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Abstract

Background and aim:Radiation exposure to the thyroid gland during breast irradiation can lead
to hypothyroidism and this can impact on the quality of life. The aim of this study was to analyse
if there is any difference in the radiation dose received by the thyroid gland during supracla-
vicular irradiation for breast cancer, with two different neck positions—straight or when the
head is turned to the contralateral side to the breast being treated, when using a conformal
technique.
Materials and methods: All patients who received chest wall/breast and supraclavicular irradi-
ation for breast cancer in 2019 in our department were divided into two groups based on the
neck position as SN (neck positioned straight) and TN (neck tilted to contralateral side). The
volume of thyroid gland, the radiation dose and volume parameters for Dmax, Dmean, and V5 to
V40 of the thyroid were tabulated.
Results: There were 72 patients included in the study with a mean age of 59 years, with 39 in the
SN group and 33 in the TN group. There was no significant difference in thyroid volume
between the two groups. Dmean, V15, V20, V25, V30 and V35 were significantly lower in tilted
neck patients as compared to straight neck patients.
Conclusion: Neck positioned to the contralateral side of the breast primary may be recom-
mended for conformal CT-based radiation planning.

Introduction

Breast malignancy is the second most common cancer in the world with 2,088,849 cases
(11.6%) in 2018.1 Regional nodal irradiation in high-risk breast cancer reduces the risk
of local recurrence. Radiation therapy to the supraclavicular region results in a significant
dose being deposited in the region of the thyroid gland.2 Subclinical and clinical hypothyroidism
has been reported after radiation therapy in breast cancer patients,3 and significantly lowers the
quality of life due to cancer treatment-related fatigue.4 Radiation-induced thyroid dysfunc-
tion is thought to be caused by damage to the small thyroid vessels and to the glandular
capsule.5 To minimise the risk of hypothyroidism and to reduce the volume of thyroid
in the target volume, during treatment simulation and planning, the head and neck can
either be positioned to the contralateral side (TN) of the affected breast or the head facing
straight upwards (SN).

To determine which neck position is the most effective during three-dimensional conformal
radiotherapy (3DCRT), we aimed to analyse the treatment plans of patients treated for breast
cancer and to compare the dose and volume parameters of the thyroid gland in both neck
positions.

Materials and Methods

All patients who received radiation therapy for breast malignancy in the year 2019 at the
Department of Radiation Oncology, Government TDMedical College, Alappuzha, Kerala, were
retrospectively included in this study. Both chest wall irradiation and whole breast irradiation
patients were included. Any patient with previous goitre or known to have hypothyroidismwere
excluded. The SN (straight neck position) group consisted of those patients whose treatment was
planned with the neck positioned with head straight and looking upwards and the TN (tilted
neck position) group included those with their necks turned to the contralateral side of the
affected breast. Each group was further divided into two based on the laterality of breast cancer
as right SN, right TN, left SN and left TN.

The chest wall/breast and supraclavicular fields were contoured according to the Radiation
Therapy Oncology Group atlas6 for breast cancer contouring. Organs at risk (OARs) including
ipsilateral and contralateral lungs, heart, spinal cord, and thyroid were contoured. Treatment

https://doi.org/10.1017/S1460396920001144 Published online by Cambridge University Press

https://www.cambridge.org/jrp
https://doi.org/10.1017/S1460396920001144
mailto:drnikseban@gmail.com
https://orcid.org/0000-0003-1129-6444
https://orcid.org/0000-0002-4527-8298
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1460396920001144&domain=pdf
https://doi.org/10.1017/S1460396920001144


planning was done as follows: mono isocentric 3DCRT was
planned for all the patients with Eclipse (version-11) treatment
planning system (Varian Medicals, Palo Alto, CA). All patients
were prescribed a dose of 40 Gy in 15 fractions over a period of
3 weeks. Ninety-five per cent dose coverage to planning target vol-
ume (PTV) was the approval criteria. From the dose–volume histo-
gram report, the following information was collected: volume of
the thyroid gland, maximum dose (Dmax), mean dose (Dmean),
V5 (volume of thyroid receiving ≥ 5 Gy), V10, V15, V20, V25, V30,
V35 and V40. Dmax and Dmean were converted to their correspond-
ing equivalent doses as EQD2 (equieffective dose or equivalent
dose in 2 Gy fractions).

Statistical analysis

Descriptive analysis of the demographic details and study variables
was done and was expressed as mean ± SD. The comparison
between the two groups was done using student’s t-test and
between the four groups with one-way ANOVA.

Results

There were 72 patients included in the study with a median age
of 52.95 ± 10.46 (range 35 to 69) years. All patients received a
radiation dose of 40 Gy in 15 fractions (2.67 Gy per fraction)

Figure 1. Depicting the Dmean in two different neck positions
for all patients, right-sided breast cancer and left-sided breast
cancer patients separately.

Figure 2. Depicting the various volume parameters of thyroid gland for two different neck positions in all patients together.
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using 3DCRT field-in-field technique to breast/chest wall and
supraclavicular area. Thirty-nine patients were simulated and
planned with their necks in a straight position, while 33 of
patients were planned with their neck positioned turned to
the contralateral side of the primary breast cancer. Among
the 39 patients with neck positioned straight, 20 had right-sided
primary tumours and 19 had cancer in their left breast. In the
group of the 33 patients with the neck positioned to the contra-
lateral side, 18 patients had right-sided breast cancers and 15
patients had cancer of the left breast.

There was no significant difference in the irradiated thyroid
volume between the two groups. Dmean (Figure 1), V15, V20, V25,
V30 and V35 (Figure 2) were significantly lower in TN group
patients when compared to SN patients (Table 1). However, there
was no significant difference in Dmax (Figure 3), V5 and V10

between the groups. The absolute values of V10 were lower in
turned neck patients as compared to those with a straight neck;
however, this difference was not statistically significant (p 0.058).

When the laterality of breast cancer was taken in consideration
and the two groups were further divided into those with right- and

Table 1. Comparison of DVH parameters of the groups

SN (n= 39) TN (n= 33)

pMean SD Mean SD

Volume of thyroid (cm3) 9.8 6.0 11.5 5.5 0.209

Dmax 42.3 1.2 42.0 2.1 0.595

Dmax as EQD2 44.4 1.3 44.1 2.2 0.595

Dmean 18.1 3.4 16.1 4.2 0.028

Dmean as EQD2 19.0 3.6 16.9 4.4 0.028

v5 49.1 8.3 49.4 9.1 0.874

v10 45.5 7.7 43.1 8.7 0.206

v15 44.8 8.1 39.9 9.9 0.023

v20 43.4 8.5 37.2 10.9 0.009

v25 41.9 9.2 34.6 11.8 0.005

v30 39.1 11.6 32.2 13.3 0.021

v35 36.0 11.4 27.2 13.5 0.004

Note: Data represented as mean ± standard deviation.
Abbreviations: SN, patients with neck positioned straight; TN, patients with neck tilted to contralateral side; Dmax, maximum dose; Dmean, mean
dose; EQD2, equieffective dose; Vx, volume of thyroid receiving ≥ x Gy.

Figure 3. Depicting the Dmax in two different neck positions
for all patients, right-sided breast cancer and left-sided breast
cancer patients separately.
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left-sided breast cancers, it was observed that there was a sta-
tistically significant difference among the groups with respect to
the parameters of V10, V20, V25, V30 and V35 (Figures 4 and 5).
There was no significant difference among the groups for Dmax,
Dmean, V5 and V15.

Discussion

Thyroid gland is considered as an OAR in radiation therapy for
breast cancer, and tolerance doses for thyroid during supraclavic-
ular radiation for breast cancer need to be considered.7 The risk of
hypothyroidism in breast cancer patients after supraclavicular
radiotherapy (RT) depends on the thyroid gland volume irradiated
and V30> 50%.8 Kanyilmaz et al.9 found that Dmean> 21 Gy was
associated with biochemically proven hypothyroidism in a retro-
spective study of 243 patients followed up for 41 months.
Among the parameters studied, Dmean was the only variable asso-
ciated with hypothyroidism in multivariate analysis.

In Haciislamoglu et al.,10 two plans each were created using
intensity-modulated RT and helical tomotherapy with and without
contouring of the thyroid as an OAR in breast cancer patients.
Tolerances used were Dmean< 21 Gy and V30< 50%.7 Dmean and
V30 were found to be statistically significantly less in those plans
where thyroid was contoured.10

An increase in the volume of thyroid volume irradiated corre-
lated with an increased incidence of hypothyroidism according to
Albuquerque et al.11 In those patients who developed hypothyroid-
ism, themean thyroid volume was 7 cc whereas in patients who did
not, the volume was 10 cc.

The only similar study to our study is by Reinertsen et al.,12 in
which 403 women who received radiation therapy with supracla-
vicular irradiation for breast cancer were randomised to 2 groups
based on the RT planning technique used—traditional 2D RT
(T-RT) used before the year 2000 in their centre and computed
tomography (CT) based planning or 3DCRT (CT-RT). The T-
RT group had their neck positioned to the contralateral side as

Figure 5. Depicting the various volume parameters of thyroid gland for two different neck positions in left-sided breast cancer patients.

Figure 4. Depicting the various volume parameters of thyroid gland for two different neck positions in right-sided breast cancer patients.
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is conventionally done, and the CT-RT group had their neck posi-
tioned straight. They found that the incidence of hypothyroidism
was 59% (26 out of 44) in the CT-RT group as compared to 41% (18
out of 44) in the T-RT group. This was in concordance with our
results, which showed significantly lower Dmean and V15 to V35

for turned neck patients than for straight neck patients. The radi-
ation dose and volume parameters of thyroid gland were, however,
not described in the study by Reinertsen et al.12

Further prospective studies with random allocation of patients
may be conducted to confirm the results obtained from this retro-
spective study.

Conclusion

Radiation-induced hypothyroidism significantly affects quality of
life in breast cancer survivors. Since the patients with neck posi-
tioned turned to the contralateral side received a lower radiation
dose as compared to patients with neck positioned straight, we rec-
ommend using the tilted neck position even during modern con-
formal CT-based radiation planning.
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