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Introducao

General Concepts In -
Theranostics
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Pares teranosticos atuais

Alvo Doenga Diagnéstico Terapia

Simporte sddio- Hipertireoidismo 123 1311

iodo Cancer de tireoide 99mTc-04-

Transportador Neuroblastoma mIBG-123| mIBG-131|
norepinefrina Feocromocitoma

Hidroxiapatita nos = Cancer de prostata MDP-99mTc 223Ra

0S50S Fluoreto-18F

Receptores de Tumores neuroenddcrinos | DOTA-68Ga octreotato-177Lu/90Y
somatostatina Octreo-111In/99mTc

PSMA Cancer de prostata PSMA-68Ga/18F PSMA-177Lu/225Ac
Microvasculatura | Carcinoma hepatocelular MAA-99mTc microsferas-90Y

hepatica

Colangiocarcinoma
Metastases hepaticas

CD20 (antigeno
em linfécitos B)

Linfoma ndao-Hodgkin

Imunohistoquimica anti-
CD20

anti-CD20-1311/90Y

adaptado de Nunes e cols. PET Clin 16 (2021) 313-326
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Aplicacoes terandsticas

Terapia de lesdes hepaticas com microesferas radioativas marcadas com 90Y

LIVER
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Aplicacoes teranosticas

Braquiterapia com Rénio-188 para tumores de pele de dificil resseccao cirurgica

Castellucci et al. Eur J Nucl Med Mol Imaging 2020 v



Pares teranosticos em investigacao

Alvo Doenga Diagnéstico Terapia
Receptor CXCR4 Multiplos tipos de cancer, Liigante CXCR4-68Ga CXCR4-177Lu
incluindo mieloma multiplo,
linfomas, leucemias,
glioblastoma, de pancreas,
melanoma e de prdstata
PD1/PD-L1 Multiplos tipos de cancer, Anti-PD1-PD-L1-89Zr/18F | Inibidores de
incluindo de pulmao, checkpoint anti-PD1-
melanoma, renal e linfomas PD-L1-89Zr/18F
HER2 Cancer de mama Anti-HER2-89Zr Inibidores de HER2
Proteina de Multiplos tipos de cancer, Inibidor da proteina de 90Y-FAPI-04
ativacao de incluindo de pancreas, ativacao de fibroblastos-
fibroblastos sarcoma, pulmao, 68Ga (FAPI-04)
melanoma, renal e linfomas

adaptado de Nunes e cols. PET Clin 16 (2021) 313-326
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Tumores neuroendocrinos
DOTATATE-Lutécio-177

Fhe WEW ENGLAMND JTOUENAL of MEDICIME

OFRIGINAL ARTICLE

Phase 3 Trial of """Lu-Dotatate for Midgut
Neuroendocrine Tumors

Strosberg, G. El-Haddad, E. Wolin, A. Hendifar, ). Yao, B. Chasen, E. Mittra
FP.L. Kunz, M.H. Kulke, H. Jacene, I, Bushnell, T.M. O'Dorisio, R.P. Baum,
H.R. Kulkarni, M. Caplin, R. Lebtahi, T. Hobday, E. Delpassand, E. Wan Cutsem,
A, Benson, R, Srirajaskanthan, M. Pavel, |. Maora, |. Berlin, E. Grande, M. Reed,
E. Seregni, K. n’fﬁher;_{_ M. Lopera Sierra, P. Santoro, T. Thevenet, |.L. Erion,

P. Ruszniewski, D. Kwekkeboom, and E. Krenning, for the NETTER-1 Trial Investigators®

14
Strosberg e cols. N Engl J Med. 2017 ;376:125-135.



Tumores neuroendocrinos
DOTATATE-Lutécio-177

* Pacientes com tumores neuroendocrinos

avancados do intestino médio
— progressao da doenca durante a terapia com

analogos de somatostatina
* opcoes terapéuticas limitadas.

Strosberg e cols. N Engl J Med. 2017 ;376:125-135.



Tumores neuroendocrinos
DOTATATE-Lutécio-177

e 229 pacientes com tumores neuroendocrinos

metastaticos
— 116 pacientes receberam 1 dose de DOTATATE-

177 u a cada 8 semanas
* 4 infusOes intravenosas e octreotida LAR 30 mg

— 113 pacientes no grupo controle
* octreotida LAR 60 mg a cada 4 semanas

Strosberg e cols. N Engl J Med. 2017 ;376:125-135.



Tumores neuroendocrinos
DOTATATE-Lutécio-177

e Sobrevida livre de progressao no 20° més:
— 65,2% (IC, 50,0 a 76,8) no grupo DOTATATE-/7Lu.
— 10,8% (95% Cl, 3,5 a 23,0) no grupo de controle.

Progression-free Survival

11.
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Strosberg e cols. N Engl J Med. 2017 ;376:125-135.



Tumores neuroendocrinos
DOTATATE-Lutécio-177

* Analise provisoria da sobrevida global
— 14 6bitos no grupo DOTATATE-"/Lu
— 26 no grupo controle

Overall Survival {Interim Analysis)

T

o Ve
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Strosberg e cols. N Engl J Med. 2017 ;376:125-135.



Tumores neuroendocrinos
DOTATATE-Lutécio-177

Overall Survival

« At this first update, median OS was 27.4 months in Oct arm and still not reached in 77Lu arm

100 s p
-
ey B Treatment
ll-.h ~LL4_‘_¥_‘?1’ ~oeo 17y DOTATATE
" 0 i -H-+ Octrectide LAR 80 mg
80 ey, T
Va— N -
o .Lh'“ hadany Preep
E -II“‘ : ._“_l«»a;—eo—x.—-»—a
@ B T
W 60 LHean
a v
& b= HA FF
o 40 -
)
k<]
R "TLu-DOTATATE Oct LAR 60 mg
204 N 117 114
Event (%) 28 (23.9) 43(37.7)
Median (95% Cl)  NR(NE, NE) 27.4 (23.1, NE)
HR 0.538
0 —
T T T T T T T T T T T T T T T T
0 3 68 e} 12 15 18 21 24 27 30 33 36 29 42 45
Subjects at risk:
™MyDOTATATE 117 110 105 101 ©8 9 74 61 5 27 147 11 5 1 0 0
Octrectide LARGOMG 114 108 96 87 B1 75 59 42 33 20 9 4 0 0 0 0

Monthzs
Cutoff date 30 June 2016

Strosberg J, et al. J Clin Oncol. 2018;36(suppl): Abstract 4099.
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Tumores neuroendocrinos

DOTATATE-Lutécio-177

Global Health Status TTD

« HRQoL TTD was significantly longer in the 77Lu arm vs the Oct arm for global health

status (HR: 0.406; P =.0006)
Product-Limit Survival Estimates
With Number of Subjects at Risk
1.0 'I-———rp
0.8 - lﬁ_’_“i
\. i
-3 p—
> 08— -||-
g 1
G
0.4 e ———
2 |
A |
(4]
0.2 |
+ Canzored |
Logrank P=.0006 |
HAR: 0.408 |
0.0+
1 117 72 52 38 aD 2B 13 8 2 1 4]
2 1i4 54 8 i8 13 Fi i 1 ]
I | I I I I |
] [+ 10 15 20 25 30
Time to First Deterioration (Months)
| Treatment 1: "7 Lu-DOTATATE ———2: Octrectids LAR 60 mg

Strosberg J, et al. J Clin Oncol. 2018;36(suppl): Abstract 4099.
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Tumores neuroendocrinos
DOTATATE-Lutécio-177

* Apos seguimento médio de 6,3 anos:
— Melhora da sobrevida livre de progressao
— Melhora da sobrevida global mediana 48,0 vs 36,3

Strosberg e cols., ASCO 2021



Tumores neuroendocrinos

* Novos radiofarmacos - antagonistas

22

Nicolas e cols., J Nucl Med 2018 59:915-921



Cancer de prostata
Radio-223

The NEW ENGLAND
JOURNAL of MEDICINE

ESTABRLISHED IN 1812 JULY 18, 2013 VvOL. 300 MO, 3

Alpha Emitter Radium-223 and Survival
in Metastatic Prostate Cancer

C. Parker, 5. Nilsson, D. Heinrich, 5.1, Helle, .M. O'Sullivan, 5.D. Fossa, A. Chodacki, P. Wiechno, J. Logue, M. Seke,
A. Widmark, D.C. Johannessen, P. Hoskin, D. Bottomnley, N.D. James, A, Solberg, |. Syndikus, |. Kliment, 5. Wedel,
~

5. Boehmer, M. Dall'Oglio, L. Franzén, R. Coleman, M.J. Vogelzang, C.G. O'Bryan-Tear, K. Staudacher,
|. Garcia-Vargas, M. Shan, @.5. Bruland, and Q. Sartor, for the ALSYMPCA Investigators®

Parker et al. N Engl J Med 2013 23



Cancer de prostata

Radio-223
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Cancer de prostata
Radio-223

* Fase 3

* CPmRC

 Randomizado, duplo-cego, placebo controlado
* 921 pacientes, 2:1

 Nao receberam, nao eram elegiveis ou
recusaram docetaxel

* 6injecoes de cloreto de radio-223 ou placebo

Parker et al. N Engl J Med 2013



Cancer de prostata
Radio-223

* Desfecho primario: maior sobrevida global
(mediana 14,9 meses vs. 11,3 meses)

Orverall Surdival

Survival (%)

Ma. at Risk

Parker et al. N Engl J Med 2013 Radium-223

Placebo

100+
I
20—
70

]

a0
40
30

20
10
0

Gl4 578 504 369 274 178 105 60 41 18 7 1
307 288 228 157 103 67 3% M 14 7 4 2

T Hazard ratio, 0.70 [95% CI, 0.58-0.83)
P0.001

Radium-223

1 survival, 11.3 ma)

T T T T T T T T T 1
o3 & 9 12 15 18 21 34 3F 3 33 14 39

Maonths since Randamization
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Cancer de prostata
Radio-223

* Desfecho secundario:
— Tempo para primeiro evento 6sseo sintomatico

— 15,6 vs. 9,8 meses

Time to First Symptomatic Skeletal Event

100-pe, Hazard ratio, 0,66 (95% €1, 0,57-0.33)
_1-;: S0- P<0.001
E E0- Radium-223
.E_g 70 (rmedian timea w I'|r*:.l: symplormatic
v sheletal event, 15.6 ma)
as oM
EL
O = -
= E 40 Placaba |
FT {rmedian time to first sSymptomatic b T
2o 304 skeletal ewent, 9.8 ma)
% |
2 04
-
£ 104

0 T T T T T T 1

I
0 E] 7 9 12 1% 18 I 24 27 M

Months since Randomization

Mo, at Risk
Radium-223 G614 4% 347 199 139 63 i1 B 3 1 4]
Placeho worF 211 117 1] 16 20 ] 7 4 | 4]

Parker et al. N Engl J Med 2013



Cancer de prostata
PSMA-|lutécio-177

177Lu-PSMA-617 targeted radioligand therapy

"L u-PSMA-617 binds to PSMA
on the cell membrane with high affinity

it B particle emission
°

°

A, j|"7Lu-PSMA-617

Prostate cancer cell
and neighbouring

cell death
Reduced binding in the kidneys, spleen, liver,
DNA damage salivary glands, lacrimal glands, submandibular |
glands, and bone marrow is expected.
Presented By: Michael J. Morris #ASCO021 | Content of this presentation is the property of the author, licensed by ASCO. 2021 ASCO

Permission required for reuse. ANNUAL MEETING
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ASCO 2021

Cancer de prostata
PSMA-|utécio-177

Primary endpoints: "77Lu-PSMA-617 prolonged OS

Primary
analysis

All randomized
patients

(N =831)

Presented By: Michael J. Morris

100

90

16

Hazard ratio: 0.62
(95% ClI: 0.52, 0.74)
p < 0.001 (one-sided)

80
70

60

50

Median 15.3 vs 11.3 months

40-

30

Event-free probability (%)

20
—+ ""Lu-PSMA-617 + SOC (n = 551)

SOC alone (n = 280)

0 T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Time from randomization (months)

Number of patients still at risk
TLu-PSMA-617+SOC 551 535 506 470 425 377 332 289 236 166 112 63 36 15 5 2 0

#ASCO21 | Content of this presentation is the property of the author, licensed by ASCO.
Permission required for reuse.

2021ASCO

ANNUAL MEETING
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Cancer de prostata
PSMA-|utécio-177

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Lutetium-177-PSMA-617 for Metastatic
Castration-Resistant Prostate Cancer

O. Sartor, ). de Bono, K.N. Chi, K. Fizazi, K. Herrmann, K. Rahbar, S.T. Tagawa,
L.T. Nordquist, N. Vaishampayan, G. El-Haddad, C.H. Park, T.M. Beer,
A. Armour, W.). Pérez-Contreras, M. DeSilvio, E. Kpamegan, G. Gericke,
R.A. Messmann, M.J. Morris, and B.J. Krause, for the VISION Investigators*

NEJM 2021
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Cancer de prostata

PSMA-lutécio-177

A Imaging-Based Progression-free Survival

No. of Events/
Mo. of Patients Median
mao
254385 8.7
93,196 34

Hazard ratio for progression or death,
0.40 (99.2% Cl, 0.29-0.57)

100
< 90 m
B0+ &
;E S 70- T7Lu-PSMA-617 +
E E Standard Care
= 5 60 77| . PSMA-617 +standard care Standard Care
-% £ 504 Alone
< % 40-
= a
§ E 30 o4 . iy, P<0.001
20 oo o
2 Standard care alone : B
10+ g —
D I I I I I I I I I I I

0 2 4 & i 10 12 14 16

Months since Randomization

Mo. at Risk
I u-PSMA-617+standard care 385 362 272 215 182 137 28 71 49
Standard care alone 196 119 36 19 14 13 7 7 3

NEJM 2021
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Cancer de prostata
PSMA-|utécio-177

B Overall Survival

No. of Events/
100 No. of Patients  Median
0 +Iﬂ o mo
. ~ T 177 -PS 3
30 ‘)LQQ 1T _ Lu-PSMA-617+ 343551 15.3
% .;.EB\ 4 'Lu-PSMA-617+standard care Standard Care
P 70 S Standard Care 187,280 113
5 60+ o Alone
E 50 Standard care aluﬂeh\q"‘a_ Hazard ratio for death,
5 0 heg 0.62 (95% C, 0.52-0.74)
E 20+ et -
10+ &)
U T T T T

T T T T T T T T T T T 1

1] 2 4 6 ] 10 12 14 16 18 20 22 24 26 28 ki) iz

Months since Randomization

MNo. at Risk

U7 y-PSMA-617+standard care 551 535 508 470 425 77 332 289 236 166 112 63 36 15 5 2 0
Standard care alone 280 238 203 173 15% 133 117 a8 73 51 33 16 5 2 a a 0
NEJM 2021
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12/2014
PSA = 2,923 ng/mL

Cancer de prostata
PSMA-actinio-225

C

-

1x
225Ac-PSMA

7/2015 9/2015 3,500 -,
PSA = 0.26 ng/mL PSA < 0.1 ng/mL 3,000 @
2,500 -
2,000 1 *
1,500 e I}
1,000 e
500

0
0 4 8
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Kratochwil e cols, J Nucl Med 2016
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Cancer de prostata
PSMA-actinio-225
A B C D

225Ac PSMA 225Ac PSMA
L 4
' -
6/2015 9/2015 212016 4/2016 400 v
PSA = 294 ng/ml PSA = 419 ng/ml PSA = 3.5 ng/ml PSA<0.1 ng/ml ®
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£ E
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Kratochwil e cols, J Nucl Med 2016 34



Cancer de prostata
PSMA-|lutécio-177
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Cancer de prostata
PSMA-|utécio-177
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Cancer de prostata
PSMA-lutécio-177

10/09/2020

18/05/2021
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Heterogeneidade

Mol Imaging Biol 2018) Yert
MOLECULAR [psshesmmmpeipuoss e
IMAGING * Word Molecular Imaging Society, 2018 w """‘H O CrossMark
AND BIOLOGY esmi

RESEARCH ARTICLE

Birgpean burral of Nidear Medicine and Molealar maging

Pre-therapy Somatostatin Receptor-Based
Heterogeneity Predicts Overall Survival

in Pancreatic Neuroendocrine Tumor Patients
Undergoing Peptide Receptor Radionuclide
Therapy

Rudolf A. Wemner,"? Harun Ilhan,® Sebastian Lehner,®* L4szI6 Papp,® Norbert Zsotér,®
Imke Schatka,” Dirk O. Muegge,? Mehrbod S. Javadi,' Takahiro Higuchi,?®

Andreas K. Buck,? Peter Bartenstein,® Frank Bengel,” Markus Essler,'

Constantin Lapa,? Ralph A. Bundschuh'®

hitps/{doi.orgH 01007/ D028 0190449
CRIGINAL ARTCLE
()
\\-
Check far
updates

Prognastic Sgnificance of Smatostatin Receptor Heterogeneity
in Progressive Neuroendocrine Tumor Treated with Lu-177 DOTATOC
or Lu-177 DOTATAE

Josaphine Graf' sUlrich-Frank Pape® &Henning Jann® Timm Denecke” &Ruza Arsenic” aWinfried Brenner' &
Marianne Pavel® aVikas Prasad '

Received: 28 Decerrber 2018/ feepted: 11 Lily 2019
#  SpringerV/erlag GnbH Germany, part of Soringer Nature 2019

38

Werner e cols. Mol Imaging Biol 2018; Graf e cols. Eur J Nucl Med Mol Imaging 2019



Heterogeneidade

Assessment of Quality of S5TR® expression:

¢ Index lesions: Lesions greater than 2 cm
and definitely visible on Baseline

PET/CT image
¢ =50% heterogeneous target lesions =
patient with heterogeneous expression

» < 50% target lesions heterogeneous =
patient with homogeneous expression

! !

Homogeneous receptor Heterogeneous receptor
expression eXpression

35 (55.6%) Patients 28 (44.4%) Patients
median TTP!"F 54 months median TTP: 26 months
median 058 not reached median 05: not reached

39



Perspectivas
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Chen e cols. J Nucl Med 2020



Perspectivas

FEATURED ARTICLE OF THE MONTH

Feasibility, Biodistribution, and Preliminary Dosimetry
in Peptide-Targeted Radionuclide Therapy of Diverse
Adenocarcinomas Using '"’"Lu-FAP-2286:
First-in-Humans Results

Anterlor Posterior

- PET FAP antes
Baum e cols. J Nucl Med 2022

1'.,-,

A”‘x “q

i

PET FAP ap0ds 8
semanas
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Zhang e cols.,Semin Nucl Med 2019.



B u.s. National Library of Medicine

. = - Find Studies ~ About Studies ~ Submit Studies ~ Resources ~ About Site ~ PRS Login
ClinicalTrials.gov o

Home >  Search Results >  Study Record Detail [[J Save this study

Study of RYZ101 Compared With SOC in Pts w Inoperable SSTR+ Well-differentiated GEP-NET That Has Progressed Following 177Lu-SSA
Therapy (ACTION-1)

ClinicalTrials.gov |dentifier: NCT05477576

The safety and scientific validity of this study is the responsibility of the study

sponsor and investigators. Listing a study does not mean it has been evaluated
A by the U.S. Federal Government. Know the risks and potential benefits of clinical
studies and talk to your health care provider before participating. Read our

) : Recruiting
- July 28, 2022

disclaimer for details. See Contacts and Locations

Sponsor:

View this study on the modernized ClinicalTrials.gov
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Condition or disease €

GEP-NET
Gastroenteropancreatic Neuroendocrine Tumor
Gastroenteropancreatic Neuroendocrine Tumor Disease

Neuroendocrine Tumors

Intervention/treatment @ Phase @

Drug: RYZ101 Phase 3
Drug: Everolimus 10 mg
Drug: Sunitinib 37.5 MG

Drug: Octreotide LAR 60 MG Injection

Carcinoid
Carcinoid Tumor

Pancreatic NET

Study Design

Drug: Lanreotide 120Mg Sa Susp Inj Syringe

Go to E

Study

Estimated

Intervention Model:
Intervention Model Description:

Masking:
Primary Purpose:
Official Title:

Estimated Primary Completion Date € :
Estimated Study Completion Date € :

Type @:

Allocation:

Interventional (Clinical Trial)

218 participants

Randomized

Parallel Assignment

This study aims to determine the safety, pharmacokinetics (PK) and recommended Phase 3 dose (RP3D) of RYZ101 in Part 1, and the safety, efficacy, and PK of
RYZ101 compared with investigator-selected standard of care (SoC) therapy in Part 2 in subjects with inoperable, advanced, well-differentiated, somatostatin receptor
expressing (SSTR+) gastroenteropancreatic neuroendocrine tumors (GEP-NETs) that have progressed following treatment with Lutetium 177-labelled somatostatin
analogue (177Lu-SSA) therapy, such as 177Lu-DOTATATE or 177Lu-DOTATOC (177Lu-DOTATATE/TOC), or 177Lu-high affinity [HA]-DOTATATE.

None (Open Label)

Treatment

Phase 1b/3 Global, Randomized, Controlled, Open-label Trial Comparing Treatment With RYZ101 to Standard of Care Therapy in Subjects With Inoperable, Advanced,
SSTR+, Well-differentiated GEP-NETs That Have Progressed Following Prior 177Lu-SSA Therapy

March 24, 2022

July 2025

July 2028
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Equipe multidisclipinar

Oncologia
Radiologia
Radioterapia
Medicina nuclear
Patologia
Genética médica
Enfermagem
Fisica médica



Conclusoes

Imagem molecular - caracteristicas bioldgicas da
doenca.

Tratamento direcionado com radionuclideos emissores
o ou

Minimizacao de toxicidade para tecidos normais

Dados substanciais e crescentes apoiam a abordagem

teranostica
— Aumento da sobrevida e melhora da qualidade de vida



Perspectivas

* Novos radiofarmacos
* Combinacao com outras terapias

* Fundamental ampliar acesso



Muito obrigado

phrosado@hucff.ufrj.br

paulo.rosado@idor.org
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