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O	  Cancro

Cancer:	  froma	  healthy cell to	  a	  cancer cell (https://www.youtube.com/watch?v=8LhQllh46yI)
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Tratamento no qual se utilizam radiações
ionizantes para destruir ou impedir que o número
das células de tumor aumentem.

Radioterapia
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Radioactividade – uma breve	  história

1895

1896

1898

Röntgen descobre os raios X

Becquerel descobre a radioactividade natural do urânio

Pierre e Marie Curie descobrem o Rádio
(Ra) e o Polónio (Po)
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1931

1935

1942

Irene	  e	  Frederic	  Joliot-‐Curie	  produzem os
primeiros radioisótopos artificiais

Earnest	  Lawrence	  produz o	  isótopo
radioactivo de	  sódio num ciclotrão

O	  promeiro reactor nuclear	  é	  construído	  e	  posto	  
operacional	  no	  Oak Ridge National Laboratory

Radioactividade – uma breve	  história
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Átomo/Núcleo

O	  Núcleo/Estabilidade

Isótopos
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X γ

Isótopos Instáveis: RADIOACTIVIDADE

TRANSMUTAÇÃO	  NUCLEAR	  ESPONTÂNEA

Partículas

Radiação	  Electromagnética
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��Decaimento�

�Decaimento	  �-‐ :	  núcleos	  ricos	  em	  neutrões

�Decaimento	  �+ :	  núcleos	  ricos	  em	  protões	  

18F 18O	  +	  e+ +	  v	  

3He	  +	  e-‐ +	  v	  3H

�Captura Electrónica :	  núcleos	  ricos	  em	  protões

+	  e-‐

125I 125Te	  +	  X-‐ray	  +	  �
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Decaimento	  de	  um	  Núcleo	  Pesado

235U 231Th	  +

���Fissão Espontânea

���Decaimento �

+	  Energia



15/12/16 10

e-‐

�-‐ray

X-‐ray
142	  keV
140	  keV

99mTc	  (6	  h)

99Tc

99Mo	  (66h)

�-‐

Transição	   Isomérica
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Interação	  com	  a	  Matéria
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PET: Positron Emission Tomography

SPECT: Single Photon Emission Computorized
Tomography

γ

Terapia com Radionuclidos

Compostos que contêm un radionuclido e são usados em medicina
para aplicações de diagnóstico ou terapêutica

Radiofármacos
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O radiofármaco é administrado a um paciente e um detector
externo detecta os fotões γ emitidos: 50-‐250 keV (SPECT); 511 keV
(PET)

Radiofármacos:	  Diagnóstico	  



O radiofármaco é administrado a um paciente e a radiação ionizante
emitida (partículas β-‐ ou α) exercem um efeito antitumoral

radiação externa

radiofármaco

14

Radiofármacos:	  Terapia	  



15/12/16 15

Produção	  de	  Radionuclidos

vReactoresNucleares

v Ciclotrão

v Geradores	  de
Radionuclidos

Emissores	  β-‐/
Ricos	  em	  Neutrões

Emissores	  β-‐ ou	  β+/
Emissores	  γ

Emissores	  β+	  ou	  γ/
Ricos	  em	  Protões
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2 13 14 15 16 17

C N O F

3 4 5 6 7 8 9 1
0

11 12 P

Sc Cu Ga Br Kr

Rb Sr Y Zr Tc Rh Pd In I Xe

Lu Re Au Tl Pb Bi At

α β− β−/β+ β−/γ β+ γ1 18

Tabela	  Periódica	  dos	  Radioisótopos	  Médicos

Sm Tb Dy Ho Yb
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ReactoresNucleares

Núcleo	  do	  Reactor:	  Material	  Cindível

235U	  ou	  239U	  ou	  233U

Cisão	  induzida	   em	  cadeia	  controlada/	  
Barras	  de	  Controlo	   (B,	  Cd,	  Hf)

Fonte	  de	  Neutrões

Neutrões	  Térmicos:	  	  	  E<0.4	  eV

Neutrões	  Epitérmicos:	  0,4	  eV<E<100	  keV

Neutrões	  Rápidos:	  E>100	  keV



15/12/16 18

Produção	  de	  Radionuclidos em	  Ciclotrão

Alvo irradiado com partículas carregadas, com trajectória
circular e aceleradas por acção de um campo
electromagnético

1H+	  (p)

2H+ (d)
4He2+ (α)2
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Um projecto Marie Curie Innovative 
Training Network (ITN) 

coordenado pelo CERN no 
programa Horizon 2020

Treino de 15 jovens investigadores
(ESR)

Rede de especialistas em fisica, 
química, materiais, engenharia, 

radioquimica e medicina.

Resposta!
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Produção	  de	  
Radioisótopos

Transporte

Radiofármacos

Imagiologia	  Molecular
Medicina	  Personalisada

Terapia	  com	  
Hadrões

3/7

Objectivos
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CERN MEDICISCERN MEDICIS

body – a method called brachytherapy. The first clinical trials took 
place at the Curie Institute in France and at St Luke’s Memorial 
Hospital in New York at the beginning of the 20th century, for the 
treatment of prostate cancer. 

A century later, in 2013, a milestone was met with the successful 
clinical trials of 223Ra in the form of the salt-solution RaCl2, which 
was injected into patients suffering from prostate cancers with 
bone metastasis. The positive effect on patient survival was so clear 
in the last clinical validation (so-called phase III), that the trial was 
terminated prematurely to allow patients who had received a pla-
cebo to be given the effective drug. Today, the availability of new 
isotopes, medical imagery, robotics, monoclonal antibodies and a 
better understanding of tumour mechanisms has enabled progress 
in both brachytherapy and unsealed internal radiotherapy. Radio-
isotopes can now be placed closer to and even inside the tumour 

cells, killing them with minimal damage to healthy tissue. 
CERN-MEDICIS aims to further advance this area of medi-

cine. New isotopes with specific types of emission, tissue penetra-
tion and half-life will be produced and purified based on expertise 
acquired during the past 50 years in producing beams of radioiso-
tope ions for ISOLDE’s experimental programme. Diagnosis by 
single photon emission computed tomography (SPECT), a form 
of scintigraphy, covers the vast majority of worldwide isotope 
consumption based on the gamma-emitting 99mTc, which is used 
for functional probing of the brain and various other organs. PET 
protocols are increasingly used based on the positron emitter 18F 
and, more recently, a 68Ga compound. Therapy, on the other hand, 
is mostly carried out with beta emitters such as 131I, more recently 
with 177Lu, or with 223Ra for the new application of targeted alpha 
therapy (see p35). Other isotopes also offer clear benefits, such as 
149Tb, which is the lightest alpha-emitting radiolanthanide and also 
combines positron-emitting properties.

Driven by ISOLDE 
With 17 Member States and an ever-growing number of users, 
ISOLDE is a dynamic facility that has provided beams for 
around 300 experiments at CERN in its 50 year history. It allows 
researchers to explore the structure of the atomic nucleus, study 
particle physics at low energies, and provides radioactive probes 
for solid-state and biophysics. Through 50 years of collabora-
tion between the technical teams and the users, a deep bond has 
formed, and the facility evolves hand-in-hand with new technolo-
gies and research topics.

CERN MEDICIS is the next step in this adventure, and the user 
community is joining in efforts to push the development of the 
machine in a new direction. The project was initiated six years ago 
by a relatively small collaboration involving CERN, KU Leuven, 
EPFL and two local University Hospitals (CHUV in Lausanne 
and HUG in Geneva). One year later, in 2011, CERN decided to 
streamline medical production of radioisotopes and to offer grants 
dedicated to technology transfer. While the mechanical conveyor 
system to transport the irradiated targets was covered by such a 
grant, the construction of the CERN MEDICIS building began in 
September 2013. The installation of the services, mass separator 
and laboratory is now under way. 

At ISOLDE, physicists direct a high-energy proton beam from 
the Proton Synchrotron Booster (PSB) at a target. Since the beam 
loses only 10% of its intensity and energy on hitting the target, 
the particles that pass through it can still be used. For CERN-
MEDICIS, a second target therefore sits behind the first and is used 
for exotic isotope generation. Key to the project is a mechanical 
system that transports a fresh target and its ion source into one of 
the two ISOLDE target-stations’ high resolution separator (HRS) 
beam dump, irradiates it with the proton beam from the PSB to 
generate the isotopes, then returns it to the CERN-MEDICIS 

Accelerators and their related technologies have long been devel-
oped at CERN to undertake fundamental research in nuclear 
physics, probe the high-energy frontier or explore the properties 
of antimatter. Some of the spin-offs of this activity have become 
key to society. A famous example is the World Wide Web, while 
another is medical applications such as positron emission tomog-
raphy (PET) scanner prototypes and image reconstruction algo-
rithms developed in collaboration between CERN and Geneva 
University Hospitals in the early 1990s. Today, as accelerator 
physicists develop the next-generation radioactive beam facili-
ties to address new questions in nuclear structure – in particular 
HIE-ISOLDE at CERN, SPIRAL 2 at GANIL in France, ISOL@
Myrrha at SCK•CEN in Belgium and SPES at INFN in Italy – 
medical doctors are devising new approaches to diagnose and treat 
diseases such as neurodegenerative disorders and cancers.

The bridge between the radioactive-beam and medical commu-
nities dates back to the late 1970s, when radioisotopes collected 
from a secondary beam at CERN’s Isotope mass Separator On-
Line facility (ISOLDE) were used to synthesise an injectable radi-
opharmaceutical in a patient suffering from cancer. 167Tm-citrate, 
a radiolanthanide associated to a chelating chemical, was used to 
perform a PET image of a lymphoma, which revealed the spread-
out cancerous tumours. While PET became a reference protocol 
to provide quantitative imaging information, several other pre-
clinical and pilot clinical tests have been performed with non-con-
ventional radioisotopes collected at radioactive-ion-beam facilities 
– both for diagnosis and for therapeutic applications. 

 Despite significant progress made in the past decade in the field 
of oncology, however, the prognosis of certain tumours is still 
poor – particularly for patients presenting advanced glioblastoma 
multiforme (a form of very aggressive brain cancer) or pancreatic 
adenocarcinoma. The latter is a leading cause of cancer death in 
the developed world and surgical resection is the only potential 
treatment, although many patients are not candidates for surgery. 
Although external-beam gamma radiation and chemotherapy are 
used to treat patients with non-operable pancreatic tumours, and 
survival rates can be improved by combined radio- and chemo-
therapy, there is still a clear need for novel treatment modalities for 
pancreatic cancer.

A new project at CERN called MEDICIS aims to develop non-

conventional isotopes to be used as a diagnostic agent and for 
brachytherapy or unsealed internal radiotherapy for the treatment 
of non-resectable brain and pancreatic cancer, among other forms 
of the disease. Initiated in 2010, the facility will use a proton beam 
at ISOLDE to produce isotopes that first will be destined for hospi-
tals and research centres in Switzerland, followed by a progressive 
roll-out to a larger network of laboratories in Europe and beyond. 
The project is now approaching its final phase, with start-up fore-
seen in June 2017.

A century of treatment
The idea of using radioisotopes to cure cancer was first proposed 
by Pierre Curie soon after his discovery of radium in 1898. The 
use of radium seduced many physicians because the penetrating 
rays could be used superficially or be inserted surgically into the 

CERN to produce radioisotopes for health 

s

A new project called CERN MEDICIS aims to 
produce novel isotopes as diagnostic agents 
and treatments for brain and pancreatic 
cancers, explain Leo Buehler, Thomas 
Cocolios, John Prior and Thierry Stora.

Clockwise from top left: Storage shelves for ISOLDE and CERN-MEDICIS targets after their operation, showing the robot for remote handling.  
A “fresh” target unit stands on the CERN-MEDICIS supply point, ready for the robot pick-up and transportation to the irradiation point. A rail 
conveyor system end-station for target transportation, showing the inspection camera and two modern target units. The MEDICIS building at CERN, 
next to ISOLDE. (Image credits: Yury Gavrikov.)

MEDICIS, em obras no 
CERN, Genebra.

Semana de Treino no National Graphene Institute em Manchester 
com o vencedor do premio Nobel Kostya Novoselov, Sept. 2016

Quem?
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Radioisótopos

Feixe de	  
Protões
com	  Alta	  
Energia

Alvo de	  carboneto de	  urânio (UCx)

Materiais do  Alvo:
• Cerâmicos Refractários:  

Óxidos e  carbonetos

(UC2,  SiC,  Al2O3,  HfO2);;  

• Metais Refractários (Ta,  Nb,  Mo);;

• Metais Fundidos (Pb).

Unidade de	  Alvo
spallation

fragmentation

fission

1.4	  GeV protons

Produção	  de	  Radioisótopos	  no	  ISOLDE
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• Estabilidade química
• Estabilidade térmica

• Fusão
• Vaporização
• Sublimação

ALTAS TEMPERATURAS!!!!

• Aumentar a	  difusão!
• Aumentar a	  efusão!

Alvo

• Novos alvos!!
• Alvos refractários
nanoestruturados!!!
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Unidade	  de	  
alimentação

Fonte	  de	  Alta	  
tensão

(10	  – 30	  kV)

Unidade	  
de	  

recolha

Formação do	  
cone	  de	  
Taylor	   Rede de	  fibras

http://www.flow3d.com
http://www.news.vcu.edu
J.-‐S.	  Park,	  Adv.	  Nat.	  Sci.:	  Nanosci.	  Nanotechnol.	  1	  (2010)	  043002

O	  processo	  de	  electrofiação (ES)
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4.	  Tratamento	  térmico	  para	  promover	  
reações	  no	  estado	  sólido	  e	  a	  formação	  dos	  

cerâmicos	  desejados

3.	  Calcinação	  do	  compósito	  para	  remover	  os	  
constituintes	  indesejados

2.	  Processo	  de	  ES	  e	  recolha	  do	  compósito	  
polimérico nanoestruturado

1.	  Preparação	  da	  solução	  para	  o	  ES

Carbonetos	  cerâmicos	  nanoestruturados
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O	  teste

•PREPARAÇÃO

Ln acetilacetonato,	  
acetato	  ou	  oxalato
(Ln =	  Y,	  Eu,	  Er,	  Yb)

Acetato	  de	  celulose +2,4-‐pentanedione+

Solução	  de	  partida

x
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Seringa	  com	  
a	  solução	  de	  
partida

Bomba

Coletor

Fibras

A	  Electrofiação

Ar

O	  teste
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Massa (%)
Facilidade de formaçãodas fibras

Amostra Y(acac)3 Y(Ac)3 Y2(Ox)3

10 Não Não Não

15 Sim Sim Sim 

20 Sim Sim Sim 

Micrografias electrónicas de varrimento de fibras preparadas com o percursor Y-acac e uma percentagem 
de massa de acetato de celulose a) 10, b) 15 e c) 20%.

Formação	  das	  fibras	  desfavorecida	  
para	  concentrações	  mássicas	  de	  
acetato	  de	  celulose	  (AC)	  de	  10%

Fibras de	  boa	  qualidade para	  
concentraçõesde	  20%	  de	  AC

•RESULTADOS

O	  teste

a) b) c)
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Urânio

Amostra

Massa	  (%)

Facilidade	  de	  formação	  das	  fibras

U(ac)2 U(acac)2 U(formate)2

10 Não Não Não

12.5 Sim Sim Sim

15 Sim Sim Sim

a) b) c)

Micrografias electrónicas de varrimento de fibras preparadas com o percursor acetatode urânio e uma 
percentagem de massa de acetato de celulose a) 10, b) 12.5 e c) 15%.
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Micrografias electrónicas de varrimento de fibras obtidas com o percursor acetato de urânio e 15% massa de 
acetato de celulose aquecidas lentamente (1oC/min) a 600ºC.

Urânio

Micrografias electrónicas de varrimento de fibras obtidas com o percursor acetato de urânio e 15% massa de 
acetato de celulose aquecidas rapidamente (>100oC/min) a 600ºC.
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Radioterapia com	  Radiofármacos
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ACRIDINE	  ORANGE
Aumentoda	  eficácia

- Radioimunoterapia (RIT) dirigida ao ADN

QUELANTE	  DOTA
Estabiliza o	  Radiometal

ANTICORPO	  MONOCLONAL
Aumentoda	  seletividade para	  

as	  células tumorais

RADIOISÓTOPO
Diagnóstico/Terapia

Complexos de	  161Tb	  para	  radioimunoterapia	   (RIT)
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Eur.	  J.	  Nucl.	  Med.	  Mol.	  Imaging	  (2014),	  41,	  1907–1915.

Térbio: o canivete Suíço

149Tb	  
α e	  β+

t1\2	  4.12	  h

152Tb	  
β+	  

t1\2	  17.5	  h

155Tb	  
EC

t1\2	   5.32	  d

161Tb	  
β-‐ e	  Auger
t1\2 6.89	  d

Uma química, duas terapias e duas modalidades terapêuticas!
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161Tb: propriedades nucleares

MUITO	  PROMISSOR	  PARA	  O	  TRATAMENTO	  DE	  
TUMORES	  PEQUENOS	  E	  METÁSTASES!

Meia-‐vida	  de	  6.91	  dias.

Emissor	  de	  particulas	  β-‐ de	  baixa	  energia	  e	  curta	  penetração.
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Emissão	  de	  2.24	  eletrões	  Auger	  por	  decaimento

Percurso	  nos	  tecidos	   inferior	  ao	  diametro	  de	  uma	  célula	  

161Tb: Radioterapia Auger

A	  ACUMULAÇÃO	  NO	  NÚCLEO	  DAS	  CÉLULAS	  E	  
CRUCIAL	  PARA	  O	  EFEITO	  TERAPÊUTICO	  
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Este projecto foi apoiado pela Marie Skłodowska-Curie Innovative Training Network Fellowship
do programa Europeu Horizonte 2020, com o número de contrato 642889 MEDICIS-PROMED.

O	  sítio na internet
http://medicis-‐promed.web.cern.ch

Encontra-‐nos na rede social

Contacta-‐nos!


