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Abstract

Introduction:

The brain is one of the most common sites of metastases from breast cancer
primary. Whole-brain radiotherapy (WBRT) is mandatory in the treatment
of some patients. The purpose of this study was to compare four different
WBRT techniques and investigate their impact on the radiation dose
received by the scalp and its sub-volumes. Material and methods: The
simulation CTs of 10 different metastatic breast cancer patients who were
previously treated with WBRT were used in this dosimetric study. Four
different radiotherapy plans were designed for each patient. Results: All
techniques showed comparable PTV coverage. The homogeneity index
with OF-WBRT was 0.057+.09, 0.057+.0111 for FiF, and 058+.0114 for
IMRT with no statistically significant difference (p = 0.407).

IMRT resulted in a marked decrease in all scalp parameters with a
statistically significant difference, with a little difference in the dose
delivered to lateral subvolumes. When the scalp parameters were
introduced in optimization with Six—fields IMRT the lateral and posterior
scalp mean dose reduced significantly. Conclusion: Scalp-sparing
intensity-modulated radiation therapy (IMRT) is achievable. The Average
scalp dose can be reduced by around 45% without compromising PTV
coverage.
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Introduction

The brain is one of the most common sites of metastases from breast cancer primary. It was
reported that the incidence rate of brain metastases was 5.1% among patients with breast cancer
[1, 2].

Whole-brain radiotherapy (WBRT) is mandatory in the treatment of some patients with brain
metastases. It has proven its ability to control neurologic symptoms and reduce disease burden in
several clinical trials from the 1980s [3-5].

Despite the ability of the WBRT to improve the survival of patients with brain metastases [6-8],
it also has a negative impact on the quality of life (QOL) by increasing drowsiness, affecting
neurocognitive function, and causing hair loss [9]. The hair loss was reported as one of the main
factors reducing QOL scores and is typically observed in all patients undergoing WBRT [10, 11].
The standard WBRT technique applies two lateral opposed fields with an extra margin around
the brain. This extra margin mostly includes the hair follicles, which are located at a depth of
5 mm below the scalp [12]. Therefore, the utilization of recent technology in patient positioning
and radiotherapy treatment planning may allow for treating the whole brain with reduced
margins, aiming for better QOL by sparing the scalp and minimizing hair loss[13-15].

The purpose of this study was to compare four different WBRT techniques and investigate their
impact on the radiation dose received by the scalp and its sub-volumes.

Materials and Methods

The simulation CTs of 10 different metastatic breast cancer patients who were previously treated
with WBRT were used in this dosemetric study. All of the 10 patients were simulated in the
supine position with a thermoplastic mask for proper fixation. The clinical target volume (CTV)
was contoured, including the whole brain till the upper border of the first cervical vertebrae. An
expansion of 5 mm was applied to the CTV to acquire the planning target volume (PTV). The
scalp was also contoured in the area between the skin and the outer table of the skull, with a
maximum depth of 5mm. The scalp was subdivided into 4 sub-volumes (superior, anterior,
lateral, and posterior) as shown in Figure 1 to allow for evaluating each sub-volume separately.

Four different radiotherapy plans were designed for each patient using the following techniques
(Figure 2):

Standard whole brain radiotherapy by applying two lateral opposing fields (OF-WBRT).
Two lateral opposed fields with segmentations using field-in-field technique (FiF).

IMRT plan using two opposed fields with no constrains applied to the scalp.

Six-fields IMRT plan including the Scalp dose in the optimization constraints. The
angles of the treatment fields were 60, 102, 153, 204, 255, and 306 degrees. One extra
couched field with gantry angle 320 and couch angle 270 was used.

Figure (1) Scalp subvolumes
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Figure (2) A. Six—fields IMRT, B. IMRT, C. Opposing fields-WBRT

Statistical analysis:

The dose-volume histogram parameters were assumed to be normally distributed and the
comparison between the different plans was done using the Student's paired t-test with an upper
bound of p < 0.05.

Results

All techniques showed comparable PTV coverage. The homogeneity index with OF-WBRT was
0.057+.09, 0.057+.0111 for FiF, and 058+.0114 for IMRT with no statistically significant
difference (p = 0.407) (Table 1).

IMRT resulted in a marked decrease in all scalp parameters with a statistically significant
difference, with a little difference in the dose delivered to lateral subvolumes (Table 2).

When the scalp parameters were introduced in optimization with Six—fields IMRT the lateral and

posterior scalp mean dose reduced significantly (Table 3).

Table 1: PTV coverage

OF-WBRT FIF IMRT P-Value
Mean * SD Mean+SD | Mean=SD | All OF- OF-WBRT / | IMRT/FIF
groups | WBRT/ | IMRT
FIF
PTV MAX% 105.1+ 0.9 104.0+0.7 105.94#1.5 <0.001 | 0.016 0.791 <0.001
PTV minimum% 87.2114.5 84.4+14.0 72.1£11.5 0.007 | 1.000 0.042 0.011
D98% 96.910.7 96.9+0.7 97.1+0.7 1.000
D50 % 99.940.2 100.0%0.2 99.940.3 0.056
D2 % 103.4+0.9 102.7%0.5 102.810.6 0.038 | 0.042 0.535 1.000
Table 2: Dose to the scalp and its subvolumes
characteristic | OF-WBRT FIF IMRT P-Value
s
Mean+SD | Mean+SD | MeanzSD All | OF- | OF- | IMRT/FI
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groups | WBRT / WBRT / F
FIF IMRT
Scalp max 3220.9+42.9 | 3130.6+48.3 | 3031.0+68.8 | <0.001 | 0.020 <0.001 0.539
Scalp mean 2165.7+270. | 2120.5£242. | 1385.9+306. | <0.001 | 0.076 <0.001 0.076
5 8 7
Scalp Min 105.2+112.3 | 103.9+110 42.4+41.3 <0.001 | 0.539 0.001 0.057
Scalp V20 68.4+12.5 67.1+11.2 37.6£11.2 <0.001 | 0.221 <0.001 0.042
Scalp V10 91.2+10.2 90.919.9 62.4+12.8 <0.001 | 0.353 <0.001 0.030
Anterior 2180.9+237. | 2209.7+205. | 1267.4+462. | <0.001 | 0.221 <0.001 0.042
mean 8 0 2
Anterior max | 3140.2471.9 | 3062.8+91.7 | 2915.94+331. 0.002 | 1.000 0.002 0.022
3
Anterior D50 | 2350.6+259. | 2393.4+210. | 1150.5#588. | <0.001 | 0.211 <0.001 0.042
6 2 7
Lateral mean | 2127.74252. | 2136.9+249. | 2071.4+257. 0.002 | 0.221 0.221 0.001
6 1 1
Lateral max 2975.3173.8 | 2966.1+78.3 | 3009.1+120. 0.407
2
Lateral D50 2339.1+177. | 2292.61£195. | 2407.5+244. 0.002 | 0.221 0.221 0.001
9 4 0
Posterior 2317.8+205. | 2273.3+207. | 1467.2+209. | <0.001 | 0.076 0.076 <0.001
mean 6 8 7
Posterior max | 3169.1+80.6 | 3074.9+82.9 | 2930.8+101. 0.002 | 0.022 0.002 1.000
3
Posterior D50 | 2482.5+194. | 2435.8+194. | 1517.54328. | <0.001 | 0.076 <0.001 0.076
2 4 8
Superior 2396.8+138. | 2326.1+121 1419.0+ <0.001 | 0.076 <0.001 0.076
mean 9 372.4
Superior max | 3219.6+46.6 | 3124.9+ 53.2 | 2983.2+ 70.5 | <0.001 | 0.067 <0.001 0.076
Superior D50 | 2553.5+128 | 2502.2+119. | 1313.1+545. | <0.001 | 0.221 <0.001 0.042
5 7

optimization

Table 3: Comparison between two IMRT plans with or without introducing the scalp in

IMRT Six- fields IMRT P value
Scalp mean 1385.9+306.7 1369.6+£99.1 0.864
Lateral mean 2071.4+257.1 1587.7+162.0 <0.001
Anterior mean 1267.4+£462.2 1463.3+207.3 0.118
Posterior mean 1467.2+£209.7 1412.3+82.5 0.270
Superior mean 1419.0+ 372.4 1321.8+185.3 0.026
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Discussion

Brain metastasis represents 30% of intracranial tumors, and around 20% of cancer patients are
expected to be diagnosed with brain metastasis at some point during their illness. [16].

Whole brain radiotherapy is a standard palliative treatment for brain metastasis, especially when
SBRT is not feasible. Palliative treatment aims to alleviate symptoms without affecting the
quality of life (QOL).

Temporary alopecia is a dose-dependent condition that generally subsides within two to three
months following WBRT and develops two to three weeks after the initiation of radiotherapy
[17].

It is commonly known that there is some degree of uncertainty in the surface dose of RTPS
computation. [18] The absorbed dose at a depth of 1 mm has reportedly been shown to be
incorrectly calculated using the CCC and AAA algorithms. [18] The hair follicle was found to be
3.5-4.2 mm below the skin's surface, while the computation accuracy was considerably better in
the 3-5 mm depth range [19, 20]. The study analyzed the dosage parameters and identified the
scalp region as the area between 3 and 5 mm from the skin's surface, based on measurement
results and literature reviews [19, 20].

We demonstrate that scalp-sparing WBRT is achievable utilizing intensity-modulated radiation
therapy compared to traditional methods. The IMRT plan, which spares the scalp, resulted in a
notable decrease in the maximum, mean, V10, and V20 values of the scalp compared to a
traditional OF-WBRT plan (P< 0.001). With or without introducing scalp constraints in
optimization. Crucially, the PTV coverage remained acceptable.

Kao et al. conducted a study comparing the mean scalp dose of 16.4 Gy with IMRT to 26.2 Gy
with conventional whole brain radiation therapy (p < 0.001). No patient experienced total hair
loss among the fifteen individuals. Between one and three months after receiving IM-WBRT,
27% of patients experienced less than 50% hair loss, 40% had 50 to 74% hair loss, and 33% had
75 to 99% hair loss. [21].

In our study, we reduced the scalp mean dose in the 2 IMRT plans to 1385.9+306.7 and
1369.6+99.1, respectively.

VMAT-WBRT had the capacity to decrease the subcutaneously absorbed dosage by 20.5
percent, according to dose assessments conducted in a study by De Puysseleyr et al [22].

Palma et al. conducted a study to create normal tissue complication probability (NTCP) models
for radiation-induced alopecia in patients undergoing proton therapy [23].

In a study done by Mahadevan et al., multi-field intensity modulated radiation therapy, with
constraints on the brain PTV and hippocampus, decreased the dose to the scalp follicles and
prevented hair loss. Hippocampal sparing whole brain radiation therapy (WBRT) resulted in a
considerably lower mean dose (22.42 cGy vs. 16.33 cGy, p < 0.0001) to the scalp with hair
follicles, therefore preventing hair loss. [24].

Shirata et al. found that Helical IMRT resulted in a lower scalp dose compared to 6MV-VMAT.
The most effective method for reducing the average scalp dose was demonstrated in the 10MV-
VMAT treatment. [25].

Takaoka et al. found that intensity modulated proton therapy (IMPT) achieved excellent
hippocampus and scalp-sparing results. Utilizing intensity-modulated proton therapy (IMPT) for
whole-brain radiation therapy (WBRT) with hippocampal sparing shows promise in preventing
cognitive impairment and alopecia. [26].

The limitations of our study are that it is a dosimetric study with a small number of patients.
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Conclusion

Scalp-sparing intensity-modulated radiation therapy (IMRT) is achievable. The Average scalp
dose can be reduced by around 45% without compromising PTV coverage. In future trials, the
clinical implications of this method could be explored further to assess its effectiveness in
maintaining PTV coverage without reducing the dose.

Scalp-sparing IMRT for WBRT decreases scalp doses compared to traditional WBRT,
particularly in the superior, anterior, and posterior directions. This approach improves the quality
of life for breast cancer patients with brain metastases who are not suitable for stereotactic body
radiation therapy (SBRT).
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