate antibady cocktails in the dark fos 30 min at 4 *C. Intracellular staining
was performed using Cytofix / Cytoperm reagents { BD Biosciences, San Jose, Cam USA, Cat-
alog Mo SH714) acooeding to manufacturer’s directions. Antibodies used for the myeloid
panel include CD45.2-FITC (BD 553772), CD11c-PE (BD 557401), CDBa-FE-Texas Red (Life
Technologies MCDOS17), Ly6G-PerCP-Cy5.5 (BD 560602}, LyC-PE-CyT (3236962), MHC
l-eFlusrd50 (eBivscience 48-5321-82), CO86-APC (BD 558703), CDI1b-APC S eFluor 7RO
(eBirscience 47-0112-82), and. Antibodies used for the T cell activation paned mclude Kig?-
FITC {eBirsciemce 11-5698-82), CDa2L-PE (BD 553151}, GirzB-PE/ Dazele 594 EEi.ul-EE;ﬂ'ld
3m|ﬁ],Lma.—MF—L'}'5.5 (BL} 551162, COMA-FESCy7 [Hunlcﬁl:l‘ld 10GE030), CDE-V450
(B S6408), Frn:l.]:l}ﬁfc {eBioscience 17-577382), CIM5.2-Alexa Fluor7) (eBioscience
S5 -RBT), CDIP.HH_'_FL'}'T (B 557658). Both panels also included eBicscience Fixable
viability d}lr—rf]mﬂ [ThermoFisher, Mew York, NY, US4, 65-0866-14). Cells WETE quAn-
tifiesd using an LSRFortessa analyzer (BD Bicsciences, San fose, Al equj.]:lped. with 350 nm,
405 nm, ABS nm, 561 nm, and 640 nm excitation lasers. Data was colleschsd using BIY FACS
Diva software (BD Bivsciences) and amalyzed using Flow]o sodtweare { Tree Star, Azhland,
OHR, LISA). Du:rinE a-aqui:'l:i.m a love CIMS* Ea.t: Wiks .'n:_l: ﬂ.l.'l.'l.'lll'\diJ'IE to scatter parameters,
live/dead and CDM5 staining. A minimum of 1-4 =107 live CD45+ cells were acquired
per sample. Compensation was set using UltraComp beads (ThermoFisher Scentific, New
York, MY, USA, Cat Mo 01-2222-41) stained with individual fluorochmmes and cells stained
with live/dead d}-'e. C-lmpﬂmri.-lm matrices were caloulated and a.]:!Fli.ﬂd using Flow]o
software. Unstained cells were acquired for each isue type analyzed and fluorescence
minus one {FMO) controls wene used for gating to distinguish positively from negatively
stained cell populations.

3.5, Statishical Amrlyses

GraphPad Prism was used for all statistical amalyses. The Kruskal-Wallis test was
used to assess differences among all groups and t-test was wed for pairwise comparison of
means between groups. A Kaplan-Meier curve was built for survival comparson. p < 005
was defined as significant.

4. Discussion

Photodynamic therapy & a minimally invasive tissue ablation modality in which a
photosersitizing substance is activated through exposure to laser light radiation delivered
ata NF’Eﬂ-EE wavrlens;ﬂ'l_ In the presence nEur.}rE,E:rl_ thi= triggeTs a ]:!hulnd'l.ﬂnjl:a.l reaction
that penerates I.'I:I:il:la.l'll:.!.]:‘ﬂl:i.ﬂ- {radicals, .':inBJ.et oxygen, iriphet species), leadh[a; hn-‘tarﬁetd.
tismme destruction rl'mmEh direct cytotoxicity, vascular shutdown, and activation of an
immune response. Cur study highlights combination immunotherapy as a pofential means
to enhance the efficacy of VTP treatment. We show that combining VT treatment with an
immune checkpoint inhibitor and an immune costimulatory receptos agonist reduces tumes
burden and enhance survival to a greater degree than VT or the immunomodulators alene
in a mouse model of urothelial cancer. We further demonstrate that these antibomor effects



Mol ules 2021, 16, ITH

57

WiaE 13

Boour I:|'I.'!i:l'l|.}l' inaT -n:U-d.:Pe:rldent manner, namely enrichment of cytoboxic and |.'|E||:|e:r T
cells in the tumaor area and depletion of Treg cells, and that the increase in intratwmoral
T cells results in part from enhanced proliferation. The triple combination also acts viaa
T-cell independent mechanism to promote antitumor immunity, as it reduces mambers of
intratumaoral MOSCs.

The efficacy of this combination fits well with prior evidence showing that urothelial
cancers are highly immunogenic malignancies. This immunogenicity has been known for
decades, tince the dizcovery that bacillus Calmette—uerin slows the E;nm-rl'l of bladder
cancer by invoking immunological activity [22). Similarly, immune checkpaint inhibitors
have proven beneficial as salvage therapy in metastatic urothelial cancer [23,24), in acoor-
dance with its high mutation frequency [25], which presumably leads to greater necantigen
burden [26], known to correlate with checkpoint inhibitor efficacy [27]. Immune responses
are also correlated with fumor aggressivensss even in the absence of immunotherapies, as
numbers of CD8" T cells are recently described as predictive of survival in muoscle-invasive
and advanced urothelial carcinoma |28,29).

The benefit of combining VTP with FD-1/PD-L]1 blockade and OX40 agonism
(WTP+OXA0+PD-1 treatment) may extend to other cancers, especially those in which
bwo oo the component therapies have been shown o synergize in animal models. These
imclude lunE; and L'.id.nr}r cancer, in which (FShaughnessy et al. showed reu'nli}r that
adding anti-PD-1 or anti-PD-L1 to VTP reduces metastasis and improves survival [11]. As
Preise of al. showed that VTP induces antitumos immunity that is cros-reactive between
colon and breast cancers, these might also respond to the combination [10].

Dur study extends the range of therapies with which OX40 agonism has been shown
to sywurg;ize. In addition o immune dlﬂ:k.puinl inhabitors, D.‘-(-W—ﬂimuhling amtibod-
ies have been shown to augment the effectiveness of several treatments that indirectly
stimmulabe immome responses, including dasatinib {in a c-KIT mutant PE15 mastocy ioma
tumor model [30], dabrafenib and trametinib (in BRAF ™. mutant melanoma) [31], and
radiotherapy [32-34].

We found that combination ¥TP ]:!Jm: P+1 inhibrbon Flllum aﬁl_‘lni!d: (VTPHOXAHPD-
1} treatment inhibits immune suppression by reducing the intratumor prevalence of reg-
ulatory T cells (Tregs), tumor-assodated macrophages (TAMs) and, especially, myeloid-
derived Suppressor cells (MDSCs). MDSCs have been the focus of intense research in
recent years; hiEh numbers of these immunosuppressive cellz have been correlated with
tumor aggressiveness and poor prognosis, including in wrothelial cancer [35,36]. Our
laboratory has recently shown that targeting MDSCs using anti-CSFIR in combination
with VTT therapy not ru'll}rde:reaud the numbers of mitratumoral MOSC= and TAMs, but
also increased COB® T cell mfbiltration, decreasing tumor growth and iJn]:!nnl:irlE:mmll.
survival in a prostate cancer maoded [37]. Thus, the reduction of TAMs and MDSCs by the
VTP+OXd0+ P01 combination may have been a major contributor to its efficacy.

The strong T cell recruitment mduced by VT +ONAM P treatment—greater than
that following treatment with immunomodulators in the absence of VTP—is an important
finding of our study. Thus, adding VTI could overcome a limitation of these immunether-
apies, which are generally more effectve in mice bearing small fumors. Thix synergistic
effect on T cells confirms Aspeslagh et al.'s postulation that therapies that increase antigen
release, a known effect of VTP [35], could improve the potency of OX40 stimulation [13].
Indeed, Y TP+0X40+PD-1 pmm'idrd. greater local tumaos control u'nnpmtd. with PD1 inhibi-
tion and (OX40 agonism, i.11d|.1|:|:i|1.5 complete remission in 66% of the andmal=. We speculate
that the VIT-induced acute inflammatory response acts as an immune boster, releasing
antigens to which immunotherapy-stimulated and deinhibited T cells react.

5. Conclosions
Insummary, we pmvi.de:vi.d.ﬂ'b:: that (XAD agonism plus FD-1 inh#bitor immauniother-

apy is a valuable combinatorial approach that improves the efficacy of VTP in a urothelial
cancer model. The results presented here suppaort the concurrent manipulation of these
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bwos immumie patioways to maximize the ability of VTP treatment to provide local tumoe
control and improve survival. This study, along with pries findings, indicates that the addi-
tion of immunotherapy o VIT freatment is an effective thermpeutic strategy for reducing
immunicsuppression within fumors and ultimately enhancing antitumor immunity.

Supplementary Materiale The following are available online: Table S1: Immunchistochemistry
(IHC) for OIS, CD4, CO8. Figure 51: Growth pattems individed by YTF and no VTP groups.

Figure 52 Metackatic signaling by IVIS follving VTP Figure 53: Survival outcomes after VTF in the
AT mindel.
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Vascular-targeted Photodynamic Therapy for Upper Tract
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THIE JCRIPRAL W LG
A HGT by Asmvarss Lem rrecad Somacyeos | mesnm aan emescs, e

Purpose: Vascalar targeled photodynomie thernpy with the intravoscolar phoe
Lesensitizing agend padeliporfin (WST- 1 ITOOKAD Sodublc) has demonstrated
therapeutss cfficacy as an ablative treatment Tor localized caneosr with pobendial
adaplation for endoseopic managrmenl of wpper tract orothelial corcinomn. This
Phose T trial (SCTERGT L) evaluated the safety of vascolar targeted phods
dynamic thermpy with WST-11 in wpper tracl wolheliol earcinoma.

Materials and Methods: Nmcleon paticnds anderwent up bo 2 endoseopic vososlor
targeisd pholedynamic thernpy treatments, with Dllow op e op o G months. Pa
Liends wheo had ressdunl or recarrent upper tracl urothelial carcinema (any grasde’
s [ml'u':g"pn:rcrﬂnmupt treatment or unable or unsilling W underge surgical
resectin were cligible for nchesion. The primary endpoint was o dendily the
maximily toleraded dose of lascr Bpht fheenmee A dose cacolwison model was
emnplogped., with mereasing light Misenoe (0200 mWem) esng o mddified ool
reasaessmenl method. The secondary endpoint was ireatmeent. efficocy, defined by
ahsenee of visible tumor and negative urine cylology 30 doys pestireatmend
Results: Fouarteen (74%) patiends reccived the maximally tolerated dose of
200 mWicm, 2 (119%) of whom cxperscneed o dose limiting toaicity. The initial
dlday treatment response rale was 94% (506% compleie, 44% partinll Eight
patients underwenl o sceond treatmend, with o finol cheereed G5% complete
respanse role. Lesding towicitics were flank pain (T9%9%) and hemotoria (B49%),
which were transienl. Mo wreteral sirictores assoaled with treatmend sere
identified during ollew ap.

Condusions: Vascular targeted photodynamic thernpy with WST-11 has an
aceeplable safely profile with strong polendial as an cffeclive, kidney sparing
endosoopic management opiion for opper tract wrothelial carcinoma. The
recenitly initiated multieenter Phase 3 ENLIGIITED trial (RCTMGBIZE) is

euperrted Lo prowvide fierther cvidenee on this thempy.

Koy Words: phototherapy, weteroscopy, urogenital nesplasms
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eree troct urotheliol carcimoma (UPTUC) soeoands o
% of oll urothckinl neoplesms” ond 10% of renal to
mors” with nlplpmuim'l.d_l,l twen-thirds oocarring in the
renal pelvis” Radical nephroaretereclomy a5 cxlir
padive management i assodaled with  sgmaliennt
mrorbadity, inclading the development of chronic kid
ey disense or end siage renal discase mowp L S0 of
patienis.? In cases of low grede tamors with minemal
rick of mclasintie progression, and cyven soms carly
high grade superficial tamors, this surgery is drasts
wadly overutilized.” As swech, thern is increesed inderest
in organ-sparing  approaches, incloding  cndoscopic
muanagennend Wechmnsqees, 1o preseree nenal fanclion.
el are esmecinled with & GIFE role of rooorrener
Multiple tresiments are ofien necessary, which i
oreases the nisk of procedone-rdabed  complicatsons
sach ns perforntion, bbeeding, infection, and stnic
tures” Up o 2% of patienis undergning endoscopic
managemsend of [TTIM will eventisally roqeire e
phrectamy, and 0% will recor in the bladder.” There
is o chear unmel nend o impeoeve Kidney sporing
endoscopic management iechneqes or paticns with
[T

Pholedynamic therapy., which wtilizes o phols
sensitizing drug and light application 1o oreate tis
sae damage, s an clffective and Food and Drag
Admimistration—approved lecalieed treatment me
dality for several malignancies, incloding  hing,
czophngeal, ond skin caneers, o5 well as the cnde
Tuminal treatment of wrothekin]l cancers® In the
c=ophagus, o, cortain obstructing lumors may nol
be excisable asing & neodymiam yitriom- aleminam
grnel (NA-YAG) laser, bol phododynamic rJnr.-rnp:;
may olfer polliateon in oo of total caphagectomy.
Mowewer, its uptake has been mited by prolonged
paticnl light sensitivity ond nonsclective Lissoo
destruction.

Padeliporfin (WST 1LTOOEAD Solishle: STERA
Msotech, Loxemboarg) is @ new ineestigntional shor-
neting phatodynames agend to produce o mowd Form
ol vasculor targreled  photodynamie treatmend (VT
which has been proven bo be cffoctive aguinst several
ancers in prechinice] stsdies and dinical trials® " In
proiote canctr, VT has been wlilioed as focal ther
apy option e unillaberad low sk discase "' Sfier
imbravenmes admimistirotion of WET 11, near- infroned
light delivered thirsegh an optical fiber iBuminates
the tumor tissoes and activales the agend Lo gendrnte
reactive ooygren and mitrmgen specics (free rodicals).
Tumar vasculature then collapses, and & propagmtion
ol cylotngie effecls 1o surreunding temr oclls resalis
in athermal tumor ablabion, which = histoloe
evident as magulative nooross within 2448 hoars, ™
The: eytotoxic ablative eifect is highly localized and
transicnt, as WET-11 is rapidly cleared from the
arcilation in minotes. As o resalt, patient hight

pensitivily i minimized.” Follvwing success atilizing
WET.1i—medinied WTT in prechinical models,'™ we
underiook o prospective Phose 1 stisdy Lo evalante
this approach as an endoscopic treatment in paticnls
witht UFTUNC. While lodoitics in prior stisdies were
minimal (ie, hematsria, pain, dysaria),"’ the effee
tiv: lighit dose for the: treatment off TTTTAC has not yed
been determined, and so we hypothesized that o
miximum of 2 mWiom would have o tosecily mde
that does nol exceed an acceplable threshold of 209,
The primary obpective was o delermine  the
maximum blerated dose (MTD) of loser hight fhe

cniee, and the seondary objoctive wis L nasess the
cfficncy of VTF as o primary treatment for TFTUIC,

MATERIALS AND METHODS

Thei isn & sisgbe-inslsllsen, oomsdomioal, open-lelsd
Pluee | study ooinboeteal af Bosserial Shoim Hellirimg
Cassir Cewler, rigf bl wider ClimiealTrmks gos bdien-
Lileer MOTTIRETTO0E. T proloosl s approvis] on March
1%, 2008 aeed lwgiam aorual om Mgt 1, 2008, Thee: shaly
wicd el Lo accruml oo Apeal 21, B3R, aiad the Sinal
wimidysin was performe] on Jume 16, 30E2 Afler Lizililu-
Liial Heview Bsminl approval (MSK IEH Mo, 1H- 1400
pubienis sere corolliod bused os e Tollosiog sndusion
erileraa. anfirmed iosee diaggnosis o FTUC, fesidual e
returrenl eamser TolloEang prese % e Ll il

amd  medigibality o anwillingmess Lo wderso surEieal
mmanugpewrnl by resection of ks 2 Iveal Ky Lbor
wiidier. Palsewls wiere alss reguinal to heave o Barnobkky
Perormame:  Slelbes =0FE, adoguabe  organ Random
[imdudisg caloalabad crmibimine deaness 00 mldmanl,
aimd ookl ool Bave roomvad sy syEleme Cherapy (b
el larupy,  Bolhgieal  feeragp,  aselbe  mesum-
therapy] <4 wawks presr Lo Dreslswsl Polesils with
eimbingg wreleral ofsilrudion aselfor easzmibing  aeclbeeal
dliznt wasre peramibbnl. Pabieobs sem: ssdoded of pregoast
or berensl -foaling, with T4 tumors isvolvieg bosel e
meiper Bline veeeks, or sl smargizl candnlstis e b
mlics] comwshiditice. Palicels Dhes wodersest codis-
mpy ol ik imvelied upper wrimiey Avelem, with meea-
suariienl of Dsswer aipe (by caliper or vl e
yoge ) il detacrmisaieen of keealion Visibde bumors wemn:
Lrewbed walks VI ligied on g prizseribaed gl dooes wiigs
Lhinz easalil s pevlisos] dezaoriled Dacbow . Trossboeenl sl
ol & I-misule inlravesous sdmimisbralion of WET-11
ab & fimed dose of £ o, onllsed by lEhl aetsvalion
delivered through an INTERmedse (Bareclona, Spaim)
deesde: liginzr {30 min likbser, 753 am wavcloagath of Light)
oveer 10 e The =l m oo proxomal
Loy By smilez el bhee imdies Dumsss Lo b Dreabed, and Dhee Lghl
flier i advaneed thesaEh Uhe endesenp: amd poaibiomsed
willsim the eollectling avslem in proimily Lo b index
Lmimor. Thee Gilser ia haeld o plsc: Tor Ehe durstion of Lglst
appleeation, thes meimnovied thrsagls e eodoscops:. Per
probeasl, a urclersl sbenb wos wbilzesd Rillrwing U bzl
cighranpie beslseol o milgmle ke rshs adbsercal o
cinhranpy, whads was neoeened @l Hwe sulsapeenl caalei-
Limn. Bizprewl cigkeaayie evaluginme wen: parformeed =07 wml
M days pueiblreatin:nt le e for sl cvihee: of
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il il il il Ul milial Largel sk or ab o dilfencal @ik in
the wpper Lrad.
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Lrial. Bispicee wies asasss] ab 30 davs alter breabimenk
sl memphete respoesee (UH) wans dicliosml smoan slescoe: of
visile Lumsesr on endosopic evaluabion and aleesmess of
malggmant oclla on cytedepy rom ssbreossial i
suumple Crmn U remal prelve o ureber. ALy pleal evledogiz
wure caligpporras] s mepabive, aml sespiciaas oylolopiez
wirn culepgorizal as poative. Partisl responsse wecs delined
s am abeemee of Che indies Duseer Lrziled Bl evedees: of
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RESULTS

A total of 22 patiends wore enrolled inde the stody.
Theer: paternls wore remired ofier forther soneeningy
por prolood, diss L abaenoe off vesible tamor ol the time
of planned experimental treatment, leaving 19 paticnds
wiha reociveed the VTT treatmeent (Table 1 OF these 19
O paticnd was remdoved from the study 2 weekos after
treatment for noncomplinnee (illeit drug ase; Sapple
menbal Figare 1, htbpsfeww junobery com).

Day o

Day 7

O (5% pateenl reeived o dose of WH mWiem,
4 [21%) patients reosved o dese ol 150 mWiem, and 14
[T4%) pabienis reeeived the highest dose of 200 mWem
Mo patiends treabed with M or 150 m'Wiom cxpori
crwed @ DLT. Twn patients treated with 20 mWiom
cxpericnied a DLT (2714 14%, Doth toesolics wene
pain-redated and were graded 2 ond 3 becanse they
roquired  additional intravenoes  medication  for
management and overnight bospital stay instead of
nutpatient dscharge immedintely after the proeed
are, resportively. These 2 NILTs were adtribiobed o
the procedure, likely due to the stend, and not the
drag or deviee (Supplemental Toble 1, hitpefews.
jorologyoenm). The fnal recommended dose based
om the mCRM stisdy design was S0 mWiom.

The rade off CH ammong patients cligible for the Bday
reaponse nssmanend wis 318 (% cxncl binomiad 95%
I 35%, T4%; Table 2. Treatment efficacy stratified by
tumeor s viclded CIE m 5B59% and 45% of tumors < 15
amd = L mem, respedtively. When stratified by temor
e, the CT was 40% and 4% in high- and besr-grode
tusmers, respectively. The rele of partiol response was
&5 (44%), nfler whech all 5 patients underwent o see
ond treatment, with a final 658% CIE rate.

S ereatinine and estimaobed ghemerular Alira
thon rale measures aken al days 2 7, 14, and 0

Day 30

Figure 1. Erud ol Luwrarr sefore are alller 1

Aargrlied gt

prLaTue Limary Ligalimenl
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o 4

Fgure 2 Hetoyrade ppoloyram o end aller veseukan-
1 = i

i vl b
(=)

From hascline: (Tabde (5.
ﬂ!'nnl.n.l'pnhui.umlnﬂmﬂyml}mlnnlm
momreclly  remrded 2= ing & Grade 3
treatment - related DLT (uwrinary tract infection), which
wis loter inwestignted by a scparate mediond monitor
and detcrmined 10 be Grade 2 and resalting from
Follow ap endoseopy. The: error was corrected afier the

fimal paticol had received treatmend. Becaase the
miHM abporithm nses all previously enrolled patients
information 1o inleem the dose of cach newly enrolled
'pnluLlhnmnr&ngmnuﬁfuilhnm

remmmenided diees. loweser, this dsd not impact
the final recommcnded MTD o this dose finding
stigdy; il the recording ervor had nel been made and
patienls" THLT sintuses remained what was ohsereed
{Bupplemental Figure 2, blipsfwww jumlogy.com),
the final recommended dose would have remasned
(MY oW,

DISCUSSION

Thas s the first stody desonstrting the salcty profile
and treatment cffects of WET-11 VT in the endosoopic

managzemend of UTIN. Accerding o the mCTEM, the
msxjority of paticnds roeocived the BTN of 200 mWiem,
wilh mo DLTs in the dose esealation groups, ansd only
2 DLTs at the MTTE. These 2 DILTs were puin-related
nd transent. Mo DLTs were relabed 1o the drgg and

no pholodngicily cwnls were sen. There were no
Gimide 4 or & Woseities ower the oarse of the stody

(Gupplemendnl Tables "I-E-.h'ﬂ.pl:ﬂ‘lrﬂpm'm]_

Typical for relabed types of procedares,

Figure 3. Hidolugecsl appesenos of o iadore and sibr 1 vescular-largeied pholodmamic Uy oealmean.
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FHASE T THAL OF VIF WITH W51-11 FOR LITLUC BE3

reparied @l least 1 adverse event, buol the magority
wirre minor (Grade 1-2), mvolving descomiionl, hema
mwks wone reporied inod pabiends, with 2 eelobed Lo
the deviee and the remaindsr rellated 1o the prooedire.
[reternd stenting wos el tobe o oontribotor b several
padn, hematonin, and wwrinory fregoency. These towe
ities were mingr ond transicnd, and ne adverse cvenl
led o stisdy desontimuatson. Fenal Rmction wos
esmentinlly unchangred over the cowrse of the: study, and
alll treated kidneys wise porserend ml 6 months Tilles:
. Owerall, VTP with WST-11 appears o be o safe
cndenps trestmend option for TTTUC.

In evaluating efficacy, ¥TT demonstrated tomor
response in The: magorily (94%) of poticnds, with CI
seen i hall of patients after 1 treatment. CR was
more Glben seen i tomors smaller tham 15 bt
k= ochicwed in tumors lorger than 15 mm; how
over, case numbers are limited. Similarly, CH was
more common in low- grode than higgh-grade tomors.
An canmple of the ecndoscopic appearanes of a
IITLIC twmaor before and ofier therapy is presenied
in Figure 1, where o papillary lesion = clearly
wisnalized on Day 0, eollagenoas Ghers are present
ot Day 7, ond absenee of discase ot Day 300 A
redrograde pyclogram in o patient with maltiple
Lusmors price 1o ¥TP, with cmplele resolutson on
follow ap retrogrede pyelogram at B doys, is pre
semled i Figure £ The histological appearances
ol both low- amd hagh-grade UTUC tumars, belore
and afer theropy, are presented m Figere 3
Cytology resalls (Sapplemental Table 2 hitpsd
www_jurology.oom) remained relatively unchonged
over the course of the stady, although the mapority
wione negabtive ol the onsed, and the positive results
ot day B relbed tumors with @ partial response. All
A patiends offered repeatl treatment per probocsd
after their Day 3 evalaation clected a seeond VT
treatmend, supporting the eeocplability of ¥VTF
therapy. Al sccond treatments were performed at
the MTI, and an additsonol 4 potients (G5% over
all} acheeved o CH within (B days of the seoond
Lreatment.

Regarding tolernbility, treatment with WET-11
WTF in the opper urinory trocl wis nob assorinied
wiilthi ofT targel systemic, ureteral, ond'or related
collaternl toweritics, os scen with other loeal
nblative therapics. Endescopic leser  ablation
treatmenis are assorinled wilh cvenls such os
perforation, striciure, and ﬂ-‘pﬂin.': s well os
mapr complications reported in over 5% of prooed
wres ! Dacillos Calmelie Guoérin instillation in the
retrograde wieteral cothederoation, has been nsse
mnbed wilh mdes of fever belween W% ond 9P, s

well as hematuria, hydronephrosis, and back pain.
Sovere i= and acwle renal Gilore have been oo
ported in 5.7% and 2.9% of paticnts, respectively ™
With milomyon thermal gel, which regquires 6
weekly catheler based instillations, evwenls soch as
woute kilney inpory (9%, myclosuppresson (99%),
urederal siricture preventing farther instillations
5% pnd treabtmenl deseontinoabion (27%) were
de=cribed in the oniginal report ino whech 2 35% CR
rate was seen.™ In the Phase 3 trial of primary
chemoahlation with mitomyein thermal gel for low
grade UFTUC (DLYMPIUS), a 54% CH role wes
seen, while 44% of patienls devcloped urelenic ste
ninsis ™ (har study demonstrated smilar efficacy, in
teith losw- amad high-grasde tomors, wilth oo coses of
treatment-related orclerad strictore.

Dased om this trial's resubs, the moMicenler
Phase 3 ENLIGITED triol (NOTO4E0209) has
besers imitanded for bow grode discase. The moslts
ornter natiere of the ENLIGTITED trial underseones
the poriability of this treatmend option, which can
b prerformed by any urelogisl trained in wreleroseopy,
ns additional cgquipment ocsmary only inchodes o
laszer fiber and Eghi source.

Limsitations of this Phase 1 dosc finding stody
include ils small sample size; limited (ollow wp
durntion: and beood patient selection  eriberia,
which did not himil tumes siee or grode. Patsenls n
thie study were folbvwed for 6 maonths o evaluale for
late toxsmlics, bul long-term treatmeenl darakality
and recurrenor asscasmend is limnted. Farther, the
utility of continaed maintenonee reatment was nod
included m this tried designe Lastly, the magorsty of
paticmls in the trinl hod previoosly [niled other local
ahlative therapies and thies may represent @ more
treatment resistand phenotype, including 1 paticnt
whio fmiled isduction treatmeend on trisd wilk mito
mycin thermal gel but cxpericneed o CH with VTP
thierapy.

COMNCLUSHNNG

The resulis of our Phase 1 trial demonstrote thot
WHET-11 ¥TF for IPTUN has an acceploble sofety
profile and promising Lherapeutic cfect. The MTD
ol 200 mW/om was reached, and only 2 DLTs were
reporbed ab the highest dose. Sofely evenls were
mainly beal cffccts, with relatively neglipible sys
temie Waicity. The procedure bed e o 509% CR role
wl M doys and 65% CH mde afler o second VTP
treatment. Overall, VTP with WST 11 has the po
tential for wse as o safe, cifficacoes, and kidney
sparing treatment option for TN, The recently
initialed mullicenier Phase 3 ENLIGITTED trial
(NCTOME2ENS) is cxpecied o provide Turther cvi
denee on this Lreabment oplion.
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Neoadjuvant vascular-targeted
photodynamic therapy improves
survival and reduces recurrence
and progression in a mouse model
of urothelial cancer

Barak Rosenzweigh™® -, Renato B. Corradi’, Sadna Budhu®, Ricarda Alvirm’, Pedra Recabal®,
Stephen La Rosa’, Alex Somma’, Sebastien Monette™®, Avigdor Scherz”, Kwanghee Kim® &
Jonathan & Colerman™®

Locally advanced wrothedial cancer has high recsrence and progression rates folloswing sungical
treatment. This highlights the need to develop necadjusant strategies that ane both effective and
well-toberated. We hypothesized that necadjuvant sub-ablative vascular-targeted photodynamic
therapy [sbWTP), throwgh its immunotherapeutic mechanism, would improve sunvival and reduce
recurrence and progression in a munine model of wrothelial cancer. After urothelial tumor implantation
and 17 days before sungical resection, méce received necadjuvant sh¥ TP (WST11; Tookad Soluble,
Steba Biotech, Framce). Local and systemic response and survival served as measures of therapeutic
efficacy, while immunchistochemistry and flow cytometry elucidated the imimunot erapeutic
mechanism. Data analysis included two:sided Kaplan=Meier, Mann=Whitney, and Fischer exact

tests. Tummor volume was significanthy dler in sbVTP treated arimals tham in controls {135 mm? yg,
1272 mm®, < 00000} on the day of surgery. Systemic progression was significantly kower in sBVTP.
treated animals (173 vs. 30%, P« 0.01). Both median progression-free survival and overall survival
were significantly greater among animals that recefsed sbVTP and surgery than ameong anémals that
received surgery alome (P« 0005). Neoadjuvant-treated animals also demorstrated significantly lower
local recomence. Neoadjuvant sbVTP was associated with inoreased sarly antigen-presenting cells,
and subsequent improvements in long-term memary and increases in effector and active T-oells inthe
spleen, lungs, and blood. in summary, recadjusant sEVTP delayed local and systemic progression,
prodonged progression-free and owerall survival, and reduced bocal recurrence, thereby demonstrating
therapewtic efficacy through an immune.mediated response. These findings strongly supportits
evaluation in dinscal trials.

Abbrevistions

shV' TR Sub.ablative vasonlar-targeted phaotodymamic therapy
VTR Vascular-targeted photodynamic therapy

[ Urothelial carcimomas

UBC Urothelial bladder camcer

MNAL Meoadjovant chemotherapy

TG Upper-tract wrothelial carcinoma

'Eltpanmml: of Surgeny, L y Sarvice, Memonial Sloan Kettering Cancer Centes, 1375 Yark Bve., Mew York,
WY 10065, LSA. *Departmient of Unology, Unlogic- Oncology Sarvios, The Chaim Shaba Medical Center, Affiliated
with the Sackkr School of Medicies, 5252080 Ramat Gan, kel 'Dupatmant of Surgery, Skoan-Eettering
Iristiburter, M markal Shoan Eetten ng Cancer Cantar, Maw York, NY, USA Slmivaenclogy Progeen, The Jedd Walchok
Lab, Mamorial Sloan Eettering Cancer Cantes, Maw York, MY, USA "“Laboratory of Comparative Pathobogy,
Mamarial Skoan Eettering Cancer Cemter, Mew York, MY, USA “Wesll Comell Medical College, Mew York, NY,
US& ‘Departmant of Plant Scencas, Weinmann Institute of Sciance, Rehovot, Erasl. emai: Bam krosanaweigdd
shi:ba haralth. gore il; colman] @mskoc. ong
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BOG Bacille Calmetie -(Guerin
FDT Photodynamic therapy
MB-#2 Musrine bladder 5
MB-luc  MB-49 lociferase-expressing
FHS Phosphate-bufered saline
[HC Immusshistochemistry
HIER Heat-indusced epitape retrieval
H&E Hematoxylin and soin

s Orverall susrvival

M Metastacis-free survival

FF& Progression-free asrvival
VTPrS ShYTP and surgical resection
LFN Intracelldar interferon
APz Antigen-presestieg cells

Urothelial carcinomas (L) cam invalve the lower (bladder and urethra) or apper (renal pelvis and wreters)
urinary tract. The vast majority (90-95%) aocur in the bladder Usothelial bladder camcer (UBC) i the ninth
st v i Cancer in the world!. The estimated deaths im the United States for UBC were 17,980 for 20006,

Surgical treatment as solle modality can be curative, mainly for cegas-confimed, lymiph- node negative disease.
However, survival rates decrease dramatically for locally and reglosally sdvasced dissase’, even with aggres-
shve surgicad amd medical interventioes. Platisam-based neosdjuvant chemaotherapy (MAC) for invasive URE
prodoces sigmificast survival as well as disease-free swrvival bemefit® and is considered the most appropriate
standard treatment for invasive UBC. Althosgh evidence supporting BAC s advanced upper-tract arothelial
carcieoma {UTUC) is bess well-developed, 45-500% of patients will progress follwing surgery, necessitating the
use of chemeotherapy®. Despite these data, MAC for UBLC and UTUC has gained very limited dinical sccepiance’,
peohably refleciing Equ:m the tomdcity associaed with it

A strong esed therefore extsts for developleg insovative, less e, and more clisically acceptable neoadjsvanst
therapies for mvasive urothellal carcisoma.

The impomance of immunotherapy inthe restmen of UC was first reported s 1971, when hacillos Calmetne-
Goerkn (BOG] wis uwed as @ localized immuanotherapy”. Inothe past few years, promisieg evidence has isdicated
an expandieg role for sysiemic immunotherapy i wrologic cancers induding bladder cancer”. Althouggh robus
evidence supportisg immusamosdularing drugs in the adjrvant setting exists, there ks a gap in keewledge aboast
thelr role in the mesadjuvant scepario. Furthermore, because response 1o lmmvune checkpoist ishibitors tesds
to be individualized and adverse evemts, while ru'c.lrndm be potentially serious. immusomodolatieg drogs
maay b less appealing as o first-lise neoadjovant

Evidemce supporting use of photodynamic therapy |,.|-"I'_'l"|';| fioer U wiast Imtrosduced in the 1980: with long-term
efficacy that suggested an immune-relaied response’ ", Later peporis coasisienly supporied the role of PIIT in
cancer teeatenent indwscing am antirumss Emene response™ " Degpite profound suppsontieg eddence for PDIT,
limnitatbons, soch as probonged pbohrm:d:li.j'. delayed clinical acceptance, promptieg the development of better
performing photosensitizing modecales™.

Une af these better performing melecules, WST11 [ Teokad Soluble, Steba Biotech, France), ks a water-soluble,
near-infrared-activated Pd-bacteriochlsrophyll derivative™ . Pollowi e ntravensis admisdstration, WST11
nosncovalestly bimds o albamin and is mlﬁ;nemd withim the circslation Upan llomdnatbon within tlssses,
WET11 vasoular- targeted phoaodymamic therapy (VTF) produces localized, soft-tissse ablation mediated by
cytotoic-reactive anygen species and destroys malignant el |m contrast to former photodysamic thera-
ples, VTP is comfined to the vasoulatare of the tumor, arvestiog the temor'’s blood supply by rapid ocdosion asd
cunsing predound tumes necrosts within £2 b, WST11-¥ TP of umaos-bearing sodid ongans wis foend to be safe
end effeciive bn prostate cencer climical trials™ . I addithon 1o s local effect, VTP has been shown 1o induce
long-lastieg systembc antitumos ismumnity including both cellular asd humsonal composents™ =,

As locally applied ablatbon efects may be variable in advanced U cancers, we sought to Investigate the rode
for VTF as @ nenadjuvant rather than primary therapy. Therefore, we niilized bess optimal treatment conditions,
or sub-ablative settings, im which tssors would be bast mot compleiely destroved. We nsed the murine
bladder 49 [MB-4% cell line, known 1o metastasize spoatasesly to lymph, spleen, and lusgs. We rapafected
It with a luciferase-expressieg geme 1o generate MHB-49 lsciferiee eopresing (M B-49-Joc) cell line

Results

Expenment 1: Standalone sbVTP.  The goal of this experiment wies to determine the infesnce of by TP
on averall survival (05), metasass-free survival (MIFS], and bemor progression as comgared bo conirel asd
surgical resecibon.

VTP treatment bed 1o redisctions in twmor progressios. By 22 days after tumor implantation, the early
(2 weeks) sbV TP growp shiwed tumaor asd lung Aussescence signals significamtly bower than contral (P005)
but higher than the early asrgery growp (#<0.0000 ) (Fig, 1 asd Supplemestary Table). Temor rediance for the
late (3 weeks) shb%" TP growp also demosstratad sigmals lower than control (2 <0.05).

Tumor size ai day 21 similarly showed bemefits for S TP treatment. The early and late sb% TP groups an
this day had an average umeor size of 211 mm’ {95% C1, 50-372 mm"; Poo0l) and 422 mm* 195% 1, 163682
mam; P D05 ed to with 769 mm' (95% Cl, SBE-950 mm ) for controsl. Tomsors could naot
he mieasured mwmmwﬂmh
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Resectlon vs. Srondoiome shTP. Resection wi, Srandalane sBYTP-
Lumg Flwarescent signo Tumor Fluarescent sigrmal
Cuy 22 hrom argralimens | |fuwy 23 fram engrabmeai]
150050 2 Al =

14104

1.0=10%+

e 510

PSS P AEE S

Resectian wi. Standmlane sEVTP- Owerall Surdam! (90 days)

Average Radisre

. 100 . —  Cairal

£ = E-Surgery™
A —— E-shWTP*
'E %o L-Burgany™
i = = LsthTP

Figure 1. |Upper pamel) Floorescence signal from thonay and the primary tumor isplast site in mice egected

with BMB-4% urothelial cancer cell lime {m=54). (Lower panel} Kaplan-Msier curves showing overall sarvival.

Animals wese treated with sargery o shATE 2 or 3 weekis (early or late, respectively) after bomos isfection,

comnpased bo contrel group {m=11 per treaied groups, u = 10 per comtrol)_ E-sbVTP eardy sub-ablative vasoular-

targeied- photodynamic therapy, E-Surgery early tumor suegical resection, L-shV TP late ssh.ablative vascolar-
-photodynamic therapy, L-Surgery late tamoe surgical sesection. * P 0005 as compared i ooetral;

** Pl 000 as compared to contral.

Eardy sbV TP demosstrated survival benefits compared 1o comtrol bt not to carly surgery. OF and MES were
significantly longer in the early sh¥ TP group compsared tocontrol (P« 0.05). but shoeter than in the carly surgery
group (P< 0000, The lae sV TP growp falled to show an advantage over controd reganding these endpaints
[Fig. 1 Mediam OF per group was as fallows: control, 36 days; early surgery, undefimed (did not reach below
5% survival for 90 days): early sbVTE 51 days; late surgery, 59 days and late shVTF, 43 days. Median MFS per
group was as follows: controll, 22 days; early surgery, undefimed (did sot reachs below 50% survival for 50 days);
early sbYTE 36 days; late surgery, 36 days; and late sb% TP, 29 days.

s TP possibdy suggests lang-term systemidc immeanity. When animals were rechallenged with tumaor cells
Imjection moee than V00 days folkowieg treatment, no sbVTP {V2) and cnly 1713 of the walﬂLﬂd anl-
mals developed signs of local or systemic disesss. In contrast, all contrel mice (@ =5] developed local umaors
and metasasis, eventually succumbing to their diseass (F<0.05). A following experiment fsrther describes
sddirional group of long teren sbV'TF treated animals re-challenged with romeor cells [2ee ahead, Aow cytom-

Ty —ENpEriment 5L

Experiment 2: Surgery timing following necadpecant sbWTP.  The goal of this experiment was o
Ieweestigate how surgery ai different imes afacts (%

WP treatment, alome or in combination with surgical resectbon, demonstrated superior 0% compared
1o contral [P<005]. Sargical resection plus shVTP wis signicamly superior to shVTP alane if performed at
days 17 and 24 from tumaor emgrafiment (3 and 10 days following shV TP, respectively. PO and P <0.05,
respectivelyl. Howeser, for later time polets representing advanced disease, Le., 31 days from engrafiment, the
pdvantage of combinieg surgical resection with sb TP over sb% TP alone was no knger significant (P=001].
Median 08 per group was e follows: comtrol, 43 days: sh¥TE 56 days; sbV TP+ surgery at day 17, usdefined
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Table 1. Tumwor regression and systemulc progression by treatment growp prior o sargical resection sBVTE
sub-abdative vasrular-targeted pheotodynamic therapy, VTR sub-abdative vascolar-targeted phaotodymamic
the mapy fodlowed by surgical resection of tumsor, One control animal was censorned From the tumor regression
amalysis due vo dewth prior bo sargery day. * P 005,

(ddid niot reach below 50% survival for 121 days); sh TP + surgery at day 24, 69 days; amd shV TP+ sargery at
day 31, 86.5 days.

Experiment 3: Systemic progression timeline—imaging validation.  The goal of this coperimen
was io validaie the time from engrafiment with mmor cells oo systemic progression.

The average day for positive lung fluceescensce sigeal (that k. systemic progression) was 335 days (standard
deviation, 5.5 days) from tamor engrafiment, as cabeulaiad from the control growps of stasdalone by TP and
surgery fodlowieg neoadjuvant s TP (experiments 1 and 2). This timeline was confirsed by gross and micro-
scopic analysis. O of the 18 amimals engrafed with temors as pan of Experiment 3, fourteen (78% ) showed
gross lueg metastasis on day 33, Two additional animals were found 1o have leng metastases on microsoopic
analysis, bringing the otal 1o 16 {39%).

Experiment 4 Meoadjuvant sb¥TP.  The goal of this experiment wasto define the efiects of meoadjuvas
shATF om 08, progression - free survival (PFS), temor volumes s surgery, and local recurrence as compared 1o
comtrol. shV TP asd surgical resection were performed 14 and 31 days following implanatios of o cells,
respectively with the intent of treating micrometastatic dizesse. Meosdjuvant treatment with shbAVTF produced
Imnprosements in 085 and PFS, reduced tumor vodume at surgery, amd decreased local recurrence Sollowieg it
Axverage tumar volume af the day of sbVTF was 70 mmy* [standard ervor (SE), 4.1; 95% 1, 60-20 mm”]. AL

of surgery tameor wedume for shATTP-treated animals {Le. sbVTF and shVTF # surgery at day 31[VTPS)) was 135
mem” [SE, 35; 35% CL 66-204 mum ") and for nows-shy TP treatsd amimals (Le., conbrol asd surgery anly) was 1222
mn” [SE, 125 95% CI, 976-1468 mm') [Fc0.0001 ). Ankmaks ireaied with shVTF had 2 III:HI‘EI rate of temar
regresshom and a kwer rate of systemic progresion on the day of susgery [Table 1).

(% and PFS were significantly longer for ¥ TPS as compared 1o the contnal and surgery only grosps {Fig, 2,
upper pamsel). Meadian 0% per group wis as fallows control, 83 deys; shy TP, usdefined (did not reach below
50% swrvival for 121 days); surgery oaly, 55 days; and VTPS, undefined (did son reach below 50% sarvival
for 121 days). Madian PFS per group wis as follows: control, 38 days, stV TP, undefised {did not reach below
507 survival for 121 days); surgery only, 45 days; and ¥TPS, nndefised (did not reach below 50% survival for
121 days).

Srvival curves analysis s the short term following surgery (day 52 from engrafiment) showed FFS for the
VTIPS growap 1o be significantly longer than that for the sh VTP and surgery o by groups (2. 0005) (Fig. 2 lower
right passl).

Time to bocal recurressce was significanily banger for VTPS as compared o conirol and sorgery-only groups
[Fig. 31 Median kel recureence per growsp was s follows: contreld, 31 days; sbVTP, ussdefined (did mot reach
ghiove 50% recarrence for 121 days); surgery oaly, 59 days; and VTPS, undefined (did mot reach abowe 50%
recureence for 121 days).

Experiment 5: Flow cytometry and IHC.  The goal af this experiment was bo dlucidate the mechaniamn of
shATF and Its loesg-term effect. shVTP induced o bong-termn immues-meadiated respanse based on our asalysis
of pesected tumoes, lungs, spleems. and blood using IHEC and flow cytometry.

Tumsor and lueg histalogy analysis showed an evolving immuse resction at temor site fllowing sbV TR
[Fig. 4} Chaomic-active inflammstion of tumor and sdjacent tiesoes at days 17, 24, and 31 was shown by hems-
toaylie and eosin (HEE) stainieg, The bowes datly average tumor C03 +{T-cells) soore was 167 theee days fol-
lowing shV TP (12, day |7 from engrafimnent). This madir was followed by gradusal incresses om day 24 (267 ) and
day 31 (2.23). Average lung CI3 + soore at death was 263, The average tumor Mac2 {macrophages and dessdritic
cells) soore shaowed an opposite irend, reachieg 3, is highest paint, 3 days followieg shy TP asd then decreasing
1w 267 on day 24 and day 31 The average lueg Mac? soare resched s lowest peoimt (2)at death {Fig. 4). Surgery-
anly samples of nemor (day 31) and longs (at death) showed similar directbonal tremds (1.2, tumor score rising
and lung score falling) although to a besser degree (ot shown).

W TP was aseoclated with an ey bncresces in cells (APCE) o welll i Imumine
resposcees. Whes immumne cells m:renﬁu]g.-:aed uﬂ:ﬁcrmwah spleen, lungs, lndhhﬂdhnfnmm&qmm
response (Fig. 5 supplememtary Fig. 1), ARCs were significanily higher 3 days following &b TP throsghout all
three fock Survivieg animals showed isceeased COB + T-cells in the spleens and iscreasad memary T-cells asd
effecton T-cells in all focl. Blood analysis of survivieg animals foend that both CIM+ and C18 5 active T-cells
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Figure 2. Kaplan-Meler asalysis for overall survival and progression -free ssrvival Surgical ressction was
performed on day 31 for relevam growps (not Westrated). Conitrsl (8 =5]; #1TF sub- ahlative vasoular targeted
photsdynamic therapsy (m=23); S0 (= 25]; VIEST230 ) sub- ablative vasoolar-targeied photodynamic
therapy followed h}ﬁrgﬁ:ﬂnﬂ:ﬁr‘:‘:’ iusnor 31 days from engraftmest (n=22) Two and 3 animals were
censored from the analysis in the &% TP and VTPS groups, respectively, due to peri-procedure death * o0 06
versus control; AP0 versus Susgery group. Note The impeoved survival presemted for shVTF af 2 weeks as
compared o Fig | is attribvmed to the differem sizes of the treated tumors (see “Disoussion” section).

trended toward higher levels. Followieg emor rechallenge to these amimals, active G0 & T-cells 1m blood wene
significanily higher.

Discussion
Thee five experimenis inour study demoesraie that partial tumsor ablation with $6% TP i an effective nenadjuvas
treatment for wrothelial camcer.

=i TP reduces systemic progression assd impeoves survival compared (o controd at early time polets (Experd-
meent 1), At late time poleds, representieg sdvanced dizzace, shV TP with or without ssrgery provided bang-term
benefit conupared 1o surgical resection alone {Experiments 2 & 4). Although sbV TF advamtage is shown in both
experiments. we report differen ces in overall survival of anieals treated by shATF only (Figs. 1, 2). Weaitribuie
this differemce to tumor size which wiss larger inday of shV TP treateest in experiments | and 2 {avg. ~ 200 oc)
versus experiment 4 {avg. ~ 70oc], and hesce may have infloesced shV TP omcomes. The fact that shVTF reduces
systenyic progresshen and improves survival suggests it 1o potentially reduce or elimimate seeding of micro-
metasiases and systemic progression while bocal tumor resectbon cannot (Fig. 2; Tabde 1)

These findings may help explain publiched data repoeting a higher failure rate for asrgical resection of UBC!
and UTUCS i advanced disesse, met probably caused by concealed systemic disease ab the time of surgical
resection In our UG masie moodel, we foisnd day 33 1o represent the onset of dinlcally evident metastatic disease.
From this, we cam infer that advasced disease characterized by comcealed micro-metasiases ks highly probable
at day 31. Issdeed, our Experimem 4 showed that sh'WVTP trestment before surgery at day 31 was more effective
tham surgery alose at that day. This suggests that the cause of the higher failure rate for surgical treatment of
wdvamced disesce may be the existence of concealed micro-metastazes. Therefore, in humaes, we belleve the
aptimnal time fior treatieg, mbcro-metastases with bV TP is befee these metistases become climically evident—than
15, as mevad juvant treatment. Sapporiing this recommendation, badder cancer regression following nesadjuvas
treatment has been correlated with improved recureence. fees survival™ and 05", Similarky, our mode] showed
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Neoadjuvant sbVTP- Local Recurrence
(starting day 31)
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Fgure 3. Kaplan-Meier analysis for local reoarrence 121 days from tomor engrafiment Analysis stanad

31 diays folbovwing tuesor engraftment (day of tumsor surgical resection for relevant groups ). sbY TP sub-ablative
vascular-targeted photodynamic therapy (m=23), VTIPS sub-ablative vasoslar-targeted photodynamic therapsy
fisllowwed by surgical resection of tomoe (1= 22); Surgery (#=25]. "P.c005 veras contral; ** P00 versis
comtrel * 4 PoL00 veras Surgery group. Control (6= 5] asimals were omdtied from figuee i g0 “recurresce

that animals treated with sbVTE prior to surgical ressction have higher rates of tumor regression and kewer rates
af systemic progression prior surgery ( Table 1) ranslated in to longer FFS and O

Dar findings suggest that shV TP produces a bong-term systemibc imsmne esponse. Tamor histobogy asalysic
[Experimenn 5) showed chronkc-active infanmation of ramor and adjfacent tisswes i abusdam macrophages
and T-cells infilirated them (Fig. 41 Rechallenging mbce moore than 100 days afier shV TP resuied in no wpiake
af nemor grafts. Systemic progression wis delaved following sbVTH{Table 1). These findings confirm published
licerature definieg immuee response as e of the main mechaniems by which FDT destroys tumeor cells ansd
Imitkaies the long-term systemic lenmune response that follows' 72512

1m the ferm, :hﬁ?‘z:ulmd.l.h:-td superiar PFS compared to alll other trestmens. In the early weelks, the
VTFS group 4 signi advamtage in PFS compared o the surgery-only group and the sbA"TF-anly
grompd Fig- 21. The VTFS groups advantage over the by TP-oaly group, however, later became nos- significasa,
and in the logg-term both growps receiving &% TR (Y TPS and sbV TP-oaly) demosctrated sigpificantly lenger
FFi A possible explapation for this phenomenan may be suggested by the immunoeditieg theoey. sby TP
may be scolpting the immunagenicity of the menar cells, tiltisg the st -tomor immne balisce toward an
equilibriem state. Imdeed, PDT may emilt o powerful anrecting signal for immeane cells that can be engaged in
sdditbomal eradication of disseminaed andior metestatic lesgions of the same cancer™ ™. ¥'TP using W5T11 also
Imitiatsd a systemic immusne response and established a proloeged immumsity in asimal cancer models in previ-
s :h.uil::l"". Oar study found evidence of this imemne -resposse mechantem by using Mac2, one marker of
meacrophage matsnathon in mboe’™™. Using Mac2 1 we foussd an initial proliferation of dendritic cells and

early after sbWVTPand a mﬁmﬂmm in their mageinsde. Mec? and CD3 + gained cells

both demsonsirated the ability to infhraie tumor and peritumeoral tissues (Fig. 4) Massive invasbon of cancer
tiene by activitsd myelaid cells following POT emabldes pomeor aedigens to present and subaequently activate
hymphodd cells. leading to tumor- specific imemunity*® " The combination of macrophages and T-cells i repart-
adly essential to maimtainieg bang-term controd of POT-treaed temors. This mechamisny appears 1o explain
wihvy sbVTE leads to bonger PFS and 08,

hur sady provided further details about this iaportant mechanism. Our fow asalysis showed APCs increas-
Ieg In thee early phice after sh TP throughout all theee systemic focl (spleen, lusgs, and peripheral blood) (Fig. 5
e aspplementary Fig. 1) Correspondingly, surviving animak chowed an Iscrese in memary T-cells and effec-
tor T-cells at ol focl. These dats Wustrate the propesed “crosstalk” between nf hn, T-cells, and
tumoe cells as suggested by the immanocediting thenry™. This crosstalk initiates 1 & iMBune respoics
that takes place bong after %' TP k administered. 1demification of active T-cells in all focl fsmther supports that
i tumee elimination equilibriom is ooourring s surviving ankmak. Finding the populations of COE + T-cells
tis e significanty higher in survivies anbmak suggeds their pivotal robe s the gntitomenr, imm sse- sediated,
shVTP effect. Indeed, Mumphy et al. suggested CDB + T-cells and IFN-gamens promole aBtibmmor Fesponses in
sivamced metastanic cancer’” . The higher bevels of active CO + T-cells in spleen and lusggs, which were harvesiad
lang afer treatmuent, further suggests that active antiiemoer Inmuee reaction continues well after by TP=",

sb\TP can potentially reduce metachrosous UBL following UBC and UTUC. Under current trestment
reg:nen.s. s 15-50% of patients with & UTUL will sutsequently develop a metachronows UBLC. In most cases,
UBC ariees Im the first 2 g.'efﬂnﬁzr UTUL mansgement. Hm;.duput-l.l'lvl:rﬂduuﬂ is lifelong amd
repeaied episodes are common, as reflected by the sirict and frequem follow-up guidelises recommendied by
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Figure 4. Tumor and lusg histology amalvsis showing evolvieg immue resction a temor site fillowing suh.
ablanive vasoular-targeted photodynamic therapy. Seni-quantitative score (shown i parentheses) Indicates

the nussber of positive cells infiltratieg temor and peri-tusonal tisses, o o scale of O (ne positive cells) to 4
ﬂlz:nu&fdpmlﬂnndk}.ﬂ)!tBlhnﬁnlnfD—H.andMﬂh(G—l].lﬂhhlhalt;puahﬁunﬂ

in the same region. (AB) Display results of hemanoxylin and eosin (H&E) stain, showing skis, subois, and
muxscle with subostaseous neoplasm. Note the cheosic-active Inflammation of temor and adjacent thsues.
[D0E) display results of CI3 +staim, illustratieg dme-dependent accumuslation of T-celle (GH ) display resules of
Mac? (galectin 3) stain, illastrating initial scosmulation of macrophages and dendrivic cells followed by gradual
decline. Lungs showed metsstaric foci s HEE (C), aggregation of T-cells (CI13 + stain, F), and macrophages
and demdritic aggregation (1)

the NOCK™", Immune-modulating drusgs such as BOG have been shown to delay UC recurrence among other
benefies' ", and istravesical PIVT was reported to delay bladder recurresce®. O top of our Sndiegs tha sby TP
Improves susrvival and regresdon rates, our Snding that shbVTE has a kong-lasting systemic effect can potentially
benefit UC patients by kowering recurrence rates.

Irrag texicity—in particalar, remal impairment —is the major impediment 1o perioperative chemotherapy
Im patients with hladder cancer™. Az many as 50% of patients have renal impalrment. and approximately one
third have other comarbadities that may preciode cisplatin-hased reatment. VTP using WST1 1 appears o be an
acceptahle form of trestmeent for st Jesst some and perhaps ol of these patients, based om our keowledge 1o date.
Although our experiments were not designed 1o assess the toxicity of shTF, we observed nothing that woeld
suggest any toxicity sswes, sspporting recent stadies. When sh\'TP was tried on noemal swine model tissise, as

our growp reported before, it preserved critical cegan structures asd bystander blood vessels within solid organs,
a3 well as functiosally preserving creatinise valse within a normal physiological range® . Neotably, VTP using
WET11 ks repoeted to be well-tolermed s men with prostate cancer®. VTP may emhance the necadjuvant arsenal
by offering a simdlar, if not superbor, bang-term effect at a coesiderably bower toicity than existing treatments.

UTUL s oftentimes diagnosed usieg an endolumisal or percutameous approach. Sisce a similar surgical
approach can be used for ¥TP®, we belleve that VTP trestment Is simple and conveniest enough 1o use even
at the time of bopay. This approach could enabde the urologist 1w locally apply potent systemic treatment at the
time of diageosis, procesding to curative surgical resection without any delay. Ax mestioned above, in costrast
t» former pletodynamic theraples, VTP s confined 1o the vasoslatsre of the tumsr, arvesting the mumer’s bload
% ecclusbon and necrosts within £8 b, & reaction which is imena-
W"!m"ﬁd mmwmm.ﬁumw Cnﬂdeﬂlglh:hmeﬁs‘:fmnm@mn
photodynamic therapy, we suggest alternatives sisch as Visudyne and 5-amizcdevalinks achd, previously described
tis effect wrothelial cameer™ ™', to be tested in this setting ax well.

O study has limbations typical to the use of ankmal models 1o apprecimate the treatment conditions
and cutcomes that might be applicable in humass. Futare asage of orthotopic bladder cancer mouse model
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Figure 5. Flow data: cells” sub-population percentage by ongan. Lef to right: first colusm represents antigen-
presentieg cells (A PCs), seoond oolome represents memory Tocells (centraldeffector), third coloms represemts
active U1 ¢ L-cd.kuhih:unig:ll-h gasnn positlvity, asd fourth colums active CEE » T-cells

a5 | mdicaned by 1PN -gasama and CI0 1B posichvity. CD45 &, CDd 8, Faxpd-were ueed to evaluate (D4 T effecior
cells CIG2L + COdA # were et evaluate cemtral memory T cells and CORHL-CTE + b0 evaluate effector or
effecior memory T celle. APCs antigen- presenting cells, covr conventional, dis dendrivic celle, IFN imerferon,
sh VTP sub-ablative vascular-targeted phoiosdymamic therapy, serviving surviving animals. *P <005, **Pcil,
compared to control.

may better skmulate wrothelial camcer Pﬂhﬂpn.pp:'::r and validate our Gndings. Engrafiment of luciferae-
expressieg wenor cells via an intra-urethral followed by spontaneous systemic metastasis of these
temor cells, will probably create a betier model o Investigate our results. However, we are corremily unaware of
such stable mode 1o exist. I addithon, our study has some limitstioss applicable to the partioular design of .
We nsed treatment parameters that were below the level of complete ablation, which Istrodisces variahility in
the treatment effects tothe primary tomos This & reflecied in the range of resposdes ab the local tumor site. Ouar
fiosrus, however, wis primarily on the systemic effects asociated with partial ereatmeent as well as om the efieos
im thee tumeor microenvironment under these conditioes. Although optimal conditions would be expecied to
Imnprowve VTP therapy outcomses locally, our technigque may better simulate the dinkeal scenario is which, for

evarnple, complete endo I EreutEnemt o an Wpper Wrinary tract iueor et be feasible. Farthermaore,
the immumse-modalat ﬂn:t of &% TF as compared to VTP Is yet to hr:ﬁ:ldu:d Another limitation s

Ihl:jnmuuhgﬁnmchlnlmm:ﬂnpﬂud}mngﬂ meice 1o survivieg ankmaks whe were 3 mosths older
[Experiment 5). Although protective Immaunity may declise with age, mice are not consbdered “odd” until they
are ower 12 months™, amd we therefiore believe that am age difference between 1 amd 4 mosths, & in our stody,
Is usdikely 1o comfound our fissdiegs.

s sumemary, vascular-targeied photodynansic therapy, performed under sub-ablative parameters, demson-
strates bong-lasting therapeutic efficacy in 4 mouse mode] of urotheial camcer. Applying this reatment Beoad-
Juvarily del.l{m aesd systemic progresshom prios to surgery, prolosgs both PES and OF, and reduces local
recarresce. This therapy induces an eary Incresse in ancigen-presenting cells, followed by increases in long-temm
memary cells, effecior cells, and active T-cells, establizhing its immuse- mediated mechanism. These findings
peovide & strang ratlonale for evalisating this therapy in climical trials of locally sdvanced wrothelial cancer.

Materials and methods
Owr experiments applied a syegenelc non-orthotopic model. Cell oslnere, vesoslar targeted phatodyn amic
therapy (VTF), imaging asd tissise analysis were based on prior work by our groop®'=®.

Cell culture.  In brief, murise bladder &5 (MB-4%] s a carcinogen -induced wrothelial cell carcinema derived
from male CSTBLG mice (Teconks Farms, Mew York, MY, USAL The MB-89 colls were caliwred s Dulbecoos
mesdified eagle mediom supplementad with 10% fetal bovime seram. 1% penbeillis/strepiamycin, and 0.1%
sodimn pyruvate. Murine stem cell vins poromycis-lociferse -GFF was tramsfecied into GF2-293 pantroplc
retroviral packagieg cells (B Biackences, San Jose, CA, USA) osing lipefectamin 2000 (Inviteogen, Grassd
Edand, WY, USA )L amd the collecied retrovions was used o infeot cells from the MB-49 mouse-bladder cancer
cell line. Infected cells were selected with 0.5 pgdmi. poremyeis ( Invitrogen) and the surviving pool of cells was
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designated as MEB-45-luc Infection was carried out (s the presence of & pgimL polyhrese {Sigma, 51 Louis, MO,
LISA). Prior to injection, M B-£9-loc cells were wished and re-suspended in phosphate- buffered salime (FRS) pH
7.4 and viable cells were counied usieg Teypan blue exclusion and & hemaocyiometer. Temor cells were subcuia-
necusly injected I amimaks’ right H.n:i‘_ For &l experimenis, the same nueber of MB-49-luc cells was injected
[0 KL

Twmor measurerment.  The size of the primary twmor was assessed by caliper and validated by biolusi-
nescence signake The progression of lung metasiases was monbored by lemisescent imaging amd validaed by
Immumschisiochemisiry (see Experiment 3 below

Animals.  The sbudy was performed usieg 7-B-week-odd male C57BLS mice (Taooad: Farms). Animals were
housed ima light-comeollad noom with a 12-02-h light-daek cycle amnd allossed access 1o water and food & libi-
1.

Sub-ablative vasoular-targeted photodynamic therapy (sbWTPL  Lyophilized WS5T11 was recon-
stitated with sierile 5% dextrose water under light- protected conditions amd filtered through 0,22 -mm disc filter.
Infussion of weight-hased WST11 a1 9 mgikg was administered via tail vein isjection for 5 min. Two min after
coenpleting the dinug injection, keer lumdnation was provided by o 753.mm medical diode liser | Bioliver, East
Loegeneadow, M A, USA) with front-face fiber optics. The light beam wis adjusted to cover the same area regard-
less of luency assunuing am average turmor sive for the diferent treatad animals at 2 weeks post grafting. Lighe
wias deliverad for 10 min at & Seency of = 122 mWicm®. Under these comdithses an incressed nuesher of animals
showed twmor relapse starting af the treated tumors margin This observation reflects om the Gansian shape of
the laser beam amd the theeshold depesdence of the VTP treatment efficacy. Due to the Gaossian shape of the
apsplied beam the margin of lumination is the st o drop bebow that threshold when reduscing, the light flusscy
froen 150 to 122 W/ om® allowing for tumaor relapes at the mor mangin. Complementary, slight increase of the
tumor eargin further decrease the cure mte. Accordingly, usder the tresment conditions amsd the: (Humisated
area siee, we considered the amount of energy delivered to the bomsor st 122 mWiom? as sub-ablative compared
1o former studies by ouar growp™'

shWTP and surgical resection. Adeguate asesthesia with a ketamine - xvlazine cockiall (150 kg keta-
nuing, 10 mgky oylazine) and oflurase, was sdminkstered prioe to sbVTP treatmests. For ssrgical resection
of twmor ankmak were anesthetizad by volatile fusrocarbos soferane (2.5%) sdministered with a precidon
vaporizer in am isduction chamber, followed by use of o sode cone. After a suitable anesthetic plane (ne

t stimvmlation) wias anained, the animal wis placed in position for mass remowal on o sergical tray [T
suppoet peovided by o SroggleSafe (Pet Supply Impans, South Holland, IL, USA ). An injection of 2 mgfg of
meloxicam wis given for pre-emptive amalgesis immedistely afier the animal wis amesthetized. Skin was then
shaved and prepped for aurgery. Tumors were resscted e Wow with overlying skin aed sureousding rissoes as
required 1o achieve rero margins. Hemostasis wis achieved by application of local presasre. Skin was re-appeoa-
Imated nsing 9 mm surgical dips [ AuteClips, Braintres Scientific, Braintree, MA. USA). Ankmal care before amd
during the experimemal procedures was condcted in acoordasce with the podicies of the Mational Institutes
of Health Guidelines for the Care and Use of Labsaoratory Animals. AR protocoks received peior approval by the
Instibutbomal Animal Careand Use Commities.

Leminescence imaging.  |magieg wes performeed with a highly seaditive, conled, charge-coupled device
camera masmied in & light-tight specimen bo (IVIS, Xemogen, Alameda CA, USA ) The acquicition and analy-
shs software Living Image (Xenogen] were used for imaging and quastification of tamos peogression. Following
apesthesia with 1-2.5% soflurame, mice were retro-orbirally isjecied with o-luciferin | PerkinElmer, Walrham,
MA USA) abadose of 3 pg per enonse. Mice were then placad imside the lighe tight camera box with contisoous
expomre o 1-2% woflurane. Imnagieg rime ranged from 1 5 oo 2 min. The bevel of light emined from the temors
or metastatic foci was detected by the 1VIS camera systemy, integrated, amd ! o of sterest froen
displayed images were desig aroussd the temor aesd lueg sives asd quan using the software. Absolune
signal measurement was correcied for backgrousd hiolunvinescence s vivo.

Tissue fixation and histological evabuation. Tumors and luegs were harvested, preserved, und ama-
hyzed. Dhering bungs procesing, the traches wis blentified aped injected with approcimately 05 o 1 ml of India
Ik stain [Beston BeoProdwcts, Ashland, MA, USA) amd the lusgs were inflated sdequately Lusgs were then
remwoved en Mow, excl il prher tissies, and placed in Fekees solotion for 24 h*°. Afer collection, mice
tumors and lungs were e 1% newtral buffered formalin, proceseed im aloohod and sylene, paraffim embed-
ded, sectiomed at 5-pm thicknes, and then sined with hematooylin asd soin, C03¢, and Mac2; immuno-
histoche misrry (1HC) for CD3 wis perfrmed on @ Leica Bond B asomated stainieg platform (Leica Baogys-
tems, Buffabo Growve, [L, USA) Following heat -indisced epitope retrieval (HIER) at pH 9.0, the primary antibody
(rabbit mwomockonal, catabog 2ab 16669, Abcam, Cambridge, UK) was applied at & concentration of 1:100 and
wis flbowed by application of & polymer detection system [DE9300, Movocastra Bond Polymer Refine Detec-
than, Leica Biosystems). For THEC for Mac2, the astibody CLA942R (Codadane, Burlington, MC, USA) applied
ab & comcenirathom of 12100 fallowing HIER in a pH 6.0 buffer; Mac? staiming was performed manually with an
avidin-biotin detection systern (Yectastain ABC Elite Kir, Vector Laboratories, Burlisgame, CA, USA ) We used
& semibguantitative soore o isdicaie the number of positive CD3 + and Mac2 cells inflirating nemor assd periiu-
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munral tssises, on @ scale of 0 {mo positive cells) 1o 4 (large number of positive cells). Analysis was performed by
& bord -cenified veterimary pathalogist.

Fluorescence-activated staining for surfsce antigens and intracellular proteins.  Cell suspen-
shuns were IEcubated in Fe-blodk (CI1M 6432 anibodies, BD Biosciences) for 20 min on koe i PES # 0.5% boviee
senum albumin + 2 mm ethylesediaminetetragcetic acid |Suorescence-activated cell sorting (FACS) buffer| prior
to srface stalning. Samples were iBcubated with fuceophore conjugated CDd, CID8, CID25, CIM2L, CD44,
CIMS, G0 e, Lysd, Lysil, BMEC L CD86, CO L, and TGFR for 20-30mis and then washed thees times with
Fﬁ-ﬂ-h.ll‘fﬂ' wﬁmmnqmﬁ-mmuhjwmmmhm:wBﬂm

KisT, amd Granzyme B. Desad cell sxclusion wis done wxing the Fizable Viahility Dye eFloor 506 (eBloscience].
Sumnples were acquired om 12-color LRI cyvometer and analyzed wing How o software (Tree Star, Ashland,
OR, USAL

Expernments. Using ankmals’ sarvival, iemor measurements, lominescence imagieg, Immusohistochemis-
trg, and Bow cytommetry, five experiments were comdocted

Experiment I: Standalose sBVTP  The goal of this experiment was 1o determine the influence of sbV TP om 05,
meetasiasis-free survival (MFE), and tumsor progression as compared to conirol asd sungical resection. Fifiy-foar
amimals were allocated isto five groups based on tamor equivalent lociferace signal prior to treatmenst: costral
[mo treabment, m=10); carly surgical resectbon {m= 1) carly b TP {m= L) lae surgioal resaction (s=11);
ansd late s TP (= 1 1), For sbVTP oreatment, WET11 wis sdministered imtravessously i previously described.
Su and sV TP were od at 2 weeks (% Jaor 3 weeks (Tlaie™] afer the i o tuenor cells,
Ellﬁr; ENAFgiEG were ue-md.m by histodogy Al ﬂ{fpaupa'. were examinsd with utd'_lrmpltmmwn imaging 1o
determize MFS and the extest of progression. 05 data was caloulared.

A second phice of this experiment wis designed to assess for devel openesa of systemic imsnusity following
shV T amd bo mvescare time from engraftment to systemis progresion wing leminswem imaging. In this phaze,
alll surviving animals (11 from early sorgery, 2 from late surgery, and 2 from early sb TF) were re-challeaged
122 days affer first umor engrafiment and over 100 days flbowing amy formof ireatment. Animals were injecied
with M B-49-luc cells om the comralateral lank & previously described. Endpodnis were the samee clinbcal owt-
comnes i before (05, MES, and kacal recwrrencel. Flve treatment-nalve mlce served as comtral.

Experiment 2 Sargery diming following meoadperant shVTE  The goal of this experiment was io investigaie how
surgery &t different thmes affects 08, In repeated sets of experiments, amimals were allocated imo five groups:

comtrol (no treatneents g=51, @V THF adane {m=26) and thres groups with the combination of &V TF end sur-
gery at different time points. The kitter growps recetved sh% TP 14 days afer the umor cells were implanted, fol-
lowed by surgical ressction of the tumor at theee time poinis: 17 days after implastation of tamsor cells (1 =25,
24 days after implantation (8=22], asd 31 ufter aniathon {r=181L All were exanined with
hﬁhmmgmmwuﬁrmgﬂﬂ[hwnmﬂmﬂm
[data mot repoeted). 08 data was caloulsied . Beseoied tumsor tissoe was preserved for fonher amalysic, and sam-
ple animals’ lungs were harvested and preserved afier the animnals had suconmbed to their disese.

Expriienr 3: Sytenic progreichon tindine- inaging vabidation.  The goal of this experiment ws to validate the
time From eagraftrment with temor cells 1o systemic progression. The average day of positive lung lumisssoence

marker for systemic progresshon) was caloalated froe the controd groups of the twoe previous i
l@en:m-m“%wﬁduﬂm:&h&&yﬁumm positive
lueg Awarescence, animals were cuthanized to permi physical validation of systemic progression. Ginods metas-
tases were assessed using India ink staim {Bosion BloProducts, Ashlasd, MA, USA). Grossly negative or inoon-
v lsngs were eesced for mlore-metastaces using immanohitochemiary {1HC)

Exporiinens 4: N wir sBVTP  The goal of this experiment was to define the effects of neoadjuvast by TP
on O, progression- mﬁﬂwm.t&l:mnﬂnneﬂm.ﬂdhm]mnmumdmmnﬂ.
Eighty animals were allocated into four growps: control {no reatment, i =5k sbV TP {7 = 25k, surgical resection
(1= ¥5); and the combination of &% TP and surgical resection (WVTPS, m=25) shV TP and swrgical resectbon
were perfirmed 14 and 31 days followieg bmplamation of tamor cells, respectively. Progression wis defimed as
positive leng signal determised by am in vivo imagieg system or death. Resecied tumor tsswe wis preserved
for fanther amalyste. Anieal heegs were harvested asd preserved at the time of necropsy after ankmals expired.

Experiment 5: Flow cptametry and tmmunohistiochemistrr:.  The goal of this sxperiment wis to elucidate the
meechanimn of sbVTF amd its loeg-verm efiect. Using imevanohisiochemisiry, we amalyzed tumsor tisase collecied
on days 17 and 31 post-eegrafiment and lungs collected at time of death |m experiments 2 and 4 Is addition,
we need palve mice and surviving ankmak from Experiment 4. Animals were allocated inbo foar grospe oostrol
[maive meice. o Creatmeent, o= 5k shy TP (natve mice reated with bV TE, m=5) long-term asrviving animals
(=& amd long-termn asrviving H‘-di.‘!ﬂ.ﬂ;ﬁl animals (#=3) Control sbV TP, and bong-term re-challesged
amimals were engrafied with tumor cells & previoudy described. $b% TP treateeent took plice on the fasnesnth

afier tumoe ent foe the sV TP were sacrificed 3 davs after s TP {17 days afer tumaor
MmhmmwmumngLLﬂmm‘mm%mﬁmﬂ
with. ni addiienal intervention; spleesd, lusgs, aed blood were collectad for flow amalysis. We need imtracellslar
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Ieterferon (IFN)-gamma +and CILb+as markers for T-cell aotivity as suggested by Cristessen et al.™ and
Floentin et al.*.

Statistical analysis. Kaplan-Meier phots were used to analyee OF, PFS, and local recurrence. Compara-
tive analysis of different groups was performed osing the Mann-Whitney L' test. Fisher's exact test was used
fior Tahble 1. Stutistical evaluatioes were perfiormed using the GraphPad Prism software (GraphPad Sofiware, La
ladlla, A USA).
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Abstract: Withimproved understanding of cancer biodogy and technical advancements in non-invasive
management of urological malignancies, there is renewesd interest in photodynamic therapy (PDT)h asa
means of focal cancer treatmient. The application of POT has also broadened as a result of development
of better-tolerated and more effective photosensitizers.  Vascular-targeted POT (VTP) using
Fa-dl.-]ipnrﬁn. which ix a water-soluble 1:|.'|.|.m1:1:lhyl] derivative, allnws-fmh.n'nm-:rn:iﬁ: cytotoxicity
and has demionstrated EH“il:a.l.-_!.- in the management af urelogic maHEnam:iﬁ. Herein, we describe
the evolution of photodynamic therapy in urologic oncology and the role of VTP in emerging
treatment paradigms.

Keywords: vascular-targeted photedynamic I:|1|:|'.1|'.r_!.'; prostate cances; urothelial cancer

1. Introduction

With more than two milion new cases of prostute, bladder, and L'.i.dne:,r cancer di
workdwide annually, malignancy of the urinary tract has a significant impact on global health [1).
Furthermore, the increasing age of populations in developed nations has increased disease burden.
While extirpative surgery and traditional rediation therapy have been the mainstay of treatment for
control of these diseases at the dinkally localized stage, the growing effort to reduce treatment-related
morbidity has led researchers o seek less invasive therapeutic options that do not sacrifice
oncologic efficacy.

]‘]'l.u'h'l-cl;.'namil: thrra.p}r [T} has seen remewed interest amaong I.IT-DJI.'IE:I.C -I:l'll:ﬂ]l'lﬁiﬂl!d 3% A CAmCEr
treatment modality, attributable, in part, e more powerful and safer photosensitizing agents and more
comvenient light delivery systems. A growing body of preclinical and clinical evidence suggests that
FIOT may be an effective treatment for cancers of the prostate, bladder, and kidney, particularly when
vascular-targeted photosensitizing agents are utilized. The following narrative review discusses the
history of photodynamic therapy in urologic cancers as well as the evidence supporting curment and

fuwhare clinical ap]:llicalim‘u tnfvamlarhrﬁel‘:d. phoetodynamic therapy (VTF).
2 PDT and Urohgical Cancer

Photodynamic therapy isa |:ni|1.i|:r||a|l:,' mvasive Hissue ablation modality in which a photosensitizing
substance is actvated through exposure to laser light radiation delivered at a specific wavelength,

Modieiles DI, 35, 5417 dod: 103050 madeculssd S 25417 Wil pa i Lmnislicul
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In the presence of oxygen, this triggers a photochemical reaction that generates oxidant species
{radicals, sinﬁ]l.-'t oxygen, triplet species), h:ad.i.ns; tox hrs;l.-tnd tissue destruction through direct
cytotoxicity, vascular shutdown, and activation of an immume response [2]-

Initially described in 1903 for the treatment of skin cancer [3], several agents have been tested and
used for PDT in the ablation of various tumors. Most PDT techniques are based on cellular-targeted
F}mh&d'lcmnrhm]:l}' (CT) in which the photosensitizer ]:!nrf:rml:i.a”}" accumulates in Pﬂl‘l‘l.‘ll:l.'l}"l‘l.‘l.ﬁl.
cells, causing local damage Ihml.l.E_Il IiE_hl: radiation. .‘;hl‘u:luE_h many agents have been evaluated, ml}' a
few have been approved for clinical use. Photosensitizing agents that are currently approved or being
testesd im clinical trials are listed in Table 1.

Table 1. Photosensitiners that have been approved ar are under investigation for cancer treatmaent.

Agrnk Cancer Types Adeministration
Lun I ke Elacicier, braz
Purkissr scdium 4] '“wu:“__l‘;_m‘:‘:"mm = v rscres irsectia
Samimcdnobeae sad G-ALA) 5] Skim, bladdes, brain, ssophagus Tegmcal, oral, or I
Melethyvl-aminobevulinabe (MALJ =] Skin Tegacal
Humeydl aminelinralmsie (h-ALA} 7] Skin Topacal
v . I
-| ative ':B:":l r'_" Fancrias, briask Imtravenanms ingection
Padebporfind WST-11 [5,5] Iy phagus, [ ursithelial Imdravenines ingection
Hissd and seeck, | brain, bike duct, N
Temaposhin | 0] = UI:I;'.I i Imdravenns ingectian
Tl s 4] le.rd.lm.hmm,:“'.r‘,bw-tlhm - irctian
HPFFH[L1] Husad and meck, sophagus, sy Imravendns imgection
Rustagporhin [4] Shun, oo Imdravenns ingectian
Ferapori: [11] Skin, biler duct kitra | o i
Mishiafn luttram [L7] Erva-t Imravennms ingection

There has been growing interest in PDT as a treatment modality for prostate cancer over the
Fa:thlud:cadﬂ,dri.vm in]:larth}rnar]i:tdnﬂectimduehuinn:azd use of prostate imaging,.
In addition, the functional -d.ﬂ.l:rli‘l.ﬁﬂ, such as urinary and sl dy:furu:ri.-rm. caused I:r}" radical
treatments for prostate cancer, il'l:l.lll:'il'l.s radical prostatectomy amid radiation I1'|m]:|:,.'. have favored
development of less invasive therapeutic modalities [14].  Addressing this concern, POT offers
mm]:!arablr nru:nlnsi.n] Ef['il.-aq.' in treating the index besion, while t'l'lﬂrl':l:iull}r sparing the uwrethra and
the neurovascular bundles from debilitating damage. Early studies of POT for prostate cancer wsed
trans-urethral or trans-perineal irradiation with photosensitizers such as hematoporphyrin derivative
meso-tetra4{m-hydroxyphenyljchlorin, 5-aminolevulinic acid, motexafin lutetium, or temoporfin [15].
Unfortunately, these initial studies were Emited by an inability to correctly Iocalize the lesions of
interest 2= well ax poar ﬂdn:l:ivit}' for tumor tissue, kading to HF'II.'FH'.HJ'IIZ wide effects. This poar
sedectivity resulted from the fact that these studies tested CTP strategies, which d.nmnlufe]}l preserve
sensitive surrounding structures il.'lll:l.l.l.di:ls the neurowascular bundbes, rectum, and urethral sphincter.
Furthermore, the kong half-life of early photosensitizing agents led to prolonged phototoxdicity [16].

Mmmmrﬂ}l,n'il:inldnl:lnfun:nl: in LIJ'I’H’ItaI‘I:':LTIS the dizease dynamics, al.nrl.g with image
and devices improvements, helped to consolidate the role of FOT in prostate cancer.  In this
scenanio, the consolidation of the mdex kesion concept and tumor behavior patterns were paramaount.
The development and wider use of other types of focal therapy as high-intensity focused ultrasound
{HIFLI} and :l.nl:rmptmﬁm comitributed fo improve POT 'hnd.'l.nin:[l.uu. Moreower, the advances in
imaging methods induding multiparametric magnetic resonance imaging have improved the accuracy
of prostatic lesion localization, particularly clinically significant disease [17]. These advances made
greater accuracy in the insertion of lighting fibers PEHHHE, increasing the etfectiveness of POT-based
therapies. Furthermaore, Ii'red.:ul.q:mcﬂ.l of photesensitizers such as pu-clnn]:lm'f:inand Padeli.]:lm‘f:inlha'l:
accumulate in endothelial cells, called vascular-targeted photodynamic therapy (VTF), causing damage
in the vascular envimnment after E_Eh'l: activation, have allowed tl'redn‘elnpunm.l of new focal treatmenis
for prostate cancers, which preserve adjacent structures and vield better functional results.
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Upper tract urothelial cancer encompasses neoplasia invelving the renal pelvis or the urster.
The: natural access throughout the urethra and the well-developed ureteroscopy technics provide the
pussibility of accessing the lumors without needing insertion with minor aggressiveness. The use of
the photosensitizer has helped to improve tumor detection in this setting [17-20]

3, VTP Mechanism of Adion

As mentioned above, vascular-targeted photodynamic therapy (VTP) is the latest form of PDT
and distinct from CTE. The photosensitizers employed in this treatmient, the first generation padoporfin
(WTS-0), and the second generation padeliporfin (WST-11), spontanecusly and noncovalenthy
forms a complex with serum albumin, which circulates i the blood until cleared, with minimal
or mo extravasation to adjacent Essues. Thl.-_1_,r penerate an intense kecal releass of cytotonic reactive
oxygen species (ROS) upon illumination with the 753-nm laser light. BUOS-induced damage to the
tumior vasculature resulis in complete tumor :rlll.apf, while preserving organ -:\lﬂl.us;en struwchare.
VTP photosensitizers remain confined within the circulation even at high dises, with minimal, or even
o, extravasation to other tssues, and are rapidly cleared by the hepatic and renal systems [21].
Therefore, ROS generated upon laser activation, mostly superoxide and hydroxyd radicals, are similady
contained in the vasculature and do not dirsctly kill tumor cells.

A preclinical study of VTP by Madar-Balakirski et al. revealed that a single illumination led to
tumor necrosis with 24-48 b, and eradication and healing several weeks after that [22]. This study alsoe
showed the immediate BOS impact is within the tumor dreulation and not in vascular endothelial cells
via clots in the tumor-feeding arteries, which iz folkvwed by the vein system, leading to irmeversible
vascular collapse and blood stasis. These clots formed on the inner artery walls, particulary at
precapillary bifurcation points, a few seconds after initiation of laser illumination, and mobilized
toward the interface of the tumor microcirculation, leading to vessel occlusion. This occlusion is
thought b result from the unusual fragility and absence of contractile smooth muscle elements in fumor
vessels, which makes them selectively susceptible to VIP-induced collapse. In this study, the adjacent
]'ﬂl.ﬂ'l.}' tissue remained functional with intact vessels, despite exposure to the same ablative procedure.

Importantly, VTTs effects are nonthermal. Kimm et al. demonstrated that the biochemical reaction
in ¥TP does not induce heat or thermal injury [23]. At 208 mWicm? laser enengy, VTF did not generate
a clinically significant temperature change, defined as AT = 8 °C because coagulation effects would be
expected with extended animal tissue heating to =45 °C. Together, these studies show that VT leads to
nonthermal, complete tisue ablation characterized by uniform coagulation necrosis, while preserving
tismue collagen scaffolding, blood vessels =40 pm in diameter, and surrounding stroma. These effects
preserve normal aergan function and allow fast recovery after treatment.

The Kimm et al. study, performed in non-tumaor-bearing swine, also showed that this approach
spares vessels 240 pm in diameter, mnl':irminE 1 :af:t}" in proximity to important large vessels, such as
in the ureter and renal pelvis [23]. Finally, the authors determined optimal laser fiber distribution,
q:aci.ﬁn]l:.‘ spaced 1 cm apart, and ﬂrem]aﬁmlﬁp between laser Auence and the radius of fissoe
ablation. A companion study similarly confirmed the safety of endoluminal ablation in the uneter and
renal pehvis and the intensity dependence of the depth of tissue necrosis [24). This investigation further
showed that tssue in the irradiated area, in this case, the urothelium, regenerates within 4 weeks with
s functional changes.

4. New Imaging Methods to Evaluate a VTP Response in Urologic Cancers

The only imaging method that has been dinically assessed for the monitorng of the VTP
mesponse is magnetic resonance imaging (MEI) [25], but studies, so far, have been small series without
comprehensive tissue-based correlation [26,27]. The acouracy of post-treatment MEI is inconsistent
pussibly due to low-volume disease, anatomic distortion, and fibrosis, which can influence sampling
accuracy and radiographic interpretation [25]. Toward the development of more accurate methods,
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a variety of noninvasive imaging modalities have been assessed preclinically for monitoring of
VT P-induced changes, which have all proven feaxible, =ven though none has yet advanced o the dinic.

Among the sound-based technodogies, Comali et al. evaluated the accuracy of contrast-enhanoed.
ultrasoumd (CELUS) in predicting tumor necrosis after VTF in a murine renal cancer tumaor mindal
through radislogic-pathologic comparizon [2E]. CEUS emplovs gas-filled microbubbles with high
compressibility and resonance that make them useful intravascular contrast agents. The size and shape
of the necrotic tumor on CEUS images performed at 24 h post-VTF correlated with those determined
by pathology with good inter-observer concordance. While CEUS underestimated the necrotic anea
o Farh:l.-nﬂ.r |:|:|.' a]:lFuu:l:imatcl}r %, the diference was ru.'ll'ml.'i.ui:all}r .ﬁs:l'niﬁ:ant. While the .'ll.'LI.d:.l'
supports the feasibility of CEUS for VT response monitoring, its accuracy at earlier Bme points and
in non-hyper-vascular tumors remains to be studied.  Another scoustic imaging method wsed for
this purpose is multispectral optoscoustic tomography (MSOT), which offers a view of the entine
tumor. Meuschmielting et al. assesed whether MSOT-measured changes in oxygen saturation (30;)
indicated VTP-induced necrosis [29]. Mot only did areas of decreased 50, cormelate with pathology
ﬁ'b:li:lﬁ:-..l:l.l.th!ﬂ_'l'l'allu'l.vud n'rnn.ilnrinEuFﬂhu pmﬁu:ﬂ:iwdmumx im S0, ovver time, from 6% at 1h
o =7 at 48 h post-treatment. The study also showed that MSOT illumination can be wed to activate
WETI1. Building on this work, Haedicke et al. texted the al:li]i'l:.!.r of a hig'h:rhruﬂ:!luﬁu'i acoustic imaging
method, known as raster-scanning opioacoustic mesoscopy (ES0M]), which measures m:.rgeruri.mnf
hemoglobin, to evaluate the short-term and long-term anti-vascular therapeutic effects of VTT [30].
RS0 Prm-ided a destailed viewar of the d.ixrialcl:ma-q:rm:.n of two :l.:nnsiaﬂ: msdels of bladder cancer,
employing the UMUC3 and ]:l.'ul:i.ﬂ'rt-:l-El'.ived. SA37 cell limes. At thres days post-VTE, while vasculabare
in 5637 tumasrs, known I'nru]:lnnd well b VTP, was m'np]tlr]:,.' rnl]a]:lud,, UBLUC tumors ]:lrﬂ.e:rltnd
with a necrotic center but vasculature regrowth at the periphery. These differences suggest that BESOM
measurement of a vascular response may be useful for predicting VTP efficacy.

Two studies have also evaluated cancer-targeted radiotracer-based strategies for VTT-related
ima.g'nﬁ in Frtu'l:al:e cancer.  Simoe Frmll:'m Ermassion I'm'nnﬁmp]'l:,.'.l'-:vrmpulud I:-m'rl.ngm]:lh}' |dr|g:
S5 a-labeled F’I'l'!ﬂ‘hbﬂ—h'-Pﬂl.ﬁt mambranes antigen (¥ Ga-FSMA PETCT) is w:id:l:.r uzed o localize
prostate tumors, Alvim et al. asszeszed ite accuracy in detecting tumor recurrence after VTP im a
xenograft model [31]. This approach detected all recurrent tumiors and had negative results in all
othiers, supporting its use for E-u.lln-w-'l.q:l in patients affer VT o debect tumor reourmences early (Figure 1).
While mot strictly a response sssessment, Cerenkov luminescence imaging (CLI) has been used to
measure reterviom of the nd.intmm:!‘rad.inﬂhempmlic Wy [HITA-AR and a bombesin/ gastrin-refeasing
peptide receptor (GEPr) antagonist peptide [32] in combination with VTF. VTF was shown to improve
retention of this agent, leading fo better tumor control in prostate cancer cell-senografted mice [33].
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Figure 1. &802-PSAMA FETACT images showing tamior recurpenoe

5. Immune Modulation by YTF and Adjunct Immunotheapy

Simce VTP-induced hyposia and cell death initiates an acute local inflammatory cascade within
the target Hssue, its effects may also be immune-mediated, and it may enhance the ethicacy o
immurnestherapies. Preise et al. were the first to describe the host immune response after VT [3].
In miicer bearing tumors from xenografted colon and mammary carcinoma cells, they demonstrated
that a functional immune system is necessary for an etfective treatment response and VT indoces
long-lasting systemic antitumor immumity, involving both cellular and humoral components.

Liven VTI: enhancement of antitumor amemome TESPOnNsSEs, (Fshaughnesy et al. evaluated
whether VT could potentiate the efficacy of the programmed cell death protein-1 (FO-1) and the
programmed death protein ligand-1 {D-L1) pathway inhibitson using an orthotopic murine maodel of
renal cell carcinoma that develops lung metastases | 15]. Combined VTP with PO-1/PI-L1 inhibition,
but neither treatment alone, resulted in regression of the tumors, prevention of lung metastases,
and prodonged survival. Combination therapy led to increases m the ratios of CO8+ and CD4+ cells
relative to regulatory T cells in primary renal tumors and increased T cell inhilration in sibes of hoang
metastasis, suggesting a rode for both c}'tnm:uir and memory T cells in the enhanced immune TSI
Similarly, supporting the dinical investigation of combining immumne checkpoint inhibitors with VTT,
Corradi et al. showed that the combination of VT and anti-cytotoic T-lymphocy fe-assedated probein
4 (CTLA-d) I.'HL‘cl'i\'IL'|}' treated the primary turmdrs, PI\'L"-'I.'I.'I.II.'d. lung, metastasis, and extended survival
in a urothelial carcinoma syngeneic mowse model [36]). Moseover, in mice previously treated with
VI or with VTI" and anti-CTLA-A, cancer cells injected later did not grow inko tumaors. These studies
provide rationale bor clinical trials of combination VTT and immune checkpoint inhibitor therapy in
both bladder and uwpper tract tumors.

Since immunosuppressive myeloid cells have alzo been implicated in limiting the anti-tumor
immune response and, thus, promoting tumor growth, and ame recraited bo sites of wound healing.
Lebdai et al. assesied the effect of VIT on infiltration of these cells [37]. Using a cell line-based prostate
cancer xenogratt mosdel, the authors demonstrated that VT mdoces the recruitment of myelnid-derived
SUP PrESSIT cells (MIOSCs) o treated tumiors as well as thear I.":Ii.'Fl:I'\'L'!ti-il.Il.'L of colony-stimulating factor
1 recephor (LSF1R), which = n*quim:l for moyeloid d.i.‘lEl.'rL-:nl.'i.:.I:inn,'Pmli:ll.-ralllm. amd tumor migration.
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Thery also shawed that the combination of ¥TP with CSF1R blockade inhibited myeloid infiltration and
increased CO8+ T cell infiltration, leadling to reduced tumior E;mwlh and increassd survival. TI1.i.-::Iu:|.:,L
thus, supports clinical investigation of this alternative VTP immunotherapy combination and suggests
that VTP may synergize with a range of immunotherapies.

6. VTP and Phosphatidylinositol 3-Kinase (Fitk) Signaling Pathway

Thee PISE cell signaling pathway is frequenthy altersd in most cancer and may play an important
e in endothelial cell survival and tumor recurrence after VTT. Kraus et al. performed an in vitro study
to evaluate the association of three PBE inhibitors {BYL7T19, BEM120, and BEZI35) and H"ﬂTEPI.‘II.‘ﬁJ‘i—‘I.'TF
in 5%40 endothelial and FC-3 prostate cancer cell. An enhanced VTT nesponse wene observed with
all thie thres agents, and BEZ235 wa:]:!ru:'nlrd a% the best combination. These Futlummr_g,r rescult=
support the combination of VTP and FI3K pathway mhibitors [ 38].

7. Clinical Trials in Urologic Cancers
7.1, Plurse [

The first-in-human :I'l.ld}" af VTR, |:n'nﬁ Fadnpmﬁu%'f—ﬂ? ['!-":"]. lPH.‘jI‘i.HU}" focused on it
podential side effect of photosensitivity because of its residoal uptake and longer dearance rate from
the skin [40]. No cutaneous photoboic effects wene observed upon light exposure up o 128 Jjom® 1-3 h
after treatment with doses of 2 mg/kg, suggesting that photosensitivity after padoporfin-mediated
VTP is negligible after a brief waiting period. The phase | study results reported by Trachtenberg et al.
included safety, pharmacokinetics, and hypovascular kesion formation, as defected by contrast enhanced
magnetic resonance imaging and transrectal ultrazound guided biopsies [41]. In 24 patients with
recurrent prostate cancer after external beam radiation therapy (EBET], escalating doses of both
Pan:lr.-]:lur.ﬁ.n and JiEhr. deliversd using two F63-nm disde laser fibers, were evaluated. MNo =kin
photosemaitivity was observed up fo 48 h post-¥TF, and no residual padoporfin in serum was detected
2 h post-treatment. Hypovascular kesion size was drug dose-dependent and light fluence-dependent
with the best results observed at 2 mg/kg and 360 Jjem?, respectively, and thresholds for detectable
hypovascular lesions were defined as 2 mg'kg VITF dose and 100 Ifem? light fluence. Mo serious
adverse events were observed, and sexual, urinary, and bowel function retumed to baseline six months
after VT Contrast-enhanced MEI at one-week post-VTT was considered a reliable sarly indicator of
response as condirmed by a six-month biopsy.

2 Plaese [11

A phase [l trial reported by Gertner et al. evahuated the safety, pharmacokinetics, and efficacy of
padopordfin-mediated VT in 15 patients with recurrent prostate cancer after EBRT [42]. In this trial,
o of padnpnrﬁn were escalabed from 0.1 o2 n'l@'l:g ata fixed 100 _I.'-'rm'! IiE_I'll: fluence. VTP treatment
was technically feasible and well-tolerated in all patients. Flazma concentration of padoporfin was
limearly refated to dose, and none was detectable in plasma 2 h after irradiation. Padoporfin was maot
detected in urine at any time point. Hypovascular lesion formation was detected by MEI in patients
receiving 1.0 and 20 mg'kg doses. Average radiation penetration was 5.5 mm in the lesions and 3.2 mm
in VTP-exposed tissue regions in which lesions were not detectable. The authors postulated that the
decrease of radiation penetration in the unresponsive areas was caused by fibrosis and calcification in
recurrent fumors.

Azzouzietal. performed a pocled analysis of data from one phase V11 [43] and bwo-phase I clinical
trials [44] invalving 117 men with localized, ISUP grade <2 prostate cancer [45]. Patients received a
10-miim intravenous infusion of a single dose of 4 mg'kg padeliporfin, activated by a 753 nm light at
200 J/em®. Hemi-ablation was performed in unilateral diseass while conservative subtotal ablation
techmiques were used in the bilateral cases.
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VTT treatment was technically feasible in all patients. The f-month negative biopsy rate was
68.A4% in the overall cohort and 806% for patients treated by hemi-ablation with light density index
(LIM) =1 {m = 67), and the proportion of patients with MEI-detectable necrosis at seven days was 76.5%
and BA.3%, respectively. Adverse events cocurred in 82.9% of patients. Most of them were mild or
maoderate, and were related to the drug in 52.1% of patients, the devioe in 43.3% of patients, and the
techinical procedure in F6.9% of patients. The most commaon adverse events were dysuria, urinary
retention, erectile dysfunction, and voiding urgency. At six months” follow-up, there was a slight
improvement in urinary function and a slight deferioration of sexual quality. The authors recenthy
published updated data from the two Phase 1 trials. After 35 years of follow-up time, the tumor free
rate in the treated lobe was 75%. Side effect rates remained stable with kenger follow-up with most of
that had a lower grade (5% and 0% grade 11l and [V, respectively) [46].

73, Phuse I

Trachtenberg et al. evaluated VT for whole prostate ablation in 18 patients with recurrent
prostate cancer after EBRT [47]. Patients were treated with a fixed dose of 2 mg/kg of padoporfin using
up o six 763-nm diode laser fibers for Bght delivery. Patient-specific escalating light doses and fiber
positioning were determined by planning software based on pre-treatment MEL VTF treatment was
technically feasible in all patients. Stronger light doses were associated with better treatmient response,
encompassing up to B of the prostate volume. Complete pathological responses at 6-month biopsy
requined =73 Jfem® lEght dose in 0% of the prostate and was seen in B of 13 patients who received such
treatment. MEI changes were observed in all patients, and =>607% of image responses were associabed
with a complete pathological response. Sexual, urinary, and bowel function returned to baseline
i months after VTF. Rectal wall devascularization was observed in 10 patients, while recto-urethral
fistula was diagnosed in bwo. These results support VTS utility for the treatment of prostate cancer
recurrence after EBRT.

VTP was first evaluated for the treatment of localized prostate cancer by Aczousi et al. [48],
who investgated ‘Hlen]:!ﬁ.uul]:!ad.glipm'ﬁn concentration amd IiE_hl:dn:n: paramieters o achieve pristate
cancer ablation in patients who met active surveillance criteria. Patients (n = B6) were divided into
o Emnl.l]:!x-w:ilhm'h: mn:ivmg a fiwed li.g}ll:dmn:nfll:ﬂ];m:, amid ﬂrl.-rrlinerli.ghtdmvar_g,l:irig
from 200-300 Jfem®. Drug concentration was defined by prostate size in both groups: 4 mg/kg if
<6l mL, and & mEﬂ:E bor Fu'us'tal'ﬂ =6 ml. VTI" treatment was hi:l'mi.n:a”}" feazible in all but one
patient. Optimal treatment parameters were defined as a padeliporfin concentration of 4 mg/'kg and
E'IZI:l_I.I'l.'l'l.'l1 IiE_hl, which led to an BE3% rreEa.ﬁw: I:riq:u}' rate at § months amd B8% necrosis at ?—d.a.}' MEL
Adverse events occurred in B7% of patients in which most of them are mild or moderate. At & months’
:Fl'lll.l.'ﬂ'd"—up,lll.‘j.l‘lm’}' fumchion E,E:rl:mu:,.' iJn]:!rm‘ed. and zexual quaﬂt}':liﬁhtl}r deteriorated.

Uhne year later, Moore ef al. published a similar stud'y, aiming to determine the optimal light and
drug dioses for VTT using padelipocfin in men with localized low-risk prostate cancer [49]. A tofal
of 42 patients were treated with a fixed light dose of 20} [fem? using bwo 753-nm diode laser fibers
fenr del:iv:r_!." fvn]lnwing infusion of Fad:ﬁpm‘['i:l over 10 min at ﬂcala.ling dozes of 2, 4, and & mEI'kﬁ.
VIT treatment was technically feasible in all but bwo patients. Treatment with the 4 mg/kg drug dose
activated by a 753-nm HE_htatEmj_n'nnland an LI of =1 bed to the best oubcomes with a treatment effect
in 5% of the planned treatment volume and a negative biopsy rate at 6 months of B3%. Adverse events
occurred in B1% of pal:ie:rrl:l-.. which were mn:rl:l:,' mild or moderate. Af 6 momnths” Eunlln'l.\'-up, there was
ner significant change in urinary or sexual function relative to baseline.

Another trial evaluated the cl:['inq.' of ¥TI* hemiablation using 4 mgfkg Pﬂdﬂ'i]:lm'ﬁ:l in men with
lovwr-rizk and infermiediate-risk prostate cancer, including those with bilateral ISUP group 1 and 2,
vielding similar results to eadier phase 1 studies [50]. At 12 months, 60 of B1 (747%) men had negative
biopsies. Of the eight patients with ISUF group 2 prostate cancer who had biopsies at 6 and 12 months,
all had n:-Ealiw.- I:lcin‘:m'ﬂ at 12 months, and mone underwent x-ul'm.-qum'rl: F-rus'tahl.- cancer treatment
during the shudy period.
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Taken together, these studies demonstrate a strong correlation bebween total light energy delivered
and efficacy, and defined the optimal VTP treatment parameters for subsequent phase I studies:

4 mg kg padeliporfin, 200 Jjem?, and LIM =1
7. Phse 11

In 016, Azzouri et al. published the only prospective randomized phase [ study comparing VT
using padelipocfin versus active surveillance in 413 patients with low-risk prostate cancer. After an
average follow-up of two yvears, patients undergoing VTT had a lower rate of disease progression
(26% vs. 58%, hazard ratio{HR): 0.34, 95% confidence interval (C1) 0240046, p < 0.0001), higher rate of
:I'EEaI.‘i.'I'E h:lup-xl.ﬂ- (497 v 1d%, HE: 3.67, 95% C1 253-5.33, p < 00001 ) and less need En:rradiuﬂ'h:m]:!r
or surgery (6% vs. 29%, p < 0U0001) [51]. In the group treated with VTF, patient reports on the
[IEF-15 and PSS questionnaires showed a deterioration of erectile and voiding functions in the first
6 maomths, but, after two years” follow-up, these cutcomes did not significantly differ when compared
with active surveillance (p = (). As expected, both the frequency and severity of adverse effects
were higher among patients treated with VTT, but maost patients had mild or moderate complications
{Girade 1 or 2) that ccourred in the first few da:,.'.': atter the Fr-nnﬂdure, and ['I.IJ':,I' recovered without
seqquelas. Perineal pain (15%) and urinary infection (107} were the most common comiplications.
This study ked to the approval of VTP for the treatment of low-risk localized prostate cancer in Europe.

8. Current Siudies in Prostate and Urothelial Upper Tract Cancers

A single-center single-arm phase b study is currently investigating VTIs efficacy, safety,
and effects on quality of life in 50 patients with intermediate-risk prostate cancer [9]. The research
includes men with a histologic diagnosis ISUP group 2 disease on one half of the prostate in <2 sextants
of the prostate gland and not present in =50% of any one core, £T2a disease, prostate volume bebween
2570 mL, and serum Fm-xtal:—xprri['il: antigen (PSA) <10 ng/ml. Patients will b Folboweed for 5 years
by clinical evaluation, P5A, and prostate biospsies at 3, 12, 24, 36, 48, and 60 months. According b an
early report, 40 of 49 patients (82%) had no ISUP group 2 or more significant cancer in the index lobe at
3months [9]. Beven (22%) underwent per-protocsd second hemi-ablation treatment for the ISUP group
2 tumar at 3 months: nine for residual cancer and three for newly identified tomors. Fifteen of the
16 men (94%) who had undergone 12-month biopsy had no Gleason grade 4 or 5 cancer, including 6 of
7 [B6%) receiving two treatments. Final results are expected in the near future.

A single-center single-arm phase | dose-finding study (NCTO3617003) is currently evaluating
16 patients with recurrent UTUC treated with up to two sessions of endoscopic padeliporfin VT
Eligibility included residual or recurrent urothelial cardnoma of the ureter or renal pelvis failing prios
endimcopic treatment, who are unable or unwilling to underge surgical management by resection of the
involved ureter or kidney. Padeliporfin (4 mg/kg) was infused over 10 min and activated using a diode
laser at 753 nm via a fexible uretermscope. Light dose escalated from 100 mW/em® up to a maximally
toderated dose of 200 m¥Wiem?. The primary endpoint & the determination of maximally tolerated
laser light Auence rate with sscondary objectives of treatment efficacy and biomarker identification.

9. Conclusions

Vascular-targeted photodynamic therapy using padeliporfin/WST-11 is a safe and well-tolerated
treatment for uralogical malignancies, as demonstrated in a large :r||.|.|1.1|:u.-rnl:|:u15d.i.1'|i.ca|. and climical
studies. It delivers focal tumor damage secondary to destruction of small vascular vessels, triggered by
the release of cytotoxic reactive oxygen species upon specific light illumination. Due to its nonthermal
mechanism of action, minimal effects on functional cutcomes, and support by level 1 evidence from
the only randomized controlled trial yet reported for any focal therapy, VTP holds significant promise
as the focal therapy of chodoe over other modalities for patients with urological cancer. Further studies

evaluating oncologic efficacy are warranted, given these promising resulis.
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ARTICLE

pper tract urnthelial carcinoma (UTUC) ds & rare mialig-

nancy of ihe renal pelvis or ureter. Aliboogh it arises from

the same urothelium and shares similarities to urothelial
carcinoma of the bladder (UCE), UTULC has disting moleoalar
characteristics that are of dlinkcal sigmificance. Unlike UCE,
UTUL & a Lynch Symdrome-associated malignancy, with the
mist recent shsdy demomnstrating 8.7% of UTUC patients having
a pathogenic germline mutation in a Lynch Syndrome-aseocated
gene!. (aiven the relative rarity of this cancer type, trestment
guidelines susch as the recommendation for the use of necadju-
vant chemotherapy are often extrapalatad from UCH stsdies

Recent gemomic analyses of UTUC? have identified a high
imcdence of potentially actionable genomic alterations inchading
recurrent aciivating muiatbons in receptor tyrosine kinases
(FGFRS ERBEZY), HRAS, PIKACA and TSCI. These moleoslar
profiling shedies bave alsn, however, identified significant genetic
diversity among U'TUC patients and a large mumber of genomic
warians of wnkmown significance®”. Patient-desived UTUC
mindels would faalitate the biological charsctenzation of these
wariants of unknown significance and could also be used as pre-
dinical models 1o test novel precision therapy approaches
Althmsgh PDY modek have been developed from patients with
UCE-19, the developmient of UTUC PDX models has yet to be
reported. Similardy, alibough there are several dozen bladder
cancer cell lines in widespread use''™', few are of upper tract
orkgin. The ik of UTUC.specific cell line and animal models i
thus a major burdle to the development of more effective treat-
ment strategies for this diseace.

Here, we report on the ssccessful development of UTUC
midels that reflect the genetic and biodogical heierogeneity of the
buman disease. In a subset of PDX models, chemotherapy sen-
sitivity mirrors the drug sensitivity ohserved in the patients from
whisch they were derived. Althowgh HER2 alterations are commion
in patients with urothelial cancer, HER2-targeied therapies bave
had only modest clinical i this disease. We thus used a
HERZ-mustant FDX/PDC modd to explore the bislogical bacis for
the limited clinkcal activity observed to date with HER2.directed
therapies in patients with wrothelial carcinoma.

Results
Integrated gemomdc and transcriptomic analysis of UTUC.
Wuhlhepulnfﬁdunnng the developmeent of persanalized
therapeatic approaches for patiemts with UTUC, we began in
214 offering prospective dinical tumor sequencing using the
MEE-IMPACT axcay to patients with UTUC!H. MSE-IMPACT i
a targeted caphare-based next -generation sequencing (NGS) assay
that can detect mutations, copy number alterations and select
gene fusions in up to 968 cancer-associaied genes®. To define the
frequenicy of potentially actionable genomic alterations in UTUC,
we analyzed 37 UTUC patients from this prospectively gemerated
cohort amd &2 UTL patients  previously retro.
speotively?. In total, tumor samples from 11% UTUC patients (115
nephroureterectomy and 1 resection of metastacis) were analyzed
{Supplemendary Fig. 1). Consistent with prior studies in UTUC™,
we observed frequent mutations in fally actiomable
incuding FGFRI (47%), EREE2 (9%), HRAS (12%), PIASCA
(16%) and TSCI (14%)L

Gz expression profiling analyses of muscle-invasive bladder
canicers have identifisd basal and lumimal ssbtypes with the basal
suh-type associated with a more aggressive dissase course?%1*_ Ta
determime whethier UTU tumiors can be simillady stratified, we
performed whaole-transcripiome BNA  sequencng  (RMA-seq)
(Fig. 12 b} an 80 of the 119 UTUC tomoes for which MMSK-
IMPACT data wes available. Patient demographic amd clinical
imdformeation for the R A-seq cohoet are reported in Supplementary
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Table 1. Closering analysis based om the BASE4T gene
dlascifiers? found ihat 70 fwmwors (B7.5%) bed 2 luminel
phenotype and 10 [(12.5%) a basal phenotype {Fig. Ibl. In
additbon, application of a consensiss dassifier developed by the
Bladder Cancer Moleculir Taxonomy Growp!® revealed that
the majority of UTUC in the cohort were haminal-papillary
(LumP, &5 twmors, 325%) sshotype indudimg all 14 of the
lowe-grade temors The remainder were clascified as laminal
unstable (Luml), 7 tumsars, 8.75%), luminal nen-specific (LumNS,
I tumeor, 1.25%), Sroma-nch (1 fwnor, 1.29%) and Basal!
squamoas type (BaSg 5 tumors, 6.25%). The latter bad high
expresion of tumor hasal markers indsding COM3 (Cadherin-5),
Ciwg (CD94 antigen), KRTS (Keratin, type 11 ovtockeletad 5),
EGFR and KRTS (Keratin, type 1l cytoskeletal 6) present in 4 of 5
of the Ba/Sq-type tamors. There was no significant suh-type
difference between high- and kow-grade tumors (P = 0.538%, chi-
square test].

Mext, we explored differences in the frequency of common
driver mutstions in UTUC tumors with basal or luminal
phenotypes as defined by the BASEAT dascifier’®. The median
tumor mutation burden was 4.21 {1 7-8532) for the lumina] and
4.56 (3.1=16.4) for the hasal phenotype tumors (Fig. 1a, P = 0.89).
Somatic FFFRS mutations, which have previously been assndated
with a favorable progoostic owicome in UTUCY, were only
present in luminal subtype. Conversely, there were o significant
differences amaong the two subtypes in the percentage of patients
with mutations in TP53 or oiber drver genes commondy present
im UTUC. Finally, using a curated base of the known
bialogical effects of indvidual mutant alleles'®, we observed that
35.3% of all somatic muotations identified were vanamis of
unknown functional sigrificance (Fig. 1<)

Establishneent and characterization of UTUC PDX and PDC
With the goal of exploring the hiological and clinical significance
of mdinvidual mstatonal events identified in the UTUC cohost,
we leveraged our prospective clinical seguencing indtiative to
develop modeks of UTUC that reflect the genomic and hinlogical
diversity of the buman disesse. Surgical specimens primariy
ohiained following radical nephrouretereciomy (RNU) were
grafted into immunecompromised MOD sold gamma {N5G) mice
o generate patient-derwved xenograft (PDX) models with a
suhset also cultured in vitro to develop patient -derived cell line
(PDC) mosdels. In total, we susccessfully established 17 PDX
models from 34 UTUC tumors (50% wke mate) The tamor
fragments at early passages of 16 among 17 PDX modes were
ssccessfully preserved as frozen stodks for future implantation
(Supplementary Tahle 2) 1o avoid lte pascage failure in tamaor-
igenkcity. Six P models among 24 tameors (6724 take rate X5%)
also survived beyond 10 passages (Supplementary Fig. 20
Althoasgh not statistically significamtly different, we did observe a
tremd towards PDX growth in tumors. that were muscle - invasive
{=pT2 tamor siage, M= 0156} (Table 1) Al three tumors col-
lected from distamt (UOCS [abdominal wall] and L1 [liver])
or lymph node (U032 metasiatic sites suocessfully e

The oaly tumor collected at endoscopic biopsy (UCC2T) did not
engraft.

To determine whether the PDX modes reflected the histoba-
gical characteristics of the patient tumars from which they were
dertved, hemsinaylin and eosin {H&E) stained sections from sach
were evaluated by a board-certified pathologist with expertise in
GU pathology (H.A-A) based on the current WHO classification
for urinary tract tamors™. This analysis demonsirabed histolo-
gical concordance for 16/17 tumors and their corresponding
patient-matched PDX models, as well as xenografis sshsequently
derived from the FI modds (Fig 2a and Supplementary
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Table 1 Clinico-pathological characteristics of the samples
used for UTUE PROL
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Table 3. For example, squamopuas differemtiation observed in
patient tumor DOC1S was retained in the corresponding PDX
minde]

As the properties amd composition of ecracellalar matrix
(ECM) can influence cancer cell bebavior™ and = optimal
preclinical modds would be ensiched with BCM similar to the
original cancer ticue, we performead histological staining with
Picro Sirus red followed by 1'-m-pbntnn microsnpy-second
harmonics genemation i on OO and Masson’s
trichrome staining™, which highlights the fibrous collagenous
tracts im Blue on DO, 17 and 19, Comparnson of the collagen
distribution in the tamor microenvironment of patient tumors
and the comresponding patient-matched PDX models shawed that
both POX and xenografts derived from PDC retained collagen
structure although the percentage area coverad by collagen matrix
in PDX modek was redisced s« compared to that of the
corresponding patient tumors (Supplementary Fig. 3a, bl All
three PDX models and two PDC xemografis also retained the
structure of matching patient tumaors hased on the presence of a

fibrotic capsule and the presemce of collagen fibers within the
basdy of the tumor as ascessed by Mascon's trichrome staining
{Supplementary Fig 3c).

To comfirm that the PDX and PDC modds mimored the
genomic alterations present in the tumors. from which they were
derived, we performed targeied sequencing using the M3K-
IMPACT assay for &l 17 tumor/PDX pairs that succecchislly
engrafted Owerall, the somatic mutational profiles of the patient
tumiors and resulting PDX madels were highly concordant (727%
cancrrdanice of known and likely oncogenic matations). The op
recarring mutated genes found in the PDX models were TERT
(53%), FOFRS (39%), KDMGA (24%) and TPSS (29%) (Fig. Zb).
In 2% aof the PDX, we observed PDX-specific deep deletions
in COKNZASCDENZE, comsistent with seection for loss of
these tumor suppressor genes duning the process of PDX
engrafiment =4,

Four of the 17 tamaors that engrafted were derived from
patients with microsatellite instability high (M51-H, MElzensor
soores 210) tumors incleding three from patients with Lymch
Syndrome (germline mutations were present in MEHD in OS5
and MEHZ in UCC3s, UCC3a) LCC1? had loss of MEH2 and
MEHG expressbon by immunohistochemistry in the absence of
germling mutations in either gene One additional Lynch case
failed 1o engrafi. As would be expected, all foar BMS1-H tamors
bad a high tumor mustational barden (range: 20.3-157 2 mutation
per Mb, Fig 2c). Mutation signature decompasition analbysis™
fior all four MS51-H tumor/PDOX pairs revealsd stable mstational
signatures acres passages with the MMR/MS] and aging
signatures beng most predomirant (Supplementary Figo 4.
Finally, the FGRFRS B2480 batspot mustatson, which has previousty
been shown i be enriched in Lymch Syndrome-assodated UTUC
as compared to sporadic UTUC hamars™®, was present in 3 of the
4 MSL-H umonpatient-matched PDX pairs (DCC1T, UOCS6 and
UCC3). In sum, there was a high Level of genomic concordance
between radical nephiroursterectomy-derved tumor samples and
the corresponding PDX models (Fig. 2c) with only one PDX
made, the hypermutated UOC34 PDX, displaying <50% con-
cardance of knowm or ikely LTTETT

T assess the extent of genomic drift resulting from estahblish-
ment of the PDX and PO meodels, we performed whole-exome
sequencing (WES) on teo cases (UG0S amd UMOCS0)
Phylogenetic analysis of the WES data provided evidence of both
lingar and branched evolution in the tumsars and PO/ patient-
derived cell lines, & demanstrated by the presence of both private
and shared mutations among samples derived from the same
patient (Fig. 2d amd Supplementary Fig. 5a). Amalysic of the
UCC0d samples, which were derived from resection of am
abdominal wall metasiasis, demonstraied that both the cell line
(CLY amd PDX (X1, X¥) were mare y related to the
metastasis than o the primary tumors (F1, P21 Mutational
signature decomposition analysie™® of the U003 sanples
idemtified a predominant AIIWAPOBEC gene sditing signature
{Signaiures 2 and 13), a common ing in bladder UC¥ 5, g
boih the tumors and the PDX modele A similar AIDYAPOBEC
gene editing signature [Signatures 2 amd 13) was identified in the
tumor of patent UCCH), however, the AIINAPOBEC(Z)
signature was lost in the corresponding PDX (Fig e and
Supplementary Fig. Shi.

Gennmic and transcriptomic prediciors of engraftmemnt. As
oaly 50% of the UTUC tumars successfially propagated as PDX
midels, we sought to determing whether succescfiol engraftment
wias aseociabed with speafic mutational or transcripbomic sig-
natures. Among the top 15 most frequendy altered genes in ouar
PDX oohort, STAG? and FRERE? muatations were positively and
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Fig. 2 Hestolegical and gisomee comparten of palsent lumers and pairid paliest-derived sodels. & UTUC tumes sod corresganding PO medels
diamorciratid simila Msbological Tealunis &6 S stid by HAE Slaning. Scal bar cormukpends 1o 200 pm. HEE sl of & soction of aach pabient i
(UECO3, A= 3; UCCH, A= UCCIT, A =T UDCIE, A= 1], maicking P0G (UCCOE, A= UODW, A= 3 UCCIT, o= F UDCES, 8 =11 and matching cell
Tl Lt ~chir o] et JUDCOE, &8 = 1; UDCME, =T, WCCTT, f = 1) it it By & Board-cortilid patholegisn (HA-A] and riprdaiatien
el G e, B Concordance of sileried cance -aisocialed gans for th 17 bamors and painid PO models that successhilly engrafed in

i [& pramary o, b bpingh dodi insladiacis, o dhtal metagiatn, o) POX ab eadly pascage (PV-P3) & PDX ot Lot pakc age (PA-FE]. F ol I cal i
dirivid xénograt]. The UOCO3 and WCCTH PDX resdils wids estabikishid trom atedormina wall and Feir ricections, neapectivily, whino UCCI2 wak o
a kyrrygh node. Tha UCCT PO wie gansralod from thic ozes el palled of & patiest spaciman. Al othirs wire estabkshin froms prmany Tusos.

& Conoerdanoe ol somabic entopend Mutations of the patiet tumor afd comisponding POX modek and tusor mulatenad buedsn (TME) of The palicn
bamiors. Faur PO imodils wers dicteind from ME5-H tum o (right paned, grein and blia). d Phrylegenetic analyin of wholi-iesime seiuetcing data for Ted
pabiersts (UOCI0 and UCO03) rivsiabind devidinod of Btbar and brasched bamor eeohtion [P primarny, M rmsitasianis, PO X Ciarly pacsage) ard X2 Clate
pacsaE ) which rapeidad raphicanas of diflarent passage Aumisis, CU POCH Thi numBer ol msbalions i shoven Bedeibn Beanch pents & AIDYAPDBEC
mulational sigeatures (Sgnabees 2 and T3] wise prademinast in DC30 and 0003 patient umoes while A1DSAPOBECTE) wars lost s UOC30 PO, Tha
mutation Signabend with FOR < 0.05 & shown. Dala e prebobed & i salues 8 50, Souncs data for B8 & prosvidid &t & Sourcs Data 1l

O W P PE NE AR

associated with ssccessful engrafiment respectively
n]ﬂ'mudtﬁ:d:ﬁmmﬂwlzmﬂuﬂnumﬂpngmﬁaanmdﬂ}
due to the small ample size (Fig. Sa)

We next compared the transcriptomic profiles of the patient
tumiors that successfislly engrafied to those that did not. In total,
RN A-seq data weas avaidlable for 17 of the UTUC patient tumors
for which we attempted io establish PDX models, B of which
engrafted and % of which Giled to grow as PDX. There was a
distinct geme expressbon pablern with 749 genes differentially
expreseed [FINR < (0% and Log FC > 1.5) between UTULC tumars
that engrafied ws those that did mot (Fig. 3b). Clustering of the
patient tanzars that emgrafted (PO grosp) vs those that Giled o

I COMMLUMCATIONS | (FROITETITS b, dol 2rg 10 KIS, wd FS T-030-1 558 5-T | sewa

engraft (Mo PDX grouph did mot stromgly correlate with luminal
or besal dassification (Fig. la, bl based an the BASE4T
dacsifier’™ More specifically, while the PDX group had higher
expression of the basal gene set as compared to the No PDX
groap (Fig. 3c), this difference was mot statistically significant.
There was also o difference im s2G5EA scores for luminal genes
between the POX and Mo PDX groups. However, ihere wax
correlation  between  successful engraftment and the basall
squamsrus signabare (P = 0U4) based on the consensus clustering
dlassification®. In addition, GSEA revealed that genes in cell cycle
and DMNA replication pathways induding SMCT (Structursl
maintenznce of chromasomes protein 1A), MOMS [DNA
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Fag. 3 Comparissn of miulatien Tragusmde and RMNA expression profiles. Patant sgadinmenm tThal rasubed n successlu esgrafmant [PDE) v& thoss that
did mol (Mo POOC) weare compansd. 8 The ates of suocessiul angralfiment Giflerend amoeng iumers with putative driver muiatons. Tha nomsbés ol pabian
Carfis Wil mulaSon in e gt @ Shawn in poniiifesic. B Com panison of BMS-Einy daba Mnem patiesl spedimin That sectisshdly angrated (PO, 4= 8,
salimon] wi ke that dd not (Mo PDX, &= 9, hurguotka). TES gamed (428 upnggulaied and 37 dowaraguelabed) st Slerintially aaprctinl belwion
UTULC s Thai did and did not engrall based on the 2econ of nomalized g riads from BRA-ey @ Sigle Samele Goane Sab Ervichesnt Analks
(EEGEEA) sooris of hasal (P = 0.19) and lusingl gire sais (P = DuET) hatiad o e BASEST dacsifier and ssG5EA scored of lusnor basal ganes (iepristaed
in cancer culls ol o hatal-ike phiroiyee, inficatad ot the Boitem ol Fg B F= 0004 plitd lor B palien tusws rituliing in FOX (4= B] v He FOX
(o= Th Ervor bars ate man standand ernor oo Bootsirap Thi oanter B in The beaplots mdcabes thi mean, e oeis and wpper Bnges cormespend 1o
it Tiest and thied quartibes, the upper whisker & the masima and the loser ehisker the minma Pyvabes indicates teo-sided two grous §-ash withoui
adjustmai. 8 GEEA plals conmparing specimin than did and Sd nol yidd PDX. Ennckemit of cell opcks DHA repbeation patlrays wis obtirved in
POE grodp, wherkas ariracadlular matnin rcaplor infledaction and Tocal -adhedion paihmays wira dnnchiad in the e POX grosp. Sourcs data Tor Bed an
provided a6 & Source Data Gl

replication lkoensing facor MOCMS) and MOCM? (DMA replication
licensing factor MOCMT)] were positively emriched in the patient

Chemnsnsensitivity of patients and comesponding PDX. To eval-
wmate whether the sensitivity of the PFDX models to cytotoxic che-

tumiors that ssccessfully emgrafied, suggesting that the rate of cdl
proliferation is an important facior for successful PDX establish-
ment. Extracellular Matrix {BCM) receptor interaction and
fiocal -adbsesion  pathways indwding FNI (Fibronectin], THEY?
(Thrombospondin:-2) and COMP [(Cartilage oligomeric matric
protein) were also positively ennched in primary tumors that
failed to produce PDX tumors, suggesting that greater depen-
dence of tumaors on microemvircomental facdors may have
impeded smoressful emgraftment in a subset of patients {Fig. 3d).

mitherapy mnmdﬂ:ﬂ:nfﬂ:eLTLTmmuﬁmnh:hﬂtﬂ
were derved, mice bearing established PDX tumors froem. three
pabients were treaied with chemotherapy regimens and dosimg
schedules similar to that of the cormesponding patients. As an
emmple, patient UOO05 developed abdominal wall, bone and
pehvic metastases 11 manths after BMU for pT3hND diseate. The
pabient wak treated with pallistive excision of the left shdominal
wall metastasis and radiotherapy followed by gemcitabimecarbo-
platin ((GemiCarbo) chemotherapy. A PET- CT at 3-monithes follov-

[ . | 1303 ITETR TS | bty deadonpy 00 38 A AT -2 0-THEES- 7 | wassates comy'ssisscomamunicaiions
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Fi. 4 Chemesensitivity of patients and comspsading PDX. baging of larpat heboi i pationts baloes chametiaragy (g dmalmesth and a1 thi T
sppicifiind po traatmel. Toss soluies for The corredponding PDXY models mere graphed o6 & Tusctien of days poti-tlart ol dug tresbeant. & UOC03:
FIDG PETACT scan alter teo cpchas of girmciiabng carboplatio (D, Carks) et ey dirn ot decrasted radophammacsutical acoumulaton in
lift e mwiatacis (pariial ricspons scoonding by RECIST). Mica Bearng the UDC0E PO wara randomizead and treatid with Gesy'Carbo, gercilabans,
carboplalin of sehck (P = D077, valiche v Gosy'Caiba comBinalion; P = DUD0SS, valecks v& giam oilasing P = 0138, sk v carbaplatind. B 10013
racarad & combination of Gam Carkd ab rsoerneos folowid by gamciabre some and demensinales stable et by BECST cribadia off tmaaimant dor
B mesivihe. The corrscsponding PO mioded was Bighly seritive b Sam Caba (F < 000010 ¢ UOCET (MSEH) metived 4 cpclis of neoadiuvanst
pamcilabie doplatin. Th patent's reSographic response wis mimsinal (sabk dosscs by RECIST crilarnia) amd thire was ne pabokegical nponss (pT3
daatd b RNL). Ml homor groseth indiielion wat OBt et sl G o e, T inplato s e otrreipsnding PO (P = D07 Ted-way ANOYA lisl
CPrigin vk wiad Tor datiche ol analysis wilhout adpciemnt. Dala e pricaned o meas aaloas 8 S0 Caandaend dereiaiioea). Ssurcs daba hor priclinecal

shdis @ provided a6 & Source Data Mk

o demonstrated a partial response by RECIST criteria as well &
decreased YF-lsorod scayglucose (FIDNG) avidity within the domid-
mant pehvic oseeous metactasic. A POX derived from the abdoninal
metastasis was similarly responcive to (Gem/Carbo (Fig. dal
Patient UOC1Y underwent BNL for pT3 disease and
ls months later with retroperitonzal lvmphadenopatby. The
patient responded to (eemiCarbo  followed by gemcitabine
maintenance ard has been off therapy with RECIST stable
disease for the past 15 months. Consistert with the patient’s
durable response to chemotherapy, a FDX generated at the time
of RNU (LOC19) demonstrated exquisite semsitivity to Gem/
Carbo (Fig. 4b). Acs DNA damage respormse {DDR) gene
alterations have been associated with semsitivity to plabinem-
based chemotherapy and improved survival in patients with
advanced U padiemts”™', we assessed whether there was
evidence of a likdy patbogenic DR gene alteration. Indesd,
botki the primary tumor and corresponding P harbsored &
truncating mutatbon in RECOQLY (PRET), a gene which has a role
im DA repair by bomaologoes recombination??.
Patiemit OO 7, whio had am MSE-H hamoe, received
cigplatin necadjuvant  chemotherapy (NAC) t0 which he

demomstrated minimal decrease in size on CT from 28 o 22om
(stable disegse by RECIST criteria] (Fig. 4c) and mo pathalogc
regponse (pTAMN0 at RN, The PDX generated from the prinary
tumor was alsp umresponsve o gemnctabinedcicplatin (P = 0.07).
Simdlarty, U346 which was derived from a patient with an MS1H
Lynch syndrome.associated UTUC was alsn resigant io gemcita-
bimefcisplatin (Sapplementary Fig. &) As chemosesistance has been
repaomied in colosectal cancer patients with MS1-H fumors™" and
the MEI-H UOC1T and UCCS6 models were relatively recictant to
gemaitabimeicisplatin chemotherapy, we assessed MSI stgtus and

responsivensss in a sargical oohont of UTUC patients
treated with MAC. OF the 20 patiemts with UTUC who recetved
MNAL before BN, twn were MSEH (one of which was LHOC17), one
was MElindeierminant (MSkensor scores 3-100, amd 17 were
microsatelite stable (M58, MSlsensor soores <3 Diefining pathalo-
gic response as <pT 1IN0, we obeersed pathologic response in 10
of 17 M55 patients {59%) and in nether of the two MSEH patienis.

HERX-targeted therapy in HERX.mmtant UTUC. Consistent
with retrospective stadies, prospective genomic profiling of 44,183
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g 5 Assessminl of HERZ-larpetad sbrabegies. &, b Fraction of patianis with ERBET mutation or amglilication, ricgectivily, in Bladder, UTUC and other
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tumars including 1032 bladder and 204 UTUL &t our instibstion
ming MSE-IMPACT revealed that mutations i ERBR? [onon-
gemicilikely oncogenic) were more common in urotbelial cancer
() than in cther common solid turmsors (10.5% in bHadder and 59
% in UTUC as compared io 32% in breast, 2.9% in endometrial,
6% in oodorectal, and 24% im NSCLC) (Fig. 5a). EREAZ amplis.
cabkon wis also cominson i Badder cancer and UTUC {i5.2%: 64 of
1132 bladder tumors and 4.4% of UTUC: 9 of 304 tumors, Fig. 5hi.
As HER2 iz a validated drug target in breast and esophagegastric
cancers, there has heen enthuciasm for targeting HER2 in patients
with UC. Howewver, anly lmited efficacy bas been observed to date
withi HERZ? kinase imhibitors, such as an rrevesible EGFR/HER2
kimasze mhibitor, neratinge,

Efforts to define the dependence of HER2-mutant urothelial
carcinoma cells on HER2 signaling have beem hampered by the
lack of available preclimical models of HER2-mutant UC A
genomic analysic revealed that the UOC14 patient tumor and
paired PDX harbored & hotspot mmtation in ERAR2 (HERZ
5310F), we sought to leverage this modd 1o explore the bislogical
basis for the limdted anti-tumor activity of HERZ-targeted
therapies in patients with UC We this gemerated a czll lne
from an early pastage OO PO (LMOC14-POC) and assesed
its sensitivity to neratinib, 8 HER2 kinace inhibitor. Both UCC14-
PO (W50 5083 o) and MGHLUS (an EREBY wildtype bladder
cancer lme, POS0 2459 nM) were sigmificantly less sensitive
to neratinib as compared to CVX-4" (a HER2 S310F-mutant
cervical cancer bine, IC50 S6.8nM) amd BT-474 {an ERBEZ

amplified breast cancer cell lime, IC50 00 nMMFig. 5) The
greater concentration of neratimb required o imhibit UCC14-
PDC cell growth as compared to other HER2 altered lines was
onnsistent with the higher concemration of drug nesded to inhibit
activation of ERK. a downstream effector of HER2 (Fig. 5d).
EBxpression of ted AKT was also potently down-
regulated by neratimib i BT-474 and CVXd cell, but was
unchangesd i UCCH4-PDC, suggestimg that AKT pathway
activation was not HER2 i im this UC model. 3
the limited sensitivity of the HER2 3310F -mutant UCC14-PDC to
HER kinasze inhibdition in culture wis consistent with the relative
imsensitivity of the UCC14-PDX to neratinib therapy in vivo
{Fig. =) In contrast to the lack of efficacy of neratisb, D5-82000a,
a humanized HER2 antibody topodsomerase | inhibitor drog
conjugate (trastzumab deruxtecam, Dadichi-Sankyo] recentdy
approved by the FDA for wnresectable or metastatic HERZ-
pasitive breast cancer (MCTO3248492)%, sgnificantly inhibited
UCCI4-PDY growth. These data suggest that amtibody drog
conjugaies targeting HER2 may be more effective than selective
HER kinase inhibibors in patients with HER2 -mastant U

Discussion

A mapor hurdle to the development of personalized treatment
apprasches for U'TUC has been the lick of hboratory modeds for
béalogical and preclinical studies Here, we repont the develop-
ment and bialogical and gemomic characterization of PDX and
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PDC models from patbents with UTUC. We find that the PDX
and PDC mosdeds recapitalated the diverse landscape of gemomic
alterstbons im UTUHC. Furthermore, in the select cases tested, the
POX models mirrored the sensitivityiresistance o standard
cyintoxic agents of the patients from which the PDX maodels wers
derived.

Transcriptomic-hased clustering analysis of 80 UTUC tumors
using the BASEAT gene classifier'™ found that the majority (30080,
#7.5%) of tumors had a luminal phenotype. Further, application
of the recently reported Bladder Cancer Molecular Taxonomy
Group consensus classifier resulted in 66 of B0 tumors being
claszifiad as luminal-papillary sub-type, including all 14 twmors
with low-grade hisiology (Fig. 1b)". These data are consistent
with those of Robinson et al® and suggest that the
laminal-papillary sub-type is enriched in UTUC as compared to
bladder cancer where only 24% of tumaors were luminal - papillary
suh-type®.

Another notable differemce between wrothelial carcimomas
arisimg in the wpper tract and the bladder & the significantdy
higher incdence of microsatellite instability im renal pevis and
wreteral tumors. It has been reported that patients with Lymch
symedrome-associated colorectal camcer have dimninished response
to chemotherapy relative to patients with sporadic colorectal
camcer'™. Our data suggest that a similar association between
chemaiberapy sensitivity and MSI status might exist in patients
with UTULC. More s , we evaluated the sensitivity of Do
UTLAC PDX mosdeds (UOCLT and UCC36)] derived from: patients
with MEL-H tamars to platinam chemaotherapies and gemcitabine
and foumd that both were relatively resistant 1o these cyintoxic
chematberapies. Given recent studies suggesting that 551 may be
a predictive biomarker of response to immuane checkpoint
blockade in multiple cancers*#4%, these results suggest that MSI
status may be wseful in assessing whether UTUC patienis should
receive necadjpuvant cyioloxic chemotherapy, or, imstead be
directed to immunotherapy-based clinical trials.

Despite the recemt FDA-approval of erdafitimib for FOGFRS-
mutated metastatic bladder cancers®!, the dinkcal impact of bar-
geied therapies in UC has been limited to date. ERBEZ is altered
by amplification andior overexpression in varkous cancer types,
and antibodies that bind to the extracellular domain of HER2 are
mow standand -of-care in ERBA2 amplified breast and esophago-
gasiric cancers*™*, Owr prospective clinical saquencing experi-
mdmmmtlmmuﬂ:ﬂmﬂmmm
ERBEZ? mutations are maore prevalent in both Madder and UTUC
than in other common solid tumor types (Fig. %a). However, the
lack of ERER? mutant models of UTUC has been a major
impediment to the preclinkcal assessmenmt of HERZ-targeted
therapies for UTUC patiends.

As the UCCL4-PDX and patient tumor from which it was
derived harbored an activating hotspot mutation in the extra-
cellular domain of HER2 (S5310F), we leveraged this model to
explore the biclogical basis for the lmited clinbcal activity of HER
kinase inhibitors oheerved to date in HER2-mutant UC patients.
Consistent with the poor response of HER2-mutant UC patients
to the HER kinase inhibitor neratinib as compared to HERZ-
mutant hreast and cervical cancer patients'®, the HER2 53108
mutani cell line LNOC14-FDIC was sig less sensitive o
neratinib than the HER2.amplified BT-474 breast cancer and
HER2 5310F-mutant CVX-4 cerncal cancer cell lines. The rela-
tive lack of neratinib sensitivity of the UW0C14 cell ling was
consistent with the higher doses of neratinib required io inhdbit
downstream ERK signalimg im this cell bne maodel & compared to

=474 and CVX-4 cells™. This result suggests that the variable
sensitiviey of different h.l.murlmﬂg:i to- HER2-directed therapies
as reponied in a recent basket tral™, is likely dse, at least in part,

to differences among cancers in their dependence on HER2 sig-
naling for tumor growth and sandval

Li et al** recently reported that the HER2 antibody drug
conjugaie ado-trastumamab emtansine (T-D&1) has sigmificant
dlindcal activity in HER2-mustant lang cancer, even in tumsrs with
lowwe HER2 expressbon. Ome hypothesis & to why HER2-mutant
tumis with low HERE exprescion are sensitive o T-DML is that
mutation of HER2 may increase the efficiency of receptor inder-
nalization following antibody binding?®. Consistent with this
finding, the UCC14-PDX was highly sensitive i DS-820a, a
HERZ antibndy drug conjpagate, which was recently approwed by
the FDA for wnresectable or metastatic HER2-paositive breast
camcer'™_ In sam, the data highlight the potential ability of PDXX
models o guide the development of clinkcal triak for UTUC
patients amd suggest that antibody drug conjegates targeting
HERZX may be maore effective in UTUC patients than selective
HERZ kinase inhibitors.

A limitation of the cumrent shady s that detaled biological
characterization of the large pumber of vanants of unknoen sig-
mificance identified in the FDX models is beyond the capability of
any single laboratory. Thiss, o faclitate biobogical disoovery and the
development of novel therapies for UTUL, all gemomic data from
the cament work & available through cBioPortal [hetpe s
chioportal.orgfshady/sammary?id=utuc_msk_3019;  hetps s
chioportal org/stady/sammany?id =utuc_pds_msk 2009] and all
mindels reporied bere will be provided as 2 resowrce io the broader
scientific comenunity. In addition, the curremt collection of PFDX

n'ud.d:wnnd}dmwdﬁ'mlu#m:mﬂm

withh UTUC This will be the focus of future work secking to
leverage PO mndels to imform clindcal decision-making,
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