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Biokinetics and dosimetry of radioiodine 
treatment of thyroid cancer
M. Lassmann, Würzburg (DE)

Radioiodine therapy using I-131 is a standard treatment of patients suffering from differentiated thy-
roid cancer (DTC). 

Presently there are two dosimetric concepts with respect to the radioiodine therapy of DTC:

a) Lesion-based Dosimetry
The objective of this approach is to determine the radioiodine activity that delivers the recommended 
absorbed dose to ablate thyroid remnant or to treat metastatic disease (80/300Gy). 

For dosimetry the I-131 uptake and clearance from identifiable iodine avid tissue are measured. The 
calculation of lesion dose could be based on the MIRD formalism as, for example, presented in the 
guidelines of the DGN [1] for the pre-therapeutic dosimetry of radioiodine treatment of benign thyroid 
diseases:

A: Activity to be administered 

M: Mass of the target volume, 

D: Mean absorbed dose to be achieved in the target volume, 

RIU(t): Relative radioiodine uptake (unit: %) as a function of time, 

F:	 Constant,	F	=	24.7	MBq•d•%•g-1•Gy-1 (1).

RIU(t) could be determined by an analysis of selected ROIs on gamma camera images or from probe 
measurements at several time points up 96 hours or later. A curve-fitting procedure could be used to 
determine the integral.

Particular care is required for the mass determination as some procedures might be unreliable in thyroid 
cancer patients. 

b) Bone Marrow Limited Approach
The method originally reported by Benua [2] allows an estimate of the absorbed dose to the hematopoi-
etic system. In this approach, the blood is considered the critical organ that is irradiated both from the 
b-particles emitted from activity in the blood itself and from the g-emissions originating from activity 
dispersed throughout the remainder of the body. The maximum safe treatment activity is calculated as 
the activity of I-131 that would deliver 2 Gy.

Only two compartments need to be monitored: blood and whole body. The activity in the blood is 
determined from blood samples. The activity in the whole body could be monitored redundantly using 
independent techniques: 24-hour urine collections, whole-body counting with a probe using a fixed 
geometry and/or conjugate views of whole body scans obtained by a dual headed gamma camera. 
Details of the recommended methods, data sampling frequencies and of the calculation process can be 
found in the EANM guideline [3]. The recommended late time points (up to 144h after administration of 
the tracer activity) need to be to be considered for patient scheduling.

The mean absorbed dose Dblood to the blood per unit administered activity A0 is:

tsource represents the residence time; it is defined as the integral of the fraction of the administered activity 
A0 as a function of time t in the corresponding source organ; wt represents the patient’s weight in kg.



37

OCTOBER 11 – 15, 2008 · inT. COngREss CEnTRE münChEn, gERmany

Oct.13

Ab
str

ac
ts

2008
The activity to be administered for a blood absorbed dose of 2 Gy is:

The strengths of the blood based approach are the determination of the maximal safe activity of radio-
iodine for each patient individually and the potential to administer higher activities once instead of 
multiple administrations of lower activities. Limitations that need to be mentioned are that a benefit of 
the strategy is plausible but no valid clinical data exist on improved response and/or outcome rates and 
that the absorbed dose to the tumor is not known. The presented approach should be carefully applied 
in patients affected by diffuse lung micro-metastases, since the critical organ could be the lung itself 
instead of the hematopoietic red marrow.
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