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ABSTRACT

Background: Inradiotherapy, low-energy photon beams are better adapted to
the treated volume, and the use of high-energy beams can reduce hot spots in the
radiation therapy. Therefore, mixing low and high energies with different ratios can
control the rate of hotspots, as well as the dose distribution of the target volume.

Material and Methods: The percentage depth doses (PDDs) were calculated
at various depths, by using a fitted double exponential equation. Then, using quality
factor equation and PDD of a 10x10 cm? field, the amount of energy equivalent to
each PDD and the value of weighting factors of 6, 18 MV energies were calculated to
produce different energies. To validate the mathematical model, dosimetry of 10 MV
energy was used. For this purpose, PDDs and dose Profile of 10 MV obtained from
the mix were compared with ones obtained from the measurement

Results: The value of weighting factor of 6 MV energy required for the 10 x10
cm? field to create dose distribution of 15 MV energy using 6 and 18 MV energies
was obtained as equal to 0.57. Comparison of percentage depth dose curves and dose
profile shows good agreement with the practical measurements of 10 MV for 10x10
cm? field using gamma index.

Conclusion: The simultaneous use of high and low photon energies with differ-
ent weighting factors to achieve desirable energy makes possible the treatment of
tumors located at various depths without the need for different modes of energy in
the accelerator leading to a decrease in the cost of the equipment and a safer treat-
ment of the cancerous patients.
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Introduction

he use of high-energy photons is considered as the most common

method in the radiation therapy of tumors [1]. Tumors that are

undergoing radiation therapy may be superficial or deep. Photon
beams with a relatively low energy used to treat the superficial tumors
(<10 MV) are better adapted to the target volume due to reduced lateral
electron distribution. High-energy photon beams applied to treat deep
tumors have a high penetrating power and protect the skin [2]. The use
of high-energy beams is a practical way to reduce hot spots in the ra-
diation therapy. However, subcutaneous tissues that are in the buildup
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region do not receive enough doses [3, 4].

The dose distribution is affected from the
incident photon energy. Therefore, it is es-
sential to use the most appropriate incident
photon energy to achieve an optimal treatment
plan [5]. The idea of mixing different energies
was raised initially in 1995 by Steeves et. al.
They proposed mixing electron and photon
beams to achieve the optimal dose distribu-
tion. Their approach led to better dose distri-
bution and fewer acute and chronic skin com-
plications compared to the traditional method
in which used photon beams for patients with
breast cancer after mastectomy [6]. Park et. al.
showed mixing the electron and photon beams
in IMRT plan led to total dose reduction out-
side the target volume for prostate cancer.
They also showed that a mix of low and high-
energy photon beams can improve the specifi-
cations of the beam dosimetry in the treatment
planned to treat deep tumors [2].

The radiation therapy equipment (common
accelerators) has some limitations in terms of
providing multiple energies for the treatment
of tumors located at different depths, and add-
ing the ability to produce multiple photon
energies to the accelerators will impose high
costs on radiotherapy centers. In this study, the
weighting factors for the production of inter-
mediate energies by mixing two 6 and 18 MV
photon energy modes have been presented, so
that other photon energies can be achieved by
utilizing this method.

Material and Methods

Dosimetry

In this study, Elekta Precise with 6, 10, and
18 MV photon energies with dose rate of 300
MU/min was used. Blue phantom with the di-
mensions of 50x50x50 ¢cm® manufactured by
the IBA Welhofer Company and the Farmer
0.6 cc ionization chamber were also used.
The percentage depth doses (PDDs) were
measured for 6, 10, and 18 MV with source-
surface distance (SSD) of 100 cm for 55 to

40x40 cm? fields.

Analytical Theory and Computations

At first according to previous study [7] a
double exponential function was fitted to the
PDD curves resulted from dosimetry of 6 and
18 MV for different radiation fields of 5x5 to
40x40 cm? (R> 0.95) (Eq. 1).

PDD (z ,L)=a(L)e" " +c(L)e"* (1)

Where independent variables z and 1 repre-
sent the depth and field size for each energy,
respectively. Coefficients a, b, ¢ and d are
functions which depend on the linac type, the
field size, and the photon energy. The curve
fitting toolbox of MATLAB software version
7 was employed in this study.

The PDD curves of 6 and 18 MV were mixed
with different weighting factors (a) for each
field. The Eq.2 was derived after normaliza-
tion.

PDDmixed, norm (Z 71 ) =a ><I)DDGMV + (1 _a)XPDDISMV (Z ’l) (2)

According to the idea of LaRivere [8], the
quality of a photon beam in MV can be calcu-
lated as follows:

[%PDD(10,10x10,100) ~46.78]

QMV) =10 26.09 3)

Where PDD(10, 10%10,100) is the percent-
age depth dose measured at 10 cm depth in a
10x10 cm? field with SSD =100 cm. The Eq.3
can be used to calculate the beam quality (Q)
by determined PDD(10,10x10,100) for 6 and
18 MV mixed energies.

To achieve any desired quality (Q),
a program was written to calculate the
PDD(10,10x10,100) at first as PDDQ (Eq.4).

PDD,,, = 26.09 log O +46.78 4)

Using an iterative loop and the regular
change of a coefficient from 0 to 1, PDD-
(10x10,100) was calculated and normal-

mixed
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ized. Then PDD at the depth of 10 cm was ex-
tracted as PDD  , and compared with PDD,,
at each time of the loop running. The program
continued until the difference between the
PDD_. . and PDD,, was minimized. In other
words:

lim (PDD

a—a

mixed _PDDQ)_>O (5)
In addition, the calculated o coefficient for

each quality Q was employed to obtain the

dose profile at any depth for 10x10 cm? field.

Validation

To validate this method, PDD and dose pro-
file of 10 MV obtained from mixed and mea-
sured for a 10x10 cm? field were compared us-
ing gamma-index (2%, 2 mm) criteria. Since
generally rectangular fields are used clinically,
the calculated weighting factor for 10x10 cm?
was applied to produce the PDD for 10 MV
and field sizes of 5x5, 8§, 15x 15, 20x20,
30x30 and 35%35 cm?. Afterwards, the results
were compared with the PDDs achieved by
dosimetry.

To further evaluation, the dosimetric charac-
teristics includingPDD , .d_ .d.,,andd,,,
were compared with the results of the other

studies for some energies between 6 and 18
MV.

Results
Coefficients a, b, ¢ and d computed using the

double exponential equation (Eq. 1) for the
6 and 18 MV and the considered fields have
been shown in Table 1.

The mix of 6 and 18 MV photon energies
with different weighting factors and 20% in-
crements for the 10x10 cm? field has been pre-
sented in Figure 1.

Table 2 presents the values of weighting fac-
tors calculated to achieve different energies
between the 6 and 18 MV for a 10x10 cm?
field.

To create a dose distribution of 10 MV us-
ing a mix of 6 and 18 MV, the weighting fac-
tor o needed for the 10x10 cm? field was ob-
tained as equal to 0.57. Figure 2 illustrates the
comparison of the PDD and dose profile of 10
MYV resulted from the computational method
with the PDD and dose profile resulted from
dosimetry. The comparison of calculated and
measured PDDs of 10 MV for different fields
are shown in Figure 3.

Discussion

Appropriate selection of energy for radiation
therapy plays an important role in delivering
the optimized treatment to the target volume.
Since the limited number of energy modalities
can attenuate the ability to access high effi-
ciency treatments, in this study, a new method
based on simultaneous use of high and low en-
ergy advantages was presented to obtain the
dose distribution corresponding to the quality
of energy in radiation treatments.

Table 1: Constant coefficients related to Eq.1 for 5x5, 8x8, 10x10, 15x15, 20x20, 30x30 and

35x35 cm? fields.

LxL (cm?) 6 MV 18 MV
a b c a b c d
5%5 17.3 -0.06 -80.8 -1.43 125.8 -0.05 -110.9 -0.81
8x8 115.6 -0.05 -75.88 -1.46 122 -0.05 -102.6 -0.87
10x10 14.7 -0.05 -71.34 -1.53 120.2 -0.05 -96.2 -0.92
15x15 113.8 -0.05 -68.35 -1.51 118.2 -0.04 -89.18 -0.96
20%x20 1124 -0.05 -62.41 -1.54 116.2 -0.04 -79.90 -1.033
30x30 11.2 -0.04 -53.91 -1.60 114.5 -0.04 -69.70 -1.07
35x35 111 -0.04 -51.37 -1.58 114.4 -0.04 -67.44 -1.07
281
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Figure 1: The PDDs for mixing the 6 and 18
MV photon beams in a 10x10 cm? field with
different weighting factors (a) and 20% in-
crements of weighting factors.

As shown in Figure 1, the less weighting
factor of 6 MV, thus the increased portion of
18 MV makes the deeper maximum dose fol-
lowed by the skin sparing effect. The equiva-
lent energy to the combination of both energies
can be calculated by using Eq. 3 according to
the Table 2.

Comparison of percentage depth dose curves
and also dose profile shows good agreement
with the practical measurements of 10 MV for
10x10 cm? field using gamma index. The dif-
ferences are found with y<I except the points
located at the depth of less than 5 mm in build-
up region and close to geometrical field edges
for profile dose. The deviations may be due to
the dosimetric measurement errors which oc-
cur in high gradient doses.

Due to unviability of the Q value for differ-
ent field sizes, the weighting factors calculated
for standard field were employed to produce
the PDDs for the other fields and the results
were compared with measurements. As can

PDD of 10 MV in 10x10 cm?

110 4

90 3
S 5
= z
g 70 2 =
~ >

50 1

30 0

0 5 10 15 20
Depth (cm)

—#—Mixed —a&—Measured —e—Gamma-index

Dose profile of 10 MV at depth 5 cm
in 1010 cm?

100 4

Profile (%)
y -index

-10 -5 0 5 10
Off- axis (cm)

—=— Mixed =——e— Measured -—e— Gamma-index

Figure 2: comparison of calculated (weighing
factor a=0.43) and measured PDDs and dose
profile of 10 MV in a 10x10 cm? field.

be seen in Figure 3, the results are similar to
10x10 cm? field. For further investigations,
dosimetric characteristics including PDD,_,
d . dg, and d,, were compared with the
previous studies (refer to Table 3). Estimations
of PDD ,  only showed less than 1% differ-
ences compared to the results of Wang et al.
[9]. Maximum and minimum differences were
observed for 12 MV and 8 MV with 0.09%
and 0.92%, respectively. Differences for d__

and dgo% did not show more than 1mm and 2

Table 2: The calculated weighting factors to achieve different energies between the 6 and 18

MV for a 10x10 cm? field.

Q (MV) 6 8

9 10 15 18

a% by 6 MV 1 0.79

0.68 0.57 0.07 0
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PDD of 10MV in 5x5 c¢m?
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Figure 3: The comparison of calculated (weighing factor a=0.43 ) and measured PDDs of 10 MV
for 5x5, 8x8, 15x15, 2020, 30x30, and 35x35 cm?.

mm. In addition, the results of d,, were con-
sidered in comparison with Buzdar et al. Con-
siderations demonstrated 1-5 mm differences
in depth. Accordingly Use of suitable weight-
ing factors determined for 6 and 18 MV pho-

ton energies can result the same dose distri-

butions as the other requirement qualities for
different depths of tumor.

Conclusion
The results of this study indicate the possi-
bility of mixing high and low photon energies
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Table 3: The results of the dosimetric characteristics including PDD,,_,d__,d. . andd,, com-
parison with the other studies.
QM) PDD,; .. v - d__ (cm) - d&p% (cm) - dm% (cm) -
| 1l Diff | 1l Diff | 1l Diff | ]| Diff
6 67.1 67+£0.2 0.1 2.2 22102 0 6.8 6702 01 151 156 0.5
8 703 71+0.2 0.9 24 25+02 041 7.3 75£02 02 169 17.2 0.3
10 729 73x£0.2 0.2 2.7 28+02 041 8.1 8002 01 179 180 0.1
12 749 75%£02 0.1 3.0 3.0+£02 00 85 85+x02 00 189 19.0 0.1
15 775 77+0.2 0.6 3.1 32+02 01 9.2 92+02 01 20.3 20.0 0.3

I: Mixed data resulted from this study

Il: Measured data resulted from Wang et al. [9]

I1l: Measured data resulted from Budzar et al. [10]

with different weighting factors to achieve a
desired energy for the treatment of tumors lo-
cated at different depths. This method removes
the need for accelerators with different modes
of photon energy and leads to reduced cost and
better results of treatment.
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