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Rembrandt - anatomy lesson 
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•Tracer behaves in a similar way to the  
 components of the system to be probed. 
•Tracer does not alter the system in any 
 measurable fashion. 
•Tracer concentration can be measured. 
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Sunday night roast 

Radium 

Wednesday hash 
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D-glucose 2-[18F]fluoro-2-deoxy-D-glucose 
(FDG) 
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SPECT: Single Photon Emission 
              Computed Tomography 
 
PET: Positron Emission Tomography 
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In planar imaging, the 
camera records an image 
from one perspective 

In SPECT imaging, the camera rotates 
around the patient, recording multiple 
images that are then reconstructed 
into a three-dimensional data set by a 
computer 
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Gamma cameras are used for planar and SPECT imaging 
99mTc-radiopharmaceuticals are imaged with gamma cameras  
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A device that separates a daughter radionuclide from a parent 
radionuclide 

•  Typically a chromatographic separation based on the 
different chemical properties of the parent and daughter 
radionuclides   
•  The daughter radionuclide is the desired radionuclide used 
for nuclear medicine applications 

            
  
  

 Parent          Daughter 

T1/2 T1/2 
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• Comments on patent application of Green, Richards and Tucker in 1958 

for 99Mo/99mTc generator: 

• “While this method is probably novel, it appears the product will probably be 

used mostly for experimental purposes in the laboratory. On this basis no 

further patent action is believed warranted…” Atomic Energy Commission 

• “We are not aware of a potential market for 99mTc… We would recommend 

against filing…”  Research Corporation for Associated Universities, Inc. 

• First injection of 99mTcO4
- into a human was made in 1961, following 

development of the BNL generator 

• By 1970, it was estimated that more than 2000 daily diagnostic 

procedures were carried out in the U.S. 

• By 1985 market for 99mTc was >$30 million 

• Diagnostic radiopharmaceutical market was $1.69 billion in 2005 ($259 

million for FDG) 
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Images acquired about 3 hours after injection 
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RF 
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Developed at BNL in 1958 it was never patented. 
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Reactor 

 

In-service date 

 

Target uranium 

enrichment type 

 

NRU 

(Canada) 

1957 HEU 

BR2 

(Belgium) 

1961 HEU 

HFR  

(Netherlands) 

1963 HEU 

SAFARI 

(South Africa) 

1965 HEU 

Notes: 

• Other smaller suppliers: RA-3 (Argentina) is a domestic supplier and OSIRIS 

(France) provides some back-up to BR2 and HFR. 

• OPAL (Australia): commissioned in 2008, in early stages of operation. 
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•Based on tracer principle 
•Tracer labeled with positron emitting 
radioisotope 
•Positron decay 
•Coincidence detection of annihilation 
radiation 
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Injection of a tracer compound labeled 
with a positron-emitting radionuclide 

 

The radionuclide in the radiotracer decays 
and the resulting positrons subsequently 
annihilate on contact with electrons after 
traveling a short distance (~ 1-10 mm) 
within the body 

Positron  
Emitting  
Isotope 

Electron 

Positron 

511 keV 
Gamma Ray 

511 keV 
Gamma Ray 

Positron-emitting  isotopes produced on 
cyclotrons or generators 
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Each annihilation produces two 511 keV photons 
traveling in opposite directions (180O) which are 
detected by the detectors surrounding the subject 
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1951: 

Gordon L. Brownell and 

colleagues at the 

Massachusetts General 

Hospital 
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Glucose 
Fluorodeoxyglucose 

            (FDG) 
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Blood Cells 

Glucose Glucose Glucose-6P Glycolysis 

FDG FDG FDG-6P 
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Initial study 4 months later, 
after chemotherapy 
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J Clin Endocrinol Metab. 2009 Dec;94(12):4757-67. Epub 2009 Oct 28. 
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Targets somatostatin receptors (sstr) overexpressed 
on neuroendocrine tumors 
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•A 61-year-old man presented with the 

sudden onset of vision problems of the right 

eye 

•Ophthalmoscopy and MRI were suspicious 

for a choroidal melanoma 

•A subsequent FDG PET showed no FDG 

accumulation 

 

 

Van Riet: Clin Nucl Med, Volume 34(1).January 2009.27-28 

 

FDG 
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Van Riet: Clin Nucl Med, Volume 34(1).January 2009.27-28 

 

        FDG                            68Ga-DOTATOC 
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14N(p,α)11C  t½ = 20.3 min. 

18O(p,n)18F   t½ = 109.7 min. 

16O(p,α)13N    t½ = 9.97 min 

14N(d,n)15O    t½ = 2.0 min 



~3000 known isotopes 

p 

n 



First row: 



Second row: 
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Radionuclides Half-life Decay Production 
Route 

Copper-64 12.7 h EC/β-/β+ Cyclotron 

Zirconium-89 3.27 d EC/β+ Cyclotron 
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2.5 mm 

1.5 mm 

1.25 mm 

1.0 mm 

2.0 mm 
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• β+ isotopes are proton rich 

• For use in imaging we typically 
would like short lived isotopes 
(minutes to hours) 

• Produced by proton induced 
reactions: (p,n), (p,α), (p,2n)…… 
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6. 
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• 89Y(p,n)89Zr 

Accell resin  Hydroxamate resin 

R OH

O

R N
H

O
OH

• Purified by hydroxamate resin 

– Modified Accell Plus resin (Waters) 

• Weak cation exchange resin 
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• Hypoxia: lack of oxygen in tissue 

• In cancer: Hypoxia influences response to treatment: 

 

• Radiotherapy - hypoxic cells are protected from lethal 
effects of conventional ionizing radiation therapy 

•  Chemotherapy - effect of hypoxia on special genes and 
drug delivery 

 

 

 

• Imaging of hypoxia is required in order to predict response to 

traditional therapies 

• Imaging of hypoxia in the brain, heart and cancer have been 

explored  
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64Cu-ATSM-PET

T/M = 4.4

60Cu-ATSM-PET

T/M = 3.5

FDG-PETCT

64Cu-ATSM-PET

T/M = 10.3

60Cu-ATSM-PET

T/M = 8.1

FDG-PETFused PET/CT

A B

Responder Non-Responder 



Lapi,  NNPSS, July 2012 



Lapi,  NNPSS, July 2012 



Lapi,  NNPSS, July 2012 



Lapi,  NNPSS, July 2012 

Andrew M. Scott, Jedd 
D. Wolchok & Lloyd J. 
Old 
Nature Reviews 
Cancer 12, 278-287 
(April 2012) 
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Examples of fusion images 
from HER2 PET and MRI 
scans. (a) In a vertebral 
metastasis seen on MRI but 
unapproachable for biopsy, 
HER2 status was revealed by 
89Zr-trastuzumab uptake on 
PET imaging. (b) Example 
of HER2-positive brain lesion 
undetected by conventional 
scans, revealed 
by 89Zr-trastuzumab PET 
imaging, and subsequently 
confirmed by MRI. 

Dijkers et al Clinical Pharm and Therapeutics May 2010 



Lapi,  NNPSS, July 2012 

Dijkers et al Clinical Pharm and Therapeutics May 2010 

In this study, 89Zr-trastuzumab allowed 
the researchers 
to distinguish between lesions with 
HER2 overexpression and 
those without. 
 
The PET images produced with 
89Zr-trastuzumab showed high spatial 
resolution and good signal- to-noise 
ratio, resulting in an image quality 
unapproachable by our previous 111In-
trastuzumab SPECT scans. 
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Proliferation Apoptosis Resistance Transcription 

Metastasis Angiogenesis 

Shc 

PI3K 

Raf MEKK-1 

MEK MKK-7 

JNK ERK 

Ras 

mTOR 

Grb2 

AKT 

Sos-1 

Adapted from: Ciardiello F, et al. N Engl J Med. 2008;358:1160-1174. 

EGFR activation mediates multiple 
processes 
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~98% 

A431(lung )  HCT116 (colorectal)  

~44% 

T47D (breast ) 

0% 

MDA-MB-435(breast ) 

0% 
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(a) mAb conjugation to DFO-Bz-NCS 
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(b) Radiolabeling of  DFO-Bz-NCS-Panitumumab 
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microPET and BioD studies 

•  Athymic nude mice, 6-8 weeks of age 

•  4 x 106 cells injected into right flank 

• Tumor size ~ 200 mm3 

• ~15 µCi for BioD and ~ 85 µCi for microPET 

 

• Blocking Studies 

HCT116 tumor cell line with moderate EGFR expression  

1 mg of unlabeled panitumumab was injected 2h before 

 injection of activity  



Lapi,  NNPSS, July 2012 

Imaging EGFR Expression with [89Zr]DFO-Bn-NCS-
Panitumumab at 24 h Post Injection 

Tumor 

A431 HCT116 MDA-MB435 T47D 
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Biodistribution Studies at 24 h Post Injection 
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Tumor 

Imaging EGFR Expression with [89Zr]DFO-Bn-NCS-
Panitumumab at 120 h Post Injection 

A431 HCT116 MDA-MB435 T47D 
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Biodistribution Studies at 120 h Post Injection 

A431 HCT116 

24 h post 5.2 4.6 

120 h post 16.4 12.8 

Tumor/Muscle 
ratio 
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A431 HCT116 MDA-MB435 T47D 

Immunofluorescent Staining of Tumors 
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Separated Isotopes from FRIB 

Half-life limit set at 1 minute 
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