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A  physicist tries  to  understand  the  origin  
of  natural  phenomena,  while  it  looks  to  
me  that  the  engineer is  more  concerned  
with  understanding  their  functioning,  in  
order  to  find  possible  practical  
applications      

Physicist  vs  Engineer



Chemically-­minded  people….



Medically-­minded  people….



Radioactivity  for  medical  use  
(Nuclear  Medicine)



Diagnosis:  SPECT(γ),  PET  (β+)

Therapy:  (β-­)  (α)

Radioactivity  for  medical  use



SPECT

PET/CT

THERAPY



There  is  not  only  one  PET!!
Prostate  Adenok,  raising  PSA

18F-­Choline 68Ga-­DOTANOC 18F-­FDG



Principles  of  Thera/gnostic  

1  )  You  treat  what  you  see  (Treatment  planning  =  
Dosimetry)  and  

2)  you  see  what  you  treat  (Verification  of  dose  delivery)

How  ?

Same  isotope    β/γ emitters  (131I;;  153Sm;;177Lu)  or  α/γ (223Ra)

Different  isotopes  of  the  same  element  (131/123/124I;;   86Y/90Y)

Surrogate  isotope  (111In/90Y;;  68Ga/177Lu;;   99mTc/188Re)



Cicone  F,  Scopinaro  F  2013  In:  Rituximab:  Pharmacology,  clinical  use  and  health  effects.  

Organ  /  Tumor  Dosimetry

0
( ) ( )

N

k h h k h
h

D r r A S r r
=

← = ⋅ ←∑ %

X=



0

1 1ln( ) ln ( ) DEUD S P D e dDα

α α

∞
−⎡ ⎤

= − = ⎢ ⎥
⎣ ⎦
∫

Voxel-­based  dosimetry

Equivalent Uniform Doses (EUD)

Dose  Volume  Histograms  (DVH)

Cicone  F  et  al.  2013  Cancer  Biother  RadiopharmD’Arienzo  M  et  al.  2012  Cancer  Biother  Radiopharm



Planning  vs  verification  of  delivery:  111In-­ vs  90Y-­Zevalin.

Bremmstrahlung  !!!
Cicone  F,  Scopinaro  F  2013  In:  Rituximab:  Pharmacology,  clinical  use  and  health  effects.  



Cicone  F  et  al.  Trans  Canc  Res  2016

The  failure  of  the  Magic  Bullet  !

B R-­CHEMO Z



WP3/  Single  projects



CERN:  construction  of  Offline  2

Mass  separator

RFQ  Cooler

Development  of  ion  sources

Beam  manipulation  
(improvement  of  beam  
transmission,  energy  spread  
and  divergence)  



Industrial  partner:  AAA/Arronax

AX

Aims:  

To  study  feasibility  of  applying  
mass  separator  tecqnique  to  
commercial  cyclotrons  (there  is  
none  at  the  moment)

Selection  and  testing  of  
innovative  targets/isotopes  for  
the  market Element Radionuclide Application Comments

Scandium
Sc43 PET 15  MeV  cycl

Sc44 PET/  3γ 15  MeV  cycl

Sc47 Therapy reactor  and  70  MeV  cycl

Copper
Cu61 PET 15  MeV  cycl

Cu64 Therapy  /  PET 15  MeV  cycl

Cu67 Therapy  /  SPECT reactor  and  70  MeV  cycl



Bioorthogonal  Chemistry

Bio-­orthogonal =  no  interference  
with  biological  processess



Click  Chemistry

Click  =  simple,  fast,  easily  
available,  no/easy  to  remove  
solvent,  simple  isolation

[ex.  Tetrazine  /  trans-­cyclooctene  (TCO)

1) Injection  of  mAb-­TCO
2) Injection  of  Tb-­tetrazine



The  Target  :  Tumor  Endotelial  Marker-­1  (TEM1)

Morab  0004  (Clinical  phase  2)
scFv78-­Fc  (78Fc)

full  IgG  anti-­TEM1

Tumor  Vessels
Tumor  cells

Host  microenvironment  (fibroblasts,  pericytes)  

Overexpressed  by:



79  µL  AB  6.9  mg/mL    
à 547  µg  in  107  µL  
(5  mg/mL)

1  h    42  °C

111In-­CHX-­A’’-­DTPA-­FcTEM1

and
152Tb-­CHX-­A’’-­DTPA-­FcTEM1

Labelling  of  78Fc  anti-­TEM1  with  radiometals

In  Vitro  Testing  /
Immunoreactivity



First  SPECT  imaging  of     111In-­CHX-­A’’-­DTPA-­ScFv78Fc

Ewing  Sarcoma  cell  line  A673  

1.8  MBq/33  μg

Dual  head  SPECT/CT,  60  proj,  45  sec  each

24  hours  p.i.
Cicone  F  et  al.  IRIST  Conference,  Lausanne  2016



First  PET  imaging  of    152Tb-­CHX-­A’’-­DTPA-­ScFv78Fc

Ewing  Sarcoma  cell  line  A673

24  hours  p.i. 60  hours  p.i.

Cicone  F  et  al.  23rd IRIST  Conference,  27-­28  May  2016,  Lausanne  




