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ABSTRACT

Background: The aim of this study was to determine the radiation dose to the thyroid
and spinal cord using different gantry angles for the supraclavicular field in breast
cancer patients. Materials and Methods: Fifty patients treated with opposing
tangential fields for chest wall and ipsilateral supraclavicular (SCV) field were enrolled.
On the planning computed tomography (CT) scans of patients receiving 50 Gray (Gy) of
radiation in daily fractions of 2 Gy, the volumes of the thyroid, spinal cord, and
supraclavicular (SCV) nodes were contoured. A comparison of the dosimetric
parameters between three different gantry angles (0°, 5°, and 10°) of the SCV field was
performed. Moreover, the percentage volumes of absorbed dose by the thyroid at low
(V15) and high (V45) doses were compared. The maximum dose to the spinal cord was
also compared between the angles. Results: Differences between mean dose (Dmean)
of thyroid, spinal cord, V15, and V45 values using different gantry angles were
statistically significant (p <0.05). When the gantry angle increased, the Dmean of the
thyroid and spinal cord significantly decreased. Conclusions: Gantry angle adjustment
can reduce the dose to the thyroid. Therefore, contouring the thyroid as an organ at
risk and utilizing an appropriate gantry angle during radiation is beneficial in
minimizing the dose received by the thyroid. Nevertheless, the dose distribution of

SCV lymph nodes and SCV field should be considered.
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INTRODUCTION

Breast cancer ranks as the most prevalent cancer
among women, posing a critical mortality risk.
Among Iranian women, breast cancer stands as the
second most prevalent malignancy, surpassed only by
skin cancer. This cancer accounts for 23% of
cancer-related mortalities among Iranian women (1.2,
Surgery and radiation therapy (RT) are the common
medications for these patients to control the disease
in the breast (3).

So far, limited research has explored the potential
link between RT and the development of
hypothyroidism in individuals diagnosed with breast
cancer ). The thyroid is a butterfly-formed endocrine
organ within the neck that produces the hormone
triiodothyronine (). RT to the supraclavicular field
incorporates a portion of the thyroid gland; in this
manner, there is concern about the impact on thyroid
function in these patients (6). Furthermore, it seems
inevitable that portions of the thyroid gland will be
exposed to radiation, particularly when targeting the
ipsilateral supraclavicular fossa. A few other reports
show that thyroid function was reduced because of
irradiation to the supraclavicular region after breast
surgery (7).

According to recommendations of the Radiation
Therapy Oncology Group (RTOG), the maximum

radiation dose absorbed by the thyroid gland should
not exceed 3% of the total prescribed dose during
breast RT ). Using thermoluminescent (TLD)
dosimetry techniques, Farhood and colleagues
determined that the thyroid's average skin entrance
dose (SED) was nearly 7% of the prescribed radiation
dose for the supraclavicular region. In another study,
Suleiman et al. used TLD-100 chips to measure the
thyroid dose and reported that the thyroid gland
received an average dose of 3.7% of the total
radiation prescribed for the breast (°). Another study
reported that thyroid exposure measurements varied
significantly, registering 8.0£2.0% of the prescribed
dose when supraclavicular field irradiation was
included but only 2.0+0.8% without it (10),

To ensure adequate safeguarding measures, it's
crucial to precisely calculate and monitor the
radiation exposure to the thyroid and other vital
organs at risk (OARs) during breast RT. Factors
determining the dose absorbed by the thyroid include
the specific RT approach employed, the dimensions of
the treatment field, and the proximity of the thyroid
to the irradiated area's boundary (11). However, it has
not been explored which gantry angle for the
supraclavicular field improves dose uniformity in
treatment plans. According to our surveys, a limited
number of research has been conducted on the
thyroid dose in several gantry angles in breast RT. In
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this study, we aimed to quantitatively analyze the
radiation dose delivered to the thyroid during RT for
breast cancer treatment.

MATERIALS AND METHODS

This study aimed to assess the association
between thyroid dose parameters and angles of the
supraclavicular field. Patients with invasive breast
cancer who received one-sided supraclavicular
irradiation in Afzalipour Hospital, Kerman, Iran, were
entered between October 2021 and April 2023. Any
patient with irregular thyroid glands or irregular
thyroid nodules was excluded. The Ethics Committee
of Kerman University of Medical Sciences approved
the present study (Registration number; IR
KMU.AHREc 1400/106).

Simulation and treatment planning

All patients were treated with 3-field RT, where
the target volume encompassed the breast (after
breast-conserving surgery (BCS)) and the same
supraclavicular fossa. The RT planning was based on
a transverse computed tomography (CT) scan, which
included the area from the sixth cervical vertebra
down to the mid-abdomen. CT slice thickness was 5
mm utilizing Neosoft (Neosoft Medical Solutions, Hun
Nun Industrial Area, and Shenyang, China). The CT
simulation procedure was conducted with the patient
lying on their back, arms stretched overhead and
secured on a specialized board (Omni Board, Macro
Medics, Netherlands) for immobilization. The clinical
target volume, heart, lungs, thyroid gland,
supraclavicular lymph node, and spinal cord were
delineated when planning CT images. The thyroid
gland is placed in the middle of the neck at the
cervical-thoracic junction. The bulk of the gland is
located just in front of and inferior to the thyroid
cartilage. The Eclipse treatment planning system
(Version 15.5) and Anisotropic Analytical Algorithm
(AAA) were employed for treatment planning and
dose calculation.

The beam setup included three half-beams
consisting of two tangential beams targeting the
caudal part of the target volume, complemented by a
single forward field (0°). Figure 1 shows two other
designs with portal angles of 5 and 10 degrees (figure
1). The design was optimized by the forward field-in-
field technique. A 6 MV photon beam was used
through a Varian vital beam linear accelerator (Vital
Beam- SN3011, Varian Medical Systems, USA). The
breast target received a total dose of 50 Gy, and the
regional lymph nodes received 46-50 Gy. The thyroid
gland was marked by the radiation oncologist on the
CT scan images, and the volume of the gland was
calculated. The percentages of thyroid volume
absorbing 15 and 45 Gy (V15 and V45), respectively,
were then calculated from each patient's DVH. In

addition, we calculated the mean dose to the thyroid
gland and spinal cord from the supraclavicular field at
different portal angles.

Statistical analysis

The SPSS V.20 was used for analyses. The doses
for thyroid and spinal cord, V15 and V45, were
expressed as mean and range. Statis-tical significance
was considered as a p<0.05.

Figure 1. Treatment planning
for different gantry angles for
the supraclavicular field (a) 00,
(b) 50and (c) 100.

RESULTS

Fifty breast cancer patients were evaluated. The
mean age of the participants was 50.65+11.81 years
(age range: 29-68). The mean volume of the thyroid
gland was 10.79 cc (3.9-27.6). Thyroid dose
distributions are shown graphically as isodose lines
in figure 2. Dose distributions for one patient at
different gantry angles are shown in figure 3. The
dose to the thyroid for 3D-conformal radiotherapy of
the breast using the field-in technique was 873,
661.9, and 556.2 cGy at 0° 59 and 10° degrees,
respectively, which account for about 17%, 13%, and
11% of the breast dose, respectively. In Figure 4, dose
-volume histograms were plotted and compared at
three different angles. The maximum spinal cord dose
was measured for each plan, and the mean was
3349.2, 17019, and 541.7 cGy at 09, 50 and 10°
degrees, respectively. The average thyroid absorption
volumes in percentage were as follows: in low dose
(V15) at 09, 59 and 100 degrees, the values were
15.88%, 11.62%, and 9.11%, and in high dose (V45)
the values were 6.65%, 4.03%, and 2.81%,
respectively. Overall, the mean percentage volume of
thyroid uptake was V15= 12.2% and V45= 4.5%.
Moreover, smaller field angles were found to be
associated with higher mean volumetric absorption
percentage of radiation doses (figure 4).
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Figure 2. Thyroid dose
distribution as isodose lines.
The location of the thyroid
in the supraclavicular beam
is described. The thyroid
gland is shown in blue.

Table 1. Dose and volume parameters of thyroid and spinal
cord with supraclavicular field at different angles.

Indexes [0° (Mean * SD)[5° (Mean t SD)[10° (Mean * SD)
Thyr(cc’gy;bse 873.06 £5.22 | 661.95 +4.47 | 556.24 4.00
Spinal cord | 534 549,83 [1701.9+ 12.54| 541.7+4.63
dose (cGy)
V15
(low dose)(%)| 1588125 | 1162£110 | 9.11x101
Va5 (high
dose)(n) | 6654076 | 403056 | 2811048

V15: percentage of thyroid volume that received a radiation dose of
15 Gy; V45: thyroid volume percentage that received radiation doses
of 45Gy; SD: standard deviation.

Figure 3. Isodose distribution
for three plans of the axial
plane for a representative
breast cancer patient. The

Color-wash threshold was set

at 4500 cGy (a) 00, (b) 50and

(c)100.

Comparison of Cumulative Dose Volume Histogram

100
——10 degree
80 q
—_ —5
T egree
Y 60 ——0degree
£
§ 40
20
0
0 1000 2000 3000 4000 5000

Dose (cGv)
Figure 4. Comparison of thyroid dose-volume histograms

(DVH) using different gantry angles.

DISCUSSION

The thyroid gland is a radiation-sensitive organ
(12), Radiation-induced thyroid dysfunction most
frequently manifests as primary hypothyroidism,
which affects 20-30% of individuals who undergo
curative neck RT. Notably, about half of these cases
emerge within the initial 5-year period following
treatment (13). In breast cancer RT, it is important to
minimize the dose to the OARs since long-term
adverse outcomes such as secondary cancers can

occur (14, The thyroid gland is difficult to completely
avoid during RT due to its midline location. Some
studies have shown that nearly 6-21% of patients
develop hypothyroidism 2-7 years after breast RT.
Those studies recommended protection of the
thyroid gland during RT and routine monitoring of
thyroid function after RT (15). Some reports have
shown a correlation between the gantry angle of the
supraclavicular field and the dose to the organs at
risk (thyroid and spinal cord). Therefore we decided
to evaluate this topic.

A previous study by Vlachopoulou and colleagues
revealed that thyroid radiation exposure varied
significantly depending on the treatment approach.
When supraclavicular field irradiation was included,
the thyroid absorbed 8.0+2.0% of the prescribed
dose, compared to only 2.0+0.8% without this field
(16) The average thyroid dose with different gantry
angle (0, 5, and 10) in our institution was 873 cGy,
662 cGy, and 556 cGy (17%, 13.2%, and 11% of the
prescribed dose, respectively), which is higher than
the values reported before. In another study, Momeni
et al. demonstrated that the thyroid dose in breast RT
was 3.02% of the prescribed dose (11). Farhood et al
and Ansari et al. (2020) have also reported higher
proportions of 7% and 13%, respectively (7). In
another study conducted by Akyurek et al., thyroid
dysfunction following supraclavicular radiation was
assessed. The mean thyroid dose was reported to be
31 Gy, and the mean thyroid volume was 32 cc. They
found that the mean thyroid doses >36 Gy had
a significant effect on the occurrence of
hypothyroidism (18). Ansari et al. evaluated the
absorbed dose of the thyroid with Gafchoromic film
and reported that the mean thyroid dose was 26 cGy
(19, Another study by Tunio and colleagues
demonstrated that for breast cancer patients
receiving supraclavicular RT, the likelihood of
developing hypothyroidism is influenced by the vol-
ume of the thyroid gland and a V30 higher than 50%
(20), These discrepancies are due to differences in RT
techniques, dose measurement systems, volume of
the thyroid, and the distance of the thyroid from the
radiation field (11,

In our study, changes in spinal cord dose were
also investigated using a gantry angle. The results
demonstrated that a smaller gantry angle was
associated with a higher spinal cord dose (09, 59, and
109, 5.41 Gy, 17.01 Gy, and 33.49 Gy, respectively).
This result was consistent with the result of another
study (21, Tahani et al. (No reference number) (Not in
reference list) showed that the mean dose received
by the spinal cord had lower values at larger angles
(the values for 15, 10 and 0 angles were 9.5 Gy, 17.3
Gy, and 33.6 Gy, respectively). Based on their study,
they found that the mean percentage volumes of
thyroid absorption were V15= 26% and V50= 2.8%
and concluded that a smaller field angle was linked to
a lower mean percentage of volume absorption doses.
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Their results contradicted our results. We found that
a smaller field angle was associated with higher V15
and V45 values (V15 at 09, 59, and 10° were 15.88,
11.62,9.11, and V45 at 09, 59, and 109were 6.65, 4.03,
and 2.81, respectively). Accordingly, we found that
the corresponding volumes were V15= 12.2% and
V45=4.5%.

CONCLUSION

The results show that using a larger gantry angle
significantly reduces the dose received by the spinal
cord and thyroid. Therefore, it is suggested that the
thyroid be marked as an OAR and that a larger gantry
angle be used, paying attention to the dose
distribution of the SC field and to the supraclavicular
nodes to ensure an adequate dose.
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