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RADAR method (Health Phys 
85(3):294-310, 2003):

DCFND 

N is the number of disintegrations that occur 
in a source region

DCF is the dose conversion factor, which 
gives the dose absorbed in a target per 

disintegration in a source



Concepts

• Internal dose estimates –
“marriage” of physical and 
biological quantities

• Biology – distribution and 
kinetics

• Physics – energy deposition 
patterns

http://album.weddingcentral.com.au/album/gherft/
http://album.weddingcentral.com.au/album/gherft/
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Organ Mass Scaling

• For electrons, the scaling is:

• For photons, the scaling is:
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Patient-Individualized Medicine

 “Treating all nuclear medicine patients 

with a single, uniform method of activity 

administration amounts to consciously 

choosing that these patients be treated  

with a lower standard of care than 

patients who receive radiation externally 

for cancer treatments.”



Dosimetry
• Administration of 500 MBq of I-131

• Thyroid uptake 55% at 24 hours

• Uptake half-time 6 hours, elimination half-
time 7 days:

disx
h

s

hh

dis
xN

sMBq

dis
MBq= A

thy

h

h

h

h

thy

14

11

8

6

24693.0

168

24693.06

1031.2
3600

1125.0

1

004125.0

1

sec
1075.2

expexp55.0
10

500


















































Dosimetry

• Contributions from other electrons and 
photons, estimate becomes ~430 Gy.
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Patient-Specific Modifications

• Traino, DiMartino et al. – adjustment for 
change in thyroid mass during dose delivery
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Patient-Individualized Medicine

• Using a fixed activity or activity/body size gives very 
different therapeutic benefit to different patients. 

• Individual kinetics and body morphologies are highly 
variable.



Cumulative excretion of Ho-166 DOTMP in twelve subjects 
(6 ♀, 6 ♂) with multiple myeloma. Breitz et al. J Nucl Med 2006



Wahl, J Nucl Med 2005; 46:128S–140S



Sandstrom et al. JNM 2013:54:33-41





Dewaraja et al. J Nucl Med 2005; 46:840–849



FIGURE 3. (A) Summed coronal 124I PET image slices obtained on day of 124I 
administration (day 0) and on subsequent 2 days are depicted using same intensity 

level. Cross-hairs show plane of intersection for corresponding transverse slices 
through tumor 2, shown immediately below coronal images. (B) Image of absorbed 
dose distribution in tumor 2, magnified to highlight spatial distribution of absorbed 
dose within this tumor. Color-coded isodose contours are superimposed as follows: 

yellow = 75%, red = 50%, blue = 25%, and green = 10% of maximum absorbed dose to 
tumor (400 Gy). Three different foci of enhanced absorbed dose are observed and 

designated 1–3 as shown. Kolbert et al. J Nucl Med Vol. 45 No. 8 1366-1372.

http://jnm.snmjournals.org/content/vol45/issue8/images/large/zl70080412930003.jpeg
http://jnm.snmjournals.org/content/vol45/issue8/images/large/zl70080412930003.jpeg


Strigari et al.: Tumor 
control probability in 
systemic radiotherapy

Medical Physics, Vol. 33, 
No. 6, June 2006



Bodey et al. 2003



STRATOS Dosimetry Solution is an advanced research software package for 3-
dimensional dose calculation in nuclear medicine, allowing you to calculate and 
visualize patient-specific dose maps for targeted therapeutic radionuclide agents based 
on antibodies or peptides. STRATOS Dosimetry Solution optimally supports research 
focussed on image-based dosimetry using SPECT/CT and PET/CT data.

http://www.imalytics.philips.com/sites/philipsimalytics/products/dosimetry/stratos01.page
http://www.imalytics.philips.com/sites/philipsimalytics/products/dosimetry/stratos01.page


Dieudonne J Nucl Med 2013; 
54:236–243



Ferrari et al. Eur J Nucl Med Mol Imaging (2012) 39:1702–1711



Petitguillaume et al. JNM 2014; 55:405-413



Senthamizhchelvan et al. JNM 2012; 53:215-224



Dieudonne et al. JNM 2011:52:1930-1937







Do Calculated Doses Predict Biological 
Effects?



Amro et al. J Nucl Med 2010; 51:654–659



Shen et al. JNM 43 No. 9 1245-1253, 2002

http://jnm.snmjournals.org/content/vol43/issue9/images/large/l70920555003.jpeg
http://jnm.snmjournals.org/content/vol43/issue9/images/large/l70920555003.jpeg




Dose rates and renal toxicity



% CLR loss versus BED (open circles/dashed line) or TDF (solid circles/solid line) 
for the combined Barone and Bodei data sets. (A) All patients. (B) All patients 

without risk factors. (C) All patients with risk factors.



PFS Stratified by Tumor Dose

• Longer PFS for mean 
tumor absorbed dose 
>200 cGy 

• Median PFS 

– 13.6 mo (>200 cGy)

– 1.9 mo (<200 cGy)

<=200 cGy

>200 cGy

p<0.0001



Philosophical Point

• Medium transfer bystander effects? Dose is zero!

• 0  anything = 0

 When is a Gy a Gy? Almost never!

 1 Gy of gamma whole body…

 1 Gy of alpha?

 1 Gy of beta or gamma in therapy?



Bystander effect shown by Hall20 in V79 cells in which all cells or 10% of cells 
were struck by 1-16 alpha particles.



Sawant et al. Radiation Research, 156, 177–180 (2001)



Mairs RJ, Fullerton NE, Zalutsky MR, Boyd M. Targeted radiotherapy: microgray 
doses and the bystander effect. Dose-Response, 5:204–213, 2007.





Conlusions

• Whole organ dosimetry methods are well 
standardized.

• With mass adjustment, this may suffice for some 
applications.

• 3D dosimetry methods have been demonstrated 
by many centers. Quantitative SPECT and PET 
have good accuracy when done correctly.

• Our understanding of dosimetric quantities is 
undergoing change. Collaboration is vital.


