UNIVERSIDADE FEDERAL DO RIO GRANDE DO SULLI

PROGRAMA DE POS-GRADUACAO EM CIENCIAS MEDICAS: ENDOCRINOLOGIA

&
UFRGS

UNIVERSIDADE FEDERAL
DO RIO GRANDE DO SUL

Tese de Doutorado

CETOCONAZOL NA DOENCA DE CUSHING

CAMILA VIECCELI

Porto Alegre, agosto de 2022



UNIVERSIDADE FEDERAL DO RIO GRANDE DO SULLI

PROGRAMA DE POS-GRADUACAO EM CIENCIAS MEDICAS: ENDOCRINOLOGIA

$
UFRGS

UNIVERSIDADE FEDERAL
DO RIO GRANDE DO SUL

Tese de Doutorado
CETOCONAZOL NA DOENCA DE CUSHING

CAMILA VIECCELI

Tese apresentada como requisito parcial
para a obtencéo do titulo de Doutor em
Endocrinologia, & Universidade Federal
do Rio Grande do Sul, Programa de Pd4s-
Graduacao em Ciéncias Médicas:
Endocrinologia

Orientador:

Prof. Dr. Mauro Antonio Czepielewski
Coorientadora:

Profa. Dra. Ticiana da Costa Rodrigues

Porto Alegre, agosto de 2022



AGRADECIMENTOS:

Uma tese nunca € escrita sozinha. E um esforco de muitas mentes e maos.
Desde o momento da ideia inicial até a construcdo destas paginas, nunca estive
sozinha. Agradeco, imensamente, ao Professor Dr. Mauro Antonio Czepielewski pela
orientacdo desta tese. Aprendi e continuo aprendendo com suas aulas, conversas e
discussdes. O senhor ndo s6 me inspirou a escrever sobre este tema, mas me inspira
como profissional e ser humano. O seu amor pelos horménios e pela
neuroendocrinologia desperta a curiosidade e o entusiasmo de tantos endocrinologistas
ja formados pelos seus ensinamentos.

Agradeco, a professora Ticiana da Costa Rodrigues, por ser coorientadora deste
projeto. Seu talento e conhecimento, tanto na endocrinologia clinica, quanto em areas
de pesquisa, servem de exemplo e inspiracdo para tantos. Todas as orientacdes e
criticas construtivas sugeridas na concepcdo deste trabalho contribuiram,
demasiadamente, na finalizacdo desta tese.

Agradeco também aos membros desta banca. Disponibilizar tempo de suas
vidas para sugerir, corrigir, propor, criticar e participar deste momento, contribuindo
com conhecimento e reflexdes sobre o tema desta tese, fazem com que eu me sinta de
fato, honrada e privilegiada.

Agradeco ao programa de residéncia médica em Endocrinologia e Metabologia
do Hospital de Clinicas de Porto Alegre por me proporcionar o encontro com 0S
melhores endocrinologistas e professores que eu poderia ter. Foi neste local que
aprendi tudo o que sei sobre hormbnios e aonde me tornei endocrinologista. Foi neste

local que fiz grandes amigos e que a semente da pos-graduacao foi plantada.



Agradeco ao Programa de Poés-graduagcdo em Ciéncias Médicas:
Endocrinologia, da Universidade Federal do Rio Grande do Sul (UFRGS) tanto pelo
suporte em disciplinas, quanto pelas orientagbes sempre precisas com relagcdo a
construcdo do conhecimento cientifico.

Agradeco aos residentes que atenderam os individuos incluidos em minhas
pesquisas e aos alunos de iniciacdo cientifica que contribuiram nas revisbes de
prontuarios, coleta de dados e confeccdo de bancos de dados utilizados ndo apenas
nesta tese. Sem a colaboracdo de todos vocés, esta tese jamais poderia ter sido
escrita.

Agradeco aos meus pais e irmaos, por sempre terem sido a base forte que
contribuiu com meus principios, valores e forca de vontade, para seguir sempre em
frente na busca por meus objetivos, independente das adversidades.

Agradeco a minha sempre amiga colega de residéncia em endocrinologia, Sheila
Piccoli Garcia, por ter me encorajado nos momentos em que duvidei de minha propria
capacidade. Além de contribuir com sugestdes nos artigos, com certeza, sem suas
palavras e apoio, mesmo a distancia fisica, esta tese néo teria sido construida.

Agradeco a minha colega e amiga Ana Carolina Viana Mattos. Sua receptividade
em terras baianas, sua parceria durante a confeccdo da metandlise e seu incentivo
para que termindssemos o artigo ainda durante a minha gestacdo, vivendo o meu
calendario e ndo o seu, permitiram que eu conseguisse chegar até este momento.
Faltam palavras para descrever o quanto me sinto sortuda pelo nosso encontro.

Agradeco ao meu marido e companheiro de tantos anos, lvan Augusto. Nestes

guase 15 anos de convivéncia, aprendi muito sobre tudo. Obrigada pelos incentivos



desde a faculdade até hoje, nos dias felizes, mas principalmente nos mais dificeis de
trabalho. Obrigada por nunca desistir de mim.

Por fim, agradeco a minha filha, Lara. Mesmo antes de nascer, ela me ensinou
sobre perseveranca, determinacdo e disciplina. E, sim, me mostrou que filho é

combustivel para buscarmos nossos sonhos.



SUMARIO:

Lista de Abreviaturas----------------=-m-omom oo e 8

Lista de Figuras-----------=-==-m-ommmm oo e 10
Lista de Tabelas-----------------mmmmmm e e 12
APreSeNtaCE0-------m-m oo e - 14
RESUMO - e e e e e 15
INtrOAUGA0--------mmm = mm oo 18
Referéncias ----------------m oo 28
ODjetIVOS-mmmmm e s 37

Artigo |, original em inglés:

Titl@ —mmm e 38
RESUMO--m = e e 39
ADSHTAC === === o e oo 41
INtrodU CtiON === = e 43
Patients and Methods--------=-=======m oo mm oo e 44
RESUIS e e e e e e e 48
DISCUSSION === e e 53
CONCIUSION == e e e oo 57
References--------mmmmmm e e 58
TaDIES ~mm = 64



LISTA DE ABREVIATURAS E SIGLAS:

Em portugués

(AB) Adrenalectomia bilateral

(ACTH) Horménio Adrenocorticotréfico
(CLU) Cortisol livre urinario

(CRH) Hormaonio liberador de corticotrofina
(CTE) Cirurgia hipofisaria transesfenoidal
(CV) Cardiovascular

(DDAVP) Desmopressina

(DM) Diabetes melito

(DC) Doenca de Cushing

(HCPA) Hospital de Clinicas de Porto Alegre
(HAS) Hipertenséo arterial sistémica

(h) horas

(PET-CT) Tomografia computadorizada com emissao de poésitrons
(RM) Ressonancia magnética

(SC) Sindrome de Cushing

(UFC) Cortisol livre urinario de 24 horas

(*®F-FDG) *°F-fluorodeoxyglucose



LISTA DE ABREVIATURAS E SIGLAS:
Em Inglés

(ACTH) Adrenocorticotrophic hormone
(Al) Adrenal insufficiency

(BMI) Body Mass Index

(CD) Cushing’s disease

(CS) Cushing’s syndrome

(CT) Computer tomography

(DHEAS) Dehydroepiandrosterone sulfate
(DM) Diabetes mellitus

(FLAIR) fluid attenuation recovery
(GGT) Gamma glutamyl transferase
(h) Hour

(KC) Ketoconazole

(MRI) Magnetic resonance image

(n) Number of patients

(RDT) Radiotherapy

(SAH) Systemic arterial hypertension
(TGO) Oxaloacetic transaminase
(TSS) Transsphenoidal surgery

(ULN) Upper limit of normality

(24-h UFC) 24-h urinary free cortisol

(1 mg-DST) 1-mg overnight dexamethasone



LISTA DE FIGURAS:

Artigo I:

Figure 1 : Flowchart of ketoconazole treatment in Cushing's disease patients

Figure 2: Prevalence of controlled hypercortisolism during follow-up of Cushing's
disease patients treated with ketoconazole

Figure 3: First and last consultation 24-hour UFC results vs. ketoconazole dosage in

Cushing's disease patients



LISTA DE TABELAS:

Artigo I:

Table 1: Baseline clinical data of Cushing’s disease patients treated with ketoconazole
Table 2: Individual data

Table 3: Baseline characteristics of Cushing's disease patients according to therapeutic
response to ketoconazole

Table 4: Final dose of ketoconazole used in patients with Cushing's disease and
controlled hypercortisolism

Table 5: Adverse effects of ketoconazole in Cushing's disease patients treated with
ketoconazole and Controlled, Partially Controlled, and Uncontrolled

Table 6: Characteristics of Cushing's disease patients who developed hypokalemia
during ketoconazole treatment

Table 7: Effects of associating cabergoline with ketoconazole in Cushing's disease
patients

10



APRESENTACAO:

Esta Tese de Doutorado: “Cetoconazol na Doenga de Cushing” segue o formato
proposto pelo Programa de Poés-Graduacdo em Ciéncias Médicas: Endocrinologia,
Metabolismo e Nutricdo da Faculdade de Medicina da UFRGS, na forma de dois artigos

originais, sendo apresentada da seguinte maneira:

1. Introducao

2. Desenvolvimento: dois artigos originais
Artigo I: “Evaluation of ketoconazole as a treatment for Cush ing's disease in
a retrospective cohort”
Artigo II: “Ketoconazole as second-line treatment for Cushing' s disease
after transsphenoidal surgery: systematic review an d meta-analysis”

3. Conclusdes

Este trabalho foi realizado com o apoio das seguinte instituicdes:
- Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES): através de
bolsa de Doutorado.

- Fundo de Incentivo a Pesquisa do Hospital de Clinicas (FIPE).
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RESUMO:

O tratamento de primeira linha da Doenca de Cushing (DC) € a cirurgia transesfenoidal
(CTE). Com este tratamento, ocorre remissao a curto prazo em torno de 60-80%,
porém, com taxas de recorréncia em longo prazo entre 20 a 30%, mesmo naqueles que
apresentaram remissao inicial. Para pacientes que ndo apresentaram remissao inicial,
gue tiveram recorréncia e para aqueles com contraindicacdo cirargica, terapias
medicamentosas sao opc¢bes terapéuticas, sendo o cetoconazol uma das drogas
disponiveis. O objetivo desta tese é apresentar os dados de uma coorte retrospectiva
brasileira de pacientes que fizeram uso do cetoconazol em qualquer etapa de seu
tratamento da DC, além de trazer uma revisdo sistemética com metanalise sobre o uso
do cetoconazol em seu melhor contexto: casos de ndo remissdo apoOs a realizacdo de
CTE. Em ambos os artigos, foi buscado avaliar a resposta ao tratamento e o perfil de
seguranca do cetoconazol em pacientes portadores de DC.

Resultados: Na coorte retrospectiva, 33 pacientes se apresentaram com dados
disponiveis para andlise. Destes, 26 (78%) haviam realizado CTE previamente ao uso
do cetoconazol, dos quais 5 (15%) pacientes haviam realizando também radioterapia e
7 utilizaram como tratamento primario. O tempo de uso do cetoconazol variou desde 14
dias até 14 anos e meio. Os pacientes controlados ou parcialmente controlados com o
cetoconazol apresentaram cortisolUrias de 24 horas basais menores do que 0 grupo
nao controlado (vezes acima do LSN: 0,62 + 0,41 vs. 53 £ 8,21; p < 0,005,
respectivamente), além de CTE prévia com maior frequéncia (p < 0,04). A prevaléncia
de ndo controlados se manteve estavel ao longo do tempo, em torno de 30%, a

despeito de ajustes de dose do cetoconazol ou associacdo com outras drogas, porém,
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sem significancia estatistica. Do total, 22 pacientes tiveram resposta completa (66%), 3
pacientes tiveram resposta parcial (9%) e 8 pacientes ndo tiveram resposta ao
tratamento (24%). Pacientes que utilizaram o cetoconazol apés a realizacdo de CTE
apresentaram melhores taxas de remissédo. Nove pacientes receberam cabergolina
devido a nao resposta clinica ao uso isolado do cetoconazol na dose maxima tolerada,
porém, sem melhores resultados no controle do hipercortisolismo. Efeitos adversos
leves como nauseas, vomitos, tonturas e inapeténcia foram descritos em 10 pacientes
(30%), porém, apenas 4 pacientes apresentaram efeitos adversos mais sérios com
necessidade de suspensdo da medicacdo. Hipocalemia foi descrita em 10 pacientes
em pelo menos 20 episodios.

Na revisdo sistematica com metandlise, dez estudos foram incluidos, sendo que nao
houve viés de publicacdo para as varidveis de remissdo e auséncia de remissao
(p=0,06 e p=0,42 respectivamente). Na analise de 270 pacientes, houve remissdo do
hipercortisolismo em 151 pacientes, 63% (IC 95% 50 a 74%). Ja a taxa de nao
remissao ocorreu em 61 pacientes 20% (IC 95% 10 e 35%). Na meta-regresséo, foi
verificado que nem a dose final, ou a duragdo do tratamento, ou o valor inicial da
cortisoluria, apresentaram associacao de efeito com a remissdo do hipercortisolismo.
Devido a escassez de dados ndo foi possivel realizar metanalise de prevaléncia dos
efeitos adversos.

Conclusédo: Dentro do cenario de saude publica brasileiro, o cetoconazol se torna uma
opcgao terapéutica relativamente segura para o tratamento daqueles casos de nao
remissdo da DC com as terapéuticas convencionais ou na impossibilidade de

realizacdo da CTE como terapia primaria. Na revisdo sistematica com metanalise foi
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demonstrado que o cetoconazol pode ser considerado uma opgao eficiente e segura no

tratamento da DC em atividade ap0s cirurgia hipofiséaria.
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INTRODUCAO:

Doenca de Cushing

A Sindrome de Cushing (SC) é causada pelo excesso de producdo de
esteroides adrenais, especialmente de cortisol. O horménio adrenocorticotréfico
(ACTH, do inglés adrenocorticotrophic hormone) € o horménio estimulador da sintese
adrenal destes esteroides (1,2).

Os pacientes com SC caracterizam-se por manifestacdes clinicas decorrentes
da exposicdo excessiva aos corticoides, que incluem: ganho de peso com obesidade
centripeta, hipertensdo arterial sistémica, intolerdncia a glicose/diabetes melito,
transtornos  psiquiatricos, hipogonadismo e irregularidade menstrual. Tais
manifestacbes ndo sdo especificas e podem estar presentes em outras condi¢cdes
clinicas. As manifestacdes clinicas mais especificas da SC sao: pletora e rubicundez
facial, fragilidade capilar com estrias violaceas largas na pele, fraqueza muscular
proximal e osteopenia/osteoporose (2,3).

Para o diagndstico sindrémico, além das manifesta¢des clinicas, os pacientes
necessitam de exames laboratoriais para a confirmacdo da SC. Deve-se sempre
descartar o uso de medicagbes que contenham glicocorticoide (etiologia mais comum
da SC em geral) antes de iniciar a investigacdo. Uma vez descartada esta situagao,
devem ser realizados os exames de triagem para o hipercortisolismo enddégeno. Os
exames que caracterizam a SC sdo o aumento do cortisol livre urinario (CLU), a

auséncia de supresséo do cortisol apos 1 mg de dexametasona overnight, auséncia da
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supressédo do cortisol sérico ap6s 2 mg de dexametasona, e a elevacdo do cortisol a
meia-noite seja pela dosagem sérica, seja pela dosagem salivar. Considera-se quadro
compativel com SC a alteragdo de no minimo 2 dos 3 exames de triagem. Apos o
diagnéstico da SC endbégena deve-se dosar o ACTH para caracteriza-la como
dependente ou independente de ACTH (2,4). Quando ACTH dependente, pode ser
originada de tumor hipofisério secretor de ACTH ou, mais raramente, de tumor ectdpico
produtor de ACTH. As etiologias ACTH independente sdo decorrentes de lesdes
adrenais: adenoma, cancer ou hiperplasia adrenal (5,6).

A doenca de Cushing (DC), a principal etiologia da SC enddgena, caracteriza-se
pela presenca de tumor hipofisario secretor de ACTH, que em 90% dos casos é
constituido por um microadenoma (2). Em raros casos, a etiologia tumoral esta
associada a mutacdes da linhagem germinativa, como na neoplasia enddcrina multipla
tipo 1, na mutacdo da proteina que interage com o receptor de aryl-hidrocarboneto (do
inglés AIP), entre outras (7). Seu manejo ainda permanece um desafio para os
endocrinologistas até os dias atuais e muitas lacunas no seu entendimento ainda
precisam ser resolvidas.

Apesar de ser distarbio relativamente raro, com incidéncia estimada em 0,7 a
2,4 casos/milhdo de habitantes/ano (2,7-9), ocorre em pacientes adultos jovens, na
faixa etéria de 30-40 anos, com predominio do sexo feminino 3-5:1, e esta associada a
elevadas taxas de morbidade e mortalidade, em torno de 2-5 vezes acima da
populacdo normal (7,9). A remissao do hipercortisolismo esta associada a melhora, ao
menos parcial, deste progndstico. E para melhores taxas de remisséo, € importante

que haja a localizacdo do adenoma hipofisario.
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Na DC, além de ACTH elevado, testes de supressdo de cortisol sérico apés 8
mg de dexametasona overnight ou 2 mg de 6/6 horas por 48 horas (Liddle IlI) sé&o
positivos, enquanto que, na maioria dos tumores ectopicos, ndo ocorre supressdo. O
exame de imagem de escolha para identificacdo do adenoma hipofisario € a
ressonancia magnética (RM) de sela tdrcica, que, na presenca de lesdo hipofisaria
compativel, possui sensibilidade ao redor de 60% e especificidade de 70-100% para
diagnostico da DC, dependendo do centro estudado e da tecnologia disponivel no local
(10,11). A auséncia de imagem identificada na RM n&o exclui, portanto, o diagnostico
de DC, ja que microadenomas menores do que 2 mm podem ndo ser detectados pelos
métodos de imagem convencionais (12).

Recentemente, a RM com 3 Tesla estd mais disponivel e tem se demonstrado
mais eficaz que suas versdes anteriores com 0,5 e 1,5 Tesla para o diagndstico da DC.
Apesar da RM 3 Tesla demonstrar resultados melhores na localizagédo de adenomas
responséaveis pela DC, dependendo da localizagdo, do tamanho e da intensidade de
sinal do tumor a RM, eles podem néo ser identificados em até 28% dos casos, sendo
que a sensibilidade deste método para deteccdo de microadenomas fica em torno de
72% (11). Técnicas especiais de obtencdo da imagem na RM parecem ser mais
eficazes na demonstracao destes adenomas (conforme descrito a seguir).

Assim, como até 40% dos microadenomas ndo sdo visualizados em exames de
imagem (13), nesses casos, pode-se avaliar gradiente central-periférico de ACTH
através de coletas de ACTH obtidas pelo cateterismo bilateral simultdneo de seio
petroso inferior sob estimulo de hormdnio liberador de corticotrofina (CRH) ou de

desmopressina (DDAVP) (14). Este procedimento esta, em geral, indicado quando o
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adenoma hipofisario néo for identificado na RM ou quando a lesdo apresentar menos
de 6 mm de diametro (2). Adicionalmente, pode-se realizar o teste de estimulo com
infusdo de CRH periférico (elevagdo de ACTH > 50% do basal) ou de estimulo com
DDAVP periférico (pico ACTH > 27 pg/mL do basal) cujas respostas positivas sé@o
sugestivas da presenca do adenoma hipofisario, auxiliando no diagndéstico diferencial
da SC ACTH dependente (5,10).

Apesar do cateterismo de seio petroso inferior sob estimulo de CRH ser
atualmente considerado o padrdo ouro no diagnéstico da DC nos casos de imagem
negativa na RM, este procedimento é dispendioso e necessita de equipe médica
treinada, em geral somente disponivel em centros de referéncia. Mesmo nestes
centros, nos casos de imagem oculta na RM, este exame tem sensibilidade variavel
entre 50-90%, dependendo do local de realizagdo do exame (11,15). Algumas coortes
chegaram a mostrar sensibilidade de 100% no cateterismo bilateral simultaneo de seio
petroso inferior sob estimulo de CRH, porém poucos centros conseguiram reproduzir
esses resultados de exceléncia (15). Particularmente, no Brasil, o acesso ao CRH é
algo limitado devido questdes burocraticas e sanitarias relacionadas a importacao.

Assim, o aprimoramento das técnicas de RM e a melhora na sua interpretacéo
continuam sendo um desafio no diagnostico da SC ACTH dependente. Neste sentido,
tem se empregado equipamentos de campo diagndstico mais intenso, de até 7 Tesla
associados a sequéncias Spin Echo que analisa T1, T2 e densidade de protons,
Gradient Echo que consegue analisar cortes mais finos da imagem selar, entre outras
sequéncias como a de difuséo, gradiente e fluid attenuation recovery (FLAIR) (16).

Estas técnicas demonstraram em alguns estudos que foi possivel alcancar 90% de

18



assertividade na identificacdo de adenomas hipofisarios produtores de ACTH que
previamente ndo eram visualizados na RM convencional de 1,5 e, inclusive, 3 Tesla
(12,17,18). Sabemos que a identificacdo do adenoma através do exame de imagem
contribui positivamente para o planejamento pré-operatorio da cirurgia hipofiséria (19).
Na tecnologia 7 Tesla € possivel, inclusive, através da andlise em T2 e difuséo,
verificar status hormonal e consisténcia da lesdo, parametros que também estdo
relacionados com o sucesso terapéutico na DC (18,20). Apesar das tecnologias de RM
3 e 7 Tesla apresentarem melhores resultados na identificagdo dos adenomas
hipofisarios, existe um risco aumentado também para deteccdo de incidentalomas
hipofisarios que possam néo estar relacionados com a DC e sua produgcdo hormonal
(2).

Outras técnicas para obtengdo de imagens na DC vem vendo estudadas nos
tltimos anos, principalmente envolvendo imagens nucleares moleculares e funcionais.
A tomografia computadorizada com emissdo de pésitrons (PET-CT) utilizando
marcadores como o ‘®F-fluorodeoxyglucose (**F-FDG), **C-methionine, **N-ammonia,
®Ga=SSTR e °®Ga(DOTA)-CRH tem se mostrado extremamente (teis tanto no
diagnéstico inicial da DC, aumentando a sensibilidade e especificidade, quanto na
identificacdo de doenca residual naqueles casos refratarios a cirurgia inicial (12,21,22).

Apesar dos grandes avancos na area de diagndstico por imagem, sabemos da
grande limitacdo de acesso a estes exames por serem realizados em equipamentos
mais modernos que ndo estejam amplamente disponiveis. Em contrapartida, existem
algumas tecnologias sendo testadas em diversas areas da medicina, buscando

reconhecer, em exames de imagem, mesmo em aparelhos com 1,5 Tesla, as
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patologias que ainda desafiam o olhar médico. Machine Learning é uma éarea da
inteligéncia artificial que busca a melhoria de sistemas com base em experiéncias.
Dentro dos estudos sobre a DC, ja existem alguns trabalhos utilizando técnicas de
Machine Learning para a realizacdo do diagndstico (23,24), tratamento e predicdo de
resposta ao tratamento e remissdo do hipercortisolismo pds-operatorio (25,26),
baseados nesses sistemas de inteligéncia artificial.

Uma vez diagnosticada a DC, o tratamento de escolha é a cirurgia hipofisaria
transesfenoidal (CTE). A taxa de remissao em centros de exceléncia atinge 60-94%,
podendo ocorrer recidiva da doenca em 5-35% dos casos em cinco anos (2,27-29).

Adicionalmente € de relativo consenso que o reconhecimento do adenoma nos
exames de imagem pré-operatorios permite maiores taxas de sucesso no tratamento
de primeira linha preconizado para a DC (5,19).

Neste cenario, critérios de cura fidedignos sé@o essenciais para definir a
cura/remissao e se possivel predizer recidiva da doenca, mas varias questbes ainda
estdo em aberto e precisam ser respondidas com evidéncias mais soélidas a este
respeito (30-32).

O paciente é considerado em remissao da DC quando preenche os seguintes
critérios: duas a trés coletas de cortisol livre urindrio de 24h dentro do limite da
normalidade (27,29,32,33), cortisol apdés 1 mg de dexametasona overnight <3 pg/dl
(32), ou <1,8 pg/dl (2), ou insuficiéncia adrenal/dependéncia do uso de corticoide
exégeno (2,30,32,34), cortisol basal normal, ou ainda quando restabelece

completamente o ritmo circadiano de secrec¢éao do cortisol (30).
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A avaliacdo do eixo hipotadlamo-hipoéfise-adrenal no pds-operatério imediato
através das dosagens de cortisol sérico seriado é de extrema importancia, a curto e
longo prazo, na avaliagdo da remissdo da doenca e, em algumas casuisticas, foi capaz
de prever o risco de recidiva tumoral (32,35,36). Para melhor avaliagdo do
comportamento do cortisol no pds-operatério da CTE, é fundamental que néo seja
suplementado glicocorticoide exdgeno como rotina a todos os pacientes submetidos a
CTE, e sim apenas nos pacientes que apresentarem evidéncia clinica ou laboratorial
(cortisol sérico abaixo de 5 pg/dl) de insuficiéncia adrenal (32,35-38).

Terapias medicamentosas e/ou realizacdo de radioterapia s&o opcoes
principalmente para aqueles pacientes que ndo obtiveram remissao da doenca com a
CTE, que apresentaram recidiva da doenca ou para aqueles que ndo possuem
condicbes cirdrgicas, seja por lesdo hipofisaria extensa com comprometimento de
estruturas subjacentes, seja por comorbidades clinicas que impecam a realizacéo de
um procedimento cirdrgico seguro (39). A terapia medicamentosa também pode ser
utilizada naqueles casos que realizaram radioterapia e estdao aguardando seus efeitos
para o controle da doenca. A discussédo sobre qual a melhor opgéo terapéutica nos
casos que nédo obtiveram cura com a CTE é de grande relevancia, visto que mesmo
naqueles que apresentaram remissao inicial, a DC pode recorrer em longo prazo. As
taxas de recorréncia variam na literatura entre 5 e 35%, sendo que a metade ocorre
nos primeiros 5 anos apos a realizacdo da CTE e a outra apés 10 ou mais anos do
procedimento cirdrgico (40,41).

Mesmo sendo a DC o disturbio hipofisario de maior morbimortalidade, evoluindo

rapidamente para o 6bito se ndo tratada, apenas recentemente estdo disponiveis
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drogas aprovadas especificamente para seu tratamento, ainda com resultados
limitados (42,43).

As drogas disponiveis para uso neste contexto podem agir como bloqueadoras
da esteroidogénese adrenal (cetoconazol, osilodrostat, metirapona, mitotano,
levocetoconazol e etomidato), como ligantes de receptores somatostatinérgicos
(pasireotide), como agonistas do receptor da dopamina (cabergolina) ou como
bloqueadores do receptor glicocorticoide (mifepristone) (2,44). Dentre estas
alternativas, até o momento, ndo se pode considerar que haja droga de primeira
escolha no tratamento da DC. Assim, a melhor op¢éo deve ser estabelecida de forma
individualizada considerando aspectos como potencial de remissao, risco de efeitos
adversos, disponibilidade e custo, entre outros aspectos (2,45,46)

Metanalise recente que avaliou as opcdes de tratamento medicamentoso da DC
chegou aos seguintes resultados de controle do hipercortisolismo de acordo com cada
droga: 35% com cabergolina, 44% com o pasireotide, 41% com o cetoconazol, 66%
com a metirapona e 66% com o osilodrostat (47). Apesar do achado destas taxas de
remissdo de cada medicacao, ndo é possivel afirmar que uma medicagéo seja superior
a outra devido a auséncia de trabalhos comparando as medicacdes entre si em
popula¢cdes semelhantes. Além disso, as medicacdes apresentam perfis especificos de
efeitos adversos que também devem fazer parte da deciséo terapéutica (2).

No Brasil, ndo temos drogas disponibilizadas pelo sistema publico de saude para
tratamento da DC, sendo que das medicacdes que aparentemente possuem melhor
perfil no controle do hipercortisolismo como o osilodrostat, o levocetoconazol e o

pasireotide, apenas o pasireotide estd aprovado pela ANVISA.
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Neste contexto, bloqueadores da esteroidogénese adrenal ganham importancia,
tendo sido recentemente desenvolvidas inclusive novas drogas com este mecanismo
de acdo (50,51). Estes, apesar de nao atuarem diretamente na doenca hipofisaria, séo
capazes de controlar a secrecdo excessiva de cortisol, reduzindo a morbidade
relacionada ao hipercortisolismo.

Apesar do uso off-label, o cetoconazol é uma medicacao oral prescrita ha mais
de 30 anos para os pacientes com DC em muitos paises, demonstrando taxas variadas
de remisséo do hipercortisolismo, utilizado tanto em monoterapia, quanto, combinado
com outras drogas nos poucos estudos disponiveis (48,49).

O cetoconazol foi concebido como medicamento antifungico, derivado
imidazolico sintético que atua na inibicdo das enzimas CYP11A1, CYP17, CYP11B2 e
CYP11B1. Como antifungico, em decorréncia de riscos de hepatotoxicidade, e da
disponibilidade de outras drogas, vem sendo retirado do mercado em varios paises
(52). Na Europa, ele segue aprovado para uso na DC, porém, nos Estados Unidos, é
utilizado apenas off-label neste contexto (2,53,54).

Dentre outras opg¢des de tratamento da DC nos casos refratarios ou de remisséo
esta a radioterapia hipofisaria, principalmente nos casos com invasao parasselar (seios
cavernosos), dando-se preferéncia para a técnica estereotaxica ou em dose Unica.
Geralmente, os pacientes que realizam a radioterapia, devem permanecer em uso de
medicacdes para controle do excesso de cortisol até que a radioterapia tenha o efeito
esperado, que pode comecar aos 6 meses, mas ocorre mais frequentemente entre 12-

18 meses (3).
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A adrenalectomia bilateral (AB) também é considerada uma opcéo terapéutica
para os casos nao curados com a CTE. Acaba sendo uma opg¢do menos utilizada
devido a natureza mais agressiva do tratamento, envolvendo diversos efeitos colaterais
potenciais e por exigir reposicdo continua de glico e mineralocorticoide. As principais
indicacBes para esta opcdo sdo os casos de hipercortisolismo severo em que ha a
necessidade de controle imediato do excesso de cortisol, e também para mulheres em
idade fértil que desejem manter a fertilidade sem necessidade de estimulo hormonal.
Nos casos de AB é importante salientar que existe a possibilidade de progressao
tumoral hipofisaria em 25-40% dos casos apds 5-10 anos (Sindrome de Nelson) (2,3),
devendo esta possibilidade ser monitorada a longo prazo.

O diagnéstico e o0 manejo da DC persiste um grande desafio em endocrinologia,
sendo muito importante contribuir para o entendimento de quais as melhores opcoes
terapéuticas para cada perfil de paciente. Nesta tese apresentamos 2 estudos acerca
dos efeitos do cetoconazol no tratamento da Doencga de Cushing, analisando seu uso
em uma coorte de pacientes e avaliando seus efeitos apds cirurgia hipofisaria pela

revisao sistematica e metanalise de artigos publicados.
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OBJETIVOS:

Os objetivos desta tese séo analisar os efeitos do cetoconazol no tratamento da
Doenca de Cushing utilizando duas estratégias cientificas:

1. Estudo retrospectivo de uma coorte de pacientes com Doenca de Cushing na
gual o cetoconazol foi empregado para controle do hipercortisolismo,
avaliando prevaléncia do controle, caracteristicas clinicas e hormonais
associadas aos melhores resultados, doses empregadas, efeitos colaterais e
associagoes terapéuticas utilizadas.

2. Metandlise de artigos da literatura avaliando a eficacia do cetoconazol
guando empregado na sua principal indicagdo, qual seja, em pacientes que
persistram com a doenga em atividade apoOs realizacdo de cirurgia
transesfenoidal. Este estudo é importante e inédito na literatura, oferecendo

informacdes relevantes para a escolha do melhor tratamento nesta situacgéo.
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Resumo:

Introducdo: O tratamento de primeira linha da Doenca de Cushing (DC) inclui a
cirurgia transesfenoidal (CTE). Ocorre remissao a curto prazo em torno de 60-80%,
sendo que em longo prazo existe recorréncia de 20 a 30%, mesmo naqueles com
remisséao inicial. Para pacientes que nao apresentaram remissao inicial, que tiveram
recorréncia e para aqueles com contraindicacdo cirdrgica, terapias medicamentosas
sdo opcgdes, sendo 0 cetoconazol uma das principais terapéuticas disponiveis. O
objetivo deste trabalho é avaliar a resposta ao tratamento e o perfil de seguranca do
cetoconazol em pacientes com DC acompanhados no ambulatério de endocrinologia
de hospital universitario brasileiro.

Pacientes e Métodos: Coorte retrospectiva de pacientes portadores de DC e
hipercortisolismo ativo que utilizaram cetoconazol em qualquer fase do
acompanhamento. Foram excluidos pacientes com seguimento inferior a 7 dias,
irregularidade de acompanhamento ambulatorial, ndo aderéncia ao tratamento ou
perda de seguimento.

Resultados: Dos 172 pacientes em acompanhamento no servigo, foram observados
38 pacientes que utilizaram cetoconazol entre 2003 e 2020, porém, apenas 33 com
dados disponiveis para andlise. Destes, 26 (78%) haviam realizado CTE previamente
ao uso do cetoconazol, dos quais 5 (15%) pacientes haviam realizando também
radioterapia e 7 utilizaram como tratamento primario. O tempo de uso do cetoconazol
variou desde 14 dias até 14 anos e meio. Os pacientes controlados ou parcialmente

controlados com o cetoconazol apresentaram cortisollrias de 24 horas basais menores
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do que o grupo nédo controlado (vezes acima do LSN: 0,62 + 0,41 vs. 5,3 + 8,21; p <
0,005, respectivamente), além de CTE prévia com maior frequéncia (p <0,04). A
prevaléncia de ndo controlados se manteve estavel ao longo do tempo, em torno de
30%, a despeito de ajustes de dose do cetoconazol ou associagdo com outras drogas,
porém, sem significancia estatistica. Do total, 22 pacientes tiveram resposta completa
(66%), 3 pacientes tiveram resposta parcial (9%) e 8 pacientes n&o tiveram resposta ao
tratamento (24%), ja incluindo pacientes que realizaram radioterapia durante o
tratamento com o cetoconazol. Um paciente ja estava em uso de cabergolina de forma
concomitante desde o inicio do acompanhamento e 9 pacientes receberam cabergolina
devido a né&o resposta clinica ao uso isolado do cetoconazol. Efeitos adversos leves
como nauseas, vomitos, tonturas e inapeténcia foram descritos em 10 pacientes (30%),
porém, apenas 4 pacientes apresentaram efeitos adversos mais sérios com
necessidade de suspenséo da medicacdo. Houve hipocalemia em 10 pacientes em
pelo menos 20 episodios.

Conclusdo: O cetoconazol é opcéo efetiva em controlar o hipercortisolismo em 66%
dos pacientes com DC sendo droga relativamente segura podendo ser utilizada em
pacientes que ndo tenham apresentado remissdo apos CTE ou que necessitem
controle até que uma nova terapéutica definitiva seja realizada. Hipocalemia é um
efeito metabdlico frequente, ainda ndo descrito em outras casuisticas, que deve ser

monitorizado durante o tratamento.

Palavras-Chave: Doenca de Cushing, Sindrome de Cush ing, Hipercortisolismo,

Tratamento, Cetoconazol
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Abstract:

Objective: The first-line treatment for Cushing's disease is transsphenoidal surgery,
after which the rates of remission are 60 to 80%, with long-term recurrence of 20 to
30%, even in those with real initial remission. Drug therapies are indicated for patients
without initial remission or with surgical contraindications or recurrence, and
ketoconazole is one of the main available therapies. The objective of this study was to
evaluate the safety profile of and treatment response to ketoconazole in Cushing's
disease patients followed up at the endocrinology outpatient clinic of a Brazilian
university hospital.

Patients and Methods: This was a retrospective cohort of Cushing's disease patients
with active hypercortisolism who used ketoconazole at any stage of follow-up. Patients
followed up for less than 7 days, who did not adhere to treatment or were lost to follow-
up were excluded.

Results: Of the 172 Cushing's disease patients who were followed up between 2004
and 2020, 38 received ketoconazole. However, complete data was only available for 33
of these patients. Of these, 26 (78%) underwent transsphenoidal surgery prior to using
ketoconazole, 5 of whom (15%) had also undergone radiotherapy; 7 used ketoconazole
as a primary treatment. Ketoconazole use ranged from 14 days to 14.5 years. A total of
22 patients had a complete response (66%), 3 patients had a partial response (9%),
and 8 patients had no response to treatment (24%), including those who underwent
radiotherapy while using ketoconazole. Patients whose hypercortisolism was controlled
or partially controlled with ketoconazole had lower baseline 24-hour urinary free cortisol

levels than the uncontrolled group (times above the upper limit of normal: 0.62 [SD,
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0.41] vs. 5.3 [SD, 8.21]; p < 0.005, respectively), in addition to more frequent previous
transsphenoidal surgery (p < 0.04). The prevalence of uncontrolled patients remained
stable over time (approximately 30%) despite ketoconazole dose adjustments or
association with other drugs, which had no significant effect. One patient received
adjuvant cabergoline from the beginning of the follow-up, and it was prescribed to 9
others due to clinical non-response to ketoconazole alone. Ten patients (30%) reported
mild adverse effects, such as nausea, vomiting, dizziness and loss of appetite. Only 4
patients had serious adverse effects that warranted discontinuation. There were 20
confirmed episodes of hypokalemia among 10/33 patients (30%).

Conclusion: Ketoconazole effectively controlled hypercortisolism in 66% of Cushing's
disease patients, being a relatively safe drug for those without remission after
transsphenoidal surgery or whose symptoms must be controlled until a new definitive
therapy is carried out. Hypokalemia is a frequent metabolic effect, not yet described in

other series, which should be monitored during treatment.

Keywords: Cushing’s disease, Cushing’s syndrome, Hy percortisolism,

Treatment, Ketoconazole
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Introduction

Cushing’s disease (CD) results from a pituitary tumor that secretes
adrenocorticotropic hormone (ACTH), which leads to chronic hypercortisolism. It is a
potentially fatal disease with high morbidity and a mortality rate of up to 3.7 times than
that of the general population (1-4) associated to several clinical metabolic disorders
caused by excess cortisol and/or loss of circadian rhythm (5). In general, its
management is a challenge even in reference centers (6, 7).

Transsphenoidal surgery (TSS), the treatment of choice for CD, results in short-
term remission in 60 to 80% of patients (8). However, recurrence rates of 20 to 30% are
found in long-term follow-up, even in those with clear initial remission (9). Drug
therapies can help control excess cortisol in patients without initial remission, in cases
of recurrence, and in those with contraindications or high initial surgical risk (10).

Nevertheless, specific drugs that act on the pituitary adenoma, which could
directly treat excess ACTH, have a limited effect, and only pasireotide is approved for
this purpose in Brazil (11, 12). In this scenario, adrenal steroidogenesis blockers are
important. One such off-label medication is the antifungal drug ketoconazole, a
synthetic imidazole derivative that inhibits the enzymes CYP11A1, CYP17, CYP11B2,
and CYP11B1. Because of its hepatotoxicity and the availability of other drugs, it has
been withdrawn from the market in several countries (13). In Europe, it is still approved
for use in CD, although in the United States, it is recommended for off-label use almost
in CD (14-16). Due to the potential benefits for hypercortisolism, ketoconazole has

been replaced by levoketoconazole, which the European Union has recently approved
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for CD with a lower expected hepatotoxicity (17).

Thus, when adrenal inhibitors are used as an alternative treatment for CD,
information about the outcomes of drugs such as ketoconazole are important. Clinical
studies on these effects in CD are scarce, mostly retrospective, multicenter, or from
developed countries (14, 18). A recent meta-analysis on the therapeutic modalities for
CD included only four studies (246 patients) that evaluated urinary cortisol response as
a treatment outcome and eight studies (366 patients) describing the prevalence of some
side effects: change in transaminase activity, digestive symptoms, skin rash, and
adrenal insufficiency. Hypokalemia was not mentioned in this meta-analysis (19).

The objective of this study was to evaluate the safety profile of and treatment
response to ketoconazole in CD patients followed during a long term in the

endocrinology outpatient clinic of a Brazilian university hospital.

Patients and Methods

1.1. Patients
We retrospectively evaluated 38 patients (27 women) diagnosed with CD. These
patients, whose treatment included ketoconazole at any time between 2004 and 2020,
are part of a prospective cohort series from the Hospital de Clinicas de Porto Alegre
neuroendocrinology outpatient clinic.
The diagnostic criteria for hypercortisolism were based on high 24-h urinary free
cortisol levels (24-h UFC) in at least two samples, non-suppression of serum cortisol

after low-dose dexamethasone testing (>1.8 pg/dl), and/or loss of cortisol rhythm
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(midnight serum cortisol >7.5 pg/dl or midnight, salivary cortisol >0.208 nmol/L). CD
was diagnosed by normal or elevated ACTH levels, evidence of pituitary adenoma >0.6
cm on magnetic resonance image (MRI), and ACTH central/ periphery gradient on
inferior petrosal sinus catheterization when MRI was normal or showed an adenoma
<0.6 cm.

CD was considered to be in remission after the improvement of hypercortisolism
symptoms or clinical signs of adrenal insufficiency, associated with serum cortisol within
reference values, normalization of 24-h UFC and/or serum cortisol <1.8 mg/dl at 8 am
after 1 mg dexamethasone overnight, and/or normalization of midnight serum or salivary
cortisol. In patients with active disease, to evaluate the ketoconazole treatment
response, 24-h UFC was used as a laboratory parameter, as recommended in similar
publications (14, 16, 20, 21), but in some cases, we considered elevated late night
salivary cortisol and/or 1 mg dexamethasone overnight cortisol (even with normal 24-h
UFC), given the greater assessment sensitivity seen through these two methods in the

detection of early recurrence when compared with 24-h UFC (22).

1.1.1. Inclusion criteria:
We included patients with CD and active hypercortisolism who used
ketoconazole either as primary treatment, after TSS without hypercortisolism

remission, or after a recurrence.

1.1.2. Exclusion criteria:

We excluded patients with CD and active hypercortisolism who used
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ketoconazole but had <7 days of follow-up, irregular outpatient follow-up, treatment

non-adherence, and incomplete medical records or those who were lost to follow-

up.

1.2. Evaluated parameters

Prior to ketoconazole treatment, all patients underwent an assessment of
pituitary function and hypercortisolism, including serum cortisol, ACTH, 24-hour UFC,
cortisol suppression after 1 mg dexamethasone overnight, midnight serum cortisol,
and/or midnight salivary cortisol. The evaluated parameters were sex, age at diagnosis,
weight, height, prevalence and severity of hypertension and DM, pituitary tumor
characteristics, prior treatment (surgery, radiotherapy, or other medications), symptoms
at disease onset, biochemical tests (renal function, hepatic function, and lipid profile),
number of medications used to treat associated comorbidities, data on medication
tolerance, and reasons for discontinuation, when necessary.

The clinical parameters observed during treatment were control of blood pressure
and hyperglycemia, anthropometric measurements (weight, height, and body mass
index), jaundice, and any other symptoms or adverse effects reported by patients.

The biochemical evaluation included fasting glucose, glycated hemoglobin, lipid
profile (total cholesterol, high density lipoprotein, low-density lipoprotein, and
triglycerides), markers of liver damage (transaminases, bilirubin, gammaglutamyl
transferase, and alkaline phosphatase), electrolytes (sodium and potassium), and renal

function (creatinine and urea). Hypecortisolism was accessed preferentially by 24-h
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UFC, however, late-night salivary cortisol and cortisol after 1 mg overnight

dexamethasone could also be used.

1.3. Study design
This retrospective cohort study included patients with CD who were followed up
at the Hospital de Clinicas de Porto Alegre Endocrinology Division, with their medical
records from the first outpatient visit and throughout clinical follow-up collected. This
study was approved by the Hospital de Clinicas de Porto Alegre. Research Ethics

Committee (humber 74555617.0.0000.5327).

1.4. Outcomes

Hypercortisolism was considered controlled when the 24-h UFC and/or late-night
salivary cortisol (LNSC) and/or overnight 1 mg dexamethasone suppression test (DST)
levels were normalized in at least two consecutive assessments. Hypercortisolism was
considered partially controlled when there was a 50% over-reduction in 24-h UFC
and/or LNSC and/or DST levels but still above normal. A reduction lower than 50% in
these parameters was considered as non-response. We also assessed the
ketoconazole doses that resulted in 24-h UFC normalization, maximum dose,
medication tolerance, adverse effects, and changes in liver, kidney, and biochemical
function. Due to the characteristics of this study, these outcomes were periodically

evaluated in all patient consultations, which occurred usually every 2 to 4 months.

1.5. Data collection



This retrospective cohort evaluated outpatient medical records and any tests
indicated by the attending physician as a pragmatic study. Ketoconazole use followed
the department’s care protocol, which is based on national and international guidelines
(4), and all patients received a similar care routine: the recommended initial prescription
was generally taken in two to six doses at 100 to 300 mg/day. It was then increased by
200 mg every 2 to 4 months until hypercortisolism was controlled or side effects
developed, especially those related to liver function. The maximum prescription was
1,200 mg/day. Clinical follow up of these patients was performed 30 days after starting
the medication and every 2—4 months thereafter (23).

Clinical, anthropometric, laboratory, and other exam data were collected through
a review of the hospital's electronic medical records for the entire follow-up period. Data

from first and last consultation were considered in the final analysis of all parameters.

1.6. Statistical analysis
Baseline population characteristics were described as mean and standard
deviation (SD) or median with interquartile ranges (25-75) for continuous variables. The
chi-square test was used to compare qualitative variables, and Student’s t-test or
ANOVA was used to compare the quantitative variables. The Mann-Whitney U-test was
used for unpaired data. P-values <0.05 were considered significant. Statistical analysis
was performed in SPSS 18.0 (SPSS Inc., Chicago, IL, USA) and R package geepack

1.3-1.
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Results

Treatment with ketoconazole was indicated for 41 of the 172 CD patients. In 3/41
patients, ketoconazole was unallowed due to concomitant liver disease, and 38
received ketoconazole during CD treatment between 2004 and 2020. Of these, five
were excluded due to insufficient data to determine the response to ketoconazole (short
treatment time, irregular follow-up, incomplete medical records, or lost to follow-up). The
baseline characteristics of every sample are shown in Table 1. Thus, 33/41 patients
were included in the final analysis. The patients were predominantly women (84.2%)
and white (89.5%); 11 had microadenoma, 15 had macroadenoma, and 11 had no
adenoma visualized. In 12/33 patients, pituitary imaging was not performed immediately
before starting ketoconazole. Hypertension was observed in 26 patients (78%) and DM
in 12 patients (36%). The mean age at CD diagnosis was 31.7 years.

Of the 33 patients with complete data, 26 (78%) underwent TSS prior to starting
ketoconazole, five of whom (15%) had also undergone radiotherapy. Thus, seven
patients used ketoconazole as primary treatment since performing a surgical procedure
was impossible at that time. Of these, four had no response to ketoconazole, one had a
partial response, and two had a complete response. At follow-up, four of these patients
underwent their first TSS, and three continued the ketoconazole therapy, achieving full
UFC control. Among those who used ketoconazole after TSS (n = 26), 20 had a
complete response, two had a partial response, and four had no response. Figure 1

shows the study flow chart and patient distribution throughout the treatment.
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Individual patient data are described in Table 2. The duration of ketoconazole
use ranged from 14 days (in one patient who used it pre-TSS) to 14.5 years. The total
follow-up time of the 22 patients with controlled CD ranged from 3 months to 14.5 years,

with a mean of 5.33 years and a median of 4.8 years.

Therapeutic response :

Relative therapeutic response data are described in Table 3. Patients whose
hypercortisolism was controlled or partially controlled with ketoconazole had lower
baseline 24-h UFC than the uncontrolled group [times above the upper limit of normal:
0.62 (SD, 0.41) vs. 5.3 (SD, 8.21); p < 0.005, respectively], in addition to more frequent
prior TSS (p < 0.04). In some patients (4/33), 24-h UFC was in the normal range at the
beginning of ketoconazole therapy, but they were prescribed with the medication due to
the clinical recurrence of CD associated to cortisol non-suppression after 1 mg
dexamethasone overnight and/or abnormal midnight salivary or serum cortisol.

Figure 2 shows that the prevalence of uncontrolled patients remained stable over
time (approximately 30%) despite dose adjustments or association with other drugs,
which led to no differences. When analyzing only the results of the last follow-up visit
(eliminating fluctuations during follow-up), 22 patients had a complete response (66%),
three patients had a partial response (9%), and eight patients had no response to
ketoconazole treatment (24%), which includes patients who underwent radiotherapy
during ketoconazole treatment.

During follow-up, no significant differences were found in blood pressure control

or in dehydroepiandrosterone sulfate, cortisol, ACTH, or glucose levels. Worsening of

47



hypertension control was observed in association with hypokalemia in some cases, as
described in side effects. The ketoconazole doses ranged from 100 to 1,200 mg per
day, and there were no significant dose or response differences between the groups
(Table 4).

Figure 3 shows the patients, their dosages, and 24-h UFC control at the first and
last consultation, showing a trend toward hypercortisolism reduction in approximately
70% of the cohort (25 of 33). Only four patients used doses lower than 300 mg at the
end of follow-up. One of them used before TSS and suspended its use after surgery.
One patient, who has already undergone radiotherapy, discontinued ketoconazole due
to intolerance, despite adequate control of hypercortisolism. Another one, who had also
undergone radiotherapy, was lost to follow-up when it was controlled using 100 mg

daily, and one remained controlled using 200 mg, without previous radiotherapy.

Side effects:

Regarding adverse effects (Table 5), there was no significant difference between
the controlled/partially controlled group and the uncontrolled group regarding liver
enzyme changes or drug intolerance. Mild adverse effects, including nausea, vomiting,
dizziness, and loss of appetite, occurred in 10 patients (30%). Only four patients had
serious adverse effects that warranted discontinuing the medication. In two cases,
ketoconazole was discontinued due to a significantly acute increase in liver enzymes
(drug-induced hepatitis) during the use of 400 and 800 mg of ketoconazole. Non-
significant elevation of transaminases (up to three times the normal value) was

observed in three cases. A slight increase in gammaglutamyltransferase occurred in six
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patients. In these nine patients with elevated liver markers, the daily dose ranged from
400 to 1,200 mg. None of those with mild increases in liver markers needed to
discontinue ketoconazole.

One female patient developed pseudotumor cerebri syndrome, which was
treated with acetazolamide. She did not need to discontinue ketoconazole, having used
it for more than 10 years without new side effects and achieving complete control of
hypercortisolism (24). Another patient became pregnant during follow-up while using the
medication, but no maternal or fetal complications occurred (25).

Hypokalemia was also observed during follow-up. Twenty episodes of reduced
potassium levels occurred in 10 patients over the course of treatment. Of these
episodes, six occurred in controlled patients, three in partially controlled patients, and
11 in uncontrolled patients (Table 6). The hypokalemia was managed with

spironolactone (25 to 100 mg) and oral potassium supplementation.

Ketoconazole and associations:

Of the patients who used an association of cabergoline and ketoconazole, one
did so since the beginning of follow-up, while another nine were prescribed cabergoline
during follow-up due to non-response to ketoconazole alone. Of these 10 patients, two
did not start the medication due to problems in obtaining the drug. Thus, in two of the
nine patients on the maximum tolerated dose of ketoconazole or who could not tolerate
a higher dose due to hepatic enzymatic changes, 1.5-4.5 mg of cabergoline per week
was associated. In patients not controlled with ketoconazole plus cabergoline, mitotane

(two patients) or pasireotide (two patients) was added. Only two of nine patients
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responded to the combination of cabergoline and ketoconazole. Data on these
associations are shown in Table 7.

Considering that one of the indications for the treatment of hypercortisolism may
be complementary to radiotherapy, we analyzed the eight patients who underwent
radiotherapy after transsphenoidal surgery. In these patients, doses of ketoconazole
from 200 to 1,200 mg were used, and in six patients there was a normalization of the
UFC in 1 to 60 months of treatment. Thus, the association of ketoconazole with

radiotherapy was effective in normalizing the 24-h UFC in 75% of cases.

Clinical follow-up:

New therapeutic approaches were attempted in some patients during follow-up:
radiotherapy (eight patients), new TSS (five patients), and bilateral adrenalectomy (four
patients). At the end of this analysis, 11 patients remained on ketoconazole, all with
controlled hypercortisolism. Among the 11 patients who were not fully controlled by the
last visit, five were using ketoconazole as pre-TSS therapy and underwent TSS as soon
as possible, while three others underwent radiotherapy and two underwent bilateral

adrenalectomy. One patient was lost to follow-up.

Discussion

According to the current consensus about CD, drug treatment should be
reserved for patients without remission after TSS, those who cannot undergo surgical
treatment, or those awaiting the effects of radiotherapy (4, 16). Drugs available in this

context may act as adrenal steroidogenesis blockers (ketoconazole, osilodrostat,
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metyrapone, mitotane, levoketoconazole, and etomidate), in pituitary adenoma
(somatostatinergic receptor ligands—pasireotide), dopamine receptor agonists
(cabergoline), or glucocorticoid receptor blockers (mifepristone) (16, 26). Among these
alternatives, the drug of choice still cannot be determined. Thus, the best option must
be established individually, considering aspects such as remission potential, safety
profile, availability, cost, etc. (16, 27, 28).

For over 30 years, ketoconazole has been prescribed off-label for CD patients
with varied rates of remission of hypercortisolism, and it can be used in monotherapy or
associated with other drugs (29, 30). The Brazilian public health system does not
provide drugs for the treatment of CD, and among medications with a better profile for
controlling hypercortisolism, such as osilodrostat, levoketoconazole, and pasireotide,
only pasireotide has been approved by the national regulatory authority (ANVISA). Due
to such pragmatic considerations, ketoconazole is among the most commonly used
drugs in our health system, whether recently associated or not with cabergoline (7).

In this cohort, the most prevalent response type was complete (66%). Since 75%
of the CD patients who used ketoconazole had a complete or partial response, there
was a clear trend towards improvement in hypercortisolism. When only those who used
ketoconazole post-TSS were evaluated, the rate of control increased to 76%. We found
that patients with a higher initial 24-h UFC tended to have less control of excess
cortisol, a difference that was not observed when analyzing ketoconazole dose or
follow-up time.

In our series and at the prescribed doses, the combination of cabergoline and

ketoconazole was not effective in the management of hypercortisolism since only two of

51



nine patients (22%) had their 24-hour UFC normalized. However, it should be observed
that this association was used in patients who had more severe CD and, consequently,
were less likely to have a favorable response. The effects of cabergoline in CD patients
remain controversial, although some studies have shown promising responses (31, 32).

Previous reviews found that the efficacy of ketoconazole for hypercortisolism
control was quite heterogeneous, ranging from 14 to 100% in 99 patients (33, 34). Our
cohort’s response rate was lower than that of Sonino et al. (89%) (20) but higher than
that of a multicenter cohort by Castinetti et al. (approximately 50%) (14). Regarding
other smaller series (35-37) our results reinforce some findings that demonstrate a
percentage of control greater than 50% of the cases.

Our analyses showed a trend toward a response that continued, with some
oscillations, over time. The rate of uncontrolled patients remained stable over time
(approximately 30%), regardless of association with other drugs (cabergoline, mitotane,
or pasireotide) or dose adjustments. Speculatively, it would appear that patients who
respond to ketoconazole treatment would show some type of response as soon as
therapy begins.

Our cohort has the longest follow-up time of any study on ketoconazole use in
CD, nearly 15 years. Our results demonstrate that patients who benefit from
ketoconazole (i.e., control of hypercortisolism and associated comorbidities) can safely
use it for a long term since those who did not experience liver enzyme changes at the
beginning of treatment also had no long-term changes.

Another relevant information for clinical practice is the result of treatment with

ketoconazole associated with radiotherapy, which demonstrated normalizing the 24-h

52



UFC in 75% of cases, a finding that reinforces the use of this therapeutic combination,
especially in cases that are more resistant to different treatment modalities.

As described in the literature, adverse effects, such as nausea, vomiting,
dizziness, headache, loss of appetite, and elevated transaminases, are relatively
frequent (38). In our cohort, 10 patients (30%) had mild adverse effects, and four (12%)
had more serious adverse effects requiring discontinuation. In other studies, up to 20%
of patients required discontinuation due to side effects (14). We documented 20
episodes of hypokalemia during ketoconazole treatment, some with worsening blood
pressure control. In most cases, hypokalemia has occurred in association with the use
of diuretic drugs, which may have potentiated potassium spoliation, reinforcing the need
of stringent surveillance in hypertensive Cushing’s disease patients using this
combination. It can also result from the enzymatic blockade that could lead to the
elevation of adrenal mineralocorticoid precursors (pex. deoxycorticosterone), with
consequent sodium retention and worsening hypertension.

Although it has not been analyzed in other series with ketoconazole, this side effect has
been observed in patients who received other adrenal-blocking drugs, such as
osilodrostat and metyrapone (16). This alteration seems to be transient in some
patients; in our series, it was managed by suspending drugs that could worsen
hypokalemia and introducing spironolactone and/or potassium supplementation.
Hypokalemia may also result from continuing intense adrenal stimulation by ACTH and
changes in the activity of the 11-beta-hydroxysteroid dehydrogenase enzyme, which
increase the mineralocorticoid activity of cortisol, as observed in patients with severe

hypercortisolism in uncontrolled CD (39). Hypogonadism occurred in one male patient.
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In two adolescent patients (one female and one male), hypercortisolism was effectively
controlled without altering the progression of puberty. As described in other cohorts, this
effect was expected due to the high doses, which block adrenal and testicular androgen
production (20).

Thus, our findings confirm previous reports in the literature and add important
information about the side effects and safety of long-term ketoconazole use in CD
treatment. Our data reinforce the current recommendations about ketoconazole for
recurrent cases or those refractory to surgery, including proper follow-up by an
experienced team specializing in evaluating clinical and biochemical responses and
potential adverse effects (7, 18, 40). Despite the severity of many of our CD patients, no
ketoconazole-related death occurred during follow-up, including long-term observation.
On the other hand, no patient progressed to definitive remission of hypercortisolism,

even after many years of treatment with ketoconazole.

Conclusions

In our cohort of patients, ketoconazole proved to be an effective and safe
alternative for CD treatment, although it can produce side effects that require proper
identification and management, allowing effective long-term treatment. We found side
effects that have been rarely described in the literature, including hypokalemia and
worsening hypertension, which require specific care and management. Thus,
ketoconazole is an effective alternative for CD patients who cannot undergo surgery,
who do not achieve remission after pituitary surgery, or who have recurrent

hypercortisolism.
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Tables

Table 1: Baseline clinical data of Cushing’s diseas

ketoconazole

e patients treated with

Variable

Total n=38 (%)

Sex (F/IM)

32/6 (84.2/15.8%)

Age (years)

31.7 (11-51)

Ethnicity (White/Non-White)

34/4 (89.5/10.5%)

Facial plethora

22 (57.9%)

Diabetes Mellitus

12 (36%)

Hypertension

26 (78%)

Purpuric striae

21 (55.3%)

Ache

11 (28.9%)

Proximal weakness

19 (50%)

Supraclavicular fat

17 (44.7%)

“Buffalo hump”

22 (57.9%)

Psychiatric illness

12 (31.6%)

Microadenoma
Macroadenoma
Normal RM

Unavailable

11 (28,94%)
15 (39,47%)
11 (28,94%)
1 (2,63%)
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Table 2. Individual data

Baseline Final
Time Prior Dose Dail Baseli X>ULN X> Final Altered liver Regula Intolerance/
1D Sex Prior TSS variation y ULN therapeutic Comorbidities . € adverse Outcome
(Months) RDT doses UFC function ruse
(mg)* ACTH UFC response effects
1 F 42 Yes No 400-600 3 41 0.13 0.4 Complete SAH and DM No Yes No Continued use
Int ted due t
2 F 7 Yes Yes 100-200 2 88 1 0.79 Complete SAH No Yes Yes, nausea nterrupted due to
intolerance
3 F 5 No,pre-TSs 5 200-400 2 5.4 0.39 Partial SAH Yes - drug Yes Ves, hepatitis  'mterrupted due to
use hepatitis drug hepatitis
Pseudotumor cerebri
4 F 120 No No 200-800 4 76 2.92 0.8 Complete - No Yes Yes resolved with
acetazolamide
5 F 126 Yes No 150-1000 4t05 129 0.05 -0.36 Complete Dyslipidemia No Yes No Continued use
Und t
6 F 90 Yes No 300-1000 4105 2 3.9 0.7 Complete SAH and DM No Yes No nderwen
radiotherapy
7 F 63 Yes No  400-1000 3 148 5.8 -0.46 Complete SAH No Yes No Underwent
radiotherapy
No, pre-TSS
8 F 26 use No 600-800 4 106 2.56 0.39 No response SAH and DM No Yes No Underwent TSS
Und t bilateral
9 F 81 Yes No 600-1200 5 24 222 5.68 No response SAH No Yes Yes naerwent bilatera
adrenalectomy
Important and
isolated
10 F 86 Yes No 400-1200 4t05 65 0.72 -0.47 Complete - R Yes No Underwent new TSS
elevation of
GGT
Discrete and
1 F 51 Yes No 400-800 2 48 068 08 Complete SAHand isolated Yes No Continued use
dyslipidemia elevation of
GGT
12 F 14 days No No 600 3 121 4.3 3.5 No response SAH and DM No Yes No Underwent TSS
Discrete and
SAH, DM and isolated .
13 F 15 Yes No 600-800 4 50 0.1 -0.06 Complete ,OVian isofate No No Continued use
dyslipidemia elevation of
GGT
Elevation of
14 F 85 Yes No 200-800 a 37 211 038 Noresponse SAH 160andGPT, — yqg Yes Underwent
discontinued radiotherapy
medication
Discrete and
. SAH, DM and isolated Underwent
15 F 119 Yes No 600-1200 4to5 40 231 1.3 Partial - . . Yes No .
dyslipidemia elevation of radiotherapy
GGT
16 F 14 Yes Yes 600 3 300 027 -0.06 Partial SAHand No Yes No Underwent bilateral
dyslipidemia adrenalectomy
Ketoconazole
Yes, loss of
17 M 29 Yes No 400-600 3 54 1.62 -0.6 Complete - No Yes appetite suspended due to loss
pp of appetite
Discrete and Underwent
18 F 5 Yes No 400 2 65 -0.08** -0.8 Complete SAH and DM Yes No

isolated GGT

radiosurgery




uptake

Discrete
No, -TSS .
19 M 42 © E: No 400-1200 2106 51 3.67 2.8 No response SAH elevation of No No Underwent Tss
TGO and GGT
20 F 6 Yes No 400 2 115 3.9 2 No response - No Yes No Lost to follow-up
21 F 125 Yes Yes 400-1000 3to5 84 1.34 0.02 Complete SAH No Yes Yes, diarrhea  Underwentbilateral
adrenalectomy
SAH, DM and
22 M 34 Yes Yes 100 2 0.3 -0.8 Complete L . No Yes No Lost to follow-up
dyslipidemia
23 F 53 Yes No 200-600 2to 4 61 1.19 0.6 Complete SAH and DM No Yes Yes, dizziness Continued use
Und t bilateral
24 M 3 Yes No 600 3 1,696 34 0.8 Complete SAH No Yes No naerwentbrlatera
adrenalectomy
25 F 133 Yes No 400 2 89 0.4 0.8 Complete SAH No Yes No Continued use
Underwent
26 F 23 Yes No 200-800 2to 4 57 0.53 -0.08 No response - No Yes No .
Radiosurgery
Yes, dizziness
No, pre-TSS .
27 F 38 use No 400-600 2to 3 102 4.1 -0.3 Complete SAH and DM No Yes and loss of Continued use
appetite
Discrete
28 M 111 Yes No 400-1200 3to4 75 3.9 0.8 Complete SAH elevation of Yes Yes, nausea Underwent
: ' p TGO, GPT, and ’ radiotherapy
GGT
29 F 8 No, EZE’TSS No 300 3 92 22 0.8 No response SAH No Yes No Underwent TSS
SAH, DM and .
30 F 132 Yes No 200-400 2to 3 20 -0.2%* -0.5 Complete - a[.] No Yes No Continued use
dyslipidemia
31 F 40 Yes No 400-800 2to 3 21 0.7 -0.99 Complete SAH and DM No Yes No Continued use
Discrete and
isolated Underwent
32 F 64 Yes No 400-800 2to 4 41 -0.7%* -0.6 Complete - . Yes No .
elevation of Radiotherapy
GGT
Pregnancy;
continued using
33 F 173 Yes Yes 400-800 2to 4 40 0.05 -0.5 Complete SAH No No No ketoconazole
without

complications.

RDT: radiotherapy; DM: Diabetes mellitus; GGT: Gamma glutamyl transferase; SAH: Systemic arterial hypertension; TGO: oxaloacetic transaminase ; GPT: glutamate-pyruvate transaminase;
TSS: Transsphenoidal surgery ; ULN: Upper limit of normal

* The highest dose used was not necessarily the final dose used.

** |n these patients, the criterion used to consider active hypercortisolismo was late night salivary cortisol and/or elevated 1 mg dexamethasone overnight.
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Table 3. Baseline characteristics of Cushing's dise

therapeutic response to ketoconazole

ase patients according to

Controlled/partially

controlled Uncontrolled
Sex (F/IM) 17/8 (68/32%) 7/1 (87.5/12.5%) 0.2281
Initial UFC
(Times > ULN) 0.62 +0.41 (-0.71-0.73) 5.3+8.21 (-0.14-34) <0.005
Final UFC
(Times > ULN) -0.48 £ 0.55 (-0.99-1.3) 5.13 +6.58 (-0.09-19.9) <0.005
ACTH 83.6 +81.8 (20-300) 172.3 £ 408.2 (1-1696) 0.635
Basal cortisol 18.8 +9.5(8.1-43) 26.5 +12.39 (5.8-47) 0.092
BMI 34.5+ 7.6 (25.8-48) 31.3+6.5(23.6-50.4) 0.268
Final dose 468 + 314 (0-1000) 562 + 184 (300-800) 0.576
Fasting blood
glucose 111.5 +39.9 (69-177) 120.7 £ 46.4 (77-219) 0.881
Prior TSS (Y/N)  22/3 (88/12%) 4/4 (50/50%) 0.043
RDT (Y/N) 9/16 (36/64%) 2/6 (25/75%) 0.56
Regular use
(YIN) 23/2 (92/8%) 6/2 (75/25%) 0.2

ACTH: adrenocorticotropic hormone; TSS: transsphenoidal surgery; RDT: radiotherapy; UFC: urinary free cortisol; ULN: Upper limit

of normal
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Table 4. Final dose of ketoconazole used in patient s with Cushing's disease

Controlled/
Final dose partially Uncontrolled
controlled
<100 mg 1 (4%) 0
200 mg 2 (8%) 0
300 mg 0 1 (12.5%)
400 mg 6 (24%) 2 (25%)
600 mg 9 (36%) 3 (37.5%)
800 mg 6 (24%) 2 (25%)

1000 mg 1 (4%) 0
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Table 5. Adverse effects of ketoconazole in Cushing

with ketoconazole

's disease patients treated

Controlled/partially

Uncontrolled

controlled p
AST 70 £ 230 (12-1128) 59 + 90 (15-244) 0.608
ALT 97 + 341 (16-1665) 112 + 214 (17-550) 0.871
Intolerance (Y/N) 3/22 (12/88%) 1/7% (12.5-87.5%) 0.97

AST: aspartate transaminase; ALT: alanine aminotransferase
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Table 6. Characteristics of Cushing's disease patie

during ketoconazole treatment

nts who developed hypokalemia

ID Dose (mg) .HK K value Disease BP control Previous medications in use
episodes control
3.3 No High
3.3 No High
3 No Normal HCTZ (suspension) enalapril,
9 1200 7 2.8 No Normal spironolactone, PPL, amlodipine,
2.8 Partial Normal cabergoline, mitotane
28 No High
3 No Normal
15 600 1 3.2 Yes Normal HCTZ
16 1000 1 28 Yes High Spironolactone, furosemide,
enalapril, chlorthalidone, simvastatin
8 600 1 34 Yes Normal HCTZ
10 800 1 3.1 No High HCTZ
14 800 1 3.3 No Normal HCTZ and captopril
. Amlodipine, atenolol, losartan,
19 1200 1 29 No Unavailable hydraf’azin o, spironolactone
25 400 1 3.2 Partial High HCTZ
29 Partial High .
w | w0 | s | 2s | pata | Har
3.3 No High P Ny
400 31 Yes Normal
27 400 3 34 No Normal Enalapriland HCTZ
600 34 Yes Normal

HK: hypokalemia; HCTZ = hydrochlorothiazide; PPL = propranolol
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Table 7. Effects of associating cabergoline with ke

toconazole in Cushing's disease

patients
?:Inax) gggg Max. weekly Other
ID Sex Adenoma K 9 dose Control medication Side effects Outcome
etoconaz .
cabergoline S
ole
Temozolomi Gastrointestinal
7 F Macro 1000 3.5 mg No de and RDT
L effects
pasireotide
9 F Normal 1000 3.5 mg No Mitotane Al symptoms Adrenalectomy
Medications
10 F Macro 1200 3 mg Yes - - maintained
14 F Macro 800 1.5 mg No - Elevation of RDT
transaminases
15 F Micro 1200 3 mg No Mitotane - RDT
21 F Normal 600 2mg Yes - Gastrointestinal Adrenalectomy
symptoms
26 F Macro 400 2 mg No - - RDT
Hyperglycemia,
28 M Macro 1200 45mg No Pasireotide hypogonadism, RDT
and hypokalemia

Al: adrenal insufficiency ; ND: No data; RDT: radiotherapy
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Figure 1: Flowchart of ketoconazole treatment in Cu

shing's disease patients
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Figure 2. Prevalence of controlled hypercortisolism during follow-up of Cushing's

disease patients treated with ketoconazole
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Figure 3. First and last consultation 24-hour UFC r  esults vs. ketoconazole dosage

in Cushing's disease patients
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CONCLUSOES DA TESE:

Conforme resultados obtidos nos artigos apresentad 0S:

1. Dentre os 33 pacientes que utilizaram cetoconazol por até 14 anos e meio, e
gue faziam acompanhamento da DC no HCPA, independente do uso pré ou pos CTE,
22 apresentaram resposta completa (66%), 3 pacientes tiveram resposta parcial (9%) e
8 pacientes ndo tiveram resposta ao tratamento (24%), j incluindo pacientes que
realizaram radioterapia durante o tratamento com o0 cetoconazol. Os pacientes
controlados ou parcialmente controlados com o cetoconazol apresentaram cortisollrias
de 24 horas basais menores do que o grupo ndo controlado, além de CTE prévia com
maior frequéncia. A prevaléncia de ndo controlados se manteve estavel ao longo do
tempo, em torno de 30%, a despeito de ajustes de dose do cetoconazol ou associagao
com outras drogas, sendo que a associacdo com cabergolina ndo se mostrou eficaz no
controle do hipercortisolismo em nossa amostra. Efeitos adversos leves como nauseas,
vOmitos, tonturas e inapeténcia foram descritos em 30% da amostra, porém, apenas em
4 pacientes houve necessidade de suspensdao da medicacdo. A ocorréncia de
hipocalemia foi flagrada mesmo em pacientes com a DC controlada.

2. Quando analisados apenas pacientes que fizeram uso do cetoconazol apés a
realizacdo de CTE, em dez estudos que foram incluidos na metandlise (n = 270), houve
remissao do hipercortisolismo em 151 pacientes (63%) e ndo remissao em 61 pacientes
(20%). Nao houve associacdo de efeito com a remissdo do hipercortisolismo

relacionada com a dose final, a duragéo do tratamento, ou o valor inicial da cortisoldria.
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Podemos concluir que no cenério atual da endocrinologia, em especial na saude
publica brasileira, o cetoconazol se torna uma opcéo terapéutica relativamente segura
para o tratamento daqueles casos de n&o remissdo da DC com as terapéuticas

convencionais ou na impossibilidade de realizagdo da CTE como terapia primaria.
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