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In any application involving the use of ionizing radiation humans, risks and benefits must be
properly evaluated and balanced. Radionuclides are used in nuclear medicine in a variety of
diagnostic and therapeutic procedures. Recently, interest has grown in therapeutic agents for a number
of applications in nuclear medicine, particularly in the treatment of hematologic and non-hematologic
malignancies. his has heightened interest in the need for radiation dose calculations and challenged
the scientific community to develop more patient-specific and relevant dose models. Consideration of
radiation dose in such studies is central to efforts to maximize dose to tumor while sparing normal
tissues. In many applications, a significant absorbed dose may be received by some radiosensitive
organs, particularly the active marrow. his talk will review the methods ad models used ternal
dosimetry in nuclear medicine, and discuss some current trends and challenges in this field.

Internal dose estimates currently are not used in the management of individual patients in internal
emitter therapy, in the way that dose information is used in external beam radiation dose treatment
planning. Internal dose calculations generally are well evaluated during clinical trials to establish the
efficacy and gain approval for new radiolabeled agents. In routine administrations, however, the same
amount of activity is given to most patients, perhaps with slight adjustments for total body weight or
external surface area, and a careful radiation dose plan is not developed for each patient to optimize
the therapy. The reasons for this are that dosimetry analyses are far more difficult for internal emitters
than for external radiation therapy (as patients must be imaged at multiple times and a fairly complex
analysis performed) and because current models, which are based on stylized models representing
average individuals, do not give dose estimates with the degree of accuracy needed for such careful
analyses. Much attention is being given to improving models, for both general organs and red
marrow; whether this ultimately leads to greater clinical relevance remains to be seen.

Dose calculations are still mostly calculated using the MIRD system, although a new system has been
developed (RADAR) which is made available through the internet and which will be supported using
software similar to the well known MIRDOSE program. Initial radiation dose estimates for many
radlopharmaceuticals are established from bokinetic data gathered from animal studies. Then, nuclear
medicine images, either planar or Single Photon Emission Computed Tomography (SPECT), may be
used to establish the kinetics in human subjects. Counts in different regions are associated with
identifiable regions by manually drawn or semiautomatically defined regions of interest. Either
blood-based or image-based methods may be applied to obtain time-activity data for marrow. The
number of time points and the spacing of time points is essential to the successful gathering of data
for a dosimetry assessment, as described in MIRD Pamphlet No. 16. Time-activity curves for all
significant source regions must be generated and then integrated to give the number of disintegrations
occurring in all source regions. Then, appropriate dose conversion factors from a suitable model are
applied and perhaps adjusted using known patient organ masses.

Great strides are being made at many centers regarding the use of patient image data to construct
individualized voxel-based models for more detailed and patient-specific dose calculations.
Knowledge continues to evolve about bone and marrow dose modeb and their appropriate application
to individual patients in therapy. Much has been learned recently about patient-specific adjustments to
model-based marrow dose estmiates and about the use of bornarkers to indicate 'individual patients'
ability to tolerate radiation dose to the marrow. Some data concerning dose/response relationships for
tumors has also been established. Thus, there is hope for internal dose calculations to become truly
relevant in patient management in this form of therapy, but much work remains to be done.
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