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Historical introduction

Current perspectives 
Technology

Radiation protection

(New radionuclides)

Internal Dosimetry



René Descartes

(1596-1650)

Karl Popper

(1902-1994)

The physical world (World 1) is continuously 

changed, modeled and reshaped by the products 

of the human mind (World 3)

The history of (nuclear) medicine is history of human mind

« Res cogitans » « Res extensa »



Ell P EJNMMI Physics 2014, 1:3

Milestones of Nuclear Medicine



1936 - K Compton « What physics can do for biology and medicine? »

S. Herz: « Could iodine be made radioactive artificially? » 

128I, later… 131I



G. de Hevesy 

(1885-1966)

The tracer principle  The « magic bullet »

P. Ehrlich

(1854-1915)

Sugiura et al. Molecules 2014, 19; 2135-2165

Nuclear Medicine is 

the concrete 

achievement of 

brilliant products of the 

human mind



Ehrlich’s ideal of « aiming precisely » using drugs 

with high efficacy dominates modern drug discovery

Strebhardt K & Ullrich A Nat Rev Cancer 2008;8:473-480



Radioactivity for medical use



1950 - S Seidling: If a metastasis has high uptake, we can destroy 

it. Now, for God’s sake, when will physicists learn to measure 131I 

uptake? L. Marinelli: « As soon as physicians decide how much 

uptake is high »  

What do we need more? 

H. Anger

(1920-2005)



Courtesy of Moses WW

Evolving technologies 



Instrumentation:QC and performance evaluation 



… a change of perspective:

from Technology to Biology !

1) Radiation Protection

2) Dosimetry



Marie

Marie Sklodowska-Curie (1867-1934)  

Nobel Prize Physics 1903 (with P. Curie & H. Bequerel) 

Nobel Prize Chemistry  1911

Irene Curie-Joliot (1897-1956)  
Nobel Prize Chemistry  1935 (with F. Joliot)

"One of our joys was to go into our workroom at night; we then

perceived on all sides the feebly luminous silhouettes of the bottles of

capsules containing our products. It was really a lovely sight and one

always new to us. The glowing tubes looked like faint, fairy lights."

of aplastic anemia 

of leukemia

1) Radiation Protection



« ALARA should be removed entirely from the regulations as 

it makes no sense to decrease radiation doses that are not 

only harmless but may me hormetic » 

Linear-no threshold and ALARA ? 
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D (Gy): What effect on tissues?   

2) Dosimetry



Image-based dosimetry

SPECT / CT
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Courtesy of Sjögreen Gleisner K

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



Tumour dosimetry: EBRT vs RIT

Örbom et al J Nucl Med 2013

Cicone F et al. 2013 Cancer Biother Radiopharm;28:98-107



EBRT vs RIT 

Pouget JP et al 2015 Front Med;17: 2-12



New paradigms in radiation biology



Biodistribution varies between 

patients
Same injected activity gives doses to remnant of 2-200 Gy

Thyroid remnant 

ablation

Na131I

Minguez et al, Med Phys, 2016



Knox SJ et al. 1996 Clin Canc Res;2:457-70

Wahl RL et al. 1998 JNM;39(8 Suppl):21S-27S

Optimization of biodistribution: preloading



Is dosimetry useful? 



JNM 2014;55:1047-1053



90Y-PRRT of neuroendocrine tumours

Toxicity 

Grade 

kidneys

Barone R et al, JNM 2005







2013/59/Euratom

“For all medical exposure of patients for 
radiotherapeutic purposes, exposures of target 
volumes shall be individually planned and 
their delivery appropriately verified taking into 
account that doses to non-target volumes and 
tissues shall be as low as reasonably achievable 
and consistent with the intended radiotherapeutic 
purpose of the exposure.” 

• (Chapter II, Definitions, Article 4, Definitions): 
“ "radiotherapeutic" means pertaining to 
radiotherapy, including nuclear medicine for 
therapeutic purposes”.



223RaCl2

90Y-Zevalin

Verification of dose delivery: challenges for radionuclide imaging





Internal Dosimetry Task Force



Is the absorbed dose individually

planned for each 

patient?





Additional challenges for radionuclide dosimetry (1): 

small animal dosimetry and new isotopes

µPET-based dosimetry of 152Tb-CHX-A’’-scFv78-Fc

Cicone F, Denoël T, Viertl D et al. Oral presentation, EANM 2017





Amato E, Cicone F, Auditore L, Baldari S, Prior JO, Gnesin S (article in revision)

Additional challenges for radionuclide dosimetry (2): 

new tracers and modelling of non-conventional organs

Gnesin S, Mitsakis P, Cicone F et al. EJNMMI Research 2017; 7:43 



Conclusions
Nuclear medicine has developed thanks to the 

advancements of theoretical and applied physics

Many concepts that lead to such advancements are 

common to other medical specialities. Nowadays we 

talk about “precision medicine”, “personalised 

medicine” etc.

Internal dosimetry is becoming a standard in Nuclear 

Medicine Deparments, as it provides clinically useful 

results and fulfils newer regulatory requirements  

Nuclear medicine physicians and medical physicists will 

need to sit together at the bedside to understand 

“personalised” (radio)biology 





Cicone F et al. Trans Canc Res 2016

B R-CHEMO Z

Having the magic bullet does not mean Success



Is a medical physicist involved 

in each treatment?



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

Dosimetria con surrogato 111In- vs 90Y-Zevalin:

La (bio)distribuzione della radioattività nel tempo



La distribuzione della radioattività nello spazio/tempo

D’Arienzo M et al. 2010 Radiother Oncol Abstr 



90Y microsphere treatment of 

hepatocellular carcinoma

NTCP

Liver

Strigari et al, JNM, 2010



177Lu-PRRT of neuroendocrine 

tumours

Tumour 

response

Ilan et al, JNM 2015



90Y-PRRT of neuroendocrine 

tumours

Wessels et al, JNM 2008

Kidney 

NTCP

Comparison

External beam

and 

Radionuclide

Therapy


