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Abstract. Background/Aim: The purpose of this study was
to determine whether a semi-cylindrical beam spoiler (sCBS)
developed herein effectively increases the skin dose in
patients with early-stage glottic cancer. Patients and
Methods: We measured the surface doses for 26 patients who
used the sCBS during treatment of early-stage glottic cancer
through a parallel-opposed lateral two-field 6 MV photon
beam. Measurements were performed by attaching optically
stimulated luminescent dosimeters to the left, right, anterior
(in-field), inferior, and superior (out-field) sides of the
patient. Results: The measured results were 81.8+2.1% (left),
81.0+1.7% (right), and 76.8+2.7% (anterior) in the in-field
region compared to prescription doses, with 5.7+1.7%
(superior) and 2.7+0.7% (inferior) in the out-field region.
Conclusion: sCBS can deliver a suitably ideal surface dose
for treatment of early-stage glottic cancer.

Several studies have reported that the average 5-year overall
survival rate for T1 glottic cancer is 85-95% (1-4). Thus, the
survival rate for patients with early-stage glottic cancer is
high; however, there are factors that affect local control, such
as fraction size, biologically effective dose (BED) of a tumor,
and inclusion/exclusion of the anterior commissure; many
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studies have been conducted and reported on these factors (5-
9). Kitani et al. evaluated prognostic factors in patients who
received definitive radiation therapy from 1999 to 2011 and
confirmed that the anterior commissure involvement was an
important factor affecting local control (5). Lim et al.
analyzed local failure in 222 patients with T1-2NO squamous-
cell carcinoma of the glottis larynx who received definitive
radiation therapy (RT) from 1981 to 2010 (6).

Therefore, during RT, it is necessary to ensure that the
prescribed dose is sufficiently delivered to the entire lesion,
including the anterior commissure located at a shallow depth.
As noted in our previous work, bolus or beam spoilers for
total body irradiation (TBI) can be considered as suitable
options, but they are imperfect solutions owing to several
shortcomings. In general, a bolus is used to increase the dose
delivered to the skin area by compensating for insufficient
electron balance when using megavolt treatment beams.
However, since the head and neck regions have many
curvatures due to anatomical characteristics, if a typical
bolus is used, it may not be in close contact with the target
area, and an air layer may be formed. On anatomically
curved surfaces, air gaps are likely to occur between the
bolus and skin, resulting in an underdose owing to the
unexpected air gap. Butson et al. reported that an underdose
of up to 6% may occur in the skin region from a 1 cm air
gap (10). In addition, there may be difficulties in securing
reproducibility during treatments that are repeated daily. The
beam spoiler for TBI cannot be positioned close to the skin
because of its structural characteristics; since the treatment
for glottic cancer uses two bilateral beams, it may be
cumbersome to move the beam spoiler for each field, and the
position reproducibility with the beam spoiler may be poor.

Hence, we developed a dedicated beam spoiler for head and
neck irradiation, called a semi-cylindrical beam spoiler (sCBS),
to overcome these concerns and studied the percent depth dose
(PDD) measurement and phantom treatment plan (11). Then,
we applied this beam spoiler to actual patient treatments and
measured the skin doses to check for accurate delivery of the
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Table 1. Characteristics of the 26 glottic cancer patients: sex, age, location, grade, stage, ECOG performance, and commissure involvement for each patient.

Patients Gender Age Location Grade Stage ECOG Commissure
performance involvement

1 M 78 Lt Low T1 1

2 M 67 Lt Low T2 1

3 M 66 Lt Low T1 1

4 M 61 Lt Low T1 1

5 M 71 Rt Low T1 0

6 M 66 Lt Low T1 1

7 M 72 Both Low T2 1 Y

8 M 84 Lt Low T1 1

9 M 77 Lt Intermediate T1 1

10 M 75 Rt Low T1 1

11 M 66 Rt Low T1 1 Y

12 M 65 Rt Low T1 1

13 M 79 Lt Low T1 1

14 M 71 Lt Intermediate T2 1

15 M 72 Rt Low CIS 1

16 M 82 Rt Low T1 1

17 M 61 Rt Low T1 1

18 M 67 Rt Intermediate T1 1

19 M 65 Rt Low T1 1

20 M 51 Both Low T2 1

21 M 69 Lt Intermediate T1 1

22 M 88 Lt Intermediate T1 1

23 M 67 Lt Low T2 1

24 M 67 Rt Low T1 1

25 M 71 Lt Low T2 1

26 M 80 Rt Low T1 1

M: Male.

prescribed dosage. The reason for using the device in actual
treatment is that unlike a phantom, the body weight of a patient
may change over the course of the treatment, and there may be
daily variations in the setup. Since the treatment is 2D in nature
and does not use image guided radiation therapy (IGRT), the
reproducibility was confirmed through in vivo dosimetry.

Patients and Methods

Semi-cylindrical beam spoiler (sCBS). We used an sCBS for early-
stage glottic cancer RT along with a parallel-opposed lateral two-field
6 MV photon beam. The sCBS was made of polymethylmethacrylate
(PMMA, density: 1.18 g/cm3) and had an inner radius of 18 cm and
a thickness of 0.5 cm with respect to the semi-cylindrical shape (11).

Patients. A total of 26 early-stage glottic cancer patients who were
treated with the sCBS from February 2012 to March 2016 were
enrolled in this study. The details regarding the patients are
summarized in Table I. All patients were treated with two-opposing,
bilateral beams using a Varian Clinac iX (Varian Medical Systems,
Palo Alto, CA, USA). In addition, the sSCBS was applied to the
patients during computed tomography (CT) simulation and
treatment. Figure 1 shows the CT images of a patient with the
sCBS. The source-to-surface distance (SSD) was set to 100 cm, and
the dose rate and field size were set to 500 MU/s and 10x10 cm?2,

Figure 1. Computed tomography simulation of a patient with a semi-
cylindrical beam spoiler applied: (A) cross-sectional view; (B) front view.
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Table II. Surface dose to the patients as measured through optically stimulated luminescent dosimeters: left, right, and anterior surface doses
measured in the in-field condition, and external dose on the superior and inferior regions as measured in the out-field condition and ratio of received

to prescribed dose.

In-field (surface dose)

Out-field (external dose)

Patients Number of Left side Right side Anterior Superior Inferior
measurements
cGy % cGy % cGy % cGy % cGy %
1 2 156.5+£0.6 (78.3+0.3) 1553+4.1 (77.6£2.0) 154.6+2.3 (77.3x1.2) - - - -
2 3 165.1+13.0 (82.5+£6.5) 166.0+4.3 (83.0+2.1) 169.8+9.9 (84.9+5.0) - - - -
3 3 168.8+3.0 (84.4+1.5) 1653+3.6 (82.2+x14) 1642+12 (82.7£1.5) - - - -
4 4 158.8+2.3 (79.4+1.2) 1573+£39 (78.6x2.0) 161.4+25 (80.7+1.3) - - - -
5 4 168.1+1.8 (84.0+0.9) 1652+3.0 (82.7x1.5) 164.5+2.9 (82.2+1.4) - - - -
6 5 163.7+53 (81.9+3.1) 163.8+6.1 (81.8+2.6) 131.8+16.4 (65.9+8.2) - - - -
7 2 158.7+6.5 (79.4+32) 157.5+#3.6 (78.8+1.8) 141.3+24 (70.7x12) 102489 (5.1+4.5) - -
8 1 1533 76.6 1549 76.5 156.3 782 45 23 2.7 1.3
9 1 156.9 78.5 153.5 76.8 145.8 72.9 42 2.1 3.0 1.5
10 1 164.5 823 166.1 83 142.7 713 6.4 32 34 1.7
11 2 1755403 (87.7+0.2) 171.2+1.3 (85.6+0.7) 160.4+1.8 (80.2+0.9) 109+6.1 (5.5+3.1) 2.8+0.7 (1.4+04)
12 2 170.3+0.6 (85.2+0.3) 160.0+0.8 (80.0+0.4) 153.7+3.1 (76.9+1.6) 4.7+4.7 (2.4+23) 52454 (2.6£2.7)
13 2 1549455 (77.4+2.7) 1529454 (76.5+2.7) 137.6£7.5 (68.8+3.7) 2.7+04 (14+02) 1.820.8 (0.9+04)
14 3 1632454 (81.6+2.7) 170.9+04 (85.4+0.2) 169.2+0.2 (84.6+0.1) 2.3+0.8 (1.1+0.4) 1.3+0.2 (0.7+0.1)
15 3 177524 (88.7x1.2) 167.0£3.9 (83.5£2.0) 165.7+4.7 (82.9+23) 1.6£1.7 (0.8+0.9) 2.1x1.7 (1.0£0.9)
16 3 1724453 (86.2+2.6) 166.0+0.1 (83.0+0.1) 1622+2.6 (81.1x1.3) 19+02 (1.0+0.1) 0.7+0.0 (0.3x0.0)
17 3 1694+3.7 (84.7x1.8) 163.0+4.6 (81.5+2.3) 157.0+6.2 (78.5+3.1) 8.0+3.7 (4.0+1.8) 3.4+05 (1.7+0.2)
18 3 168.1+1.1 (84.1+0.6) 159.6£09 (79.8+0.5) 149.4+49 (74.7£2.4) 6.2+6.1 (3.1£3.1) 24«10 (1.2+0.5)
19 3 161.9+8.4 (81.0+4.2) 1572478 (78.6+x3.9) 1489498 (74.5+49) 5.1£30 (2.6+1.5) 2.1+05 (1.1x0.2)
20 3 1575433 (78.8+x1.6) 160.1+4.7 (80.1+2.4) 154.6+9.8 (77.3x49) 7.6+59 (3.843.0) 4.6+2.8 (2.3x14)
21 4 165.6+2.4 (82.8+x1.2) 1623+4.5 (81.2+22) 149.0£3.4 (74.5£1.7) 50+2.8 (2.6x15) 1.5+04 (1.1£0.2)
22 4 158.8+1.7 (79.4+0.9) 1658+24 (82.9+1.2) 1532+23 (76.6x1.2) 6.7+42 (3.4+2.1) 23+22 (l.1xl.1)
23 4 158.4+8.9 (79.2+4.5) 161.0+5.7 (80.5+2.9) 144.5+142 (72.3+7.1) 7.0+42 (3.5+2.1) 2.5+2.0 (1.2+1.0)
24 4 165.9+5.3 (82.9+2.6) 167.8+1.7 (83.9+0.8) 150.843.3 (75.4x1.6) 7.7#3.6 (3.9+1.8) 4.5+42 (2.3£2.1)
25 4 1543+4.4 (77.1+x2.2) 163.6£32 (81.8x1.6) 1482457 (74.1£29) 3.5+0.3 (1.7+0.1) 3.1x1.1 (1.5%0.5)
26 5 167.3£3.0 (83.6+1.5) 162.9+32 (81.5+1.6) 154.0+4.1 (77.0+2.1) 6.8+2.0 (34+1.0) 1.8+09 (1.7+0.2)
Average 163.7+4.1 81.8+2.1 1622+34 81.0+1.7 153.5+53 76.8+2.7 5.7#£34 28+1.7 27x15 14407
MIN 153.3 76.6 1529 76.5 131.8 65.9 1.6 0.8 0.7 0.3
MAX 177.5 88.7 1712 85.6 169.8 84.9 10.9 55 52 2.6

respectively. The 6 MV photon beam was then used to deliver the
prescribed dose of 200 cGy.

Measurements. As shown in Figure 2, optically stimulated luminescent
dosimeters (OSLDs) were attached to the left side, right side, anterior
(in-field) direction, inferior direction, and superior (out-field) direction
to measure the surface dose. The number of measurements performed
was 1-5 fractions per patient, and the ratio of surface dose according
to the prescribed dose was obtained. Our study was based on at least
three in vivo measurements per patient. However, if repeated
measurements were impossible owing to the conditions of the
treatment room, only one or two in vivo measurements were obtained.
Furthermore, if the in vivo results measured thrice had large deviations,
up to five measurements were performed.

Results

Table II shows the surface dose for each patient and ratio of
surface dose per prescribed dose (200 cGy). The average in-

Figure 2. Optically stimulated luminescent dosimeters attached to a
patient with a semi-cylindrical beam spoiler applied: (A) front view; (B)
side view.

field surface doses obtained were 163.7+4.1 (81.8+2.1%),
162.2+3.4 (81.0+1.7%), and 153.5+5.3 (76.8+2.7%) cGy for
the left side, right side, and anterior direction, respectively.
The outfield measurement results were 5.7+1.7 (2.8+1.7%)
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and 2.7+1.5 (1.4+0.7%) cGy in the superior and inferior
directions, respectively. The average measured deviation by
fraction was 2.2%, and the largest deviation was 8.2%.

Discussion

We conducted a study to evaluate the basic dose
characteristics, such as PDD, using the previously developed
sCBS with a phantom (11). From the results of the previous
phantom study, it was confirmed that when the SCBS was
applied, a dose of about 85.13% of the prescribed dose
entered the skin. From the measured results in patients in this
study, it was confirmed that the expected build-up effect was
adequately exhibited, with 81.8% and 81.0% delivered doses
for the left and right sides, respectively.

In principle, we decided to measure more than three
fractions to increase the reliability of the measurements.
However, there were patients from whom measurements could
not be obtained owing to their treatment times, therefore, only
one or two measurements were recorded. In addition, there
were patients from whom four or five measurements were
obtained owing to large differences in the first three
measurements. As shown in Table 11, it is observed that there
is a deviation of up to 8.2% during repeated measurements,
which is attributed to patient movements during the treatment,
weight variations, or changes in the measurement positions.

As shown in the results, the measured result from the anterior
direction is lower than those from the left and right sides, which
is attributed to underestimations due to the influence of angular
dependence because the angle between the active window of
the OSLDs and beam incident direction is 90° (12-14). The
sCBS developed exclusively for head and neck treatments in
this study need not be moved from one field to the next during
treatment, does not need customization for each patient, and has
the advantage of a simple setup. However, if IMRT or VMAT
treatments are performed, the beam spoiler’s positional
reproducibility must be more precise than that available at
present through IGRT because IMRT is more sensitive to
positional accuracy by transmitting beams using small beamlets
using multi leaf collimator (MLC) (15-19).

Conclusion

This study explored the clinical application and usefulness
of the sCBS through evaluation of the surface dose
accumulation characteristics during treatment for early-stage
glottic cancer. The sCBS provides improved build-up to the
beam, thereby providing increased skin protection and
helping deliver a sufficient percentage of the prescribed
dose. In addition, it is very convenient for clinical use in the
field, with a simple installation method. Therefore, we
confirm that the sCBS is a useful tool for early-stage glottic
cancer RT.
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