AT IV WORKSHOP DE DIVULGAGCAO
MEDICINA “AVANCOS DA QUIMICA NA AREA DA SAUDE”
= CRQ-IV
26/04/2019

RADIOISOTOPOS: APLICACOES EM
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. DEFINICOES

Radioisotopos ou radionuclideo ou séo isétopos de
elemento quimico que se desintegram por emissao
de radiacao corpuscular (particula) ou
eletromagnética.

Toda substéncia que por sua forma farmacéutica,
quantidade e qualidade de radiacdo, pode ser
utilizada no diagnoéstico e tratamento de
enfermidades dos seres vivos, qualquer que seja a
via de administracdo empregada (ANVISA)
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DESCOBERTA DO POLONIO
(1898)

Diagrama do processo de separagdo quimica que levou a
descobeta do polonio

Pitchblende
< HCI

residue
fusion with K,CO,
and NaOH
HCI
solution
<~ HS

sol.U, Th ppt Pb, Cu, Bi, As, Sb, X

(NI
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PbS, BIS

sol. Cy, BI, X X
NHOH =~
pptBi,X  sol.Cu T
HCl or HNO, —~
dil with H,0

ppt X (main part)  sol. Bi, X
(repeal)

Uranita (Pitchblend) = UO,/U0,/ThO,/Ra0O/PbO Fabio Marques CRQ-IV 2019
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T DESCOBERTA DO POLONIO
= (1898)
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http://upload.wikimedia.org/wikipedia/commons/e/e7/Pitchblende_schlema-alberoda.JPG

George De Hevesy
(1885 — 1966)

Frederick Soddy
(1877-1956)

Descobriuas séries
radioativas naturais.

Utilizou o elemento
radioativo para tragar o
metabolismo do chumbo
PREMIO NOBEL DE em plantas e animais.
QUIMICA: 1921

sobre a quimica dos
elementos radioativos
e a natureza dos
isotopos.

PREMIO NOBEL DE
QUIMICA: 1943

uso de is6topos
radioativos como
tragadores em estudos

de processos quimicos.

PERSONAGENS

Fréderic Joliot (1900 — 1958) e
Iréne Joliot Curie (1897 — 1956)

Preparacdo do primeiro is6topo
radioativo artificial (1932).

Al +a =3P (T, = 2,498 min)
PREMIO NOBEL DE QUIMICA: 1935

por seus trabalhos na sintese de
novos elementos radioativos.

Fabio Marques CRQ-IV 2019

Otto Hahn
(1879 - 1968)

Descobriu (com Lisa Meitner) o processo a
fissdo nuclear (1938)

TRCTA TgsERa e

9U + 1 = 56Ba + 56Kr

PREMIO NOBEL DE QUIMICA: 1944
pela descoberta da fissdo de nucleos pesados

PERSONAGENS

WEDICIy,
oF ey, .
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B,
3

E.O. Lawerence

Desenvolveu e construiu o primeiro ciclotron

PREMIO NOBEL DE FISICA: 1932
Pelo desenvolvimento do ciclotron

Fabio Marques CRQ-IV 2019
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http://en.wikipedia.org/wiki/Image:Frederick_Soddy_(Nobel_1922).png
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OS CICLOTRONS DE LAWRENCE ¢
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1932:11in (28 cm) = 1,1 MeV

Ernest Lawrence

http://mwww.Ibl.gov/Publications/75th/files/exhibit.html
http://www.scienceclarified.com/Oi-Ph/Particle-Accelerators.html
Fabio Marques CRQ-IV 2019
P
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OS CICLOTRONS DE LAWRENCE
1932: 27 polegadas

%

1936: 60 polegadas

Ernest Lawrence and M.S. Livingston

M.S. Livingston

Fabio Marques CRQ-IV 2019




DA “ACADEMIA” PARA A
SOCIEDADE

SCIENCE

Vol. 103, No. 2685 Friday, June 14, 1946

Availability of Radioactive Isotopes

Announcement From Headquarters, Manhattan Project, Washington, D.C.

Chicago Pile n° 1 (CP-1)

http://library.thinkquest.org/27954/Fermi.html

Fabio Marques CRQ-IV 2019

TABELA PERIODICA E
CARTA DE NUCLIDEOS
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Nimsro Peso Atbmico
Atbmico —simbolo Quimico
Nome do Elementa

1A wyw.dorminantes.com.br
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88—y
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1
a1 (12

https://en.wikipedia.org/wiki/Table_of_nuclides#/media/File:lsotopes_and_half-life.svg
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https://en.wikipedia.org/wiki/Table_of_nuclides#/media/File:Isotopes_and_half-life.svg
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CSP

CARTA DE RADIONUCLIDEOS

F-14 | F-15 | F-16 F-20 | F-21 |[F-22 | F-23 | F-24 | F-25 | F-26 | F-27 | F-28
5.0E-225 || 41E-225 [| 11E-105 11163s | 4158 || 4235 2235 || 3%0ms | soms f| 97ms | soms
0-12 | 0-13 | 0-14 | 0-15 0-19 | 0-20 | 0-21 | 0-22 | 0-23 | 0-24 [ 0-25 | 0-26
G.6.36-21s || 8.58ms || L1770m 2688s || 1351s f| 3425 2255 a7ms 65ms || 286-21s | 4.5ps
N-10 | N-11 | N-12 | N-13 N-18 | N-19 | N-20 | N-21 || N-22 | N-23
2.0E-225 || 5.56-225 ||11.000ms | 0.965m 619ms || 271ms || 130ms || s30ms | 24ms | 141ms
c-8 c-9 | c-10 Cc-14 | €-15 [ c-16 | €-17 | C-18 | €-19 | C-20 c-22
2.06-215 || 126.5ms || 193055 5700y || 24495 | 747ms || 193ms | 92ms 49ms 1ams 61ms
B-7 B-8 | B-9 B-13 | B-14 | B-15 [ B-16 | B-17 | B-18 | B-19
336225 || 770ms | 85E-10s 17.33ms || 125ms | 9.93ms 5.08ms 292ms
Be-6 || Be-7 | Be-8 Be-10 | Be-11 | Be-12 | Be-13 | Be-14 || Be-15 || Be- 16
15166y || 13.76ms || 21.48ms | 10-215 | 4.84ms 6.5E-225
Li-9 [ Li-10 | Li-11 | Li-12 | Li-13
178.3ms || 206-215 | 8.75ms 36E-215
He-6 || He-7 | He-8 || He-9 || He-10
806.82ms || 3.0E-21s | 119.0ms || 2.56-21s | 256-225
H-5 H-6 | H-7
246225 [| 296225

https://wwwndc.jaea.go.jp/CN14/sp

Fabio Marques CRQ-IV 2019

i | FORMAS DE DECAIMENTO
T RADIOATIVO
Decay Type Radiation Emitted Generic Equation Model
A
A
Alpha decay da AX —= 4-4x 4 4a @ — @ $ B X
]
ot Rl S & Beta-minus
A-d AC
0 z-2 zel
Beta decay 98 A —o g Axs 0 — —
Parent Daughter Beta
Partice
Positron emission S ;x ﬁzrfx- +.% @ — @ o = } = } o
N D - P z-2 zZ-1 z 4
Atomic Number
S T
Parent  Electron Daughter Xray
Gamma emission o A 22 ax +9v @ — @ A
Parent Daughter Gamma ray
(excited nuceor state)
&, 9
Fooninesis Newrons  A4B4Cx —s Ax + B0+ Cln =
\ 9
ENERGY °
Parent Neutrons
(unstable)
Daughters
http://chemwiki.ucdavis.edu/Physical_Chemistry/Nuclear_Chemistry/Nuclear_Reactions Fabio Marques CRQ-IV 2019
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https://wwwndc.jaea.go.jp/CN14/sp/

MEDICINA

0-
o — “aivacao
Ativacao

Nucleo
Estéavel

Néutron

METODOS DE PRODUCAO DE

RADIONUCLIDEOS

S MEDICI,
& 1%

§ '7\'.

BEST 15

Niicleo
instével

Nacleo
Instavel

BEST 25

BEST 28/35

Transmutagao
Lt ) —— @

Praton,

Nuicleo Deutéron ou
estavel Particula alfa

Fabio Marques CRQ-IV 2019

RADIOISOTOPOS DE INTERESSE EM

MEDICINA NUCLEAR

WEDICIy,
&\gi g Ny,
Ve

Emissdo a Emissao B- Emissdoy Emissdo eletrons Emissdo B+
Auger
E=5to 9 MeV E= 50 to 2300 keV E= 136 to 340 keV | E=eV to keV E,; =
dy)=4t0100pm | d,=0.05t012mm | d,= cm d,)= 2 to 500 nm Eang =511 keV
LET= 80 keV/um LET= 0.2 keV/um LET= LET=4 to 26 keV/um | dy,, =
LET =
tis tis tis tis tis
WAL (7,2h) | 32p (143d) |¢7Ga (3.26d) |%’Ga (3.26d) |1C  (20.4 min)
23Bi  (46min) |S7Cu  (2.58d) |%mTc (6.01h) |%®"Tc  (6.01h) |3N  (9.98 min)
*Ra  (11.4d) | ooy (269d) [1yy (2.8d) [un (2.8d) |50  (2.03 min)
2°Ac (10d) |1 (8d) (123 (13.1h) |25 (59.4d) |F (1.83 h)
133Sm  (1.93d) |13y (8d) |4 (8d) [%cu  (12.7h)
%6Ho  (28.8h) [2011| (3.04d) |20 (3.04d) |%8Ga  (1.13h)
Y7Ly (6.7 d) 8ImK (13 s)
1%Re (16,9 h) 897y (3,27 d)
19%8Au (2,7 d) 124) (4.2d)

Fabio Marques CRQ-IV 2019

02/05/2019



DIAGNOSTICO

ALVOS MOLECULARES EM
TUMORES

T “Perfusio

KA Monitoring Gene ['50H,0

o0 Therapy ["8F]JFHBG
Annexin-V c FES [11GJACOH

W
.<—>DNA) @ /
8F]FDG-6- e ASE ) metastasis
ohaephat 19FICholine- protein APUD g %0,
phosphat - gynthesis System
e U
- i Hormonal H

Hexonase : Regulation 1 T \')

f Cholinkinase ) 2 D ) m;;'?‘-\'
@ / ' P

8st/GRP

['8FIFDG
['8F]Choline Peptides
Amino Acids Amine P ubsr Antbodies [EFIGaiactcibiy
SF]FET, ['MICIMET 18F]FDOPA, [ICHTP inhibitors -
[PRIFELFIC) dosl ] ["CHTP |\ ucieosides Hel;-fmlmymam
[$8Ga]DOTATOC [18FJFLT
CCR Focus A
Wester, H.-J. Clin Cancer Res 2007;13:3470-3481 Fabio Marques CRQ-IV 2019

02/05/2019



PRODUCAO DE RADIONUCLIDEOS
EM GERADORES

.

MEDICIy,
o Ny ~

e,

*Mo

©6,01)

B (87%)

B (13%)

Produzido por Adriano Radin Fabio Marques CRQ-IV 2019

O PROCESSO DIAGNOSTICO EM MEDICINA
NUCLEAR
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T RADIOFARMACOS DE 9°mTc PARA
e DIAGNOTICO DE TUMORES

@,

Tumor ésseo - 9mTc-MDP

4 i
.
’ .
. |
i ]
b [
Anterior Posterior
Tc-99m MDP

Fabio Marques CRQ-IV 2019

R CT RADIOFARMACOS DE %"Tc PARA
— DIAGNOTICO DE TUMORES

Tumor de mama e Pgp - " Tc-MIBI

FIGURE 1. Pretherapy (A and B) and posttherapy (C and D)
omTe-sestamibi studies (lateral views of right breast in prone
position) of patient 30, who showed no response to chamother-
apy at pathologic examination. Pratherapy study (A, early im-
age; B, delayed image) evidencad high *"Tc-sastamibi WOR
(51%), ing high MDR 1. Early im-
age (C) confimed negative response to chemotherapy, because
tracer uptake persisted in tumoral region. Corresponding de-
layed image (D) showed evident decrease in tracer uptake, .
confirming high WOR and high MDR exprassion. Fabio Marques CRQ-IV 2019
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Apoptosis - (**™Tc)HYNIC-ANNEXIN

(°*™Tc)HYNIC-ANNEXIN is a labeled
endogenous human protein, wich bind with
high avidity to phosphatidylserine (PS), a

MEDICI,
¥ Ny,

%
%

CEy,, %

membrane-associated intracellular
phospholipid invariably expressed on the
external cell membrane surface early in the
apoptotic cascade.

Fabio Marques ClI

M. Kariachova ef al. ! Radivtherapy and (ncology 72 (2004) 333-339

RQ-IV 2019

CONSUMO DE GLICOSE

Sintese da (18F)FDG

SANGUE
Otto Warburg - 1931 CEREBRO
H OH
Ho o K Gli-e-fosfato—» metabolitos1
HO—= OH
H H OHH
D-Glicose
Sols and Crane - 1954
[
Alfred P Wolf - 1977
nl
BARREIRA

HEMATO-ENCEFALICA

Ido t. et al. J Label Compounds Radiopharm 14: 175-83, 1978

Fabio Marques CRQ-IV 2019
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First [*8F]FDG Synthesizer.
(Radiochemist - J.Fowler)

(A) Sintese da (‘8F)FDG para estudo em humanos (direita para esquerda: Tatsuo Ido, C-N Wan, e Alfred R
Wolf). (B) Envio do (*¥F)FDG para o aeroporto da Filadélfia (Tatsuo Ido e Vito Casella). (C) (*¥F)FDG
administracédo e imagem em um scanner Mark IV (Martin Reivich e Joel Greenberg). (D) Imagens do cérebro.

Fowler JS e Ido T. — Sem Nucl Med 32: 6-12, 2002 Fabio Marques CRQ-IV 2019

MEDICI,
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MEDICINA|  PRODUGCAO ATUAL DE (8F)FDG

Fabio Marques CRQ-IV 2019
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EDICIN (*F)FDG NA AVALIAGAO DO
s TRATAMENTO QUIMIOTERAPICO
c\’v ~
N
.-

Pré-tratamento - Maio 2005 Pés-tratamento — Janeiro 2006

Fabio Marques CRQ-IV 2019

0“”"”4

mibicina RADIOFARMACOS DE (18F) UTILIZADOS f‘
T NA DETECCAO DE TUMORES

Radiofarmacos Utilizagao

(*F)FDG Determinacdo de metabolismo de glicose em

(fluorodeoxiglicose) células tumorais e viabilidade do miocardio.

(*8F)FLT Deteccéo de proliferacéo celular.

(3-deoxi-3-fluorotimidina)

(*8F)FAZA Detecgéo de regides de hipéxia.
(1-a-D-(5-fluoro-5-

deoxiarabinofuranosil)-2-

nitroimidazol)

(*8F)F-MISO Detecgédo de regides de hipéxia.
(fluoromisonidazol)

(*8F)FES Deteggédo de receptores de estrégeno
(fluoroestradiol)

(*8F)F-AC-monoclonal Deteccgédo de tumores especificos.

Fabio Marques CRQ-IV 2019

02/05/2019
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MEDICINA

ISP

wn_ | MECANISMO E IMAGEM DA CAPTAGAO ¢

DE [8F]FLT EM TUMOR

sHICty,
Y,

PLASMA TISSUE
Glucose Hexokinase u
FDG 1 > FDG > FDG-6-P —%—» | 7°
Transporter Glucose-6- Glycolysis
phosphatase
- -
0
Ve Thymidine
Hj\ | Pyrimidine Kinase‘ TR
07N FLT ® FLT > FLT-5-P ——» Ky ,
Ho~ P —— =N .|/
Transporter Phosphohydrolases DNA L s,
18 B
["FIFLT "b‘ - e

Phelps ME. Annu Rev Nucl Part Sci 52: 303-38, 2002

Fabio Marques CRQ-IV 2019

Fig. 4. Coronal FDG-PET im-
ages of a patient with metastat-
ic dizease from colorectal can-
cer (patient 3, Table 31, Arrows
indicate focal FDG uptake in
pulmonary metastases (a, b)
and a liver metastasis (¢ ). FLT-
PET id, ¢} underestimated the
extent of metastases (armows).
The liver metastasis is also not
visualised on FLT-PET () ow-
ing to increased physiological
uptake of FLT in the liver.

Dicy,
*

IMAGEM DA CAPTAGAO DE [#FIFDG E '™
[18F]FLT EM TUMOR RO

Buck AK et al. Eur J Nucl Med 32: 525-33, 2005

Fabio Marques CRQ-IV 2019
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MEDI

CINA

IMAGEM DA CAPTACAO DE

A549 | H520 |CLS-2| O
h i k =

g[efal »

[®FIFMISO
Caki | KB-31 SK%-BE

Wyss, MT. Eur J Nucl Med Mol Imaging 33:311 (2006)

JEVE Rage

— [**F]FLUOROMISONIDAZOL EM TUMORES DE
- RATO OBTIDAS EM NanoPET
(8F)FDG (*8F)FMISO
a &« b & c . d & a b c d
oty iy \ X A A LI
ur | | ae |
\1"; -_’l : ‘-’ n,
putias| us7 | Pc-3 Hg)e DU-145 f usz7 | PC-3 H1596
e f g 2 _ e 9 -
" H H
. ’/ ) 5 \ 2
| . Ll ;‘ (> 3

| ¥ || &

Caki | KB-31 [SK-N-BE| B16

Fabio Marques CRQ-IV 2019

MEDI

JINA| COMPARAGAO NA CAPTAGAO DE DIFERENTES ¢ 52/ %
~ > | (**F)-RADIOFARMACOS EM HIPOXIATUMORAL 1~

Transaxial

Sagittal

Coronal

FDG

FAZA FMISO

Kumar P. Edmonton PET Centre — CARS 2008

Fabio Marques CRQ-IV 2019
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a5 EFEITO DA TENSAO DE OXIGENIO NA

MEDICINA

CSP CAPTACAO (!8F)FAZA

Imagem 1: Animal mantido em condi¢des naturais
Imagem 2: Mesmo animal mantido em presenga de 100 % de O, por 8 h

Razao tumor:background — 9,3:11 (21 % O,) 5,3:1 (100 % O,)
H,0,
F 0 NO, Efoz' R-NO,
HQ /k “oH \\\ / N
D );ll | +e from Nitroreductase
— \ / enzymes
on o;/ \R-Noz" "/+ 2 RN=0 *%€u R-NHy

Radical Anion

COMPARAGAO ENTRE (1IC)COLINAE
iy (18F)FDG DETECCAO DE TUMOR DE "~ &
- PROSTATA RECORRENTE

CETIR

INTRAINDIVIDUAL COMPARISON OF 11C-
CHOLINE AND 18F-FLUORODEOXYGLUCOSE
PET-CT IN THE YEARLY EVALUATION OF
PROSTATE CANCER RECURRENCE

JR Garcia, M Soler, M Santana, A Blanch, | Carrio, F Lomeiia

Fabio Marques CRQ-IV 2019

02/05/2019
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MEDICINA' MECANISMO DE CAPTAGAO DA COLINA -

CHy

HO/\/é\I\— CHy -
CHs
-Colina é transportada para dentro das células por transporte especifico
*Fosforilada mediada por colino quinase
*Metabolizada para formar fosfatidilcolina. o principal fosfolipidio de membrana
*A concentragéo de colina e fosfocolina € aumentada e células tumorais
*Regulac¢@o aumentada da atividade de colino quinase — aumento da

captacédo do derivado radioativo

Fabio Marques CRQ-IV 2019

COMPARACAO ENTRE (IC)COLINA E
MEDIC

ICINAL - (18F)FDG DETECGAO DE TUMOR DE fa
- PROSTATA RECORRENTE
18F-FDG 11C-CHOLINE
’ » ) '
s
6
wo” o HO/\/<§\‘6H3 X"

CHs

Mecanismo de captacdo: atividade glicolitica atividade proliferativa
Meia-vida: 110 min 20 min

Fabio Marques CRQ-IV 2019

02/05/2019
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- COMPARACAO ENTRE (1C)COLINA E
Ry (8F)FDG DETECCAO DE TUMOR DE
— PROSTATA RECORRENTE

38 Pacientes com suspeita de cancer de prostata recorrente
como PSA 0,8 a 85, ng/mL

METHODS

20 min.

REST ACQUISITION
E
20 min. ) 3
. -z 4 \ %
8 mei G0imin; =X - o® O !‘,‘
18F-FDG # -

Fabio Marques CRQ-IV 2019

i COMPARACAO ENTRE (MC)COLINA E "
MED (*8F)FDG DETECCAO DE TUMOR DE  °
= PROSTATA RECORRENTE

< ®
\.

mom

3 - LOCALIZATION RECURRENCE BY PET-CT
=

i
> > 11C-CHOLINE 18F-FDG
Y . 13 LOCAL RECURRENCE @ 6

7 @ PELVIC LYMPH NODE @ 4
* O 6 MEDIASTINAL LN @ 5

o7 o
S
TOTAL

Fabio Marques CRQ-IV 2019
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TUMOR DIAGNOSTIC RADIOPHARMACEUTICALS

2

A — HO. -~
Prostate tumor - (58Ga)PSMA _,.:’::@M p\»w
HBED-CC LN/\,Nl I/NN
(58Ga)PSMA is a ligand for prostate-specific "of o O,JQ'NH’
membrane antigen (PSMA), a cell surface J/ Oy OH
protein with high expression in prostate HO\//“Nj\N/[\Y”OH
carcinoma. L

PSMA - binding motif
Because pharmacokinetic behaviour and
high especific binding, the contrast between
prostate and bladder is high, allowing easy
detection of prostatic tumor.

A2

Fig. 2 “Ga-PSMA PET/CT of 82 7 o
patient 22 who received the
lowest dose of radiotracer
(52 MBq). Red arrows point to
several small lymph nodes with
clearly visible pathological
tracer uptake. 41 CT, A2 PET,

A. Afshar-Oromieh + et gl B1 fusion of PET and CT, B2

al.
Eur J Nucl Med Mol Imaging (2013) 40:486-495 MIP

< MEDICTY,
,e“( V. ",

%

cay,

TUMOR DIAGNOSTIC RADIOPHARMACEUTICALS

Somatostatin receptors - ((84Ga)DOTATATE or (*1In)Octreotide

Tumor expressing somatostatin receptors, usualy neuroendocrine tumors.

; g 2
t !’

ITATATE  Posterior “Ga-DOTATATE Anterior Octrecscan Posterior Octreoscan

DO

Am J Nucl Med Mol Imaging. 2014; 4(5): 426—
434,

Fabio Marques CRQ-IV 2019

02/05/2019

19


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4138137/

TERAPIA

o,

g EDICIY

Fabio Marques CRQ-IV 2019

MEDICINA

IC EFEITO DA RADIACAO SOBRE O CANCER

CEDICTY,
o "4,

%

Decay Particles (#)* Eimin-Etmax Range LET
at*-particle He nuclei (1) 5 to 9 MeVt 40 to 100 pum ~80 keV/pm
B~-particle Energetic electrons (1) 50 to 2300 keVt 0.05 to 12 mm ~0.2 keV/pm
EC/IC Nonenergetic electrons (5 to 30) eV to keVt 2 to 500 nm ~4 to 26 keV/pm

*Number of particles emitted per decaying atom.  tMonoenergetic.

Low LET radiation

Fabio Marques CRQ-IV 2019

tAverage (>1% intensity): continuous distribution of energy.

02/05/2019
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il

mepicinag. RADIONUCLIDEOS EMISSORES ©
DE PARTICULAS ALFA E BETA

Alpha-Particle Emitters: Physical Properties

Radionuclide E_, (MeV)*

R, (um)t  Half Life

211AL 6.79
213 8.32
223Ra 5.64
25Ac 6.83

60 7.2 hours
84 46 min

45 11.43 days
61 10 days

Beta-Particle Emitters: Physical Properties

Eﬁilmax) Rﬁilmax}l

Radionuclide Half-Life (keV)* (mm)t
sp 25.4 days 249 0.63
Ty & 6.7 days 497 1.8
67Cu & 61.9 hours 575 2.1
8] 8.0 days 606 2.3
185Re & 3.8 days 1077 48
185Dy & 2.3 hours 1285 5.9
89gy 50.5 days 1491 7.0
32p 14.3 days 1710 8.2
166Ho 28.8 hours 1854 9.0
188Re & 17.0 hours 2120 10.4
ooy 64.1 hours 2284 1.3

e MEDICIY,

A A-d
X~ LY
;a++
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RADIOPHARMACEUTICALS IN USE FOR THERAPY . g

< MEDICTY,
,e“( 4y,

%

Radiopharmaceutical Targeting mechanism m

Bl|-jodide

%0Y-microspheres

83Sr-chloride
153Sm-EDTMP

90Y-octreotide

131 MIBG

Thyroid hormone synthesis

Intravascular tra pping

Calcium analogue
Chemo-absorption
Somatostatin receptor
binding

Active transport into

neuroendocrine cells and
intracellular storage

Differenciated thyroid
cancer, Grave’s disease

Liver metastasis,
hepatocellular carcinoma

Bone pain palliation
Bone pain palliation

Neuroendocrine tumor

Neuroblastoma,
pheochromacytoma,
medullary thyroid
carcinoma
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Anti-

LABELED ANTIBODIES FOR THERAPY J ry

GeMEDICIY, A
& i

Radio- ) ; Clinical trial .
Mame m uclide Antigen Dizsaaze stums” Manufacmrer
Torimmomab fuxetan mulgGl ¥ CD20  NHL Approved by FDA MDA Nordion,
(Zevalin®y in 2002; Phase IV Canada
Tosinumomab milgG? 1 CD20 NHL Approved by FDA  Corixa Corp., USA
‘ (Bexxar a in 2003
Epranuzumab mlgGl Y  €D2? NHL.CLL, immune Phase I Immmomedics
(T_ymphncide’) ALY diseazes Inc, USA
I Lym-1 hulgGl M HLA- NHL,CLL Phase IT Deregrine Phar-
‘ (Oncolym®) DR10 maceuticals Inc.,
US4
YL chTNT-I'B chlecl 1 DNA  Glicblastoma multiforme,  Phase I Peregrine Phar-
‘ (Cum") anaplastic astrocytoma maceuticals Inc.,
USA
Labemzumab buleG1 ¥ or CEA  Breast, lung, pancreatic, Pending Phase [T Immunomedics
(CEA-Cide) i stomach, and coloractal Inc., USA
carcinoma
‘ Pemnumomsh milzGl ™Y  PEM  Ovarian, zasmic carcinoms Phase I Antizoma Flc, UK
(Theragyn®)
' -menximab Hible "I  HablaG/ HCC Phase II The Fourth Mili-
(Licarsn®™) Fzb)2 CD147 tary Medical
‘ University, China
BLS AT 119 "I Fibronectin Hepatological malinancy, Phase I Philogen, Italy
(Radrenumab®) refractory Hodgkin's
lymphoma, non-small cell
) P —
head and neck carcinomsa
Y clivamzumsb  mulgGl ¥ MUC]  Pancreatic adenocarcinoma Phase I Immumomedics
tetraxetan (PAM4) Inc. USA

* The @mformation. i accurate as 3t the time of publication, CEA: carcinosmbryonic astigen; CLL: chronic lymphocytic leukemia;
HCC: ]lepnmcellnhr carcinoma; HLA® human leuknc\'he anfizer. hulg: buman i
NHL:

Hodgkin's I PEM:

omlg: murne i

epithelial mucin
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risavy chain
Varizale
region

Light chain

= %] Rasuate tin ti
T At (7,2h) |32p (14.3d)
Qoo @ s 23] (46min) [e7cu  (2.584)
2Ra  (11.4d) | ooy (2.69 d)
2°Ac (10d) |y (84d)

BIFUNCIONAL MODIFIED ANTIBODY

Alpha

emission
E=5to 9 MeV
dy= 4 to 100 pm
LET= 80 keV/um

Beta minus
emission
E= 50 to 2300 keV

d= 0.05to 12 mm
LET= 0.2 keV/pum

1535m  (1.93d)
6Ho  (28.8 h)
S (6.7 d)
3Re (16,9 h)
1987y (2,7 d)
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Eur J Nucl Med Mol Imaging (2011) 38:1788—-1797
DOI 10.1007/s00259-011-1833-x

ORIGINAL ARTICLE

Clinical results of radionuclide therapy of neuroendocrine
tumours with *°Y-DOTATATE and tandem
Y/ Lu-DOTATATE: which is a better

th erapy Uptiﬂn? Beta-Particle Emitters: Physical Properties

Ep~max BB~ (max
Radionuclide  Half-Life (keV)* (mm)t

Jolanta Kunikowska « Leszek Krolicki -

Alicja Hubalewska-Dydejczyk - Renata Mikolajczak - ij P 25.4 days 249 063

Anna Sowa-Staszczak - Dariusz Pawlak Lu 6.7 days 497 18
185Re & 3.8 days 1077 48
16Dy & 2.3 hours 1285 5.9
895y 50.5 days 1491 7.0
32p 14.3 days 1710 8.2
18Ho#  28.8hours 1854 9.0
188)
) 64.1 hours 2284 1.3

Fabio Marques CRQ-IV 2019
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CASUISTICA

“OY.DOTATATE (n=25) “0y /17 Lu-DOTATATE (n=25)

Age mnge 37-75 31-73
Mean + SD 57.3+10.6 55115
Sex: female 14 (56%) 16 (64%)
Female age range 37-75 39-73
Mean + SD 582429 5854124
Male age range 37-70 39-64
Mean = SD 543£10.8 53.749.3
Foregut 12 (48%) 13 (52%)
Midgut 11 (44%) B (32%)
Hindgut 1 (4%) 1 (4%)
MEN 1 o 1 (4%)
von Hippel-Lindau syndrome 0 1 (4%)
Without primary 1 (4%) 1 (4%)
Size of lesion (CT in mm), range 10-166 16-155
Median (2 5%) 50 (39, 91) 47 (30, 75)
Number of lesions

1 2 (8%) 0

1-10 9 (36%) 8 (32%)

=10 14 (56%) 17(68%)
Site of metastases

Liver 19 (76%) 20 (80%)

Bones 4(16%) 7 (28%)

Lymph node 10 (40%) 7 (28%)
CgA (UA)

Range 5.1-11477 24-4,572

Median (25%, 75%) 423 (272.6, 1,000) 179 (71, 417.8)
Surgery 20 19
Chemotherapy 8 12
“Cold” somatostatin analogues 9 6

Fabio Marques CRQ-IV 2019
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99mTc-HYNIC-TATE 90Y /177Lu-DOTA-TATE
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EN

IMAGEM COM PRINCIiPIO
TERANOSTICO

Fig. 1 A 58-year-old man with
multiple liver and peritoneum
metastases of gastrinoma. a SRS
ith *"Tc-HYNIC-TATE
before treatment with uptake

in metastatic lesions in liver
and peritoneum. b 24-h

post-therapeutic image v

hifter administration of

©;
.

3
POY-DOTATATE using ~
bremsstrahlung S

ANT T
58T 2 508
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IMAGEM COM PRINCIiPIO
TERANOSTICO

ox SN || s oX HSL ggi'f

e B8 A

“»

ANt pOST

Fig. 8 A 62-year-old woman with multiple bone and liver metastases metastatic lesions in bone and liver. b 12-month follow-up shows reduced
of pancreas neuroendocrine carcinoma without hormonal activity. a number of metastases, with only a few visible in bone. ¢ 24-month
SRS with *"Tc-HYNIC-TATE before treatment with uptake in follow-up shows nearly complete response to treatment

Fabio Marques CRQ-IV 2019

RESULTADOS

Follow up 24 months.
a Follow up 12 months » c Fallow up 36 monts.
n
" “ a
o0+ 15 CE 1
»—gu | ]
® | a©
® { £ *
3t
2 | n 2
» t " = " £l
u " f |
[ - - . °
50 ] o o can 0 "D =S
SOUVOOTAATE  S60VAITLL-QOTATATE SOOV.OTATATE  GOOYI1TTLUDOTATATE OIV-DOTATATE S00¥IIT7Lu OOTATATE

SD = doenca estavel; PD = doencga progressiva; DR = regresséo da doenca

That is why, for better inclusion and evaluation of therapy
response, positron emission tomography (PETYCT techniques

o with “*Ga-DOTATATE should be used, which was not
- available in our department during the study.
£ ors
L2 Conclusion
s
3 050 The results indicate that therapy with tandem radioisotopes
3 4 (**¥/'""Lu-DOTATATE) provides longer OS than with a
g b single radioisotope (*Y-DOTATATE) and the safety of
B 025 both methods is comparable. It seems that OS time and EFS
§ time rather than WHO criteria for determining tumour
L e burden should be used to assess the response to therapy.
0.00 | learankp=0027 e N
T T T T T T T T T T However, more extensive studies with a larger number of
0 & 12 18 224 30 ¥ 42 448 & © patients are required both to establish the proportion of each
e isotope to be used in this dual therapy and to evaluate EFS
i over a longer period of follow-up.

Fig. 3 Kaplan-Meicr estimators of OS Fabio Marques CRQ-IV 2019
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PROJETOS RECENTES OU EM DESENVOLVIMENTO
NO CENTRO DE MEDICINA NUCLEAR -
INRAD-HC-FM-USP
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PRECLINICAL MOLECULAR IMAGING IN

BRAZIL
“l
ikl
& \Il L % /
AM ) FE
\ l) vJ-'-'-J-..\.—_/-'lr" E
\/\E,_J To 4 VSTAL | UNB - Preclinical PET/SPECT/CT |
ac mo L o
MT ' | UFMG - Preclinical LUMINESCENCE |
* T —
\__‘_.' \r,_)\
f b | UFRI/RI— Preclinical PET/SPECT/CT |
ms 18 fV
b 5P
=

] ~ | UNICAMP - Preclinical PET/SPECT/CT |
iversiti PR Coeense —preaimicaperjseecrier |
O Universities Sl
—"—;?__C'J | UNIFESP — Preclinical PET/SPECT/CT |
- . \
CNEN Institutes 4 RS | HC-FMUSP/SP— Preclinical PET/SPECT/CT |
g

| PuC/PA — Preclinical PET/SPECT/CT |
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PROJETOS RECENTES OU EM DESENVOLVIMENTO
NO CENTRO DE MEDICINA NUCLEAR -
INRAD-HC-FM-USP

(FBF5831 — 2019 Fabio Marques)
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MEDICINA IMAGEM DE FGF2 COM
sy 9mMTc-anti-FG2 mADb

%

cay,

Fibroblast Growth Factor (bFGF ou FGF2)
1- Permanece ligado as membrana basais de células normais

2- Durante o desenvolvimento de tumores, enzimas de degradacéo ativam FGF2, para
formacéo de novos vasos sanguineos

Aguiar, RB, et al. Cancer Letters, 371:151-160 (2016)

Tumor-to-non4tumor ratio
o

B-HYNIC-*"Tc

Fabio Marques CRQ-IV 2019
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IMAGEM DE FGF2 COM
P®mTec-anti-FG2 mAb

Anti-FGF2  Anti-FGF2  Anti-FGF2
Sem tumor Isotipe
control

Préximas etapas:

Substituir: °°MTc (y, 140 KeV, t,;, =6,01 h

Por: 89Zr (e+, 897 kEv , t;, = 3,27 d)

Cancer Letters 371 (2016) 151-160 (FBF5831 — 2019 Fabio Marques)
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nA EMCAPSULAMENTO DE RADIOFARMACO
EM LIPOSSOMA

1) Phosphatidylserine + 9™Tc-Radiofarmacos

15 3060120 15 3060120
Time (minute)
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Specific binding MDP
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MEDicINAl  AVALIACAO DE HIPOXIA UTILIZANDO
7 99mTc-HL91

V) Imaging

1) Mammary fat pad injection I1) Treatment 111) [#*mTc]HLO1

\ -
\ \ 471 B@'Cell line Losartan
> y

‘.ﬁ 740
28 Balblc, 8 Weeks old iﬁfqgs
15

Ethical committee - FMUSP - 036/17 img, gavage, 7 days i Yyl
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LABORATORIO GMP PARA PRODUGAO r
DE RADIOFARMACOS PET F

LABORATORIO DE PESQUISA GMP F’” n@tﬁ;
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LABORATORIO DE PESQUISA I."" <&
A &

"1 —T —T T —

Imagem |
Escritério optica , - Lab. quimica
Lab. biologia i A | = J\
celular I ! :
Cultura Lab. analise =
jde /ﬂ‘s\ instrumental
_fjl ) | células L oy s

11
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Tl PET animais ab. de
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LABORATORIO DE BIOLOGIA I."' 2
MOLECULAR E CULTURA DE CELULAS (%
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EQUIPAMENTO DE IMAGEM OPTICA E I.'” 2%
IRRADIADOR PARA CELULAS E ANIMAIS ¥ Ao &

s

IVIS Spectrum Irradiador

Fabio Marques CRQ-IV 2019

S

ai

BIOTERIOS DE ROEDORES (NSB-2) I."' 2
bha

InRad

Camundongos (128 boxes)

Ratos (50 boxes)
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MEDICINA|  LABORATORIO DE MANIPULAGAO DE I.'” -
T ANIMAIS (NSB-2) - i<
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LABORATORIO DE QUIMICA |.’
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LABORATORIO DE ANALISE I.'”
INSTRUMENTAL b

InRad
A
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S ETETI LABORATORIO DE RADIOFARMACIA

-~ 2%
IS
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MIDICINA  LABORATORIO DE RADIOMARCACAO I.'”
o> COM EMISSORES DE POSITRON A\

2
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InRad
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