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Annichilazione del positrone



L’ FDG iniettato al paziente agisce come tracciante della glicolisi e si 

accumula maggiormente in sedi ove questa via metabolica è attivata 

in misura abnorme rispetto al consueto metabolismo aerobico, cosa 

che avviene in varie condizioni patologiche, come ad esempio nel 

contesto di tumori primitivi e di loro metastasi.
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E’ veramente l’unica 

informazione 

oncologicamente rilevante?



Breast Cancer and Micad
Molecolar Imaging Contranst Agent Database

1: Human Studies: PET18F -> 16α-[18F]Fluoro-17β-estradiol

2: Background: PET64Cu -> HSDAVFTDNYTKLRKQ-NIe-AVKK-(3-OCH3,4-OH)-FLNSSV-GABA-L-(Dap-(BMA)2)-64Cu

3: Background: Multimodal64Cu, quantum dot (QD705) -> 64Cu-1,4,7,10-Tetraazacyclododecane-1,4,7,10-tetraacetic acid-quantum dot-vascular endothelial 

growth factor 

4: Background: PET64Cu -> 64Cu-DOTA hu4D5v8 (scFv-CH2-CH3)2

5: Human Studies: PET18F -> [18F]Fluorocholine 

6: Background: PET64Cu -> 64Cu-N,N'-Bis(S-benzoyl-thioglycoloyl)diaminopropanoate-KRAS-PNA-d(Cys-Ser-Lys-Cys)

7: Human Studies: PET18F -> 3'-Deoxy-3'-[18F]fluorothymidine

8: Rodents: PET18F -> 16α-[18F]Fluoro-17β-estradiol -> Animal Studies

9: Background: SPECT99mTc -> 99mTc-N,N'-Bis(S-benzoyl-thioglycoloyl)diamidopropanoyl-KRAS-PNA-d(Cys-Ser-Lys-Cys)

10: Human Studies: PET18F -> [18F]Fluoro-2-deoxy-2-D-glucose 

11: Rodents: PET64Cu -> 64Cu-1,4,7,10-Tetraazacyclododecane-N,N',N'',N'''-tetraacetic acid-interleukin-18-binding protein-Fc -> Animal Studies

12: Rodents: PET68Ga -> 68Ga-Trastuzumab F(ab’) fragment -> Animal Studies

13: Background: PET11C -> l-[methyl-11C]Methionine 

14: Background: SPECT99mTc -> 99mTc-glutamate peptide 3-aminoethyl estradiol

15: Background: PET18F -> 5-[(E)-2-(4-[18F]Fluorophenyl)ethenyl]-1,3-benzenediol 

16: Background: PET89Zr -> 89Zr-Labeled trastuzumab, a humanized monoclonal antibody against epidermal growth factor receptor 2

17: Background: PET64Cu -> 64Cu-1,4,7-Triazacyclononane-1,4-diacetate-8-aminooctanoic acid-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2

18: Background PET11C -> [O-11C-methyl]4-N-(3-Bromoanilino)-6,7-dimethoxyquinazoline

19: Background: PET11C -> (S)-6-[(4-Chlorophenyl)(1H-1,2,4-triazol-1-yl)methyl]-1-[11C]methyl-1H-benzotriazole

20: Background: PET64Cu -> 64Cu-1,4,7,10-Tetraazacyclododecane-N,N',N'',N'''-tetraacetic acid-interleukin-18-binding protein-Fc

21: Rodents: PET64Cu -> 64Cu-DOTA hu4D5v8 (scFv-CH2-CH3)2 -> Animal Studies

22: Background: PET18F -> [18F]Fluoro-2-deoxy-2-D-glucose 

23: Rodents: PET11C -> N-[N-[(S)-1,3-Dicarboxypropyl]carbamoyl]-S-[11C]methyl-L-cysteine -> Animal Studies

24: Rodent an humans: PET11C -> [11C]Choline -> Animal Studies

25: Human Studies: PET18F -> 1-(2’-Deoxy-2’-[18F]-fluoro-β-D-arabinofuranosyl)thymine

NB) Possibilità di utilizzo del Na-18F, per la ricerca di metastasi ossee o per studi MIXED con FDG.

http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=FES
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=TP3939Cu64
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=CuQDVEGF
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=TrastFv-FcDM64Cu
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=Choline18F
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=PNAKRAS64Cu
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=Fluorothymidine18F
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=FES
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=PNAKRAS99mTc
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=FDG
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=IL-18bp-Fc-DOTA64Cu
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=TrastFabGa68
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=MET11C
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=GAPEDLTc99m
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=resveratrol18F
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=Tras89Zr
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=BBN-NO2A-64Cu
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=PD153035-11C
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=Vorozole11C
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=IL-18bp-Fc-DOTA64Cu
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=TrastFv-FcDM64Cu
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=FDG
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=DCMC11C
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=Choline11C
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=FMAU18F


Fare la Pet?...Quando la PET?...Quale PET?

CANOA 2017

Diagnosi 

iniziale RistadiazionePrognosi Monitoraggio della risposta a 

trattamento

Follow-up



Nuova Agenda di lavoro

o 89Zr Nuclear Propieties, Production

o 89Zr Chemistry a Labelling

o 89Zr Application



Zirconium-89 [89Zr]

Half –life 78.4 h

Decay

Mode

ε= 76.6%

β+= 22.3%

E(β+) 395.5 kev

E(γ)
511 KeV

909.2 Kev

Rave (β+) 1.2 mm

M.Deri et al Nucl. Med. Biol.,2013,40,3-14



Nuclear reaction for 89Zr production

89Y(p,n)89Zr

89Y(d,2n)89Zr

natSr(α,xn)89Zr

Excitation function for 89Y(p,n)89Zr reaction

Excitation function for 89Y(d,2n)89Zr reaction

A.Dabkowski II Symposium of PET, 2014



89Zr with medical cyclotron

A.L.Wooten et al App. Sci.,2013,3,593-613

(p,n)89Zr

(p,n)89mZr

(p,2n)88Zr

(p,n+p)88Y

Competitive Nuclear Reaction:

89Y(p,n)89mZr (>3.8 MeV, 4.2 m) 

89Y(p,2n)88Zr (>13.076 MeV, 83.4 

d) 

89Y(p,pn)88Y (>11.609 MeV, 106.6 

d) 

89Y(p,n)89Zr



Target for 89Zr production 

Memorial Sloan

Kattering Center 

Julich

Center

Negrar 

Hospital

Beam

Energy

(MeV)

Y foil

thickness

(mm)

Beam

parameter

Yield

(MBq/μAh)

Radionuclidic

Purity

DeGrado* 2016 14 2M Y(NO3)3 2h@40μA 4.4 99%

Wooten 2013 14.7 0.64 4h@15μA 55.5 99.998%

Cicoria 2011 12.6 0.30 1h@20μA 70.5 99.9995%

Holland 2005 15 0.10 5h@15μA 55 99.9%

Verel 2003 14 
0.035 

sputtered

1h@20μA
80.5 99.99%

Kandil 2007 12.6 13 (Y2O3) 5h@2μA 27.9 99.9%

Washington 

Univeristy

S.Orsola

Hospital

Mayo Clinic



89Zr Recovery

Irradiated Y 
target

Target 
dissolution

89Zr trapping
on purification

column

Washing 88Y 
removal

Recovery
solution

Cation exchange

resin

funzionalized to

hydroxamic groups

Negrar EZAG module used for processing

Target material and riformulation of 89Zrsolution



89Zr Formulation

o Oxalic in large amounts can lead to decalcification of blood 

and acute kidney falure, by precipitation of solid Ca. EMA ( 

tox Ox 25 mg/Kg).

o The Oxalic concentration ( usually 1M) are close to 

saturation (1.1 M) than it will be difficult to evaporate or 

reconstitute in a more concentrate solution.

o Cloridric precursor, no standard procedure to labelling

Antibody are available.

o Cloridric, need to be removed before Mab labelling.

o PBS ideal for labelling Antibody.

o Low recovery 80%.

o All the eluent solution need to be evalueted by SA and 

ICPMass to minimize the metal contaminants.

89Zr

89ZrCl4
89Zr(Ox)4

89Zr(HPO4)2

Lin et al Appl.Rad.,2016,107,317-322

DeGrado et al JNM&B.,2016,43,97-100

HOX 1M / HCl 1M /PBS 1.2 M



89Zr Coordination Chemistry

Zr is a IV group metal.

Zr exist on water solution on Zr+4.

Cation relatively large , highly charged ion “Hard ion”

Complexes with high coordination numbers

Prefer Ligands wit Oxygen donors ( charged or not)
Zr(Me-AHA)4

Guerard et al Chem.Comm.,2013,49,1002-1004

Zr4+



Desferrioxamine B (DFO)

DFO is a chelant wich contain

hydroxamate groups hexadentate three

anion chelator.

Deprotonation of hydroxy groups result

hexadentate ligand.

Are naturally created from Streptomyces

bacteria. FDA aprroved DFO like a drug for

acute iron intoxication. 

Make less concerns if it will be dissociated

from mAb.
DFT model

[Zr(DFO)(H2O)2]
2+

Holland et al Nucl.Med,2010,51,1293



DFO Conjugation

•DFO present a primary ammino

group can be functionalizated.

•The modify DFO can be used to

linkage Thiol goup or Amine goups

present on biological molecules.

M.Deri et al Nucl.Med.&Biol,2013,40,3-14

Typical reaction condition:

•DMSO solvent

•3-10 fold excess of ligand

•30-37 °C

•PD10 purification



DFO Stability

Water molecule in Zr coordination sphere

lower the complex stability.

Zr4+ ions prefere to be fully Oth structure in 

sigle coordination sphere.

M.Ma et al Dalton Tr.,2015,44,4884

89Zr4+ high bone affinity.

89Zr can be also accumulated on liver and spleen 

due to the colloidal form.

[89Zr]ZrDFOTrastuzumab



DFO*

DFO* is a chelant wich contain four

hydroxamate groups for Octadentate

geometry.

Deprotonation of hydroxy groups result

four anion ligand.

Similar reactivity of DFO.

M. Patra et al Chem.Comm,2014,50,11523-11525

DFT model

97
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99

100

0 h 24h 48 h 72 h

%
 Z

r-
L

Stability on NaCl 0.9 %

DFO

DFO*



HOPO is a Octadentate chelator with

hydroxypyridinone groups ligand for

metal binding Zr4+ ion.

HOPO comes from Actinide

sequestration licterature, was studied

for Pu4+ stable complex.

HOPO present four hydroxypyridone

groups with hard oxygen donors, 

appropriate for Zr4+ binding.

HOPO Ligand

M. Deri et al BioConj.Chem,2015,26,2579-2591

Crystal structure



HOPO Stability

6h          24h          72h        120h        168h       216h 6h          24h          72h        120h        168h       216h 

M. Deri et al BioConj.Chem,2015,26,2579-2591

MicroPET images of 89Zr-HOPO-Trastuzumab and 89Zr-DFO-Trastuzumab in female athymic

nude mice with BT474 xenografts on right shoulders inj (9.25-9.99 MBq) in 200 μL 0.9 %of sterile 

saline.

Both compounds show good tumor to background contrast, but 89Zr-DFO-Trastuzumab shows

evidence of bone uptake suggestiong in vivo release of 89Zr4+



Next generation ligands

Crystal structure

ZrDOTA

M. Pandya et al Chem. Sci.,2017DOI:10.1039/c6sc04128k

J.Rousseau et al Bioorg.&Med.Chem. Let.,2017,27,708-712

Back to the future



Why we need 89Zr ?

• Ideal for labelling compounds with long blood circulation times.

• Low positron emission energy provides better spatial resolution compared to other non 

standards isotopes (124I, 68Ga)

• Pub med 180 papers on 89Zr and in the last 5 years 124 articles majority of them related to 

Antibody labelling on immunoPET field.

isotop

e

T ½ 

(h)

68Ga 1.1

18F 1.8

64Cu 12.7

89Zr 78.4

124I 100.3



Biopharmaceutical

Exponential approval in last 5 years.

Not only for Oncology.

Lot of focus on neurodegenerative pathology.

ImmunoPET potential help on 

drug approval studies. 



89Zr on pre-clinic

M.Deri et al Nucl.Med&Biol.,2013,40,3-14

16 Antibodies alreay

labelled.

Multiple district

adressed.

Interessing nanoparticle

application.

Only DFO chelanting

used.



89Zr on clinic

Y.Jauw et al Front.Pharm.,2016,7,1-15



89ZrTrastuzumab

In 25 % of invasive breast carcinomas, 

there is an overexpression of HER2 

receptor. Trastuzumab is the inhibitor 

tumor cell proliferation agent used in 

pharmacological treatment of breast 

cancer for the HER2+ overexpressing

metastatic breast cancer. 

Biological t½ over 28d and washout  20w.



89ZrTrastuzumab

89Zr-Trastuzumab uptake 5 days after inj. (a) a patient with liver and bone metastases (b)and (c) two patients with

multiple bone metastases. A numbers of leasions havent’s see before immunoPET.

This images indicate the potential use of 89Zr-Trastuzumab to improve the 

diagnosis of patientes with HER2-positve breat cancer expecially when lesions are 

inaccessible for biopsy.

E.Dijkers et al Clin.Pharm. &Ther.,2010,87,586-592



89Zr-nanoparticles

C.Medina et al JNM.,2015,56,1272-1277





Biodistribution of 89Zr-trastuzumab and PET Imaging of HER2-Positive Lesions

in Patients With Metastatic Breast Cancer

EC Dijkers et al. Clinical Pharmacology & Therapeutics 2010. Volume 87 Number 5,

586593.

We performed a feasibility study to determine the optimal dosage and time of administration of

the monoclonal antibody zirconium-89 (89Zr)-trastuzumab to enable positron emission

tomography (PET) imaging of human epidermal growth factor receptor 2 (HER2)-positive

lesions.

Fourteen patients with HER2-positive metastatic breast cancer received 37 MBq of 89 Zr-

trastuzumab at one of three doses (10 or 50 mg for those who were trastuzumab-naive and 10

mg for those who were already on trastuzumab treatment). The patients underwent at least two

PET scans between days 2 and 5.

The results of the study showed that the best time for assessment of 89 Zr-trastuzumab uptake

by tumors was 4–5 days after the injection. For optimal PET-scan results, trastuzumab-naive

patients required a 50 mg dose of 89 Zr-trastuzumab, and patients already on trastuzumab

treatment required a 10 mg dose. The accumulation of 89 Zr-trastuzumab in lesions allowed

PET imaging of most of the known lesions and some that had been undetected earlier. The

relative uptake values (RUVs) (mean ± SEM) were 12.8 ± 5.8, 4.1 ± 1.6, and 3.5 ± 4.2 in liver,

bone, and brain lesions, respectively, and 5.9 ± 2.4, 2.8 ± 0.7, 4.0 ± 0.7, and 0.20 ± 0.1 in normal

liver, spleen, kidneys, and brain tissue, respectively.

PET scanning after administration of 89 Zr-trastuzumab at appropriate doses allows

visualization and quantification of uptake in HER2-positive lesions in patients with

metastatic breast cancer.











Conclusion


89Zr Nuclear proprieties (t½=78.4h, Eβ+= 395.5 kev)     are 

switable for immunoPET.

 How to produce 89Zr from Medical Cyclotron.

 The actual recovery and formulation solution, with the evaluation

of the different media used.

Overview of 89Zr ligands and challenge for the future


89Zrtracers application state of art and possible future applicaton. 


