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Abstract

Background and aim: During the treatment of breast cancer, radiotherapy to the
supraclavicular fossa region results in absorption of radiation by the thyroid gland and
consequently leads to hypothyroidism in 40% of patients. The aim of this study was to
compare thyroid gland radiation absorption during radiotherapy with different anteriopos-
terior beam radiation of 6–15 and 15–15MV photon beam energies. Materials and
methods: In total, 29 patients with breast cancer were recruited to this study. Adjuvant
radiotherapy with a total dose of 50Gy was performed for each participant. Thyroid gland
dosimetric measurements were evaluated including, mean dose, minimum and maximum
dose, and V20, V30, V40 and V50 (percentage of thyroid volume receiving ≥20, ≥30, ≥40 and
≥50Gy, respectively). The irradiation delivered doses were measured using Prowess Panther
treatment planning system (Version 5.5). All data were evaluated using SPSS software.
Results: In total, 29 subjects with mean age of 53·4± 9·4 were studied. According to the
obtained results, at 15–15MV energies, a significantly lower dose was absorbed by the thyroid
gland, was observed in contrast to their counterparts who were treated with 6–15MV photon
beam energies. Findings: Using 15–15MV photon beam energies field can significantly reduce
the absorbed dose to the thyroid gland and consequently can reduce the risk of developing
hypothyroidism in breast cancer patients treated with radiotherapy.

Aim

Breast cancer is the most common occurring cancer in women worldwide.1 Although the
incidence of breast cancer has increased globally over the last several decades, the greatest
increase has been in Asian countries.2 In Asia, breast cancer incidence among women peaks in
their 40s while it peaks after 60 year old among women in the United States and Europe.3

Three main modalities have been used for treatment of breast cancer including surgery,
systemic therapy and radiotherapy (RT).4 After surgery, the next step in managing early-stage
breast cancer is to lower the risk of recurrence and to eradicate any remaining cancer cells.
Although these cancer cells are undetectable, it seems that they are responsible for both local
and distant recurrence of cancer. Postoperative RT is strongly recommended after breast
cancer surgery. Whole breast RT reduces the risk of local recurrence by two-thirds and an
additional boost gives a further 50% risk reduction.5 Furthermore, RT has a beneficial effect on
survival rate.6 In contrast to the beneficial impact on increasing survival rates, RT also has
some adverse effects that can be observed due to irradiation of other structures and organs in
the treatment fields that may negatively impact on the patient’s quality of life.7 In recent years,
many oncology clinics have changed their practice from using standardised field planning to
more individualised computed tomography (CT)-based treatment techniques in patients.8 The
aim of CT-based treatment arrangements represents a more precise definition of the target
volume and can minimise the adverse outcomes of the radiation treatment.8,9 For post-
operative irradiation of breast cancer, heart, lungs, contralateral breast are usually considered
as organs at risk and the organs are evaluated and doses are reported with the use of dose–
volume histograms (DVH).10–13

Although the thyroid gland is not usually considered as one of the major organs at risk for
postoperative breast irradiation, it has been reported that hypothyroidism (HT) can be seen in
patients whose glands were exposed to irradiation.14–17

Several studies showed a marked increase in the development of HT after multimodal
treatment of breast cancer patients who received adjuvant RT.18,19 Other studies showed that
supraclavicular fossa (SCF) nodal irradiation in patients with breast cancer was associated with
a higher incidence of HT and reduction in the size of the thyroid gland.20,21
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However, insufficient data are available regarding the dose
delivered to the thyroid tissue during RT of SCF field.21,22 Pre-
vious studies showed that HT after RT develops at a median
interval of 1·4–1·8 years, but it has been reported even 3 months
or 20 years after RT.22,23

To the above study, any reduction of dose to the thyroid gland
leads to lower damage to thyroid cells and subsequently prevention of
clinical change resulting in HT.21 As the SCF region is treated with
RT in some females with breast cancer and this can lead to exposure
of the whole or parts of the thyroid gland.24 The aim of this study was
to evaluate the absorbed dose in the thyroid gland in patients diag-
nosed with breast cancer treated with two different beam radiation
energies of 15MV for anterior field and 6MV for posterior field,
compared with 15MV energy for both anterior and posterior fields.

Most previous studies have shown the dose absorbed by the
thyroid gland during RT and its impact on the thyroid gland
dysfunction, but to the best of our knowledge there are few stu-
dies that examine the absorbed dose to the thyroid gland in dif-
ferent energy fields with different photon beam energies. In this
study it is believed that by changing the radiation energy field at
SCF region while dose distribution to the lymph nodes is suitable,
a lower dose is absorbed by the thyroid gland.

Material and Methods

Sampling procedure

In this study, all patients with breast cancer referred to Reza
Radiotherapy and Oncology Center in Mashhad City, Iran, between
the years 2015 and 2016 were used as candidates for this evaluation.

To exclude confounding factors, patients with the following
characteristics were excluded from the study:

1. Patients with primary thyroid disease.
2. Patients who had history of thyroid surgery.
3. Patients who had previous RT treatment.
4. Patients with age >75 years old.

After excluding patients using the above criteria, 29 patients with
breast cancer were included in the study. All participants were
informed about the study and their individual written consent was
obtained.

RT treatment

Adjuvant RT to the whole breast or chest wall and SCF lymph
nodes to a total dose of 50Gy/25 fractions (2Gy/fraction/day, five
fractions per week), using Conformal RT technique, 3D conformal
radiotherapy, was performed for each participant. Patients were
positioned supine, with both arms extended above the head and
immobilised using a breast board (ORFIT, Wijnegem, Belgium).
The radiation dose was evaluated from a DVH using treatment
planning system (Version 5.5, Prowess Panther, Concord, CA,
USA). The treatment volume of axillary and supraclavicular area
was determined by a physician. The SCF region was treated with
parallel opposed fields and only in cases where the target was
superficial, the volume was planned with a single anterior field. The
inferior of SCF region matched to tangentially opposed fields.
The gantry angle was between 10° and 15° forward to contralateral
site for Spinal cord sparing. The photon beam energy of the anterior
field was 6MV and 15MV for the posterior field. The weighing for
the parallel opposed filed was defined by checking the dose

distribution in SCF region and to ensure full dose coverage of SCF
and axillary nodes. Two plans were created for each patient for the
SCF, one for photon beam energy – 6MV for anterior field and
15MV for posterior field – and a second plan using 15MV beam
energy for both fields using a gantry angle of 10°–15° for spinal cord
sparing. From the plans the thyroid gland dosimetric measurements
were evaluated including, mean dose (Gy), minimum and max-
imum doses (Gy), and V20, V30, V40 and V50 (percentage of
thyroid volume receiving ≥20, ≥30, ≥40 and ≥50Gy, respectively).

Thyroid gland size measurement

Thyroid gland size was calculated after contouring of the thyroid
gland on CT slices (3mm) of patient by physician. The mea-
surements were considered from the thyroid greatest diameter in
the axial plane and from the lateral border of the trachea to the
medial border of common carotid artery.

Statistical analysis

Statistical analysis was performed with a Statistical Package for
the Social sciences for Windows (version 22.0; SPSS, Chicago, IL,
USA). All values are expressed as means and Standard deviations
(SD). Categorical data were analysed by using paired sample
t-test. p-Values< 0·05 were considered significant.

Results

In this study, 29 subjects with a mean age of 53·4± 9·4 and
minimum and maximum ages of 30 and 78 years old have been
studied. The baseline characteristics of patients are illustrated in
Table 1. In total, 23 subjects were diagnosed with breast cancer
on the left side in contrast to six subjects with right side

Table 1. Baseline characteristics of patients with breast cancer

Number of patients

Involved side

Right 6

Left 23

Stage T

I 3

II 22

III 3

IV 1

Stage N

I 6

II 5

III 14

IV 4

Stage M

0 28

1 1
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involvement. In respect of the staging of the cancer only one
subject had been diagnosed with metastasis. Tables 2 and 3 show
rate of absorptions, minimum, maximum and mean doses at 6–15
and 15–15MV energy fields of treatment, respectively. The results
obtained from paired sample t-test for analysis of significant
discrepancy between two different fields of treatments in the case
of rate of absorption (%) of radiation by thyroid gland has been
shown in Figure 1. The results show in all doses of V, at 15–
15MV energy field, there was significantly lower dose absorption
by the thyroid gland was observed in contrast to their counter-
parts treated with the 6 and 15MV fields.

Findings

Several reports regarding thyroid function after the exposure of a
large portion of the thyroid gland during irradiation of the chest
wall and SCF nodes in postoperative breast cancer patients have
been published. These authors reported radiation-induced HT in
40% of patients after 4–5 years.16,25,26 The majority of changes in
thyroid function were recorded after 6 months post irradiation.
Previous studies found that mean thyroid dose ≥34Gy and V20–40
has a significant impact on the development of HT. Also in another

Table 2. Measured thyroid volume (cm3), thyroid dose–volume data (%) for
dose levels of 20, 30, 40 and 50 Gy, and minimum, maximum and mean dose at
6–15MV energy field

Patient
no.

V20
(%)

V30
(%)

V40
(%)

V50
(%)

Minimum
dose

Maximum
dose

Mean
dose

1 28·1 20·8 19·5 10·6 37 5313·1 1321·7

2 45·5 45·5 42·3 23·6 50·4 5182·8 2349·6

3 47·5 46·1 44·9 39·6 47·2 5510·6 2499·7

4 45·5 39·2 37·2 25·7 64·4 5461·9 2190·6

5 51·1 49·5 47·3 43·4 106·7 5665·5 2795·5

6 32 49·5 47·3 43·4 86 5318·4 1614·5

7 43·1 42·2 39·8 2·5 107·9 5054·4 2128·8

8 33 26·9 20·9 12·1 52·5 5455·1 1567·9

9 43·3 38·3 36·1 20·2 26·4 4974 1796

10 48·6 47·5 43·6 33·1 40·9 5565·8 2480

11 38·4 34·3 24·2 9·4 87·9 5231·2 1816·8

12 37·6 35·9 32·5 16·4 69·6 5306·8 1896·2

13 40·9 38·3 37·7 5·6 74·2 5099·3 2088·3

14 26·3 20 12·8 0·6 76 5079·5 1287·2

15 35·8 31·5 29·5 19·4 36·2 5465 1769·5

16 25·8 19 13·5 6·5 46·6 5404·6 1213·8

17 57·9 52·5 50·8 34·1 67·8 5360·4 2844·7

18 48 45·8 38 10 105·6 5229·4 2270·9

19 44·1 39·7 28·6 7·6 39 5145·4 2003·1

20 34 34 31·4 25 49·2 5389·2 1827·1

21 43·3 42·3 41·7 27·9 52·7 5363·4 2208·1

22 45·1 43·8 41·7 27·1 97·8 5383 2284·9

23 46·4 41·4 37·6 25·7 44·5 5401·4 2262·3

24 44·2 42·9 36·8 26·4 82·9 5397·9 2267·4

25 50·4 48 39·8 24·4 45 5518·1 2462·7

26 47·7 46·5 43·2 32·3 115 5456·7 2158·8

27 46·7 45·1 35·2 7·6 75·3 5102·5 2160·9

28 35·7 28·3 20 3·4 73·4 5201·8 1653·3

29 51·1 48·1 43·1 12·5 95·2 5234·6 2491·1

Table 3. Measured thyroid volume (cm3), thyroid dose–volume data (%) for
dose levels of 20, 30, 40 and 50 Gy, and minimum, maximum and mean dose at
15–15MV energy field

Patient
no.

Thyroid
volume
(cm3)

V20
(%)

V30
(%)

V40
(%)

V50
(%)

Minimum
dose

Maximum
dose

Mean
dose

1 20·8 25·3 20·1 14·3 0·2 31·8 5170·6 1296·2

2 22·1 45·5 43·9 37·8 0 38·8 4924·7 2134·1

3 14·5 47·4 45·2 39 7·7 32·7 5106·2 2196·2

4 17·7 44·8 38·2 33·8 6·4 53·1 5155 1979·3

5 16·5 49·5 49·5 47 19·7 81·8 5265·6 2526·8

6 26·2 32 27 23·7 2·2 37·7 5127·1 1152·9

7 16·5 43·1 42·2 39·8 9·2 62·6 5097·1 2061·6

8 16·4 29·7 23·1 13·5 0 42·3 5178·4 1403·7

9 14·4 43 38·3 23·4 0 34·5 4994·7 2139·6

10 10·7 48·6 45·3 34·3 2·2 22·4 5082·6 2130·8

11 14·3 37·4 31·8 21·4 0 75·4 4995 1669·7

12 18·7 37·3 33·7 28·2 0·7 56·6 5015·9 1741·8

13 21·8 40·3 38 30 0 57·1 4993·8 1991

14 22·5 26·5 18·2 8·6 0 62·5 4939·1 1229·9

15 36·7 34·2 31 23·4 2·9 24·5 5081·6 1551

16 28·8 24 15 8 0 37·9 4966·1 1029

17 13·5 56·5 50·5 44·8 7·7 50 5089·1 2565·3

18 16·7 47·7 43·9 34·5 4 84 5064·5 2177·8

19 13·1 44·1 35·2 19·7 0 28·1 4842·5 1809·2

20 8·5 34 31·9 29·1 0 35·5 4971·6 1610·7

21 14·4 43·3 42 40·1 26 32·4 5308 2165·3

22 13 44·1 43·4 37·5 4·2 76·5 5098·8 2076

23 10·7 45·6 37·6 31·6 0 34 4966 1960·3

24 17·7 43·9 41·9 30·7 12·9 67·7 5205·9 2199·4

25 11·4 50·8 48 44·1 31·9 64·3 5454·6 2538·1

26 13·9 47·7 44·2 33·9 3·9 65·7 5100·6 2166·5

27 13·7 46·7 45·1 31·9 2 62·6 5062·8 2052·5

28 21·6 34·6 25·9 16·1 0 58·7 4959 1538·4

29 27·8 50·4 47·2 40·2 3·6 75·7 5049·1 2401·5
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study, the critical absorbed dose for radiation-induced HT has been
estimated to vary between 26 and 40Gy.27,28 Some authors suggest
that the percentage of thyroid volume receiving ≥30Gy (V30) is
a possible predictor of HT.21 As it can be seen in this study, using
15–15MV energy fields significantly demonstrates lower absorption
by thyroid gland in contrast to 6–15MV energy fields.

During breast cancer treatment, the RT to head and neck
region and also SCF region leads to significant doses of radiation
to the thyroid gland as the whole or large part of the thyroid gland
is located within or near to the target and HT may be a late
consequence of irradiation. In this study according to the
obtained results it can be concluded that using 15–15MV energy
filed for RT leads to significant lower absorption of thyroid gland
during breast cancer treatment and consequently decreases the
risk of HT in these patients.
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