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RESUMO

O presente estudo visa comparar custos entre as estratégias antes e apods
68Ga-PSMA PET/CT para pacientes com recidiva bioquimica de cancer de prostata na
perspectiva do Sistema Unico de Saude (SUS), no qual este método de imagens
meédicas ainda ndo esta disponivel. Dados foram obtidos de formularios padronizados
advindos de um estudo maior multicéntrico e internacional, preenchidos pelos médicos
referentes. Os resultados de comparacao de custos estdo apresentados como mediana
de custos (p25;p75) para cada uma das 2 estratégias (antes e apds 68Ga-PSMA
PET/CT), utilizando 3 cenarios diferentes em relagdo a outros métodos de imagem
executados anteriormente a realizagdo do 68Ga-PSMA PET/CT. Para ambas
estratégias, as intengdes de tratamento foram consideradas com relagcdo as
previamente planejadas em contraste com as novas (e ainda nao administradas). A
mudanga no manejo terapéutico foi comparada antes e apos a realizagdo do
68Ga-PSMA PET/CT utilizando o teste estatistico de McNemar. O n do estudo foi = 59
pacientes (idade média: 65,9 anos). O 68Ga-PSMA PET/CT foi considerado positivo
em 38 dos 59 pacientes (64,4%). O 68Ga-PSMA PET/CT teve impacto na intengao de
tratamento em 36 pacientes (61,0%). Terapia de resgate (i.e, com intengdo curativa)
era a intencao de tratamento para a maioria dos pacientes anteriormente a informagao
obtida através do 68Ga-PSMA PET/CT, mas reduziu de forma significativa apos (76,3%
vs 45,8%, p <0,001). Em contraste, a terapia sistémica (i.e, paliativa) aumentou como
intencdo de tratamento apdés 68Ga-PSMA PET/CT (23,7% vs 54,2% antes e apds
68Ga-PSMA PET/CT, respectivamente; p < 0,001). A estratégia “apos 68Ga-PSMA
PET/CT” apresentou maiores custos em comparacgao a “antes do 68Ga-PSMA PET/CT”
em todos os 3 cenarios, com a maior diferenca de custo entre as estratégias
correspondendo a US$1087,35, e a menor correspondendo a US$992,17. Em todos os
cenarios, a analise revelou que a diferenga de custo entre as duas estratégias parece
ser metade relacionada aos custos do 68Ga-PSMA PET/CT propriamente ditos, e
metade relacionada as novas escolhas de tratamento que derivam das informacgdes
fornecidas pelo 68Ga-PSMA PET/CT. Prover o 68Ga-PSMA PET/CT para pacientes do
SUS apresentou maiores custos em relagao a estratégia utilizando métodos de imagem
convencionais. Adicionar o 68Ga-PSMA PET/CT ao contexto apresentou impacto no
manejo terapéutico, representando principalmente uma mudanga de escolha de
terapias curativas futeis para terapias sistémicas paliativas.

Palavras-chave: cancer de prostata; recidiva bioquimica; PET/CT, PSMA; comparagao

de custos.



ABSTRACT

The present study aims to compare costs between strategies prior to and after
68Ga-PSMA PET/CT for prostate cancer biochemical recurrence patients from the
perspective of Brazil's public healthcare system (SUS), in which this medical imaging
method is not yet available. Data were obtained from standard forms stemming from a
larger international multicentric study, filled by the referring physicians. Cost comparison
results are presented as costs median (p25; p75) for each of the 2 strategies (prior to
and after 68Ga-PSMA PET/CT), using 3 different scenarios regarding other imaging
methods offered prior to PET/CT performance. For both strategies, the treatment
intentions were addressed regarding the previously planned ones in contrast to the new
(and not yet administered) ones. The shift on therapeutic management was compared
prior to and after 68Ga-PSMA PET/CT performance using McNemar's statistical test.
The study n was = 59 patients (mean age: 65.9 years). PSMA PET/CT was considered
positive in 38 out of 59 patients (64.4%). PSMA PET/CT had an impact on treatment
intention in 36 patients (61%). Salvage therapy (i.e, with curative intent) was the
preferred treatment intention for most patients prior to obtaining 68Ga-PSMA PET/CT
information, but this significantly reduced afterwards (76,3% vs 45,8%, p < 0.001). In
contrast, systemic therapy (i.e, palliative) increased as the treatment intention after
68Ga-PSMA PET/CT information (23,7% vs 54,2% for prior and after PSMA PET/CT
respectively; p < 0.001). The “after 68Ga-PSMA PET/CT” strategy presented higher
overall costs compared to the “prior to 68Ga-PSMA PET/CT” strategy in all 3 scenarios,
with the highest cost difference between the two strategies observed being
US$1087.35, and the lowest being US$992.17. In all scenarios, the analysis revealed
the cost difference between the two strategies to be around half related to the
68Ga-PSMA PET/CT costs themselves, and half related to the new treatment choices
that stem from 68Ga-PSMA PET/CT information. Providing 68Ga-PSMA PET/CT to
SUS patients presented higher costs when compared to the strategy with conventional
imaging methods. Adding 68Ga-PSMA PET/CT to the workflow had an impact on
therapeutic management, mainly representing a shift from futile curative treatments to
systemic palliative ones.

Keywords: prostate cancer; biochemical recurrence; PET/CT, PSMA; cost comparison.
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1 INTRODUGCAO

O cancer de prostata € a neoplasia mais comum na populagdo masculina brasileira
(com excegao do cancer de pele ndo-melanoma). Cerca de 65.840 novos casos sao estimados
para cada ano do triénio de 2020-2022, com risco aproximado de 62,95 novos casos a cada
100.000 homens, com aproximadamente 3.560 casos esperados apenas no estado do Parana
(1).

Apos o diagndstico e estadiamento iniciais segundo os grupos de risco do cancer de
prostata, a maioria dos pacientes ira receber tratamento com intencao curativa. Geralmente,
este tratamento inicial pode ser administrado de duas formas principais: cirurgia ou
radioterapia. Com o tempo, cerca de 27 a 53% dos pacientes tratados primariamente com
intencdo curativa irdo progredir para o estagio de recidiva bioquimica, que corresponde a
deteccdo de doenca residual ou recorrente através da elevacdo do PSA (antigeno prostatico
especifico) em exames de sangue seriados, precedendo o aparecimento de manifestacoes
clinicas ou de imagem de neoplasia viavel (2). Variagbes existem na literatura médica com
relagdo a definicdo de recidiva bioquimica, sendo a mais comum utilizada (incluindo pelo
Ministério da Saude do Brasil) a que considera duas medidas consecutivas do PSA sérico com
valor 20.2 ng/mL para pacientes que foram submetidos a cirurgia, ou um aumento no PSA
sérico acima de 2 ng/mL em relagdo ao nadir para aqueles submetidos a radioterapia (3,4).

A detecgao de recidiva bioquimica se traduz na pratica clinica em alta suspeicao de
doenca viavel, e a avaliagdo pormenorizada do paciente através de exame clinico e exames de
imagem se tornam mandatorios, visto que alguns casos podem ser passiveis de uma segunda
abordagem terapéutica com intencéo curativa (terapia de resgate). Assim, o principal desafio
neste contexto € esclarecer se 0 aumento progressivo no PSA corresponde a doenca local,

regional, ou a distancia.
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O PET/CT 68Ga-PSMA (doravante referido apenas como PET/CT PSMA) é um método
de imagem desenvolvido na ultima década, baseado na administragcdo endovenosa de um
radiofarmaco que se liga a moléculas de PSMA (antigeno de membrana especifico da
préstata), que sao altamente expressas na superficie de células tumorais de origem prostatica
(5-8). Em um unico equipamento hibrido de PET/CT, dois conjuntos tomograficos de imagens
sdo adquiridos para cada paciente examinado: 1) imagens de PET (tomografia por emissao de
positrons), que ilustram como o radiofarmaco foi absorvido pelo organismo; 2) imagens de CT
(tomografia computadorizada), que fornecem alto detalhamento anatémico. Diversos ensaios
clinicos estabeleceram as altas sensibilidade e especificidade do PET/CT PSMA,
especialmente no cenario de recidiva bioquimica (9-16), o que levou a sua adogdo como
método de imagem de escolha neste contexto pelos principais protocolos internacionais, como
a Associacao Européia de Medicina Nuclear e a Sociedade de Medicina Nuclear e Imagem
Molecular (17-19).

No entanto, as realidades financeira e tecnolégica da maioria dos paises em
desenvolvimento, incluindo o Brasil, ainda ndo permitem a adogao estrita desta recomendacao,
devido ao alto custo e baixa disponibilidade do PET/CT PSMA comparado a outros métodos.
Para a incorporagdo desta tecnologia no Sistema Unico de Saude (SUS), estudos de impacto
econdmico sao necessarios para definir a relagdo entre os custos relacionados a tecnologia e
seu impacto real na saude (20).

O presente estudo € uma analise de comparagao de custos entre estratégias antes e
apos o PET/CT PSMA no manejo de 59 pacientes com recidiva bioquimica de cancer de
préstata do SUS, com potencial de fornecer informacgbes Uteis para o desenvolvimento de

analises de custo-efetividade no futuro.
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2 REVISAO DA LITERATURA

Conforme nossa revisao da literatura, embora existam estudos prévios sobre PET/CT
PSMA realizados no Brasil (9,16,21-23), inclusive promovidos por universidades publicas, ndo
encontramos no pais trabalhos com enfoque em aspectos econdmicos do método.

Em relacdo a literatura internacional, encontramos exemplos de custos do PET/CT
PSMA, que permitem comparagdes a nossa realidade, em paises desenvolvidos como a Suiga,
Israel, Dinamarca e Australia (24). Estas comparagdes sao introduzidas de forma oportuna na

secdo de Consideracdes Gerais.
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3 HIPOTESE E JUSTIFICATIVA DO ESTUDO

A possibilidade de oferecer um exame de imagem de alto custo, ja estabelecido em
protocolos internacionais (17-19) e indisponivel de forma rotineira no SUS, justifica a realizagao
de toda andlise util e plausivel da experiéncia. A adocado (ou nao-adogao) futura do método
pela rede publica necessita de estudos do ponto de vista econdmico, mais especificamente,
segundo o CONITEC, estudos de custo-efetividade (20). Embora a realizagdo deste tipo de
estudo fosse a intengdo inicial do projeto, a analise pormenorizada dos dados disponiveis
revelou que o modelo ideal de estudo frente a presente amostra seria a comparagao de custos,
que apesar de nao suprir a necessidade de estudos econdmicos exigida, serve como ponto de
partida no processo.

A hipotese proposta defende que, com maior probabilidade, a estratégia apds a adogao
do PET/CT PSMA ira apresentar maior custo em relacdo a estratégia pré-PSMA, visto que
nesta, serdo considerados os custos dos métodos de imagem tradicionais (mais disponiveis e
mais baratos no cenario nacional), além do conhecimento prévio do alto custo relacionado a
tecnologia abordada. Com relagdo ao impacto no manejo terapéutico, tendo em vista que o
estudo multicéntrico de origem ja revelou resultado positivo em relacdo a esta variavel, se
hipotetiza que a analise do subgrupo da presente amostra (pacientes brasileiros) tende a

também apresentar impacto no manejo terapéutico derivado da adogao do PET/CT PSMA.
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4 OBJETIVOS

O estudo multicéntrico internacional promovido pela Agéncia Internacional de Energia
Atdmica (IAEA)(25), do qual a presente dissertacao deriva, teve por objetivo principal avaliar a
acuracia do PET/CT PSMA na deteccao de doenca local e/ou sistémica em diferentes centros
ao redor do mundo.

A partir da amostra brasileira, de 59 pacientes, o presente estudo tem por objetivo
principal comparar custos entre as estratégias antes e apdés a adog¢ao do PET/CT PSMA
especificamente para o cenario brasileiro, da perspectiva do SUS. Como objetivo secundario,

se avaliou o impacto do método no manejo terapéutico.
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5 CASUISTICA E METODOS

5.1 PACIENTES

A amostra de nosso estudo deriva do estudo multicéntrico internacional supracitado,
publicado em 2021, que abrangeu mais de mil pacientes ao redor do mundo (25). O objetivo
primario deste estudo original foi avaliar a performance do PET/CT PSMA no contexto de
recidiva bioquimica entre 15 paises. Dos 165 pacientes do Brasil, 59 eram do SUS, que séo os
pacientes avaliados no presente estudo. Todos os 59 pacientes foram acompanhados no
Hospital Erasto Gaertner (Curitiba, Brasil), e todos foram submetidos ao exame de PET/CT
PSMA na mesma clinica privada de diagnéstico por imagem.

Todos os pacientes atenderam aos critérios de recidiva bioquimica apds o tratamento
primario com intencédo curativa, foram submetidos ao PET/CT PSMA, e tiveram um periodo

minimo de 6 meses de acompanhamento. Os critérios de inclusao foram:

a) idade > 18 anos;

b) adenocarcinoma de préstata comprovado histologicamente;

c) tratamento prévio com intencgao curativa (prostatectomia radical ou radioterapia);

d) recidiva bioquimica definida como aumento no PSA sérico acima de 0,2 ng/mL
confrmado em duas medidas consecutivas (para pacientes apods prostatectomia
radical), ou aumento absoluto no PSA sérica de 2 ng/mL acima do nadir (para pacientes
apos radioterapia);

e) pacientes com PSA entre 4 e 10 foram considerados elegiveis apenas se métodos de
imagem convencionais (tomografia computadorizada e cintilografia 6ssea) foram

negativos);
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f) termo de consentimento assinado.

Critério de exclusao foram:

a) histérico de outras neoplasias;
b) histérico de doenca de Paget;

c¢) pacientes com recidiva bioquimica e PSA = 10 ng/mL.

O comité de investigadores responsavel pelo estudo multicéntrico desenvolveu um
formulario padronizado de coleta de dados, que foi preenchido para cada paciente (Apéndice
4). Estes formularios foram preenchidos de maneira multidisciplinar, pela equipe meédica
assistente (urologistas e oncologistas) e pela equipe de imagem (radiologistas e médicos
nucleares), e foram revisados pelos investigadores principais de cada centro anteriormente a
submissdo a IAEA. Todos os centros participantes obtiveram aprovagédo dos comités de ética

locais.

5.2 DADOS

Visto que os formularios originais do estudo multicéntrico da IAEA continham mudltiplas
informacdes de cada paciente, ressaltamos o que foi de fato utilizado em nossa analise. O
objetivo foi comparar custos entre duas estratégias: antes e apdés o PET/CT PSMA (Figura 1). A

primeira estratégia, “antes do PET/CT PSMA”, incluiu os seguintes custos:

a) Custos dos métodos de imagem anteriores ao PET/CT PSMA: séo os custos

relacionados a todos os métodos de imagem tradicionais que potencialmente foram
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realizados (cintilografia Ossea, ressonancia magnética da pelve, tomografia
computadorizada e/ou ultrassonografia transretal). Esta informagédo foi manejada de

forma diferenciada segundo 3 cenarios, que serao posteriormente explicados.

b) Custos de tratamento inicialmente previstos: sdo os custos relativos as terapias as
quais os pacientes teriam sido submetidos caso a informacao fornecida pelo PET/CT
PSMA nao existisse. Informar a intencao de tratamento inicial anteriormente ao PET/CT

PSMA era solicitado nos formularios padronizados de coleta de dados.

A segunda estratégia, “apos o PET/CT PSMA”, incluiu os seguintes custos:

a) Custos relacionados ao PET/CT PSMA (producéo do radiofarmaco, equipamentos,

mao-de-obra, etc).

b) Custos de intengao de tratamento apds o PET/CT PSMA: sao os custos relacionados
as novas escolhas terapéuticas as quais os pacientes foram submetidos por decisao da

equipe médica assistente apés as informagdes do PET/CT PSMA.

Com excegao dos custos relacionados ao PET/CT PSMA (que foram obtidos por
consulta ao setor financeiro da clinica privada de diagndstico por imagem que realizou os
exames), todos os outros custos foram obtidos da perspectiva do SUS como pagador,
acessando dados no SIGTAP-DATASUS. O SIGTAP-DATASUS é uma ferramenta online de
acesso aberto do governo brasileiro, que contém os custos de todos os procedimentos e
medicagdes oferecidos no SUS (26). Os custos foram considerados para um periodo estimado
de 24 meses, com a orientacdo da equipe médica assistente sobre quais custos levar em

consideracao.
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Para ambas as estratégias, as intengbes de tratamento foram divididas em dois grandes

grupos: resgate e sistémico (i.e, curativo e paliativo, respectivamente), com 4 opcgdes de

tratamento de resgate: prostatectomia radical (RP), radioterapia exclusiva (RT), linfadenectomia

pélvica (LNP) e radioterapia com terapia antiandrogénica combinada (RT + ADT); e 4 opgdes

de tratamento sistémico: terapia antiandrogénica (ADT), quimioterapia (QT), orquiectomia

bilateral (ORC) e vigilancia ativa (SRV). Todos os custos relativos as intengbes de tratamento e

métodos de imagem estao detalhados nos Apéndices 1 e 2.
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5.3 ANALISE DE COMPARAGAO DE CUSTOS

Para facilitar a revisdo por pares, todos os custos sdo apresentados em dodlares
americanos (US$). A conversao a partir da moeda original (Real brasileiro) foi realizada sobre
a média de cambio dos 3 anos do estudo (2019-2021), que representa 1 ddlar equivalente a
4,83 reais, de acordo com dados oficiais do governo brasileiro (27). Os custos antes e apés a
realizacao do PET/CT PSMA foram tabulados individualmente para cada paciente (Apéndice
3). Na estratégia “antes do PET/CT PSMA”, 3 cenarios distintos foram criados e comparados.
A diferenca entre os 3 cenarios diz respeito aos custos relacionados a eventuais métodos de
imagem realizados anteriormente ao PET/CT PSMA.

No ‘Cenario A, nenhum custo relativo a métodos de imagem anteriores ao PET/CT
PSMA foram levados em consideragcdo, como se este tivesse sido o primeiro exame de
imagem realizado. No ‘Cenario B’, todos os pacientes foram considerados como tendo sido
submetidos a cintilografia 6ssea + ressonancia magnética da pelve, que é o protocolo padrao
estipulado pelo Servigo para investigagéo de casos de recidiva bioquimica. No ‘Cenario C’, os
custos considerados refletem os métodos de imagem aos quais cada paciente foi de fato
submetido, o que na realidade se mostrou altamente heterogéneo.

A légica por tras da criacdo destes 3 cenarios foi visando levar em conta o possivel
impacto de custos de outros métodos de imagem que ndo o PET/CT PSMA caso eles nao
tenham sido realizados (Cenario A), caso todos os pacientes tivessem sido submetidos ao
protocolo padrao do Servigo (Cenario B), e o que de fato foi a realidade da amostra (Cenario
C). Todos os outros custos em ambas as estratégias (antes e apds o PET/CT PSMA) foram
preservados entre os 3 cenarios (i.e, custos relacionados a intengao inicial de tratamento
antes do PET/CT PSMA, custos relacionados a intencao de tratamento apds o PET/CT PSMA;

e custos relacionados ao PET/CT PSMA propriamente dito).
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5.4 ANALISE ESTATISTICA

Em cada cenario, as diferengcas de custo (antes e apdés o PET/CT PSMA) foram
calculadas para todos os pacientes. Visto que o Teste de Shapiro-Wilk rejeitou a normalidade
de distribuicdo para estas diferencas de custo, o Teste do Sinal foi escolhido para a analise
estatistica. Para cada um dos 3 cenarios, os resultados sao apresentados como mediana (p25;
p75) de custos para cada uma das 2 estratégias (antes e apdés o PET/CT PSMA). O impacto
do PET/CT PSMA na intencdo de tratamento esta apresentado na secao de Resultados. A
mudanc¢a no manejo terapéutico foi comparada antes e apdés o PET/CT PSMA utilizando o
Teste de McNemar, analisando as propor¢des dos pacientes alocados para terapia de resgate
ou sistémica em cada estratégia. O impacto foi considerado positivo quando houve divergéncia
entre as intengdes de tratamento antes e apos o PET/CT PSMA.

Todas as analises estatisticas foram realizadas utilizando o programa Stata versdo 15.0

(StataCorp, College Station, TX, USA) e o nivel de significancia foi definido como p < 0,05.
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6 RESULTADOS

A idade média dos 59 pacientes foi de 65,9 anos. O PET/CT PSMA foi considerado
positivo (i.e, foi capaz de identificar ao menos um local de doenga com expressao de PSMA)
em 38 dos 59 pacientes (64,4%). Este resultado foi similar a taxa de positividade encontrada
no estudo multicéntrico da IAEA (65,1%).

Ao todo, 44 pacientes haviam sido submetidos a prostatectomia como tratamento
primario (74,6%) e 15 haviam sido submetidos a radioterapia (25,4%). Com relagédo ao Escore
de Gleason (EG), esta foi a distribuicdo da amostra: EG7: 39 pacientes (66,1%), EG8: 10
(16,9%); EG9: 9 (15,2%); EG10: 1 (1,7%). O nivel médio do PSA a época de realizagdo do
PET/CT PSMA (duas semanas para mais ou para menos) foi de 1,7 ng/mL (0,4 - 8,2). O
tempo médio de duplicagdo do PSA foi de 11,2 meses. O tempo médio de acompanhamento
foi de 13,4 meses (6,0 - 29,0).

O PET/CT PSMA apresentou impacto na intencao de tratamento em 36 pacientes (61%;
no estudo da IAEA: 56,8%). Anteriormente a obtengédo da informagéo do PET/CT PSMA, a
terapia de resgate (i.e, com intengcao curativa) era a intencao de tratamento favorecida para
manejo da recidiva bioquimica, informada para 45 pacientes (76,3%), sendo 29 através de
radioterapia, 11 através de radioterapia combinada a terapia anti-androgénica, 3 por
linfadenectomia e 2 por prostatectomia. Terapia sistémica (i.e, paliativa) era o plano indicado
para os outros 14 pacientes (23,7%).

Apds o PET/CT PSMA, esta escala se inverteu. A terapia sistémica se tornou a intengéo
de tratamento prevalente, sendo escolhida para 32 pacientes (54,2%), contra terapia de
resgate para os 27 remanescentes (45,8%) (Figuras 2 e 3). Entre estes 27, nenhum teve
cirurgia indicada como nova intencdo de tratamento, seja por prostatectomia ou
linfadenectomia (contra 5 pacientes para os quais cirurgia com inten¢cdo curativa era o

tratamento proposto antes do PET/CT PSMA: 3 por linfadenectomia e 2 por prostatectomia).
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As tabelas a seguir ilustram a distribuicdo das inten¢des de tratamento antes e apds a

realizacao do PET/CT PSMA:

TABELA 1 - INTENCAO DE TRATAMENTO ANTES E APOS O PET/CT PSMA

(terapia sistémica) - SRV

ANTES DO APOS O

INTENGAO DE PET/CT PSMA PET/CT PSMA valor de p

TRATAMENTO n=59 n=59
Prostatectomia 2 (3,4%) 0 =0,15
(terapia de resgate) - RP
Linfadenectomia 3 (5,1%) 0 =0,08
(terapia de resgate) - LNP
Radioterapia exclusiva 29 (49,1%) 13 (22,0%) <0,001
(terapia de resgate) - RT
RT + ADT 11 (18,6%) 14 (23,7%) =0,08
(terapia de resgate)
Terapia antiandrogénica 12 (20,3%) 23 (39,0%) <0,05
(terapia sistémica) - ADT
Quimioterapia 1(1,7%) 2 (3,4%) =0,3
(terapia sistémica) - QT
Orquiectomia bilateral 1(1,7%) 2 (3,4%) =0,3
(terapia sistémica) - ORC
Vigilancia ativa 0 5 (8,5%) <0,05

TABELA 2: INTENCAO DE TRATAMENTO POR CATEGORIA - ANTES E APOS O

PET/CT PSMA

(n=59)

INTENGAO DE TRATAMENTO

ANTES DO PET/CT PSMA

APOS O PET/CT PSMA

Terapia de resgate

45 (76,3%)

27 (45,8%)

Terapia sistémica

14 (23,7%)

32 (54,2%)

p<0,001




26

100%

75%

54.20%

50%

Proporgao de terapia sistémica

23.70%

25%

0%
Antes do PET/CT PSMA Apds o PET/CT PSMA

Figura 2: Proporcao de pacientes com intencdo de terapia sistémica antes e apés a

realizagcao do PET/CT PSMA.
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Figura 3: Diagramas de Sankey ilustrando o impacto do PET/CT PSMA no manejo
terapéutico por categoria (resgate e sistémico) e pormenorizado por modalidade de

tratamento.
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6N

Figura 4: Exemplo ilustrativo do impacto do PET/CT PSMA no manejo terapéutico. A:
Reconstrucao PET 3D MIP; B: Tomografia computadorizada (CT); C: Imagens de fusao
PET/CT. Embora a avaliagao por CT seja capaz de identificar o acometimento neoplasico
secundario em linfonodos iliacos internos a esquerda devido a suas grandes
dimensbes (marcador verde), com base apenas neste achado o paciente seria
classificado como N1M0 (acometimento em linfonodos regionais e sem metastases a
distancia), e portanto candidato a terapia de resgate (com intengao curativa). Contudo, o
PET/CT PSMA identificou acometimento também em linfonodos iliacos comuns a

esquerda, baseado apenas na alta expressdao do PSMA (marcadores amarelos em A e
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C), uma vez que as dimensdes e contornos destes linfonodos estido preservados
(marcador amarelo em B), e portanto nao seriam considerados como acometidos com
base apenas nos critérios morfolégicos da CT. O acometimento desta cadeia linfonodal
revelado pelo PET/CT PSMA é considerado nao-regional (M1), determinando portanto

alteracao da intencao terapéutica para tratamento sistémico (paliativo).

Apoés a analise do impacto do PET/CT PSMA nas inten¢des de tratamento, seguimos
com a avaliagao dos resultados em relagdo aos custos envolvidos. Em todos os 3 cenarios, a
estratégia “apés o PET/CT PSMA” apresentou maiores custos em comparacao a estratégia
‘antes do PET/CT PSMA” (Tabela 3), com a maior diferenga de custo entre as duas
estratégias observada no Cenario A (US$ 1087,35) e menor no Cenarios B (US$ 992,17), o
que se traduz em uma diferenga média de US$ 95,18 entre os dois cenarios (representando
de forma esperada o custo exato da realizagao dos exames de imagem de cintilografia 6ssea
+ ressonancia magnética da pelve anteriormente ao PET/CT PSMA, conforme protocolo

padrao do Servigo, que € o fator distinto entre estes 2 cenarios).
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Abstract

Purpose: To compare costs between strategies prior to and after *Ga-PSMA PET/CT for the
Brazilian Unified Healthcare System (SUS) and its impact on therapeutic management.

Methods: The referring physicians were surveyed on their treatment intentions under two different
strategies: prior to and after PSMA PET/CT. Cost comparison results are presented as costs median
(p25; p75) for each of the 2 strategies. The shift on therapeutic management was compared prior to and
after PSMA PET/CT performance using McNemar's statistical test.

Resuits: The sample studied included 59 patients (mean age: 65.9 years). PSMA PET/CT was
considered positive in 38 out of 59 patients (64.4%). Accordingly, PSMA PET/CT impacted on the
treatment intention for 36 patients (61%). Prior to obtaining PSMA PET/CT information, salvage therapy
(i.e, with curative intent) was the intended treatment for most patients, and afterwards this was
significantly reduced (76.3% vs 45.8%, p < 0.001). In contrast, systemic therapy (i.e., palliative) increased
as the treatment intention after PSMA PET/CT information (23.7% vs 54.2% for prior and after PSMA
PET/CT respectively; p < 0.001). The “after PSMA PET/CT" strategy presented higher overall costs than
the “prior to PSMA PET/CT" strategy in all compared scenarios, with the maximum of $ 1087.35 cost
difference and the minimum of $ 992.17. In all scenarios, nearly half of this cost difference was related to
the PSMA PET/CT costs themselves, and half to the new treatment choices that stem from PSMA
PET/CT information.

Conclusion: Providing PSMA PET/CT to SUS patients presented higher costs when compared to
conventional imaging methods. Adding PSMA PET/CT to the workflow had an impact on therapeutic
management, mainly representing a shift from futile curative treatments to systemic palliative ones.
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INTRODUCTION

Prostate cancer is the most common neoplasm in Brazil's male population (with the exception of
non-melanoma skin cancer). Around 65,840 new cases are estimated for each year of the 2020-2022
triennium, an approximate risk of 62.95 new cases per 100,000 men, with approximately 3,560 cases
expected in the state of Parana alone [1].

After initial diagnosis and staging according to prostate cancer risk groups, most patients will

receive treatment with curative intent. In general, this initial treatment can be carried out in two main
ways: surgery or radiotherapy. Over time, about 27 to 53% of patients treated primarily with curative intent
will progress to biochemical recurrence, which corresponds to the detection of residual or recurrent
disease through PSA (prostate specific antigen) elevation in serial blood assessments, preceding the
appearance of clinical or imaging manifestations of viable disease [2]. Variations exists in medical
literature regarding biochemical recurrence definition, being the most used (including the Brazilian
Ministry of Health) the one considering two consecutive serum PSA measurements of 0.2 ng/mL for
patients who underwent surgery, or an increase in serum PSA of 2 ng/mL above the nadir for those who
underwent radiotherapy [3,4].

The detection of biochemical recurrence translates into clinical practice into high suspicion of
viable disease, and detailed patient assessment through clinical examination and imaging methods are
mandatory, since some cases might still enable a second curative approach (salvage therapy). Thus, the
main challenge in this context is to clarify whether the progressive increase in PSA reflects local, regional,

and/or distant disease.

68Ga-PSMA PET/CT (henceforth referred to only as PSMA PET/CT) is an imaging method
developed in the last decade, based on the intravenous administration of a radiotracer that binds to
PSMA (Prostate Specific Membrane Antigen) molecules, which are highly expressed on the surface of
prostate tumor cells [5-8]. In a single hybrid PET/CT equipment, two sets of images are acquired for each
patient: 1) PET images, which illustrate how the radiotracer was absorbed throughout the body; and 2) CT

images, which provide highly detailed anatomical information. Several clinical trials have established the
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high sensitivity and specificity of PSMA PET/CT, especially in the setting of biochemical recurrence [9-16],
which led to its adoption as imaging method of choice by the main international protocols and guidelines,
such as those from the European Association of Nuclear Medicine, Society of Nuclear Medicine and
Molecular Imaging, European Association of Urology (EAU) and National Comprehensive Cancer

Network (NCCN) [17-19].

However, the financial and technological realities of most developing countries, including Brazil,
do not yet allow to strictly follow this recommendation, due to the high cost and low availability of PSMA
PET/CT compared to other methods. For the technology to be incorporated into the public healthcare
system (SUS), studies of its economic impact are necessary to define the relationship between

technology-related expenses and their actual impact on health [20].

The present study is primarily a cost comparison analysis between strategies prior to and after
PSMA PET/CT in the workup of 59 prostate cancer patients with biochemical recurrence from the SUS
cohort. As a secondary objective, PSMA PET/CT impact on therapeutical management was also
accessed. This analysis might provide valuable information for the development of cost-effective

estimations in the future.

MATERIALS AND METHODS

Patients

The cohort from our study stems from a recently published international multicentric study
promoted by the International Atomic Energy Agency (IAEA), which enrolled over a thousand patients
worldwide [21]. The goal of this primary study was to evaluate PSMA PET/CT performance in the
biochemical recurrence setting among 15 countries around the globe. From the 165-patient cohort from

Brazil, 59 were from the public healthcare system, Sistema Unico de Satide SUS, presently studied. All
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59 patients were evaluated and followed at the Hospital Erasto Gaertner (Curitiba, Brazil), and all
underwent PSMA PET/CT in the same private diagnostic imaging clinic.
All patients met the criteria of biochemical recurrence after primary treatment with curative intent,

were submitted to PSMA PET/CT, and had at least a 6-month period of follow-up. Inclusion criteria were:

a) age > 18 years;

b) histologically proven prostate adenocarcinoma;

¢) previous treatment with curative intent (radical prostatectomy or radiotherapy);

d) biochemical recurrence defined as an increase in serum PSA above 0.2 ng/mL confirmed in 2
consecutive measurements (for patients after radical prostatectomy), or as an absolute increase
in serum PSA of 2 ng/mL above the nadir (for patients after radiotherapy);

e) patients with PSA between 4 and 10 were considered eligible only if conventional imaging
methods (computed tomography and bone scintigraphy) were negative;

f) signed consent form.

Exclusion criteria were:
a) history of another cancer;
b) history of Paget's disease;

c) patients with biochemical recurrence and PSA 2 10 ng/mL.

The investigators’ committee responsible for the multicentric study designed a standardized data
collection form, which was completed for each patient (appendix 1 on Supplemental material). These
forms were filled out in a multidisciplinary manner, by the assistant medical team (urologists and
oncologists) and the imaging team (radiologists and nuclear physicians), and were later reviewed by the
principal investigators from each center prior to submission to the IAEA. All participating centers obtained

approval from the local ethics committees.
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Data

Since the forms from the multicentric IAEA study contained multiple information for each patient,
we must highlight what was ultimately used in our analysis. The objective was to compare costs between
two strategies: prior to and after PSMA PET/CT (Figure 1). The first strategy, “prior to PSMA PET/CT”,

included the following costs:

a) Imaging methods prior to PSMA PET/CT costs: these are the costs related to traditional
imaging methods that may have been performed: bone scintigraphy ($39.54), pelvic MRI
($55.64), abdominal computerized tomography ($28.65) and/or transrectal ultrasound ($19.12).
This information was handled differently in 3 distinct scenarios, which will be later further

explained.

b) Initial intended treatment costs prediction: these are the costs related to therapies to which the
patients would have been submitted if the information provided by PSMA PET/CT was
non-existent. Informing the intended treatment intention prior to PSMA PET/CT was requested in

the standard data collection forms.

The second strategy, “after PSMA PET/CT”, included the following costs:

a) PSMA PET/CT related costs (radiotracer production, machinery, personnel, etc).

b) Treatment intention after PSMA PET/CT costs: these are the costs related to the new therapies
to which the patients will be submitted by decision of the assistant medical team after PSMA

PET/CT information.
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Except for the PSMA PET/CT costs (which were obtained by consulting the financial sector of the
private imaging clinic which performed the scans, estimated to be $524.19), all other costs were
obtained from the perspective of the public healthcare system as payer, accessing the SUS
reimbursement list on SIGTAP-DATASUS platform. SIGTAP-DATASUS is a Brazilian government online
and open access system, which contains the official fees and conditions list for all procedures and
medications offered by the SUS [22]. The costs were estimated considering a 24-month period, with the

medical assistants’ team guidance about which costs to be considered.

Other imaging methods prior
to PSMA PET/CT?

+

| SscenarioA }7 None

+ Initial treatment
| Scenario B (bosumdard protocol

ne scan + pelvic MRI) costs prediction
. (prior to PSMA)
- Strategy +
prior to PSMA | scenarioc | —— Reality
Cost %
comparison
+ Treatment
L Strategy PSMA PET/CT intention
after PSMA related costs costs after

PSMA PET/CT

Fig.1 Cost-comparison study design diagram.

For both strategies, the treatment intentions were divided in two broad groups: salvage and
systemic (i.e, curative and palliative, respectively), with 4 salvage therapy options: radical prostatectomy
(RP; $134.06), pelvic lymphadenectomy (LNP; $901.84), exclusive radiotherapy (RT, $1224.41) and
combined radiotherapy and anti-androgenic therapy (RT+ADT, $4871.79); and 4 systemic therapy

options: anti-androgenic therapy (ADT, $3647.38), chemotherapy (QT; $160.62), bilateral orchiectomy
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(ORC; $105.04) and active surveillance (SRV; $157.30). All the costs related to the treatment intentions

and imaging methods are detailed in Supplemental material tables 1 and 2.

Cost comparison analysis

In order to facilitate peer review, all costs are presented in U.S. dollars. The conversion from the
original currency (Brazilian Real) was made upon the mean exchange rate from the 3 years of the study
(2019 - 2021), resulting in 1 U.S. dollar being equal to 4.83 Brazilian reais, according to official data from
the Brazilian government [23]. The costs prior to and after PSMA PET/CT performance were tabulated
for each individual patient (Supplemental material table 3). In the “prior to PSMA PET/CT" strategy,
three distinct cost scenarios were created and compared. The difference between the 3 scenarios was
regarding the costs related to eventual imaging methods performed prior to PSMA PET/CT.

In Scenario A, no imaging method costs prior to PSMA PET/CT were taken into account, as if
PSMA PET/CT had been the first imaging study performed. In Scenario B, all patients were accounted
for as having been submitted to bone scintigraphy + pelvic MRI, which is the service standard protocol in
biochemical recurrence cases. In Scenario C, the costs reflected the real imaging methods to which
each patient was submitted, which turned out to be quite heterogeneous.

The reasoning behind creating these 3 scenarios was to account for the possible cost impact of
imaging methods other than PSMA PET/CT if they were not performed at all (Scenario A), if all patients
were submitted to the service standard protocol (Scenario B), and to the reality of our cohort (Scenario
C). All other costs in both strategies (prior to and after PSMA PET/CT performance) were preserved
between the 3 scenarios (i.e., costs related to the initial treatment intention prior to PSMA PET/CT, costs

related to the treatment intention after PSMA PET/CT, and costs related to PSMA PET/CT imaging).




38

Statistical Analysis

In each scenario, the cost differences (prior to and after PSMA PET/CT performance) were
calculated for all patients. Since the Shapiro-Wilk test rejected normal distribution for these cost
differences, the Sign test was chosen for statistical analysis. For each of the 3 scenarios, results are
presented as costs median (p25; p75) for each of the 2 strategies (prior to and after PSMA PET/CT).
PSMA PET/CT treatment intention impact is presented in the Results. Impact was considered positive
when the treatment intention prior to and after PSMA PET/CT information differed. The shift on
therapeutic management between the salvage and systemic categories was compared prior to and after
PSMA PET/CT performance using McNemar test.

All statistical analyses were performed using Stata version 15.0 (StataCorp, College Station, TX,

USA) and the level of significance was defined as p < 0.05.

RESULTS

Mean age of the 59 patients was 65.9 years (SD: 7.68). PSMA PET/CT was considered positive
(i.e., was able to identify at least one suspected site of disease with PSMA expression) in 38 out of 59
patients (64.4%). This was similar to the resulting positivity rate from the IAEA multicentric study
(65.1%).

Overall, 44 patients had been submitted to prostatectomy as primary treatment (74.6%) and 15
had been submitted to radiotherapy (25.4%). This Brazilian cohort’s grades of Gleason Score (GS) at
prostate biopsy presented the following distribution: GS7: 39 patients (66.1%), GS8: 10 (16.9%); GS9: 9
(15.2%); GS10: 1 (1.7%). Average PSA level at the time of PSMA PET/CT performance (from 2 weeks
before up to 2 weeks after the scan) was 1.7 ng/mL (0.4 - 8.2). Mean PSA doubling time was 11.2
months (SD: 8.94). These patients were followed-up during 13.4 months, on average, ranging from 6.0

to 29.0 months.
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PSMA PET/CT had an effective impact on treatment intention for 36 patients (61%; comparable
to the rate of changes observed in the overall IAEA study: 56.8%). A priori salvage therapy was the
informed treatment intention for 45 patients (76.3%), being 29 through radiotherapy, 11 through
combined radiotherapy and anti-androgenic therapy, 3 through lymphadenectomy and 2 through
prostatectomy. Systemic therapy (i.e., palliative) was the indicated plan for the other 14 patients (23.7%).

After PSMA PETI/CT results, this scale was shifted. Systemic therapy became the most prevalent
treatment intention, being chosen for 32 patients (54.2%), versus salvage therapy being chosen for the
remaining 27 (45.8%) (Figure 2). Among these 27 patients, none had surgery (whether by prostatectomy
or lymphadenectomy) indicated as the new intended treatment, in contrast to 5 patients for whom
surgery with curative intent was proposed before PSMA PET/CT. 3 lymphadenectomies and 2
prostatectomies.

The tables 1 and 2 illustrate the distribution of the treatment intentions prior to and after PSMA

PET/CT performance:
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TABLE 1 - TREATMENT INTENTION PRIOR TO AND AFTER PSMA PET/CT

(systemic therapy) -
SRV

PRIOCR TO AFTER
TREATMENT PSMA PET/CT PSMA PET/CT p value
INTENTION n=59 n=59
Prostatectomy 2 (3.4%) 0 =0.15
(salvage therapy) - RP
Lymphadenectomy 3(5.1%) 0 =0.08
(salvage therapy) -
LNP
Exclusive radiotherapy 29 (49.1%) 13 (22.0%) <0.001
(salvage therapy) - RT
RT + ADT 11 (18.6%) 14 (23.7%) =0.08
(salvage therapy)
Anti-androgenic therapy 12 (20.3%) 23 (39.0%) <0.05
(systemic therapy) -
ADT
Chemotherapy 1(1.7%) 2 (3.4%) =0.3
(systemic therapy) -
QT
Bilateral orchiectomy 1(1.7%) 2 (3.4%) =0.3
(systemic therapy) -
ORC
Active surveillance 0 5 (8.5%) <0.05

TABLE 2 - TREATMENT INTENTION CATEGORY PRIOR TO AND AFTER PSMA PET/CT

Systemic therapy

14 (23.7%)

32 (54.2%)

TREATMENT PRIOR TO PSMA AFTER PSMA PET/CT p value
INTENTION PET/CT n=59
n=59
Salvage therapy 45 (76.3%) 27 (45.8%)
p<0.001

1
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Fig.2 Proportion of patients with systemic therapy intention prior to and after PSMA PET/CT

performance.
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Following analysis of PSMA PET/CT impact on treatment intentions, we proceeded to evaluate
the results regarding the costs involved. In all 3 scenarios, the “after PSMA PET/CT” strategy presented
higher overall costs compared to the “prior to PSMA PET/CT" strategy (Table 3), with the highest cost
difference between the two strategies observed on Scenario A ($ 1087.35), and the lowest on Scenario
B ($ 992.17), which stands as a $ 95.18 mean difference between both scenarios (expectedly
representing the exact cost of performing the service standard protocol of bone scintigraphy + pelvic MRI

prior to PSMA PET/CT per patient, which is the actual distinctive factor between these 2 scenarios).

DISCUSSION

PSMA PET/CT is an established imaging method in the management of patients with prostate
cancer. Over time, indications for PSMA PET/CT have grown. First in biochemical recurrence, then in
initial staging of intermediate and high-risk disease and last in the treatment of advanced disease
[24-26]. In addition, new randomized trials with new hormonal agents are being designed with innovative
primary endpoints based on PET PSMA/CT [27]. In the near future, it may be imperative that new
imaging modalities become part of health public practice. Due to its high cost, its adoption in Brazil still
lacks feasibility studies.

This first experience of performing PSMA PET/CT for Brazilian public healthcare system patients
with prostate cancer biochemical recurrence revealed at least 3 important pieces of information.

First, the method presented a significant impact on therapeutic management, as was observed
worldwide [21]. More than half of all patients (61%) had their treatment intention altered because of the
information provided by PSMA PET/CT, which was similar to the impact rate found in the IAEA
multicentric study (56.8%). Overall, this impact was mainly observed as a shift trend from salvage
therapy to systemic therapy, which happened in 18 of the 59 patients (30.5%). Since this represents
choosing not to administer a potentially curative treatment, it seems that, for these patients, PSMA

PET/CT revealed disease extension to be greater than what was thought based on conventional imaging

13
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methods and clinical data. Hence, in these particular cases, it means that PSMA PET/CT information
enabled to avoid treatments with curative intent which would actually have been futile and poorly
indicated, including 5 surgical procedures (2 prostatectomies and 3 lymphadenectomies), that were
ultimately substituted by systemic therapy.

Second, adding PSMA PET/CT to the workflow brought higher costs in comparison to the
strategy without the method. This was expected, since the technology is still quite expensive, relying on
imported supplies and demanding high-cost facilities and personnel. In contrast to PSMA PET/CT
related costs found in medical literature [28], its cost in Brazil in our experience ($524.19) seems to be
lower in comparison to developed countries such as Switzerland ($2737.88), Israel ($1801.85), Denmark
($1387.90) and Australia ($680.27). This could be explained by the overall lower supply costs in a
country with lower comparative income such as Brazil, although we refrain from further speculation in our
analysis.

Third, and perhaps more interestingly, this higher cost observed in the “after PSMA PET/CT”
strategy cannot be solely explained by the costs involved with performing the exam. In fact, PSMA
PET/CT imaging costs ($524.19) appear to represent only about half of the cost difference of not
performing it, since the mean cost difference between the 2 strategies in the 3 scenarios was equivalent
to $1,028.32.

This implies that the other half of these cost differences (of performing PSMA PET/CT or not)
comes from the shift in the therapeutic management itself. Since we have already pointed out the shift
trend from salvage to systemic therapy brought out by PSMA PET/CT information, one can assume that
lowering the salvage treatment intention rate and increasing the systemic treatment intention rate entails
higher costs, at least from our study narrow time window (costs estimated for 24 months).

The Brazilian SUS cohort’s grades of Gleason Score (GS) at prostate biopsy, average PSA level
and mean PSA doubling time were comparable to the overall distribution in the IAEA study. The Brazilian
SUS cohort’s grades of Gleason Score (GS) were distributed as: GS7: 39 patients (66.1%; |IAEA: 61.1%),
GS8: 10 (16.9%; IAEA: 19.5%); GS9: 9 (15.2%; IAEA: 17.9%); GS10: 1 (1.7%; IAEA: 1.5%); average

PSA level at the time of PSMA PET/CT performance was 1.7 ng/mL (0.4 - 8.2), same as in the IAEA
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study (0.1-9.9); and mean PSA doubling time was 11.2 months (SD: 8.94), also similar to the |IAEA study:
11.18 months (SD: 13.15).

However, we must remember that this treatment intention change actually represents avoiding
curative therapies that would have been futile, and were ultimately not performed because PSMA PET/CT
allowed for a better understanding of the real disease burden. Thus, another hypothesis comes to mind:
perhaps, from our narrow time window perspective, these higher costs in the “after PSMA PET/CT"
strategy actually represent an “anticipation of expenditures”. The reasoning behind this is that these
higher costs presented themselves only after futile curative treatments were avoided, and to a great
extent (35.6%). Therefore, we highlight the necessity of similar studies, but with broader time windows,
hypothesizing that, in the long run, the economic savings of not performing PSMA PET/CT early in the
workflow could possibly be outweighed in the future by the costs of performing futile curative treatments,
and later also by the costs of the systemic therapies to which these patients would end up being
submitted to anyway.

Although we tried to approach the costs involved in each component of the study in great detail
(Supplemental material table 1), the impossibility of actually gathering every conceivable cost must be
highlighted as a limitation to our study, especially regarding costs related to complications from the
therapies (and also from the imaging methods, to a lesser extent). Unfortunately this information was not
available in a consistent manner in our data. Another limitation, already mentioned, was our narrow time

window, which did not allow for more robust ascertainments regarding the cost differences.
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TABLE 3: COSTS PRIOR TO AND AFTER PSMA PET/CT FOR EACH SCENARIO

Prior to PSMA After PSMA
Mean Mean Diff. p value
Median Median
(p25; p75) (p25; p75)
Scenario A $230.69 $339.43
$122.44 $417.18 $1,087.35 <0.001
(122.44; 364.76)  (174.86; 417.18)
Scenario B $240.21 $339.43
$131.96 $417.18 $992.17 <0.001
(131.96; 374.28) (174.86; 417.18)
Scenario C $238.88 $339.43
$134.82 $417.18 $1,005.45 <0.001
(122.44; 170.10) (174.86; 417.18)

Note: In the “prior to PSMA PET/CT” strategy, 3 distinct cost scenarios were created and compared. The
difference between the 3 scenarios was regarding the costs related to eventual imaging methods
performed prior to PSMA PET/CT. In Scenario A, no imaging method costs prior to PSMA PET/CT were
taken into account, as if PSMA PET/CT had been the first imaging study performed. In Scenario B, all
patients were accounted for as having been submitted to bone scintigraphy + pelvic MRI, which is the
service standard protocol in biochemical recurrence cases. In Scenario C, the costs reflected the actual

imaging methods to which each patient was submitted.
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CONCLUSION

Providing PSMA PET/CT to Brazilian Unified Healthcare System (SUS) patients presented higher

costs when compared to conventional imaging methods. Adding PSMA PET/CT to the workflow had an

impact on therapeutic management, mainly representing a shift from futile curative treatments to systemic

palliative ones.
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SUPPLEMENTAL MATERIALS

All the costs related to the treatment intentions and imaging methods are detailed in
Supplemental material tables 1 and 2. The costs prior to and after PSMA PET/CT performance were
tabulated for each individual patient in Supplemental material table 3. The standardized data collection
form complete for each patient is available in Supplemental material appendix 1.

Additionally, a filled “STROBE Criteria” checklist for cohort studies is supplied.
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8 CONSIDERAGOES GERAIS

O PET/CT é um método de imagem ja estabelecido no manejo de pacientes com cancer
de prostata, com o espectro de indicagcdbes em crescimento. Foi primeiro estabelecido
especialmente no cenario de recidiva bioquimica, e entdo no estadiamento inicial da doenca
de risco intermediario / alto, e por ultimo na avaliagdo do tratamento da doenga avangada
(28-30). Além disso, novos ensaios randomizados com agentes hormonais estdo sendo
desenhados com desfechos primarios inovadores baseados no PET/CT PSMA (31). No futuro
préoximo, talvez se torne imperativa a adogédo de novos métodos de imagem na pratica de
saude publica. Devido ao alto custo, a adogdo do método no Brasil ainda carece de estudos
de viabilidade, para esclarecer sua adequacéao na realidade do pais.

Conforme a revisao da literatura, esta € uma das primeiras experiéncias de realizagao
do PET/CT PSMA no SUS para pacientes com recidiva bioquimica de cancer de prostata,
tendo sido atingido o objetivo proposto de comparar custos entre as estratégias antes e apds a
adocgao do método, revelando ao menos 3 importantes pecas de informacéao.

Primeiro, o método apresentou um impacto significativo no manejo terapéutico, como foi
observado a nivel global (25). Mais da metade de todos os pacientes (61%) tiveram suas
intengdes de tratamento alteradas devido a informagéo fornecida pelo PET/CT PSMA, que foi
similar a taxa de impacto encontrada no estudo multicéntrico da IAEA (56,8%). Ao todo, este
impacto foi observado principalmente como uma tendéncia de mudanca da terapia de resgate
para a terapia sistémica, que ocorreu em 18 dos 59 pacientes (30,5%). Visto que isto
representa uma escolha de nao administrar um tratamento potencialmente curativo, ha a
impressao que, para estes pacientes, o PET/CT PSMA revelou extensdes de doenga maiores
do que previamente imaginadas, baseado em outros métodos de imagem e nos dados clinicos

disponiveis. Assim, nestes casos em particular, se presume que a informacdo do PET/CT
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PSMA permitiu evitar tratamentos com intencdo curativa que teriam na verdade sido futeis e
mal-indicados, incluindo 5 procedimentos cirurgicos (2 prostatectomias e 3 linfadenectomias),
que acabaram substituidos pela terapia sistémica.

Segundo, adicionar o PET/CT PSMA ao manejo clinico trouxe maiores custos em
comparacao a estratégia sem o método. Isto era esperado, tendo em vista que esta tecnologia
ainda é cara, dependendo de insumos importados e demandando mao-de-obra e instalacbes
de alto custo. Em contraste com os custos do PET/CT PSMA encontrados na literatura médica
(24), seus custos no Brasil em nossa experiéncia (US$524,19) parecem menores em
comparagéo aos de paises desenvolvidos como a Suica (US$2737,88), Israel (US$1801,85),
Dinamarca (US$1387,90) e Australia (US$680,27). Isto poderia ser explicado pelos menores
custos de insumos em geral em um pais de menor renda como o Brasil, porém nos abstemos
de especulagdes de maior profundidade em nossa analise.

Terceiro, e talvez mais interessante, o maior custo observado na estratégia “apds o
PET/CT PSMA” nao pode ser totalmente explicado pelos custos envolvidos com a realizagao
do exame. Na realidade, os custos relacionados ao PET/CT PSMA (US$524,19) parecem
representar apenas cerca de metade da diferenca de custos em relacdo a nao realiza-lo, visto
que a diferenca de custo média entre as 2 estratégias nos 3 cenarios foi equivalente a
US$1.028,32.

Isso implica que a outra metade destas diferencas de custos (de realizar ou ndo o
PET/CT PSMA) vem da prépria mudanga nas intengdes de tratamento. Tendo em vista a ja
descrita tendéncia de mudancga da terapia de resgate para a terapia sistémica advinda das
informacdes do PET/CT PSMA, se pode assumir que reduzir a taxa de intencao de terapia de
resgate e aumentar a taxa de intencdo de terapia sistémica acarreta maiores custos, pelo
menos da estreita janela temporal de analise do nosso estudo (custos estimados para 24

meses).
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Para a amostra brasileira analisada, os graus do Escore de Gleason (GS) a bidpsia de
préstata, nivel médio do PSA e tempo médio de duplicacdao do PSA, foram comparaveis a
distribuicao geral do estudo multicéntrico da IAEA. Os graus do Escore de Gleason (GS) da
amostra brasileira foram distribuidos como: GS7: 39 pacientes (66,1%; IAEA: 61,1%); GS8: 10
(16,9%; IAEA: 19,5%); GS9: 9 (15,2%; IAEA: 17,9%); GS10: 1 (1,7%; IAEA: 1,5%); o nivel
médio do PSA ao momento de realizacdo do PET/CT PSMA foi de 1,7 ng/mL (0,4 - 8,2),
semelhante em relagdo ao estudo da IAEA (0,1 - 9,9); e o tempo médio de duplicagcao do PSA
foi de 11,2 meses (DP: 8,94), também similar ao estudo da IAEA: 11,18 meses (DP: 13,15).

Contudo, devemos lembrar que esta mudanga na intengao de tratamento na verdade
representa uma precaucao de terapias curativas que teriam sido futeis, e que deixaram de ser
administradas pela informacao do PET/CT PSMA ter permitido melhor compreensao das reais
cargas de doenca. Assim, uma proxima hipotese vem a mente: é possivel que, do ponto de
vista de nossa estreita janela temporal, estes altos custos da estratégia “apés o PET/CT
PSMA” na verdade representam uma “antecipagcado de gastos”. Este raciocinio presume que
estes maiores custos se apresentaram apenas apds as terapias curativas futeis terem sido
evitadas, o que de fato ocorreu, e de maneira expressiva (30,5% dos pacientes).

Portanto, ressaltamos a necessidade de estudos similares, porém com janelas
temporais maiores, hipotetizando que, a longo prazo, a economia gerada ao se optar pela
nao-realizacdo do PET/CT PSMA de modo precoce no manejo clinico poderia possivelmente
ser suplantada no futuro pelos custos de administrar terapias com intencao curativa futeis, e
mais tarde também pelos custos das terapias sistémicas paliativas as quais esses pacientes
iriam acabar sendo submetidos de qualquer forma. De preferéncia, o desenho de estudos
futuros no modelo de analise de custo-efetividade pode ser particularmente util da perspectiva
de suprir o requerimento deste formato para avaliagcdo formal de adogdo do método na saude

publica.
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Embora tenhamos tentado abordar os custos envolvidos em cada componente do
estudo de forma detalhada (Apéndice 1), a impossibilidade de analisar absolutamente todo
custo possivel deve ser ressaltada como uma limitacdo do estudo, especialmente com relagéo
aos custos de eventuais complicagdes das terapias (e também dos métodos de imagem, em
menor extensdo). Infelizmente, esta informacdo nao era disponivel de forma consistente em
nossos dados. Além disso, houve a limitacdo da comparagao entre um custo do setor privado
(realizacdo do PET/CT PSMA), com os demais custos advindos do SUS. Outra limitagao, ja
mencionada, foi nossa janela temporal estreita, que n&o permitiu conclusées mais robustas

com relagao as diferencgas de custos.

TABELA 3: CUSTOS ANTES E APOS O PET/CT PSMA PARA CADA CENARIO

Antes do PSMA Apos o PSMA
Média Média Diferenga valor de p
Mediana Mediana
(p25; p75) (p25; p75)
Cenario A US$ 230,69 US$ 339,43
US$ 122,44 US$ 417.18 US$ 1087,35 <0,001
(122,44; 364,76) (174,86; 417,18)
Cenario B US$ 240,21 US$ 339,43
US$ 131,96 US$ 417,18 US$ 992,17 <0,001
(131,96; 374,28) (174,86; 417,18)
Cenario C US$ 238,88 US$ 339,43
US$ 134,82 US$ 417,18 US$ 1005,45 <0,001
(122,44; 170,10) (174,86; 417,18)

Nota: No ‘Cenario A’, nenhum custo relativo a métodos de imagem anteriores ao PET/CT PSMA foram levados em
consideragdo, como se este tivesse sido o primeiro exame de imagem realizado. No ‘Cenario B’, todos os pacientes
foram considerados como tendo sido submetidos a cintilografia 6ssea + ressondncia magnética da pelve, que é o
protocolo padrao estipulado pelo Servigo para investigagdo de casos de recidiva bioquimica. No ‘Cenario C’, os

custos considerados refletem os métodos de imagem aos quais cada paciente foi de fato submetido.
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9 CONCLUSAO

Oferecer o exame de PET/CT PSMA a pacientes do SUS apresentou maiores custos
em comparacdo aos métodos de imagem convencionais. A adigcdo desta tecnologia
determinou impacto no manejo terapéutico destes pacientes, traduzido em uma tendéncia de

substituicdo de tratamentos com intencao curativa flteis por terapias paliativas sistémicas.
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APENDICE 2 - CUSTOS RELACIONADOS AO PET/CT PSMA

CUSTO DOLARES | CUSTO REAIS
Insumos de enfermagem* $10,88 $52,56
Equipamento** $123,47 $596,36
Sintese de 68Ga-PSMA in loco $389,84 $1882,90
Total $524,19 $2531,84

*Insumos de enfermagem incluem itens como seringas, agulhas, bandagens, solugdo salina, medicamentos
(furosemida), contraste iodado, luvas, etc. **Custos de equipamento incluem aqueles relacionados a
aquisicdo e financiamento e também a manutengéo geral.
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APENDICE 3 - CUSTOS ANTES E APOS O PET/CT PSMA TABULADOS PARA
CADA PACIENTE INDIVIDUALMENTE
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APENDICE 4 - FORMULARIO PADRONIZADO DE COLETA DE DADOS

&)
|Version 3 |
Case Report Form

IAEA CRP “Use of PET-CT with Gallium-68 Labelled Prostrate Specific Membrane Antigenin the
Diagnosis and Follow-up of Patientswith Prostate Cancer”

IAEA

International Atemic Energy Agency

(To be completed by the local centre enrolling the patient)

Form completed  (dd/mm/yyyy) | | Today | today
Study O Baseline ) Follow-up
. T— O1 02 03 04 0506 0708 O¢

Q100110 120 130140 15

Patient information

Institution

Select Centre ...

Patient Initials

Age (at the time of the scan)

Weight
Height
Clinical Information
Previous malignancies O No O Yes
If yes, please specify [
Current infectious disease O No O Yes

If yes, please specify

I

ECOG Grade Oo O1 02 O3 O4 Os
TNM
R O Not applicable ) Negative surgical margin () Positive margin

Pathologicaldata
1 Gleason Score

expressed asprimary + secondary GS (e.g. 4+3)

Initial PSA before primary therapy

Radical therapy

O Radical prostatectomy () Primary radiotherapy

Date of diagnosis

(dd/mm/yyyy)

Date of primarytreatment

(dd/mm/yyyy)

Pelvic lymph node dissection

O Nodissection () Pelvic lymph node dissection

during biochemical relapse

performed O Not applicable
RT-Adjuvant O No O Yes
Date RT | (dd/mm/yyyy)
. O Prostatebed O Pelvic lymph nedes () Prostate bed + lymph
Site RT :
nodes O Not applicable
. (O Hormonal therapy after primary treatment withadjuvant intent
ADT Adjuvant O NoADT
Biochemical Relapse Data
Androgen deprivation therapy (ADT) O No O Yes
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PSA Nadir O Lowest PSA after radiotherapy (O Not applicable
On-going ADT O 1 ADT on-going at the time of the scan () No ADT

Salvage therapy

O Salvage RT O Salvage PLND O Other salvage procedures
O No salvage therapyduring BCR

Date of salvage therapy

[ ‘ (dd/mm/yyyy)

Site salvage

Q ProstateBed () Pelvic LNs (O Retroperitonealand distant LNs
(O Prostate Bed + LNs O Other

PSA BCR (ng/mtL)

First PSA level as assessed when BCR occurred

PSA BCR date

(dd/mm/fyyyy)

Time to relapse

(in months)

Testosterone

PSA PET (ng/mL)

At the time of the scan (+-2weeks)

Date of PSA performed for PSM

A-PET (dd/mm/yyyy)

PSA doubling time (in months)

At the time of the scan

PSA Velocity (ng/mi/yr)

At the time of the scan

PSMA PET/CT Results and Findings

Date of PSMA scan | (dd/mm/yyyy)
CT of PET/CT O Low dose () Diagnostic ) CECT
PET results (O Positive for suspected PCa lesions (O) Negative for suspected PCa lesions

PET indeterminate finding

(O Anindeterminate for suspected PCa lesions (O) No indeterminate
PCa lesions

Prostate bed

O Prostate/prostate bed relapse ) No relapse

dlocal Transverse view, dimension of the biggest lesion, e.g.:2 x2cm
SUVmax local Of the lesion with highest uptake

Number of local lesions Select number...

LN local O Pelvic LNs suspected for PCa relapse ) No suspected pelvic LNs

dLN local Transverse view, dimension of the biggest lesion, e.qg.: 2 x2cm
SUVmax LN local Of the lesion with highest uptake

Number of lymph nodes

Select number...

Bone

O Bone lesions O No bone lesions

dbone

Transverse view, dimension of the biggest lesion, e.q.:2 x2cm

SUVmax Bone local

Of the lesion with highest uptake

Bone number lesion

Site of the lesion

Other O No O Lung O Liver O Other

If other, please specify Qo100>10

dother Transverse view, dimension of the biggest lesion, e.g.: 2 x 2
SUVmax other Of the lesion with highest uptake

Doubtful findings O Yes O No

If yes, please specify

Correlative Imaging
MR (O Not performed () Negative scan () Positive scan
cT O Not performed ) Negative scan () Positive scan

If positive scan showed

O Less PCa lesions than PSMS (O Same lesions as PSMA (O More PCa lesions
than PSMA

Bone scan

O Not performed O Negative scan O Positive scan

If positive scan showed

(O Less PCa lesions than PSMS () Same lesions as PSMA () More PCa lesions
than PSMA

TRUS

(O Not performed ) Negative scan () Positive scan
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If positive scan showed

QO Less PCa lesions than PSMS () Same lesions as PSMA (O More PCa lesions
than PSMA

PET Choline

(O Not performed () Negative scan ) Positive scan

If positive scan showed

O Less PCa lesions than PSMS O Same lesions as PSMA (OO More PCa lesions
than PSMA

PET Fluoride

() Not performed () Negative scan () Positive scan

If positive scan showed

O Less PCa lesions than PSMS (O Same lesions as PSMA () More PCa lesions
than PSMA

Intent to Treatment
Salvage Radiotherapy O No O Yes
Site S-RT (site of irradiation) QO Prostatebed O Pelvic LNs (O Prostate bed + Pelvic LNs
Salvage lymphadenectomy O No O Yes
Site S-PLND O Pelvic-LND ) Extended-PLND
Other surgery O No O Yes
If yes, please specify
Chemotherapy O No O Abiraterone () Enzalutamide () Other

If other, please specify

Hormone therapy

O No O Yes

Radio nuclide therapy

O No O 223Ra O 177-lu ) Other Please specify |

Further imaging required

O No O TRUS O ¢ O MR O choline PET () Fluoride PET

Further biopsy required

O No O Yes

If yes, please specify

Follow-up Data

Follow-up

QO Follow-up available O Follow-up not available

Follow-up (months)

months of follow-up after PSMA

PSA during follow-up

report all the PSA values assessed during patient follow-up

Progression QO No O Yes
Date of progression = | (dd/mm/yyyy)
Death O No O Yes
Date of death I__ | (dd/mm/yyyy)

Histology Prostate Bed

QO Histological confirmation of the prostate bed relapse obtained
QO No histological confirmation

Histology LNs

O Histological confirmation of LNs relapse obtained
O No histological confirmation

Histology Bone

Q Histological confirmation of bone lesion obtained
O No histological confirmation

Histology other

O Histological confirmation of other lesion obtained
O No histological confirmation

If other, please specify

MDT

(O Metastasisdirected therapy performed according to PSMA results
O NoMDT

Date of therapy

| (dd/mm/pyyyy)

Salvage Radiotherapy

O No O Yes

Site S-RT (site of irradiation)

QO prostatebed ) Pelvic LNs Q) Prostate bed + Pelvic LNs

Site S-PLND

O Pelvic-LND (O Extended-PLND

Other surgery

QO No O Yes

If other, please specify
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Chemotherapy O nNo O Abiraterone ) Enzalutamide O Other
If other, please specify
Hormone therapy O No O Yes

Radio nuclide therapy

O No O 223Ra O 177-Lu O Other Please specify |

Further imaging required

O nNo O TRUS O cT O MR Q choline PET O Fluoride PET

Further biopsy required

O No O Yes

If yes, please specify

l Validate Data || Submit Data

FOR DMC USE ONLY

Form received : :] (ded/mm/yywy) Comments:
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