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DESAFIO

DESENVOLVIMENTO E INCORPORACAO DE
CONHECIMENTO INTEGRADO

-modalidades hibridas - PET/CT, SPECT/CT, PET/RM
- Instrumentacao
- Formacao medica e multiprofissional
- Busca da sinergia e complementaridade

-Imagem molecular
- Conceitos moleculares em medicina
- Biomarcadores
- Radiofarmacos
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Instrumentacao - Equipamentos

Clinical Clinical

PET SPECT
Sensitivity 1%—-3% 0.01%-0.03%
Resolution ~5 mm ~10 mm

Jansen Nucl Med Biol 2007
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Equipamentos especificos
Orgdo alvo
- Sistema de deteccao

o
Muilti- pinhole
collimator
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PET/CT e PET/RM

— 168 cm —

Dual-modality imaging range

Townsend JNM 2008

magnet shielding coil

primary magnet coil

B MR
gradient coil W rer
PET camera air/vacuum

RF head coil
magnet cryostat

wall

principle of MR-PET module

driver board - = /
pre-amp board

HV board

avalanche photo diodes (APDs)
LSO crystals

ME
Lewis Cern 2008 TP 100 ANOS
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Correlacao clinica
Integracao e Analise Métodos Hibridos
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SPECT/CT PET/RM

GE heatlhcare
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INCORPORACAO DE TECNOLOGIAS

Resultados

Sensibilidade
Especificidade
Impacto clinico
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NATURE NEWS 2007

NEWS

Nuclear-reactor closure hits cancer tests

Hospitals across North America have been
forced to cancel tests for cancer and heart
disease because the unexpected closure
of a Canadian nuclear reactor hasled to
asudden shortage of medical isotopes.
The 50-year-old National Research
Universal (NRU) reactor located in Chalk
River, Ontario, was shut down on 18
November for scheduled maintenance and
was due back online by mid-December.
But Atomic Energy Canada, which owns
and operates the facility, extended the
outage to install safety-related equipment,

926

including upgrades to the reactor cooling
pumps. The reactor supplies about 60%
of the molybdenum isotopes used in
medical applications globally, including
molybdenum-99, which decays into
technetium-99m and is used in about

16 million nuclear medicine procedures
annually in the United States.

“It’s a disaster for patients,” says Sandy
McEwan, president of the Society of Nuclear
Medicine. North American hospitals now
have 20-30% of the medical isotopes they
require, he says.

©2007 Nature PublishingGroup

Hospitals use a generator to extract
technetium-99m from a source of decaying
molybdenum-99. A technetium-99m
isotope has a usefullife of about one week,
but can be stretched to two. MDS Nordion,
an Ottawa-based life-sciences firm and
molybdenum supplier to Bristol-Myers
Squibb Medical Imaging, says it expects
shortages of the radioisotope until mid-
January. Molybdenum-99 has a half-life of
66 hours and cannot be stockpiled. Reactors
in Australia, South Africa and Brussels also
produce molybdenum-99. The shortage has

SOURCE: LANTHEUS MEDICALIMAGING

Medical isotope shortage
reaches crisis level

Robust solutions sought urgently to shore up fragile supply chain.

The workdwide shortage of medical isotopes is
about to get much worse this week, as the High
Flux Reactor in Petten, the Netherlands, closes
for a month-long maintenance inspection.

It joins the National Research Universal reac-
torin Chalk River, Ontario, Canada, which has
been closed since 15 May because of a heavy-
water leak and is unlikely to restart before late
2009, according to Atomic Energy of Canada
Limited, the government-sponsored body that
runs the facility.

Together, the reactors produce two-thirds of
the global supply of molybdenum-99, which
decays to form technetium-99m, an isotope
that is used in about 70,000 medical imaging
procedures worldwide every

The shutdown has prompted calls fora major
review of the way that medical isotopes are made
and distributed. All five commercial nuclear
reactors that use neutron-induced fission of
highly enriched uranium-235 to make *Mo
(see map) are more than 40 years old and cracks
are beginning to emerge. The Petten reactor is
scheduled to close again in early 2010 for up to
six months so that deformed pipes in its cooling
system can be repaired.

With both reactors unavailable for Mglllh
cant periods, “you really do have to sa
let's clear the table and start all over
Thomas Ruth, senior research scientist at
UME, Canada’s national laboratory for p_nmle
and nuclear physics in Vancouver.

The problem arises because isotopes cannotbe
stockpiled — ”Mo has a half life of 66 hours and

Uses highly enriched
\" uranium-235 targets.

Uses low-enriched
uranium-235 targets

ed in nuclear
y to facilities

#™Te of just six hours. “Mo ¢
reactors must be shipped qui
that process the material into **Tc generators.
These generators are delivered to hospitals on
a weekly basis, where they are ‘milked’ every
morning to deliver *Tc. Although the reactors
in Belgium and South Africa will be working at
full power over the next few weeks to produce
more Mo than usual, isotope suppliers say they
will probably not be able to meet the shortfall.
The shortage has been particularly acute in the
United States and Canada, and “the situation
will get much worse’, says Michael Graham,
director of nuclear medicine at the University
of Towa in lowa City, and president of the inter-
national Society of Nuclear Medicine based in
Reston, Virginia. “Itis likely many studies will
be cancelled or postponed.”

Leaky pipeline
Week-by-week availability of *Mo is now
coordinated by the Brussels-based Association
of Imaging Producers and Equipment Suppliers
, which in the past year has taken the
initiative to stimulate global action on the iso-
tope crisis. Both the AIPES and the Organisation
for E c C ion and Devel
(OECD), based in Paris, began to um;ngau
long-term solutions to the chronic shortage of
#Mo at the start of 2009. But given the impor-
tance of ™ Tc in health care, the ageing reactor
infrastructure and highly fragmented supply
network needs a root-and-branch overhaul.
“We must upgrade and invest in updates to

© 2009 Macmillan Publishers Limited. Al rights reserved

Crise do Molibdénio / Tecnéecio

these ageing reactors,” says George Segall, chief 2
of the nuclear-medicine service at the Veterans’
Affairs Palo Alto Health Care System in Cali-
fornia. “Many of these reactors have already
exceeded their useful lifetime. No one expected ™
that they wnuld still be needed now when they
were bui
The Canadian government has so far resisted
calls to switch on two Multipurpose Applied
Physics Lattice Experiment (MAPLE) reac-
tors, builtat the Chalk River site to replace the
52-year-old National Research Universal reactor.
The MAPLE reactors were to be the first nuclear
reactors in the world dedicated to production
of medical isotopes, but are lying dormant after
Atomic Energy of Canada Limited halted devel-
opment in May 2008, citing safety issues that it
claimed it would be too expensive to resolve. If
started up, these reactors alone could deliver
more than the current global requirement for
medical isotopes, according to Harold Smith,
who was a manager on the MAPLE project.
Some medical-isotope suppliersare looking
to academic research reactors to fill the gap.
MDS Nordion, a medical-isotope provider
based in Ottawa, Canada, that had invested
heavily in the ill-fated MAPLE project, is nego-
tiating with the Karpov Institute of Physical
Chemistry in Moscow, which holds a 90% share
of the market for ®™Tc generators in Russia.
Researchers at Germany's Technical Univer-
sity of Munich are seeking financial backing
from the government to support an upgrade to
the university's FRM IT neutron source to create
“Mo. If highly enriched **U targets were used,
the reactor could satisfy almost all of Europe’s
needs for *Tc once it becomes fully opera
tional, says Winfried Petry, scientific director
ofthe FRM II.
An alternative option, says Ruth, could be
to fire high-energy electrons at '“Mo targets,
forcing out a neutron to create Mo. This
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THE MEDICAL TESTING CRISIS

With a serious shortage of medical isotopes looming, innovative companies
are exploring ways to make them without nuclear reactors.

BY RICHARD VAN NOORDEN

'

® Existing nuclear reactors
L e New or upgraded reactors

PLANS FOR 2025 e New solutions
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Reator Multipropodsito Brasileiro (RMB)

Ministério de Ciéncia, Tecnologia e Inovacao

*Gerador *?Mo->""Tc: tecnécio-99m > 80% MN diagn

*Outros radionuclideos (iodo-131, lutécio-177)
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Compreensao Molecular da doenca

Células anormais com
alteracdes fenotipicas /
moleculares

-

Desenvolvimento de
ligantes para

DIAGNOSTICO Ngem ' RESPOSTAA
TERAPIA
ALVO MOLECULAR TERAPIA
PLANEJAMENTO
NOVAS DROGAS DE TERAPIA
(RT, MN) o
1 e i i
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Cancer

*Mortalidade por 100.00 habitantes entre
1980 e 2013 (INCA)

14
" 1333 13.39
’ "‘ ; g 12 s 1291 291
1 O g e
’ 138

Taxas brutas de mortalidade
por 100.000 homens

107,80 a 186,11
86,78 a 107,79
66,95 a 86,77
49,05 a 66,94

o N B~ O ©®©

1 1982 1983 1984 1985 1986 1987 1968 1989 1990 1991 1992 1993 1994 1995 1%96 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
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Neoplasias malighas

@@5%@
*Crescimento desordenado e
*Invasdo *‘:bsi (&) célula normal
'metaStaseS 'F'g?i? 2; ‘v’%ﬁw ® célula normal com mutagso

?5} ‘% t% %f célula cancerosa

Pele (i melanoma)

Classificadas Mama
: Pulmao

pelo local de origem > Eetomago
Colo utero
Prostata
Colon e reto
Esofago
Leucemia
Boca

peIO tlDO celular: Melanoma

epitelial (pele / mucosa): carcinomas

conjuntivo (0sso, musculo, cartilagem): sarcomas -
T
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Cancer: classificacao

Origem — ex.: CA mama Estadiamento

AJCC Cancer Staging Manual. 7ed. 2010

T1 <2cm T2 2-5cm
T3 >5cm T4 parede / pele

N1 axilar | /Il movel,
N2 axilar fixo ou mamaria,
N3 infraclav(lll) / axila+mamaria / supracla

Metastases

PROGNOSTICO e CONDUTA

Outros...
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Estadiamento TNM

Modificacbes tratamento

localizado x sistémico

Prognostico
°* mama Sobrevida 5 anos localizado=90% metas 15%

e prostata Sobrevida 5 anos localizada ~¥100 % metas 35 %

* pulmao Sobrevida 5 anos localizada 50-70 % metas <5 %

I i
MEDICINA
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PET CT com FDG no cancer

Metabolismo de glicose

*Transporte (Glut)
*Fosforilacao (hexoquinase)
Aumento do metabolismo

Imagem molecular ou contraste ?

HO
0
HO
HO OH

1EF

TR
MEDICINA
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PET FDG em CA de mama

Deteccao do tumor
e S: 80-100% E:75-100%

Estadiamento Nodal Axilar
e S: 37% E: 96 %

Estadiamento a distancia:

* inicial para doenca avancada
* considerar para lll ou IV duvidoso

* muda o estadio em 28% casos (meta e N3).

Groheux D JNM 2011
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PET FDG em CA de mama

Suspeita de Recorréncia

S93% E 82% muda conduta 30%

MED[C]NA
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... algo a mais na imagem

Valor Prognostico: 1 SUVmax | sobrevida

Fletcher JW,. J Nucl Med. 2008

_ T
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TSP 100 ANOS



http://fm.usp.br/index.php
http://fm.usp.br/index.php

Prognostico - SUV em diferentes tumores
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PET FDG

Monitorizacao Terapéutica

Resposta completa — Parcial -- Progressao/novas lesdes

cy
ey
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Survival

PET FDG em CA de mama

Monitorizacao Terapéutica

FDG pos 2 ciclos QT neo em 50 pts

PCR 59%
S ] —t———t — H 3-year EFS 78%
Resposta SUV> 42 % (n 32)

N PCR 0%
5 ndo resposta (118) | 3-year EFS 47%

A SUV > 42% : HR=1

A SUV < 42% :HR=3.7 [1.1-12.0]
S log rank test, p=0.02

—— ASUV242% (n=32)
S —— ASUV <42% (n=18) i i e i
0 10 20 30 40 50 60 GrOheUX D’ E JP@@’IQEH@DEJ%

Months [ISJ__] 100 ANOS
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Glicolise aerdbia

Fenotipo comum a maioria dos TUs, diferentes

mecanismos

Epifendmeno OU
Fator necessario ?

Hipoxia €-=> HIF1l-a <> glicdlise

*Hipodxia e acidose selecionam células resistentes a apoptose
*pH acido associado a invasao (degradacdao matriz extracelular?)

MEDICINA
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CANCER

PROGNOSTICO e CONDUTA

1. Origem

1. Tipo histologico

2. Estadiamento

¥

considera também:
— Condicdes clinicas
— ldade e sexo
— Histologia

— Marcadores moleculares = FDG o

MED[C]NA
[TGYP 100 ANOS
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Marcadores moleculares
VS
Heterogeneidade tumoral

Dificuldade de estabelecer perfil genético e
molecular por biopsia:

R2

)
s NS
KDMSC (missense and frameshift) Prep

mTOR (messense)
Q wnmg Q

Qmetastases

' & e RAD
SETD2 (Frameshi )\

SETD2 (sphice 1ite)
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Imagem molecular no cancer

Uso de métodos de imagem in vivo para
visibilizacao, caracterizacao e quantificacao de
processos biologicos normais ou patolégicos em

nivel celular e molecular

Compreensao de mecanismos fisiopatologicos
Diagnaostico e prognaostico

Predicao ou avaliacao de resposta a drogas alvo
Desenvolvimento de novos tratamentos

MEDICINA
TP 100ANOS
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Pesquisa Translacional

\
e |dentificacao de alvo molecular

e Desenvolvimento de ligante (radiofarmaco)

2=l fallele] ® Avaliacdo experimental / pré-clinica

J

\

| )
.'-' e Imagem em seres humanos
J e Aprovacao por orgaos reguladores
e Aplicacao clinica

J
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Hallmarks of cancer — 2000

Hanahan & Weinberg

Sustaining proliferative
signaling

Resisting
cell death

Inducing
angiogenesis

Enabling replicative
immortality

Evading growth
Suppressors

Activating invasion
and metastasis

MEDICINA
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Hanahan & Weinberg
Cell 2011

- Sustaining Evading
Re p rog ra m a ga O prolferative growth

signaling SUPPressors

do metabolismo

Avoiding
At mmune
energetico Bersazsod
Resisting Enabling
cell replicative *
death immortality
Genome Tumor-
instability & promoting
mutaton inflammation
Inducing Activating
angiogenesis invasion &
metastasis PP
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Imagem molecular
...além do FDG

Radionuclideos
82Rb
11c
GSGa

18|:

64CU
124|

Vallabhajosula
Semin Nucl Med 2011

Radiofarmacos

['®F]1Florbetapir (AV-45)

18 F_AV-45
['®F]Flutemetamol
18F.3'-FPIB
['8F]Florbetaben (AV-1)
1BF.BMST747158

['"8FIFP-DTBZ (AV-133)
['"®FIFACBC (Fluciclovine)
["8FIBAY 85-8050
["8F]Fluciclatide
124.Girentuximab, or

G250 (Bedectane)
1BF_Sodium fluoride

3'-18F_FLT
['®FIFMISO

4Cu-ATSM

"DICINA
Fsp r0avos



http://fm.usp.br/index.php
http://fm.usp.br/index.php

Imagem molecular
...alem do FDG

* Proliferagao:

* Membrana:

* Sintese proteica:

* Hipoxia:

* Angiogénese
 Receptor hormonal:
* Qutros receptores:

BE-fluorotimidina (FLT)
11C-colina / 18F-colina
11C-metionina
BE-FMISO e 18F-FAZA
RGD

BE-fluoroestradiol (FES)
somatostatina, PSMA

i i
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18F-FLT

DNA: A-T C-G (RNA:A-U C-G)
metanalise correlaciona com Ki-67

avaliacao de atividade proliferativa

[ISP ]I:I 0‘1
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Angiogénese

Blood Vessel

VEGF - fator de crescimento
endotelial vascular

avi33 Integrina = peptideos—
RGD marcados com 2°mTc, 18F e
111|n)

McQuade QJNM 2003

m_DICINA
Li S. Annals of Oncology, 2003rISP o
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Hipoxia

Determina resisténcia tumoral a QT e RT

nitroimidazolicos (ex:1¥FMISO )
* redugao do grupo nitro (NO,)
* revertidos em pO, normal e persistentes em hipoxia

=] —
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Obrigado !

mtsapienza@hotmail.com
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