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Although dosimetry has been of important value in the preclinical phase of radiopharmaceutical development, its 
clinical use to optimise the administered activity on an individual patient basis has been less evident. Recent 
developments in hybrid imaging, including micro-devices for animal research, and molecular medicine however 
stimulated the more widespread use of modern therapy and dosimetry techniques. Unfortunately, the lack of 
comprehensive clinical trials of radionuclide dosimetry in predicting therapy outcome has led to a general belief that 
dosimetry methods are logistically challenging and prone to a large degree of uncertainty. Data in the literature which 
underscore the potential of dosimetry to avoid under- and overdosing and to standardise radionuclide therapy methods 
are scarce but recently supportive evidence is increasing. 
Adjuvant therapy of differentiated thyroid cancer with radioactive iodine is a standard procedure for the ablation 
remnant thyroid tissue following surgery and for the treatment of iodine avid metastases. In general radioiodine 
therapy has proven to be a safe and effective method. 
The activity to be used for radioiodine therapy still remains subject to discussion. Usually patients are treated with 
standard activities reflecting the physician’s rating of the highest safe or “adequate” dosage rather than with an 
optimized treatment activity based on prior measurement of the patient’s individual biokinetics. Such a standard 
activity poses a risk of either under dosing the patient or of exceeding common safety limits. There is a broad range 
of fixed activities of I-131 recommended to be administered. In many cases, an activity between 1.1 and 3.7 GBq is 
prescribed for the first radioiodine therapy after thyroidectomy in newly diagnosed DTC to ablate the remaining 
glandular tissue. Higher amounts of I-131 are given in subsequent therapies or in case of metastatic disease. 
Normally, the activity is limited for safety reasons to around 7.4 GBq. The main disadvantage in using a fixed 
activity approach is the failure to consider the individuality of the patient. The “optimal” activity of radioiodine to 
treat metastatic thyroid carcinoma is the lowest possible amount of radioiodine that delivers a lethal dose of 
radiation to the entire lesion/metastasis while minimizing side effects. Empiric fixed activities by their very nature 
make no attempt to determine either the minimal radioiodine activity that will deliver a lethal dose or the 
maximum allowable reasonably safe absorbed dose. Patient-specific blood-based dosimetry is comparatively easy to 
perform before and during therapy. In selected patient cases this procedure will allow extending the activity beyond 
the limit of therapies using fixed activities and will reduce the risk of severe side-effects. 
Presently there are two dosimetric concepts for the treatment of thyroid cancer using radioiodine: a) the bone 
marrow dose limited approach and b) lesion-based dosimetry. Both concepts and their clinical applications are 
described.  
Recently, the European Association of Nuclear Medicine published a standard operational procedure for pre-therapeutic 
dosimetry in DTC patients incorporating a safety threshold of a 2 Gy absorbed dose to the blood.  
In the case of lesion-based dosimetry the pre-therapeutic use of I-124 seems to be state of the art although the 
matter of stunning has not been settled. In addition, careful calibration of the PET(/CT) scanners is mandatory. 
In the lesion based approach the pre-therapeutic or therapeutic administration of I-131 does not take into account 
regional differences in the local iodine uptake. 
Additionally there are a number of potential drawbacks of dosimetry that may preclude its use in many centres. 
One problem is the uncertainty of volume determinations by neck ultrasound shortly after thyroid surgery since 
the differentiation between scar tissue, haematoma and thyroid remnant is often difficult. The same holds true for 
the use of computed tomography (CT), magnetic resonance imaging (MRI) and positron emission tomography 
(PET) in the evaluation of distant metastatic lesions, especially in the case of diffuse lung metastases. Also, it 
remains difficult to predict radioiodine kinetics during therapy from prior diagnostic studies owing to the large 
difference in administered and measured activity and potential subsequent biological effects. 
Treatment with radiolabeled somatostatin analogues, such as [90Y-DOTA0,Tyr3]-octreotide and [177Lu-
DOTA0,Tyr3]-octreotate, is a promising new tool in the management of patients with inoperable or 
metastasized neuroendocrine tumors. Provided renal-protective agents are co-infused, toxicity is generally mild. 
Adequate dosimetry is mandatory for effective and safe peptide receptor radionuclide therapy (PRRT). Dosimetric 
and dose-escalating studies with [90Y-DOTA0,Tyr3]-octreotide, with and without renal protection showed no 
major acute reactions up to an administered activity of 5.55 GBq per cycle. 



Besides the kidneys, the bone marrow is a potentially dose-limiting organ. The radiation dose to the bone 
marrow is usually calculated according to the MIRD scheme, where the accumulated activity in the bone marrow 
is calculated from the accumulated radioactivity of the radiopharmaceutical in the blood. Forrer et al. recently 
showed that after PRRT with [177Lu-DOTA0,Tyr3]octreotate, the radioactivity concentration in the bone 
marrow is identical to that in the blood while there is considerable variation in bone marrow absorbed dose 
between patients. The contribution of the cross-dose from source organs and tumours to the bone marrow dose 
appeared to be most relevant. The authors concluded that individual calculation of the bone marrow absorbed 
dose is mandatory.  
The rationale for using a dosimetry-based approach is to replace the conventional fixed activity regimen by a 
modern setting which allows the administered therapeutic activity to be increased while avoiding undesired side 
effects. Using this strategy the absorbed dose to the cancerous or remnant tissue can be optimized without 
inducing potential toxicity.  
This continuing education session is directed primarily towards nuclear technologists active or interested in 
diagnosis and treatment of these diseases. By getting an overview of the current state-of-the art and recent 
developments, this session seeks to provide a foundation to participants for refining their services in the future.  
The participant will also be enabled to identify the major components needed for pre- and post-therapeutic 
dosimetry.  
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