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The use of TL detectors for dose estimations in radioimmunotherapy
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The purpose of the study was to compare the dose
estimations in radioimmunotherapy using TL
detectors and computational methods. The doses
calculated by MIRD formalism were compared to the
values derived from the new computer program and
TLD measurements. The experimental method was
found to be accurate enough to indicate that the limits
of critical organ doses are not exceeded in the
treatment. In the present therapy the delivered dose to
the kidneys was concluded to be less than 5 Gy.
INTRODUCTION
Radiolabeled monoclonal antibodies (MoAbs) offer

the potential of highly localized, targeted radiation
treatment of cancer. The effectiveness of radiation
treatment of malignant disease is correlated with the total
dose delivered, with increasing dose producing increasing
cell kill. Similarly, normal tissue damage is also directly
related to the total dose deposited. The ability to quantiff
the dose delivered to tumor and normal tissues when using
radiolabeled MoAbs has been a problem.

The common method to

determine

the

dose

distribution arising from the radioactivity distributions is
to use the standard nuclear medicine protocol, MIRD
(Medical Internal Radiation Dosimetry) Formalism [,2],
where the Monte Carlo technique is used to calculate dose
to a standard idealized human phantom. As such, a major
limitation to the procedure of using published MIRD

is that the variation in size and shape of the
individual anatomy is not accounted for, nor is the

tables

nonuniformity of the radionuclide distribution [3].
Our aim in this work was to clariff if the TL detectors
placed on the skin of the patient can be used for dose
estimation in radioimmunotherapy.

METHODS

Patient: One 35-year old male patient received two
intraperitoneal infusions with a cumulative injected
activity of 300 MBq l3l1-1u6.1ed monoclonal anti-TAG
72 antibody. The patient had widely spread inffaperitoneal
cystadenocarcinoma originating from his appendix. The

Readout of dose from the detectors was made with the TL
dosimeters reader Vinten Toledo 654. An equal sample of

powder (about 20 mg) was dosage volumetrically from
each detector for readout. The detectors were calibrated
for the air kerma o1 l37gt gamma radiation and the
correction factor for the true radiation quantity is based on

parallel measurements with LiF:Mg,Ti detectors in
practical conditions on the skin of the patient.
Reference points: Five reference points were selected
from the skin of the patient for dose determinations. Three
first points corresponded right kidney, left kidney and
heart, and two remaining points were selected above the
abdomen. Measurements with TL detectors were made
placing a detector above each reference point for one
hour. These measurements were repeated with new
detectors three times during the first and once during each
next day for one week.

Measured cumulative doses: The average dose rates
were first derived from the measurements, and dose rate to

time curves then plotted for each reference point. A
function (exponential decay or polynome) was frnally
fitted into each set of points and the cumulative dose
determined by integrating the area below each curve.
Estimation of the activity distribution: Patient was
imaged daily for a week with sc_intillation camera and on
the third day after injection a SPECT imaging was
performed to study the 3D-activity distribution in the
tumor and critical organs, l.e. kidneys. Mean residence
times in the tumor and kidneys was derived from daily
data of scintigrams. The mean residence time was
estimated to equal the physical disappearance of activity
from the tumor.
Computing the cumulative dose: A computer program
using a patient specific phantom was developed to
calculate the doses from internal radiation [4]. The patient
slices are described to the program using bitmaps. The
source distribution and the target organs are painted to the
bitmaps with specific colors. The program creates an 3dimensional cell array from the bitmaps. The average
absorbed dose to the target organs is calculated by
integrating the enerry emitted from each source cell over
all target cells.

volume of the tumor was approximately 4.8 l.

Detectors: Highly sensitive CaSO4:Dy detectors were
prepared by wrapping powdered TL material in paper.
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RESULTS
The computed cumulative doses are3.2 and 1.5 Gy in

right and left kidney, respectively. The computed and
TlD-measured cumulative doses in Gy (measured in
parenthesis) in the reference points coresponding right
kidney, left kidney, right side of abdomen, left side of
abdomen and heart are 2.0 (1.5), 0.6 (0.25), 0.9 (0.7), 0.7
(0.5) and 0.5 (0.25), respectively. The dose calculated to

t3l E. E. Watson, M. G. Stabin and J.A.Siegel, "MIRD
formulation," Med Phys 20(2) (1993) 5l l.
t4l J. Lampinen, C. Aschan, A. Kuronen, J. Heikkonen
and S. Savolainen, "Estimating internal patient dose using
a flexible anatomical phantom" (abstract).
15] H. Pohjonen, S. Savolainen, P. Nikkinen, V-p.
Poutanen, T. Korppi-Tommola and K. Liewendahl,
"Abdominal SPET-MRI fusion in hepatic and splenic
uptake studies of thrombocytes and colloids," (submitted).

tumor by using MIRD formalism assuming uniform
distribution of activity in the whole volume of the mass of
sphere which is 5.0 kg is 26.4 Gy. This is the
overestimation for the tumor dose. By assuming the
injected activity to be in the liver and spleen the MIRD
formalism gives for the kidney dose the values similar to
detected with TLD and by calculations with the presented
program.

DISCUSSION AND CONCLUSIONS

Without abdominal fusion imaging (SPET, CT)

it

is

not possible to accurately define the outline of the patient,
dimension of the tumor or organs, etc. This inaccuracy
invalidates the exact dose estimation with the technique

in the paper. New fusion techniques will
improve the accuracy of the dosimetric calculations

described

dramatically [5].

The main purpose of the measurements from the
reference points is to give rapid information on the dose
of the organs which are most seriously exposed beside the
tumor. It is possible to make a rough prognoses of the
doses during the third day after the injection. The above
illustrated accuracy of about + 50 o/o between computed
and measured cumulative doses makes it possible to
estimate organ doses with nearly the same accuracy. The
experimental method described here is thus in most cases
accurate enough in demonstrating that the limits of critical
organ doses have not been exceeded.
The dose delivered to critical organs, kidneys, can be
concluded to be less than 5 Gy. Doses measured with TL
detectors correlated well to the calculated doses, which
seems to veri$ that the TL detectors can be used for dose
estimations in radioimmunotherapy.
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