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Abstract

A successful application of radiopharmaceuticals for therapy requires a patient-specific optimization of the
administration activity. Intention of this contribution is to show how this is possible with a relatively limited
effort, by combining an optimized experimental schedule for the collection of the anatomic and physiological
data of interest and a rigorous mathematical analysis. The benefits of such an optimization will concern not only
the success of the therapy, but also the radiological protection of the patients and could even be translated in a
more cost-effective usage of the radiopharmaceutical available.

1. Introduction

The therapeutic use of radiopharmaceuticals requires generally the administration of relatively
large activities. A realistic dosimetric evaluation is therefore desirable in the effort to optimize
the dose to the target organ while sparing the healthy tissues.

The determination of internal dose is however a rather complicated process, which requires
the knowledge of several pieces of information: the anatomical features of the irradiated
regions, the fractional uptake of the administered substance into these tissues with the
characteristic retention times, as well as the kinetics of the excretion process, in order to be
able to estimate the dose burden to the organs of the gastroinestinal and of the urinary tracts.

Since the anatomical and biokinetic parameters may differ remarkably between subjects, the
evaluation of the correct treatment strategy should be performed on an individual basis.
However, the performance of preliminary measurements aimed at the determination of the
physiological parameters for each individual undergoing therapy could be a significant
complication for the daily routine of an ordinary Nuclear Medicine Service.

It is therefore desirable to devise easy methods for the individualization of the radiometabolic
treatment.

2. Patient-specific dose: a case study

Let's consider patients with autonomous thyroid nodule (ATN) being treated with 131I. In these
subjects, the uptake of the radiopharmaceutical in extranodular tissue might be relevant, and it
is in fact considered responsible of the relatively high prevalence of hypothyroidism occurring
after treatment [1]. In this specific case, a correct knowledge of the anatomy of the regions
involved, of the fractional uptake into the nodule and into the healthy lobe and of the
elimination from these tissues may provide a reliable estimate of the dose received by each of
them. On this basis, the activity to administer to each ATN patient may be determined, and the
corresponding dose to the extranodular tissue evaluated, thus providing the clinician a patient-
specific picture for the evaluation of the possible consequences of the therapy.
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Matheoud et al. [2] have studied sixteen patients with ATN, estimating thyroid morphological
parameters and iodine kinetics from images of the neck taken at 6 different times between 2
and 120 hours after injection of a tracer activity of 123I. Thyroid uptake in the nodule and in
the lobe respectively were obtained by fitting the uptake function

U(t)= U ° l m ( e - ^ -e"Xrfft) (1)

to the corresponding data set in order to obtain the values of unknown parameters Uo (the
fraction of administered iodine transferred to the nodule and the lobe respectively), X[n (rate of
uptake) and Xsg (effective decay constant, which is the sum of the rates of biological decay
and of radioactive decay).

Recalling that the dose to the nodule and to the lobe can be estimated using the MIRD formula
[3]:

D = AS= S jA0U(t)dt=A°U°S • (2)
0 ^e f f

being S the mean absorbed dose per unity cumulated activity A, it was possible from (2) to
determine the activity Ao to be administered in order to release in the nodule the desired dose

D. Consequently, the corresponding radiation dose to the healthy extranodular tissue were
evaluated. The parameters, and therefore the optimum dosages required by each subject,
showed a great variability, and this fact stresses the importance of tools which enable to
individualize the treatment planning.

The possibility of reducing the number of image acquisitions to only 3 was also investigated,
in order to make the procedure more easily applicable in the routine. The estimates for the
optimum dosage calculated with the 3-point technique deviate in all cases but one less than
5% from those obtained from the 6-point-technique. The deviations of the dose to the lobe are
slightly higher, however they never exceed 15%. The ordinary method with only one uptake
measurement at 24 hours with a supposedly known dismission rate provides on the contrary
estimates differing up to 70% from the more correct ones obtained with the 6-point-method.
The data collected as described above can also be analyzed according to a simple
compartment model, like the one shown in Figure 1.

The model tries to give a comprehensive description of the processes involved: the injected
activity is distributed between the nodule, the lobe and the rest of the body, and then it is
eliminated through the renal pathway. The exchange of material between compartments is
considered to be regulated by a first-order kinetics. Under this assumption, this system
provides for the compartments nodule and lobe equations which are mathematically
equivalent to (1), where now the X's are combinations of the model parameters kjj. For
example, Xm = k2i+k3i+k4i for lobe and nodule (and also for compartment 4), that is ^;n

assumes the same numerical value. Indeed, for each patient, the Xm found with the single fit
procedure turned out to assume values which can be considered equivalent within the
uncertainties.
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The analysis of data with compartmental models is no more complicated than single curve
fits. PC-based easy-to-use software packages are available on the market (i.e. SAAM+,
Modelmaker§). They enable to define a model, to associate the experimental data (e.g., the
uptake measurements in the nodule and in the lobe) to the corresponding model prediction, to
find the best values of the characteristic parameters by means of a least-square fitting
procedure of the whole set of data simultaneously, and also to perform calculations (e.g., the
cumulated activity) without the need to derive the analytical mathematical expression (which
for complex models can be quite difficult to derive). The advantage to use a model is that it
provides a physiologically more realistic picture of the distribution of the drug in the organs,
and it may enable a more correct evaluation of the dose to other organs which are not directly
involved in the therapy.
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FIG. 1. Model for the kinetics of 131I in ATN patients

For example, the data of the nodule and lobe uptake will enable to derive for each patient the
values of the parameters ki\, ha, ks2 and k53. By assuming for the parameter ks4 (elimination
from the compartment "rest of the body") a value of 0.087 h"1, as suggested by ICRP [4], and
by taking the process of radioactive decay into consideration, it is then possible to calculate,
for each patient, the activity cumulated in the urinary bladder, and thus obtain a more realistic
estimate of the dose to this organ and to the sorrounding ones. Even more, as often the urine
excreted by the patients in the first hours or day is collected in the hospital for safety reason, it
is possible to perform measurements of the amount of drug excreted and use these additional
data for the model fitting. Although the dose to the bladder and the sorrounding organs is
usually not relevant for the justification and optimization of the therapy, its determination can
be in any case of use and also be recorded for any follow-up of the patients.

+ SAAM Institute Inc., Seattle, USA
§ Cherwell Scientific, Oxford, UK
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3. Conclusions

As this simple example shows, the improvement and individualization of a treatment planning
may be obtained with a relatively limited effort combining an optimized experimental
schedule and a rigorous although simple mathematical analysis. The advantages of such effort
will be reflected not only in the success of the therapy, but also in the radiological protection
of the patients and even in a more rational and cost-effective use of the resources (i.e., of the
radioactive material) available in a Nuclear Medicine Department.
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