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Abstract 

Molecular Radiotherapy (MRT) is gaining acceptance as a cancer treatment modality since new therapeutic 
radiopharmaceuticals have been developed. Currently radioactivity is administered on the basis of nominal 
measured activity or patient mass, without knowing the dose received by critical tissue within individual 
patients. This is despite evidence that treatment effect is dependent on the dose delivered to tumours and 
critical organs. The metrology is difficult, and there is no consensus approach to the problem. This SRT 
outlines the basic metrological problems associated with obtaining a measurement of absorbed dose from a 
radionuclide within a patient traceable to a primary standard, and the possibility of developing a practical 
dosimetry protocol. 

 
Conformity with the Work Programme 

This Call for JRPs conforms to the EMRP Outline 2008, section on “Grand Challenges” related to Health, 
New Technologies & Fundamental Metrology on pages 7 and 41. 
 
Keywords  

Molecular; Radiotherapy; Radionuclide; Radiopharmaceutical; Quantitative; Imaging; Activity; Dose; Cancer; 
Dosimetry 

 
Background to the Metrological Challenges 
For the majority of currently available cancer treatment options the approach is to destroy cell populations 
that are growing uncontrollably. This potentially leads to a non-selective treatment that can damage rapidly 
dividing cells that are non-cancerous. Recently there is increasing interest in developing “targeted therapies” 
such as Molecular Radiotherapy (MRT) that kills cancer cells by delivering a lethal dose of radiation, usually 
attached to a ‘carrier’ that selectively attaches to tumour cells or localises in the host tissue.  As with external 
beam radiotherapy, MRT offers the advantage of delivering high radiation doses to a specific target; however 
in common with chemotherapy it can deliver the treatment systemically, attacking multiple sites throughout 
the body, and additionally it has relatively few side-effects.  

MRT, in its earliest form has been used since the first half of the 20th century, when radioactive iodine was 
first used to treat hyperthyroidism.  At that time there was no accurate way of measuring how much of the 
radioiodine was taken up and retained in the thyroid, so the treatment was based on administering a 
standard dose and repeating the treatment if needed.  The potential of MRT has not been fully exploited, 
because rigorous treatment planning has been unavailable leading to non-optimal MRT implementations.  
There are two reasons for this: 

1. The first reason is that it is not widely known how uptake and retention varies from patient to patient 
and therefore how much the individual dose to the target can vary between patients given the same 
administered “dose”.   

2. The second reason is that the metrology required to measure the absorbed dose to tissue from a 
radionuclide is difficult.   

When compared with conventional external beam radiotherapy, in which the dosimetry is strictly controlled 
according to agreed protocols, there is full traceability to primary standards, and there are even legal 
requirements for accuracy, it is clear that MRT is urgently in need of metrological support.  MRT is also being 
recognised as competitive or superior to current early stage treatments, in particular given the low observed 
toxicity. The primary need is for a practical measurement procedure that can be adopted widely in clinical 
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departments, and is supported both by metrology laboratories in the provision of calibration and verification 
services and by the consensus of the nuclear medicine community.  This need has been widely reported in 
publications from hospitals working in the field [Flux et al 2007, Stabin 2008]. There has been considerable 
support from them for a metrology initiative to help ensure consistent protocols for effective treatment and 
patient safety. There is currently no primary standard for absorbed dose from radionuclides, so there is no 
traceability of dose measurements to a primary standard.   

 
Scientific and Technological Objectives 

Proposers should address the objectives stated below, which are based on the PRT submissions.  
Proposers may identify amendments to the objectives or choose to address a subset of them in order to 
maximise the overall impact, or address budgetary or scientific / technical constraints, but the reasons for 
this should be clearly stated in the JRP-Protocol.  

The reliable, accurate measurement of the absorbed dose delivered to an individual patient by a molecular 
radiotherapy procedure requires a sequence of metrological steps. Each of these steps poses specific 
metrological challenges, which shall be addressed comprehensively in order to provide a complete package 
for the development of practical dosimetry protocols. 

The specific objectives are:   

1. Establishment of a phantom for calibration of quantitative imaging using a PET-CT or SPECT 
camera on the basis of new or existing standard phantoms, that enables a traceable 
measurement chain from an activity standard to a PET or SPECT measurement of activity 

2. Validation with the help of Monte Carlo simulations 

3. Development and dissemination of a suitable protocol for making and interpreting 
quantitative activity measurements in the standard phantom 

4. Development of a Cerenkov counter, based on the TDCR (triple to double coincidence ratio) 
principle, to improve accuracy in therapeutic administrations of pure beta emitting 
radiopharmaceuticals 

5. Establishment of dosimetry technology/ies to be used in the construction of a primary 
standard of absorbed dose to an appropriate medium from selected radionuclides, including 
the development and performance testing of prototype instruments, Monte Carlo simulations 
and uncertainty calculations. 

 
The radionuclides under consideration have to be carefully prioritised according to recommendations from the 
relevant stakeholders. 

These objectives will require large-scale approaches that are beyond the capabilities of single National 
Metrology Institutes and Designated Institutes, and it is expected that multidisciplinary teams will be required. 
To enhance the impact of the research, the involvement of the appropriate user community such as medical 
practitioners and industry is strongly recommended. 

The total eligible cost of any proposal received for this SRT is expected to be around the 2.7 M€ guideline for 
proposals in this call. 

 
Potential Impact 

Proposals must demonstrate adequate and appropriate participation/links to the “end user” community. This 
may be through the inclusion of unfunded JRP partners or collaborators, or by including links to 
industrial/policy advisory committees, standards committees or other bodies. Evidence of support from the 
“end user” community (eg letters of support) is encouraged. 

You should detail other impacts of your proposed JRP as detailed in the document “Guide 4: Writing a Joint 
Research Project” 

You should detail how your JRP results are going to: 
 feed into the development of urgent documentary standards through appropriate standards bodies 
 transfer knowledge to the Medical sector. 

You should also detail how your approach to realising the objectives will further the aim of the EMRP to 
develop a coherent approach at the European level in the field of metrology. Specifically the opportunities 
for: 
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 improvement of the efficiency of use of available resources to better meet metrological needs and 
to assure the traceability of national standards 

 the metrology capacity of Member States and countries associated with the Seventh Framework 
Programme whose metrology programmes are at an early stage of development to be increased 

 outside researchers & research organisations other than NMIs and DIs to be involved in the work 

 
Time-scale  

The project should be of up to 3 years duration. 

 
Additional information 

The references were provided by the PRT submitters; proposers should therefore establish the relevance of 
any references. 
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