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Abstract: Skin-care cream is commonly applied to relieve skin redness in radiotherapy. However,
using cream on the patient under the photon field would increase the skin dose in delivery. The aim
of this study is to evaluate the dependences of skin dose enhancement on different beam and cream
variables using Monte Carlo simulation. Using a solid water phantom with water-equivalent bolus,
PMMA layer and cream layer, we irradiated it by 6 MV photon beams. Skin doses were calculated
by varying the beam quality (flattening-filter (FF) and flattening-filter-free (FFF)), beam angle
(02809, skin-care cream type (water-based and silicon-based) and cream thickness (0—3 mm) using
the EGSnrc Monte Carlo code. The densities of the water- and silicon-based cream were 0.92
and 1.14 g/cm®. The dose enhancement factor (DEF) defined as the ratio of the skin dose with
skin-care cream to the skin dose without cream was calculated. It is found that the FF photon beam
had higher DEF value than the FFF. For the water-based cream of 3 mm, the DEF for the FF beam
was about 22.1% higher than that of the FFF. While for the silicon-based cream with the same
thickness, the DEF was 24.2% higher. DEF value also increased with the beam angle. The DEF
values were from 1.4 to 2.52 (water-based cream) and 1.42 to 2.68 (silicon-based cream) when the
beam angle was increased from 20°to 80<using the 6 MV FF beams. Similarly, for the 6 MV FFF
beams, the DEF values increased from 1.29 to 2.07 and 1.30 to 2.18 for the water- and silicon-based
cream. These simulation results showed that the skin dose enhancement increased with an increase of
beam angle, cream thickness, cream density, and the irradiation of FFF photon beams.
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1. Introduction

External radiotherapy is the most popular option in cancer therapy [1] among chemotherapy and
surgery. However, in radiotherapy, when the photon beam is directed to the tumour inside the patient
body, the beam would inevitably irradiate through the patient skin on the way to the tumour.
Therefore, patient going through radiotherapy may experience some level of side effects on the skin.
These side effects often involve the epidermis. Skin reactions and side effects in radiotherapy vary
among patients and tend to vary according to any pre-existing factors [2]. Irradiation of the skin can
cause multitude of complications such as discomfort, moist desquamation, dry desquamation,
irritation, and pain. To date, different skin care recommendations and practices amid radiotherapy are
made by different cancer centres and hospitals in the world [3-5].

For common skin side effect such as redness caused by radiotherapy, skin-care (water- or
silicone-based) creams are suggested applying onto the patient’s skin to treat the symptom [6,7].
However, for external radiotherapy using megavoltage (MV) photon beams, increase of skin dose
happens when there is a material on top of the skin under the photon field. This material can be from
an immobilization device such as a thermoplastic mask [8], a piece of bolus to reduce or alter the
dose in delivery [9], or a layer of skin-care cream for skin redness relief [10]. This increase of skin
dose on the patient surface is due to the depth dose characteristic of the MV photon beam. When a
layer of material is placed on the patient skin under irradiation, the location of the maximum depth
dose for the MV beam will shift towards the patient surface. This results in an increase of dose at the
patient skin under the photon field. It is found that such skin dose enhancement can be affected by
the material thickness, material composition (density), beam angle and beam quality [11-14]. In this
study, we will focus on the skin dose enhancement from the application of skin-care creams in
radiotherapy.

In 3D-conformal radiotherapy which used to be popular, a uniform beam profile was a must to
provide homogeneous dose distribution at the tumour. This can be achieved using a flattening filter
(FF) equipped inside the head of a medical linear accelerator. However, with the advance of intensity
modulated radiotherapy, dose conformity at the target can be obtained better by the intensity
modulated beams generated by the multileaf collimator [15-17]. Because of that, the FF is no longer
needed and can be removed from the linear accelerator. One advantage of removing the FF is a huge
increase of the beam output from hundreds to thousands of monitor unit per minute. Such increase of
beam output can shorten the treatment time to increase the patient throughput in the cancer centre,
and decrease the dose uncertainty due to the internal organ motion such as breathing during the
delivery [18]. However, removing the FF also changes the quality (photon energy distribution) of the
MYV photon beam. Since FF absorbs most of the low-energy photons in the MV beam, removing the
filter will lead to a large number of low-energy photons in the beam. It is found that such increase of
low-energy photons in the flattening-filter-free (FFF) beam would weaken the beam hardening effect
and increase the patient skin dose in the delivery [13,14,19]. This increase of skin dose to the patient
would likely introduce additional side effect in radiotherapy. Therefore, it is worthwhile to study the
dependence of skin dose enhancement from the skin-care cream on the photon beam quality.
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Moreover, since the external contour of the patient is rounded, the patient surface is usually not
perfectly perpendicular to the central beam axis. Since it is found that the skin dose of the patient can
be varied with the beam obliquity [13,20], it is worthwhile to determine the relationship between the
skin dose enhancement and beam obliquity.

Monte Carlo simulation is a computational method relying on repeated random sampling of a
probability density function to obtain numerical result from a problem. Monte Carlo simulation is
often used to solve physical and mathematical problems when it is very difficult to find out the
absolute solution [21]. In radiotherapy, Monte Carlo simulation is the benchmark to predict radiation
dose in a heterogeneous medium [22]. In this study, the skin dose enhancement was predicted by
Monte Carlo simulation (EGSnrc-based codes) using a phantom [23].

This study was to conceptualize the impact of skin-care creams on cancer patients who undergo
radiotherapy using the new FFF photon beams. The study focused on manipulating several skin-care
cream and photon beam variables, namely, cream thickness, cream type, FFF and FF, and beam
angles. The aim of this study is to determine the dependences of skin dose enhancement on the above
variables using Monte Carlo simulation.

2. Materials and method
2.1. Monte Carlo simulation

To determine the skin dose enhancement due to skin-care creams using the FFF and FF photon
beams, surface doses were calculated and compared using a phantom with a single beam geometry.
To compare the skin dose with and without using the skin-care cream, a phantom for Monte Carlo
simulation was used as shown in Figure 1. The phantom contained a solid water slab with thickness
equal to 5 cm. A 5 mm layer of water-equivalent bolus was placed on top of the solid water slab to
mimic the skin. The polymethyl methacrylate (PMMA) layer on the bolus was the skin dose
calculation point and a layer of skin-care cream was added on the PMMA. The cream thickness was
in the range of 0-3 mm. Two kinds of skin-care creams were used, namely, water-based and
silicon-based cream. The water-based cream contains H, O, C and P, and the density is equal
to 0.92 g/cm®. The silicon-based cream contains C, H, N, O, Si, Ca and Na and the density is equal
to 1.14 g/cm®. These kinds of creams are frequently used for patient care in radiotherapy [6,7]. The
creams were simulated based on their compositions using the EGSnrc-based PEGS4 program [23].

For the MV photon beams, a 6 MV flattening-filter (FF) and FFF beam based on a Varian
TrueBEAM linear accelerator were used in the simulation. The field size of beams was equal
to 10 <10 cm?. The source-to-axis distance was equal to 100 cm and the isocenter was located at the
interface between the PMMA and skin-care cream layer (red spot in Figure 1). Monte Carlo
simulations using the EGSnrc-based DOSXYZnrc code [24] were carried out to predict skin doses at
the PMMA layer with beam angles set to 0< 20< 40< 60<and 80< Phase-space files containing
particle information of type, coordinate, orientation and energy for the 6 MV FF and 6 MV FFF
photon beams, generated by the Varian Monte Carlo study team, were used in this study [25,26].
Each phase-space file contained 1 < 10° particles and verifications of the Monte Carlo model can be
found elsewhere [13,14]. Monte Carlo verification by comparing the simulated and measured results
was shown elsewhere [5,6].
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Figure 1. Schematic diagram (not to scale) depicting the beam rotations from 0°to 80°
in the experimental setup of Monte Carlo simulations. Skin dose was calculated at the
PMMA layer.

Based on the beam and phantom geometry in Figure 1, the skin doses were determined with
variations of the photon beam quality (FF and FFF), beam angle (0<=-80), cream thickness (0—3 mm)
and cream type (water-based and silicon-based).

2.2. Dose enhancement factor

The dose enhancement factor (DEF) was calculated using the formula,

DEF = Dthickness D),

air

where Diickness Was the calculated skin dose from the simulations at any given cream thickness
(0-3 mm), and D,;r was the normalization of the dose. In this study, the normalization dose was the
dose calculated at the cream thickness equal to zero. That is, there was no cream added to the patient
skin. It is seen in Eq 1 that when the cream thickness is equal to zero, Diickness €quals Dair and the
DEF value is equal to one.
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3. Results and discussion

The dependences of DEF on the water- and silicon-based cream thickness are shown in
Figure 2a,b, respectively. The beam angle was equal to zero in Figure 2 and both 6 MV FF and FFF
photon beams were used. At this beam angle, the beam central axis (i.e., broken lines in Figure 1)
was perpendicular to the phantom surface. For other beam angles, the dependences of DEF on the
water- and silicon-based cream thickness for the 6 MV FF photon beams are shown in Figure 3a,b,
while similar dependences of DEF on the cream thickness for the 6 MV FFF beams are shown in
Figure 3c,d.
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Figure 2. Dose enhancement factor at each thickness for the (a) water-based and (b)
silicone-based cream using the 6 MV FF and 6 MV FFF photon beams. The beam angle
is equal to zero.
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Figure 3. Dose enhancement factor at each thickness for the (a) water-based cream and 6
MV FF beam, (b) silicone-based cream and 6 MV FF beam, (c) water-based cream and 6
MV FFF beam, and (d) silicone-based cream and 6 MV FFF beam. The sample compares
various beam angles in the range of 20=-80<

3.1. Dependences of DEF on the cream thickness and photon beam quality (FF vs. FFF)

For the dependence of DEF on the cream thickness with the beam angle equal to zero using the
water-based cream (Figure 2a), it is found that the DEF value increased with an increase of the cream
thickness. This result can also be found in Figure 2b using the silicon-based cream. This is because
the cream thickness on the phantom surface is related to the shift distance of the maximum depth
dose of the photon beam. The closer the maximum depth dose to the phantom surface, the higher the
surface or skin dose. Therefore, it is seen that increasing the cream thickness on the patient skin
would also increase the skin dose. On the other hand, the DEF values for the 6 MV FF beams were
higher than those of the FFF beams with the same thicknesses of water- (Figure 2a) and silicon-based
cream (Figure 2b). This is because the D, value in Eq 1 for the 6 MV FFF beam was higher than
that of the 6 MV FF beam. This higher Dy value is due to the fact that the FFF beam contained more
low-energy photons, which would attenuate and deposit energy at the surface [13,14]. For the
water-based cream, the maximum DEF value of the 6 MV FF beam was about 22.1% higher than the
FFF beam. While for the silicon-based cream, the maximum DEF value of the FF beam was
about 24.2% higher than the FFF beam. This shows that the increase of skin dose enhancement was
more significant in the FF beams rather than the FFF.
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3.2. Dependences of DEF on the cream type and photon beam angle

Comparing the DEF values between the water- and silicon-based cream using the same beam
angle and quality as shown in Figure 2a,b, it is seen that the DEF value for the silicon-based cream
was higher than that of the water-based. For the maximum DEF at cream thickness equal to 3 mm,
the silicon-based cream was 5.2% higher than the water-based for the FFF beams and 7.0% for the
FF. The higher skin dose enhancement for the silicon-based cream is due to its higher density
of 1.14 g/cm® compared to 0.92 g/cm?® for the water-based cream. The skin dose enhancement also
increased more for the FFF photon beam compared to the FF. As the texture of silicon-based cream
looked “thicker” or more protective when applied on the patient skin, it would actually increase skin
dose more than the water-based type.

When the beam angle was increased from 0° to 80°, the phantom surface dose increased. For the
dependences of DEF on the water- and silicon-based cream thickness varying with the beam angle as
shown in Figure 3a,b, the DEF value was found increased with an increase of beam angle at the same
cream thickness using the 6 MV FF beams. The maximum DEF values (cream thickness = 3 mm) for
beam angles equal to 20< 40< 60<and 80 “were 1.40, 1.89, 2.28 and 2.52 for the water-based cream
using the 6 MV FF beams. While for the silicon-based cream using the same photon beam and cream
thickness, the maximum DEF values for beam angles of 20< 40< 60<°and 80°were 1.42, 1.95, 2.41
and 2.68, respectively. It can be seen that the DEF values for the silicon-based cream were slightly
higher than those of the water-based. This result agreed well with that from the beam angle equal to
zero (Figure 2). When the 6 MV FFF photon beams were used as shown in Figure 3c,d, the
maximum DEF values for the beam angles of 20< 40<; 60<and 80 “were 1.29, 1.66, 1.92 and 2.07
for the water-based cream, and 1.30, 1.71, 2.01 and 2.18 for the silicon-based cream. Similar to the
results from the FF photon beams in Figure 3a,b, the silicon-based cream had higher DEF values
than those for the water-based. Comparing Figure 3a,b to Figure 3c,d, it is seen that the FF photon
beams had higher DEF values for oblique beams than the FFF. Therefore, the FFF photon beams had
a lower skin dose enhancement compared to the FF beams. Moreover, the skin dose enhancement
increased with an increase of beam angle.

4. Conclusion

The dependences of DEF on various skin-care cream and beam variables were evaluated using
Monte Carlo simulation. It is found that the DEF value increased with an increase of the cream
thickness. Moreover, the higher density silicon-based cream had a higher DEF value compared to the
water-based cream. For the beam quality, the FF photon beam had a higher DEF value than the FFF
beam containing more low-energy photons. The DEF value also increased with an increase of beam
angle. It is concluded that when skin-care cream is applied to treat skin redness, lower skin dose
enhancement can be achieved by using thinner layer of cream, the FFF photon beam and a small
beam angle. These dosimetric results predicted by Monte Carlo simulation provide important
information for the radiation staff, when setting up patient care policy to avoid skin side effect in
radiotherapy. Future work includes using clinical CT image set to study the true skin dose (entrance
and exit dose) for patients in breast radiotherapy.
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