
Dosimetry Workshop 

Scenario 

A patient is planned for Y-90 DOTATATE radiopeptide therapy.  The team wish to 

know the potential doses that may be delivered to lesions and organs at risk. 

Because of the difficulties in imaging Y-90, In-111 DOTATATE is often use as a 

surrogate for imaging.   

The patient received diagnostic SPECT/CT scans at 1, 2, 3 and 4 days post 

administration of In-111 DOTATATE. 

Using the quantitative information from the In-111 scans can we determine potential 

doses from a future Y-90 therapy?    

Two lesions within the liver will be considered.  Uptake in kidneys, liver and spleen 

can also be determined.  

IAEA, SNMMI and EANM guidelines suggest the following treatment regimens for 

noncompromised patients  

 Administered activity: 3.7 GBq (100 mCi)/m2 body surface 
 Number of cycles: two 
 Time interval between cycles: 6–12 weeks  

or 

 Administered activity: 2.78–4.44 GBq (75–120 mCi) 
 Number of cycles: two to four 
 Time interval between cycles: 6–12 weeks 

 IPEM report 109 – Radiation Protection in Nuclear Medicine, suggest no more than 

7.4 GBq for any treatment fraction. 

 

 



 

Exploring the Spreadsheet 

!!Make a backup copy of the spreadsheet should you need to start over!! 

 

Before running through the example familiarise yourself with the spreadsheet.  Some 

of the formulae and lookup tables have been hidden or locked to simplify the layout 

and reduce the risk of corruption. However the calculation process will be explained 

through the course of the workshop. 

 Yellow cells are for input and are therefore editable. 

 Blue cells contain formulae 

 Grey cells are labels 

Change values in the yellow cells and explore how the output changes.    

Note: some equations are calculated using VBA code and lookup tables. Therefore 

macro functionality must be enabled. 

 

 

 

 

 

 



 

Lesion Outlining – Part 1 

 

In the first case the two lesions of interest were identified and outlined using a 

thresholding technique.  Previous experience with phantom data had shown that a 

35% threshold on average produced the most accurate volume. 

On each days scan the 35% threshold outlined a slightly different volume on each 

lesion.  Because we don’t know which if any of these volumes is correct we can use 

the average and the variation between days as an estimate of our mass uncertainty.   

On the lesion tabs enter the following information into the appropriate fields 

VOI volume 

(cc)

MEAN 

voxel 

counts in 

VOI

STDEV 

voxel 

counts in 

VOI

55.07 596.93 147.87

57.24 615.75 162.94

58.85 449.77 122.29

60.58 351.00 78.00  
Lesion A 

VOI volume 

(cc)

MEAN 

voxel 

counts in 

VOI

STDEV 

voxel 

counts in 

VOI

12.80 92.78 26.96

9.70 99.86 28.29

7.53 81.54 23.68

5.45 68.77 21.99  
Lesion B 

 

Q. Do you think the thresholding technique produced reliable data?  

Q. How does this uncertainty vary between the two lesions? 

Q. Which of the two lesion doses is more accurate and why?  

Q. What factors are more influential in the uncertainty for each lesion? 

Q. What Y-90 activity would need to be administered to deliver 100 Gy to each of 

the lesions? 

Q. How does this administered activity compare to the administration guidance in 

the literature? 

Q. What are the potential doses if following the administration guidance? 

 

 

 

 

 



 

 

Lesion Outlining – Part 2 

Save the spreadsheet and re-open a copy. 

As the patient had SPECT/CT the CT component can be used to aid outlining on the 

SPECT.  The gross tumour volumes were measured on CT as 109g and 4.5g.   

Q. If we re-drew the outlines based on the new volume estimates how would we 

expect the doses for the two lesions to be effected? 

Enter the following data and see of your prediction is correct. 

VOI volume 

(cc)

MEAN 

voxel 

counts in 

VOI

STDEV 

voxel 

counts in 

VOI

108.81 428.34 207.89

108.54 447.47 218.69

110.57 315.89 164.94

109.65 256.36 125.45  
Lesion A 

VOI volume 

(cc)

MEAN 

voxel 

counts in 

VOI

STDEV 

voxel 

counts in 

VOI

4.49 143.95 18.61

4.47 144.55 23.12

4.49 105.55 20.94

5.00 90.00 18.00  
Lesion B 

 

Q. How do the new VOIs change our estimate of the required admin activity? 

Q. What other dosimetric parameters differed between the outlining methods?   

Q How do dosimetric parameters compare between lesions? 

 

- BREAK FOR DISCUSSION - 



 

Uptake phase (excel solver add-in required) 

As the first SPECT image wasn’t acquired until 24 hours we have no information as 

to the kinetics up to this point. 

We can explore how the effect of uptake reduces dose by using the “uptake tab” 

Copy one set of lesion data into the “uptake” sheet 

There are now two sets of results, one of which includes an uptake phase. 

Activity at time t in the lesion due to uptake can be described by: 

A(t) = A0(1-exp(-λuptake.t)) 

However as there is also excretion this then becomes: 

A(t) = A0(1-exp(-λuptake.t)).exp(-λeff.t). 

As there is insufficient information to determine λuptake we cannot fit this function to 

the data.  We can however create our own values and see how the dose is affected.  

Choose values for  λuptake using the slide below the graph. Excel will iteratively find 

solutions that fit the decay phase based on your chosen λuptake.   

The fitting method uses Excel’s “Solver” Add-in.  This will need to be installed for the 

macro to run.  It is also relatively slow so may take time for the fit to update. 

Q. What is the maximum potential dose reduction due to an uptake phase? 

In separate studies early time points have been acquired and λuptake measured to be 

approximatly 0.7h-1 (see figures below)   

Q. Given the uncertainty in our dose calculation is the assumption of 

instantaneous uptake resonable in this example?   

Q. Are there any additional uptake patterns which could be to considered? 
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- BREAK FOR DISCUSSION - 



 

Organ doses 

In addition to lesion doses it is useful to know potential doses to normal organs and 

organs at risk.   

Copy the following data into the corresponding worksheets.  

VOI volume 

(cc)

MEAN 

voxel 

counts in 

VOI

STDEV 

voxel 

counts in 

VOI

385.00 109.35 27.07

385.00 99.10 24.09

385.00 71.96 18.96

385.00 65.00 15.00  
Spleen 

VOI volume 

(cc)

MEAN 

voxel 

counts in 

VOI

STDEV 

voxel 

counts in 

VOI

2605.00 12.65 2.16

2605.00 12.70 2.60

2605.00 8.28 1.66

2605.00 6.25 1.03 Liver 

VOI volume 

(cc)

MEAN 

voxel 

counts in 

VOI

STDEV 

voxel 

counts in 

VOI

407.00 39.00 16.18

407.00 37.00 15.27

407.00 22.00 9.58

407.00 17.00 7.44  
Kidneys 

 

 

In the S-factor section on the sheet choose the respective organ from the drop down 

list.   

Q. How does the S-factor vary when changing between the organ and sphere 

model – which is more accurate? 

On the “Therapy Data” change the Patient type.  Explore different patient/organ 

combinations. 

Q. How does changing the patient model affect the organ S-factors & absorbed 

doses? 

Currently on the organ tabs there is no mass scaling between the S-factor model and 

our organ volume.   

Scale for mass by altering the formula in the “”mass adjusted S-factor” box. 

Q. How does this now compare when we switch between models? 

Q. What is the dose to the organs if we prescribed 100 Gy to the large lesion? 



Q. What are the estimated lesion doses if we treat to a max kidney dose of 6 Gy?  

Isotope 

On the Therapy data tab the treatment isotope can be changed.  Explore different 

treatment strategies with isotopes other than Y-90. 

 Q. How do the doses between Y-90 and Lu-177 compare? 

 Q. How do the doses compare if treating with an alpha emitter? 

Q. Excluding the CT component what was the dose to the normal organs from 

this investigation? 

  

 

 

 



 

 


