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Abstract: A clinical trial of a heavy-ion cancer therapy was started in June, 1994, at HIMAC
(Heavy Ion Medical Accelerator in Chiba). With heavy-ion therapy, one can expect good
treatment results in comparison with the usual X-ray treatment, because of its application of a
uniform and maximum dose to deep positions in the human body. Moreover, multi-port
irradiation with heavy-ions can be used to improve the dose-concentration inside of the target,
through proper adjustment of by adjusting the irradiation coefficients (number of ports, beam
angle, beam weight), and simultaneously decreasing any unnecessary dose to normal tissue.
Before improving the irradiation system, we estimated the clinical effectiveness of the irradiation
method and the realizable potential of irradiation without a bolus, using 50 % tolerance dose
(TDso) or effective volume (Ver) in the normal tissue. In this paper, we proceed with an
estimation based on the assumption in which uses biological dose distribution for the dose
distribution of heavy-ions. We investigated the relationship between the target radius and TDs of
the normal tissue. When the number of ports is increased, TDso shows a tendency of to increase.
Therefore, we concluded that multi-port irradiation with heavy-ions is advantageous in that the
irradiated dose of normal tissue is completely eliminated.

Key words: Multi-port irradiation, Heavy-ion, Effectiveness, Normal Tissue Complication
Probability (NTCP)
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Fig. 1 Dose distribution calculated using multi-port
irradiation for heavy-ion. (A) is one-port
irradiation, (B) is twelve-port irradiation. In
irradiation where the number of ports is low (A),
a high irradiated dose is given to normal tissue
outside the target. However, when the number
of ports is increased by degrees (B), the
irradiation dose of the normal tissue is
concenirated around the target. As a result, the
complication probability of the normal tissue
greatly decreases.
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Fig2 Relation between the irradiated dose and the
NTCP. The coefficients of the NTCP which were
obtained from a clinical analysis of the X-ray
treatment, are used. Though the coefficients of 29
organs are given in the paper®, only 3 typical
organs (brain, lung, liver) are shown here.
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Relation between the effective volume (V) and
the 50 % tolerance dose (TDss). The coefficient
Ds, was the value of brain (60 Gy). The curve
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Fig.4 Relation between the target radius and the 50 %
tolerance dose (TDs). A dose calculation is
performed on the following condition: 1) the
bolus puts on, 2) the irradiation angle and the
dose weight divided by an equal interval, 3) the
target position is in the center of a human body
and the target shape is a circle, 4) the target
margin is zero. The symbol in the figure shows
one-port (O), two-port (@) and twelve-port
irradiation ([]), respectively. The solid line is
the result of fitting each point by a straight line.
The rise (arrow) of TDs suggests that the
irradiated dose to the normal tissue decreases.
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Fig.5 Relation between the number of ports (N) and
the 50 % tolerance dose (IT'Ds). The conditions
of the dose calculation are the same as that in
Fig. 4. A solid line is the result of fitting each
point by the function F(N) = A+B *exp(-C*N)
[A, B, C; coefficient]. TDs is the tendency that it
converges in the constant (dotted line) when N is
about 10.
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Relation between the target radius and the ratio
of the 50 % tolerance dose (RTDs). The
conditions are the same as that in Fig. 4. Solid
lines (black line and gray line) are the result of
fitting each point by a straight line. Though a
dose calculation is done by two kinds of target
forms (circle (@) and square (O)). A difference
due to the target form is hardly seen. RTDs=1 is
the condition that TDs with the bolus and that
without become equal. When the target radius
becomes small, RTDs shows a tendency to
approach 1.
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Fig.7 Concept of overlapped irradiation volume (black
region) and non-overlapped irradiation volume
(gray region). The overlapped irradiation
volume depends on the number of ports (N),
relative angle ( #:2) and diameter of the body
contour.
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Fig.§ Difference between a biological dose distribution
(A) and a constant dose distribution (B). Figure
(A) and (B) have a common feature which an
irradiated dose inside the target (the range of the
solid line with arrow) is uniform and about
equal. However, (A) gives the region outside of
the target (the range of the dotted line with
arrow) comparatively high dose, and becomes
the cause that this dose makes the evaluation
values (TDss, V.y) worse.
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Relation (solid line) between the relative angle
( 6:12) and the effective volume (V.5), and relation
(dotted line) between the angle ( 8:2) and the
ratio of the effective volume (RV.5). A constant
dose distribution is used for a dose calculation.
A dose calculation is performed on the following
condition: 1) the dose weight for each port is
divided into an equal interval, 2) the target
position is in the center of a human body and the
target shape is a circle, 3) the target margin is
zero. The black line and the gray line are the
results of irradiation with the bolus and without
it, respectively. In the range 8> <60 (deg), there
are few differences between the bolus/on and the
bolus/off. The RV distribution has
characteristics which become constant in the
range 0 < 8,2 <60 (deg).
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