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». Application of Invasion Mathematical Model in Dosim-
etry for Boron Neutron Capture Therapy for Malignant

Glioma. K. Yamamoto®*, H. Kumada®®, K. Nakai®, K. Endo®, T. Yama-
moto®, A. Matsumura®

a Japan Atomic Energy Research Institute, Shirakata-shirane 2-4, Tokai-mura, Ibara-
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8577, Japan, c Ibaraki Prefectural Central Hospital, Koibuchi 6528, Tomobe, Ibaraki,
309-1793, Japan

A dose distribution considered the tumor cell density distribution is required on the
general principle of radiation therapy. We propose & novel method of determining tar-
get region considering the tumor cell concentration as a new function for the next
generation Boron Neutron Capture Therapy (BNCT) dosimetry system. It has not been
able to sufficiently define the degree of microscopic diffuse invasion of the tumor cells
peripheral to a tumor bulk in malignant glioma using current medical imaging. Refer-
ring to treatment protocel of BNCT, the target region surrounding the tumor bulk has
been set as the region which expands at the optional distance with usual 2cm margin
from the region enhanced on T1 weighted gadolinium Magnetic Resonance Imaging
(MRI). The malignant glioma is characterized by their aggressive diffuse invasion to
the surrounding normal tissue. Recently, several researchers tried predictions in the
survival time, etc. by the application of the mathematical model on the tumor cell inva-
sion process, which introduced the infiltration characteristic from the research field
of physic and mathematic. The current stream of mathematical research will provide
great insights into important problem if the mathematical analysis will be able to com-
bine with laboratory simulation and clinical treatment planning system. Especially, the
dynamic spatial diffusion model is effective for developing the dose planning system.
In this research, we calculated the cell density of the region boundary of the target
using tumor cell diffusion model. Further, survival tumor cell density distribution after
the BNCT irradiation will be predicted by two matters region diffusion model. Based
on these studies, a new concept for BNCT dosimetry system is proposed. The target
boundary cells concentration at 2cm margin is calculated from the diffusion model so
that this value is 1.22x10"6 cells/cm™3. The distribution of post-irradiation has one
peak of the cell concentration at 5.6cm radius. The distribution on frontal lobe glioma
cells in the digital brain simulated. This result means a high possibility of new selecting
method of the target region including the undetectable tumor by using the analytical
model that corresponds to the cell concentration distribution. In order to select the
target region, we should know the initial distribution of the tumor cell from the medical
images. In the future, much information for medical and biological data, which include
the survival tumor cell distribution, the survival time, the date of recurrence, the loca-
tion of recurrence, the information for combined other therapy after thatand etc., could
be provided, when the diffusion model could be linked to the dose planning system. By
using this model, establishment of an intelligent treatment planning system for radia-
tion therapy including BNCT may become feasible.
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The dosimetry in boron neutron capture therapy involves both the high and low linear
energy transfer particles. The relative biological effectiveness of these particles is de-
termined by the microdosimetric distribution of the energy imparted to the matter in
cellular volumes, Stochastic quantities, including the lineal energy and the specific en-
ergy, and nonstochastic parameters, such as the cellular S-value, are used in cellular
microdosimetry. Their values depend on the source and target regions in the cell. The
radiation source is usually assumed to be uniformly distributed in one of the regions
of the cell: throughout the cell, cytoplasm, cell surface, or cell nucleus. The biological
target is generally assumed as the cell nucleus or the entire cell.

In the present work, the cellular microdosimetry parameters including the cellular S-val-
ue and the single-event specific energy distribution were calculated for alpha particles
and electrons and different source to target region combinations. Calculations were
made using a semi-analytical model that simulated the emission of alpha particles or
electrons by the Monte Carlo method and calculated the energy imparted to the target
volume by the analytical method. Delta particle equilibrium and partial delta particle
equilibrium were applied to alpha particles and electrons, respectively, to calculate the
energy imparted to a cellular target volume. Range-energy relations were employed to
determine the incident and emerging energies of the primary particles crossing the tar-
get volume. For electrons, the fraction in the energy loss resulting from the generation
of bremsstrahlung and high energy secondary electrons was estimated using data of
the restricted collisional stopping power and the radiative stopping power. The energy
loss straggling of electrons entering and leaving a target volume was evaluated by ap-

plying a Gaussian distribution with the mean square energy loss data.

Cellular S-values for alpha particles calculated in the present work were in excellent
agreement with data of the Medical Internal Radiation Dose (MIRD) Committee of
the Society of Nuclear Medicine. Cellular S-values for electrons of the present work
were also in very good agreement with results of the MIRD. In addition, the present
work evaluated the uncertainties associated with the cellular S-values that were not
considered by the MIRD. The energy loss straggling, responsible for such uncertain-
ties, was also applied to determine the single-event specific energy distribution for
electrons. The energy loss straggling was found to make significant contribution to
the cellular S-values for electrons at, especially, high energies. It revealed that the S-
values for electrons were two to three orders of magnitude smaller than the S-values
for alpha particles. This indicated that alpha particles were more effective than elec-
trons in imparting energies to the target volume of micrometer size and thus resulting
higher RBEs than electrons. A comparison of the single-event distribution calculated in
the present work and using the Monte Carlo Penelope code showed that the present
model was feasible in microdosimetry calculations.
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The Budker Institute of Nuclear Physics (Novosibirsk) and the Institute of Physics and
Power Engineering (Obninsk) have proposed an accelerator based neutron source for
neutron capture and fast neutron therapy for hospital. Innovative approach is based
upon vacuum insulation tandem accelerator (VITA) and near threshold 7Li(p,n)7Be
neutron generation. Negative hydrogen ion beam is injected into VITA. After charge-
exchange of negative hydrogen ion into proton inside the charge-exchange tube in the
center of high-voltage electrode, the proton beam is formed at the outlet of the tandem.
It is accelerated up to double voltage of high-voltage electrode. Neutron generation is
proposed to be carried out by protons bombarding a lithium target using 7Li(p,n)7Be
threshold reaction. In ordinary mode, at proton energy of 2.5 MeV, the neutron source
produces neutron beam with maximum energy of 790 keV appropriate directly for fast
neutron therapy and for neutron-capture therapy after moderation. The most efficient
operating mode of facility is at proton energy of 1.915 MeV that is 34 keV higher than
the threshold of the 7Li(p,n)7Be reaction. In this mode, neutron beam is generated ki-
nematically collimated in forward direction and its average energy of 30 keV, is directly
applicable for boron neutron-capture therapy.

Pilot accelerator based neutron source for neutron capture therapy is under construc-
tion now at the Budker Institute of Nuclear Physics, Novosibirsk, Russia. Surface-
plasma source with Penning geometry of electrodes is to be used for obtaining a dc
25 keV 10 mA beam of hydrogen negative ions. Two magnetic lenses will be used for
low energy beam transporting. Then. the beam will be accelerated in 33 kV cm—1 elec-
tric field. Striping of negative ion beam is provided by gas target inside high voltage
electrode of tandem accelerator with vacuum insulation. Neutrons are generated by
protons bombarding the target covered with thin solid lithium layer. Complete experi-
mental tests are planned by the end of the year 2000.
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Pancreatic cancer is one of the most difficult curative cancer, so it is need new combi-
national therapy. If sufficient boron compound can be accurate to tumor, Boron Neu-
tron capture Therapy(BNCT) will be apply to pancreatic cancer treatment. We prepare
the BNCT to pancreatic cancer patient treatment by intraoperative irradiation. In this
study, we performed preliminary dosimetory of the phantom model of abdominal cavity.



