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Abstract: Radiation therapy is part of the therapeutic arsenal for breast cancer, whether it is adjuvant
treatment after lumpectomy or radical mastectomy, or it is used as a palliative option in the case
of metastatic or recurrent disease. Significant advances in diagnostic and therapeutic stratification
of breast cancers have significantly prolonged survival, even in the metastatic stage. Exposure of
patients during the course of the disease in a multidisciplinary therapeutic approach including
chemotherapy, hormone therapy, targeted anti-HER therapies or CDK4/6 inhibitors had led to
improved survival but with the price of additional toxicity. Among them, hypothyroidism is a
well-known consequence of external radiation therapy, especially in the case of cervical region
irradiation, including supraclavicular and infra-clavicular nodal levels. In this situation, the thyroid
gland is considered as an organ at risk (OAR) and receives a significant dose of radiation. Subclinical
hypothyroidism is a common endocrine disorder characterized by elevated TSH levels with normal
levels of FT4 (free T4) and FT3 (free T3), and as a late effect, primary hypothyroidism is one of the late
effects that significantly affects the quality of life for patients with breast cancer receiving multimodal
treatment. Hypothyroidism has a significant impact on quality of life, most often occurring as late
clinical toxicity, secondary to thyroid irradiation at doses between 30 and 70 Gy. Dose-volume
parameters of irradiation, gland function at the beginning of the treatment and associated systemic
therapies may be factors that alter thyroid radio-sensitivity and affect thyroid gland tolerance. In the
case of head and neck tumor pathology, in which doses of >50 Gy are routinely used, the thyroid
gland is generally considered as an OAR, the rate of radio-induced hypothyroidism being estimated
at rates of between 20% and 52%. For breast cancer, the thyroid is often neglected in terms of
dosimetry protection, the rate of late dysfunction being 6–21%.
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1. Introduction

Radiation therapy is part of the therapeutic arsenal of breast cancer, whether it is
used as an adjuvant treatment after lumpectomy or radical mastectomy, or as a palliative
option in the case of metastatic or recurrent disease. Significant advances in diagnostic
and therapeutic stratification of breast cancers have significantly prolonged survival, even
in the metastatic stage. Exposure of patients during the course of the disease in a multi-
disciplinary therapeutic approach, including chemotherapy, hormone therapy, targeted
anti-HER therapies or CDK4/6 inhibitors has led to improved survival with the price of
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additional toxicity. Among them, hypothyroidism is a well-known consequence of external
radiation therapy, especially in the case of irradiation of the cervical region, including
supraclavicular and infra-clavicular nodal levels. In this situation, the thyroid gland is
considered as an organ at risk (OAR) and receives a significant dose of radiation. [1,2].

2. Radiation-Induced Thyroid Toxicity—From Pathophysiology to Clinical Symptoms

The toxic effect of radiation on the thyroid is classically produced by small vessels’
destruction and, to a lesser extent, by direct damage to the follicles, to a secondary, indi-
rectly damage among vascular networks. These lesions are generally responsible for late
and irreversible side effects, while acute and sub-acute lesions are caused by follicular
damage. The latency period between the time of irradiation and the pathophysiological
changes responsible for thyroid toxicity is well known, without a clear explanation of
this latency. Among patients with occult hypothyroidism, one quarter will progress to
clinical disease. Radiation-induced hypothyroidism is reported in 15–50% of patients, with
symptoms occurring 2–4 years after treatment. Clinical hypothyroidism is considered as
clinical disease when there is a high level of thyrotropin with low level of thyroxine (T4)
and subclinical with a high level of thyrotropin and normal level of T4 [3–6]. Defined
more than 50 years ago by Jefferies, occult hypothyroidism is characterized by vague
and nonspecific complaints, few or absent clinical signs and specific laboratory values.
Moreover, the response to treatment can be inconsistent or variable [7]. Most of the data
on the involvement of radiation therapy in thyroid gland toxicity and, more precisely, the
dose-volume-toxicity correlation comes from studies including patients with lymphoma
and head and neck cancers [8,9].

Bhandore and collaborators mention a 3.1-year latency of hypothyroidism in head and
neck cancer patients, considering that the risk is dependent on the radiation dose received
by the thyroid gland. The authors report a rate of clinical and occult hypothyroidism of
33% and 29%, respectively, analyzing many cases, including 312 of head and neck cancer;
however, the highest rate of hypothyroidism is reported by Mercado et al. (67% at 8 years
after the irradiation treatment) in head and neck cancers. As demonstrated by Sinard and
colleagues analyzing data from 198 patients with head and neck cancer, including patients
with total laryngectomy followed by radiotherapy, the rate of hypothyroidism is only 15%
at 12 months after treatment, with surgery being an additional factor risk. This study
conceptually supports the delayed hypothyroidism induced by irradiation. Radiotherapy
of the neck region is considered a major risk factor of thyroid toxicity, and neck dissection
is also associated with an increased risk [5,6,8,10,11].

Hyperthyroidism is reported to be much less common, with an incidence of 1.7%
in Hodgkin’s lymphoma patients treated with radiation therapy. Thyroiditis is rare as a
complication of irradiation, but even if it is reduced as a side effect, the rate of thyroiditis is
double in patients who have been treated with radiation therapy as part of multimodal
treatment. In a cohort of 1787, 4 cases of Hashimoto’s tyroidites and 4 cases of “silent”
tyreotoxicosis were reported, most of them being diagnosed in the first 2 years after
Hodkin’s lymphomas radiotherapy of neck region. Illes and colleagues considered that in
the case of Hodkin’s lymphoma, some of hypothyroidism may be related to thyroiditis,
due to the increased immune reactivity associated with Hodgkin’s disease [5,7–14].

3. Thyroid Gland as an OAR—Dose-Volume-Toxicity Correlation

The risk of radio-induced hypothyroidism varies, involving factors related to the
patient, the histological type, clinical stage of cancer and treatment administered. Older
and younger age, female gender, Caucasian race and smaller thyroid gland volume are
factors associated with an increased risk of late radio-induced hypothyroidism. Partial or
total resection and neck dissection are also associated with an increased risk of hypothy-
roidism [15,16].

The radiation dose received by the thyroid gland is shown to be a predictor of late
thyroid toxicity. Dose-response variation of irradiation-induced hypothyroidism is demon-
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strated, a 20-year assessment of treatment identifies a 20% risk associated with an average
dose received by the thyroid gland <35 Gy. The risk increases to 30% for doses between
35 Gy and 44.9 Gy and reaches 50% if the thyroid is irradiated with doses >45 Gy. The risk
is higher if childhood cancer patients have received cranial irradiation and neck irradiation.
Thus, a dose of >20 Gy received by the pituitary gland associated with a dose of >10 Gy
received by the thyroid gland is associated with hypothyroidism in acute lymphoblastic
leukemia (ALL) children survivors who received craniospinal irradiation [17,18]. If there is
a consensus that doses of >45 Gy are associated with an increased risk of hypothyroidism,
the increase in risk at higher doses is not proportional to the dose received by the thyroid
gland. Thus, Postner and colleagues demonstrate that the risk of hypothyroidism at a dose
of >65 Gy is not higher than in the case of thyroid irradiation with doses between 45 and
65 Gy [3,5,19–22].

The development of new radiotherapy techniques with the possibility to delineate
target volumes and organs at risk (OARs), identified and reconstructed from computer
tomography (CT) simulation, have led necessity of dose-volume recommendations based
on studies that have shown dose and volume correlation with hypothyroidism. In 2010,
Quantitative Analyzes of Normal Tissue Effects in the Clinic (QUANTEC) included dose-
volume-outcomes for most radiosensitive organs, but the thyroid gland was not included as
an OAR in these guidelines [22]. The identification of dose-volume-effect correlations with
the introduction of new radiotherapy techniques allows the protection of radiosensitive
organs in order to limit adverse effects. The delimitation and three-dimensional reconstruc-
tion, together with computerized treatment planning system, allows the evaluation of the
doses received by these radiosensitive organs and their sub-volumes. Modern radiotherapy
techniques (3D-CRT, IMRT, VMAT) promise the irradiation of highly conformal target
tumor volumes by using the multi-leaf collimator (MLC) and the three-dimensional recon-
struction of both tumor volumes and the organs at risk. In the development of toxicities,
not only the dose received by the whole organ was demonstrated as a predictor, but also
the doses received by sub-volumes from different OARs [23–25]. For example, V30, one
of the dosimetric parameter associated with the risk of hypothyroidism, is the volume
percentage that receives a dose of at least 30 Gy [22,25].

With the implementation of new radiotherapy techniques, especially of IMRT irradi-
ation, dose-volume constraints have been refined for all OARs including for the thyroid
gland. Regarding the radiation-induced hypothyroidism, V30 has been identified as a
predictor, with a 60% value correlated with a lower risk hypothyroidism. A V30 of 78% and
>7 cm3 were associated with a higher rate of radiation-induced hypothyroidism. A V45
value of <50% and the sparing at least 5 cm3 of thyroid gland to receive lesser than 45 Gy,
but also a 45 Gy mean dose for the thyroid gland of are the most common recommended
dose-volume constraints in order to reduce the risk of hypothyroidism in radio-treated
patients in the neck region [25–28]. After analysis of dose-volume-toxicity correlations on
345 cases of nasopharyngeal cancer treated by IMRT technique, with a median follow-up
of 45.2 months, Huang and collaborators proposed V25 Gy ≤ 60%, V35 Gy ≤ 5 5%, and
V45 Gy ≤ 45% for thyroid, as recommended constraints [29].

4. Breast Cancer—Major Diagnostic and Treatment Advances, New Toxicities

Breast cancer is the most common cancer in women worldwide, with an increasing
incidence, especially in industrialized countries. Due to advances in diagnosis and therapy,
life expectancy has increased considerably in the last 10–15 years. Screening programs
have significantly contributed to early detection with maximum curative potential. Even it
is discovered at an advanced stage, the multidisciplinary approach and the stratification
of the disease according to the molecular subtypes (that benefit from specific therapeutic
targets) has significantly improved the prognosis. The relative survival at 5 and 10 years
is 88% and 77%, respectively, compared to 64% relative survival at 5 years from other
cancers. Younger and older age, tumor size and skin involvement, histological type of
invasive papillary, classic lobular and medullary and inflammatory breast, lympho-vascular
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invasion (LVI) are just some well-known negative prognostic factors. Moreover, the size of
the tumor is associated with a larger number of positive nodes, thus indirectly influencing
the prognosis. Nodal invasion is a significant prognostic factor, patients with positive nodes
having a 4–8 times higher mortality rate than those without node involvement. Further, a
number of 1–3 invaded nodes is associated with a 70% lower risk of death than a number
>10 positive nodes. Distant metastases are associated with an unfavorable prognosis at
10 years, with survival estimated at 3.4%. These prognostic factors were combined into
two main categories: the TNM system, which includes tumor size, nodal invasion status
and distant metastases, and the Nottingham Prognostic Index (NPI) including tumor size,
tumor histological grade and nodal status. Both classification systems have a significant
and proven prognostic value [30–33].

A decisive contribution to the improvement of the prognosis of these patients is
brought by the stratification of the therapy and the diversification of the therapeutic arsenal
according not only to the TNM stage of the disease but also to the modern classifications
including molecular particularities. The classification of breast cancer into four molec-
ular and prognostic categories (Luminal A, Luminal B Her2 + and triple negative), is
based on the status of estrogen receptors (ER), progesterone (PR), the status of HER2 and
ki 67 amplification, a protein associated with tumor cell proliferation and growth. We
will briefly present the diverse range of systemic therapies used in breast cancer without
being the subject of this article [34–36]. Estrogen (ER) and progesterone (PR) hormone
receptors are known as predictive and prognostic biomarkers for breast cancer; because
of the Tamoxifen therapy benefit, ER+ patients have a better prognosis than ER- patients.
Overexpression of the human epidermal growth factor type2 (HER2) receptor is associated
with an unfavorable prognosis, with 10-year survival rate being 15% lower than in patients
not expressing HER2. The association of HER2 with p53 gene abnormalities and high
mitotic index explains the unfavorable prognosis associated with HER2+ [31,37–39]. It is
estimated that 20–30% of breast cancer cases express HER2. Transtuzumab, Pertuzumab
and Trastuzumab emtansine (T-DM1) are anti-HER2 therapies that improve the therapeutic
outcomes of these patients in adjuvant and metastatic settings. One category that should
be remembered for the potential for unfavorable prognosis is that of triple negative breast
cancers (TNBC) that do not express estrogen and progesterone receptors or HER2 amplifi-
cation. In this case, chemotherapy is the cornerstone of systemic therapy. New therapeutic
options for metastatic disease including the tyrosine kinase inhibitor (TKI) Lapatinib and
TDM-1 are active in brain metastatic HER2 + breast cancer, these pharmacological advances
in systemic therapies bringing considerable benefits to metastatic disease as well [31,38–41].
Moreover, cyclin-dependent kinase inhibitor (Cdk4/6), Palbociclib, Ribociclib, Abemaciclib
in combination with aromatase inhibitors (AI) demonstrated benefit in overall survival
(OS) on subgroups of patients, including those with visceral metastases and resistance to
endocrine initial therapy [42,43].

Some of these therapies have already been shown to interfere with thyroid function,
but the hypothyroidism induced by systemic therapies administered in breast cancer is
little known. By modulating Thyroxine-binding globulin (TBG) but also by acting on the
synthesis and secretion of hormones in the thyroid gland, treatment with Tamoxifen is con-
sidered an additional risk factor for hypothyroidism in breast cancer patients. Gordon et al.
demonstrate an increase in serum T4 concentrations after the start of Tamoxifen therapy
in breast cancer patients, but this phenomenon is not seen in healthy volunteers who
have received this treatment [44,45]. A case of hypothyroidism has also been reported
in a 65-year-old patient treated with third-generation aromatase inhibitor exemestane
25 mg/day for 2 months. Rivas et al. incriminates a number of agents such as alkylating
agents and taxanes used in breast cancers as contributors to the decrease in thyroid volume
by 14–17%, thus being, indirectly, a cause of hypothyroidism and toxicity associated with
irradiation [46]. Cyclophosphamide, ifosfamide and alkylating agents could increase T4
and reverse triiodothyronine (rT3) with a decrease in TSH unassociated with modified T3,
thyroglobulin (Tg) and TBG, the hypothesis being based on release of thyroid hormone
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from other cellular deposits (possibly hepatic). Administration of docetaxel, doxorubicin,
and cyclophosphamide have been associated with decreased serum T4 and increased
TSH [47–49].

Adjuvant breast radiotherapy is essential not only in reducing the risk of loco-regional
failures after tumorectomy/lumpectomy in cases of early breast cancer, but also in case of
advanced breast tumors that benefit from chest wall irradiation after radical mastectomy.
A meta-analysis, including 10,801 breast cancer patients, evaluated in 17 randomized
trials assessed the role of radiotherapy after breast preservation surgery, demonstrating a
reduction in the risk of 10-year recurrence from 35% to 19.3%, with no major differences
in mortality reduction percent between pN0 or pN1 patients [50]. For patients with T3N0
breast cancer, evidence for the benefit and usefulness of post-mastectomy radiotherapy
(PMRT) it is still controversial. Analyzing data from 13,901 patients with a median follow-
up of 47 months, Almahariq and collaborators concluded that the benefit of PMRT is limited
to patients who will not receive adjuvant chemotherapy. In cases of patients treated with
neo-adjuvant chemotherapy (NAC), the addition of PMRT did not bring any benefit [51].

The chest wall irradiation technique includes two tangential fields, the total dose for
standard regimen being 50 Gy in 25 fractions, 1 fraction per day, 5 days per week. The
associated late toxicities include the increased cardiovascular risk, especially in association
of radiotherapy with anthracycline-based chemotherapy or anti-HER2 target agents, but
also pulmonary and cutaneous fibrosis. Regarding the risk of irradiation of the thyroid
gland, special mention should be made for adjuvant irradiation of regional lymph nodes
(LN) in the case of N + patients. The significant benefit of nodal levels irradiation is
demonstrated especially for more than three LN +. Irradiation of the internal mammary
nodes is controversial, being associated with a severe increase in the risk of radiation-
induced cardiac toxicity. The technique of irradiation of the supraclavicular and infra-
clavicular LN has evolved considerably by delineation of target volumes and OARs. Using
advanced image guided radiation therapy (IGRT) protocol, the dose received by the thyroid
gland can be limited. Currently, through the widespread use of the 3D-CRT technique
and even IMRT/VMAT irradiation techniques, a more precise irradiation of all target
volumes is possible [24,52]. Anatomical limits for all axillary and supraclavicular LN levels
have been proposed for in order to create a consensus in delimitation for target volumes
and OARs. Analyzing the anatomical limits of levels III and IV, we notice that the nodal
volume in breast cancer radiotherapy is located in the immediate vicinity of the thyroid
gland. As Li and collaborators remark, there is great variability in target volumes and
OARs delineation between different radiotherapy centers. The implementation for breast
cancer irradiation using IMRT/VMAT techniques based on image guided radiotherapy
(IGRT) concept make it necessary to apply consensus in contouring in order to obtain the
maximum therapeutic benefit, protecting OARs, including thyroid gland from a potential
late toxicity [24,53,54].

Radiotherapy-induced hypothyroidism has been evaluated in breast cancer patients
over the past decade, but the number of studies which analyze this subject is still low. A
21% rate of hypothyroidism in patients who received supraclavicular irradiation for breast
cancer was reported by Akyurek et al. at a median interval of 9 months after completion of
the treatment [55]. Bruning and collaborators reported a higher rate of hypothyroidism in
supraclavicular irradiated patients [56]. The lowest rate of hypothyroidism at 2 years after
treatment for patients with supraclavicular LN irradiation was reported by Wolny-Rokicka
(6%), and thyroid gland function evaluation included TSH, free thyroxine (FT4), and free
tri-iodothyronine (FT3) levels (Table 1) [57].
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Table 1. Anatomical limits for delineation of level III (infraclavicular) and IV (supraclavicular) breast
cancer radiotherapy [53,54].

Limits Level III (Infraclavicular) Level IV (Supraclavicular)

Superior Superior margin of clavicle 5 mm superior of subclavian vein

Inferior 5 mm inferior to the subclavian vein subclavian vein with a 5 mm margin

Medial inside the pectoralis minor, level II
and the Rotter level

jugular vein without margins, exclude
common carotid artery and

thyroide gland

Lateral
Clavicle and the jonction between

infraclavicular and internal
jugular vein

the tissue in proximity of external margin
of scalene muscle and the anterior

scalene muscles

Anterior Posterior margin of pectoralis major
posterior part of the clavicle of the

sternocleidomastoid and
sterno-thyroid muscle

Posterior Anterior from costae and
Intercostals muscle Pleura

A study that included 4073 cases of breast cancer treated with adjuvant radiotherapy
assessed the risk of radio-induced hypothyroidism in 3 different patient lots depending of
the irradiated anatomical region (whole breast alone, regional nodal irradiation with cranial
border subclavian artery and nodal irradiation including the supraclavicular lymph nodes
with the cranial margin of the cricoid cartilage as delineation limit). The authors evaluated
the mean dose received by the thyroid gland using dose conversion to uniform equivalent
dose (EQD2) based on a linear-quadratic model (LQ), in order to estimate all toxicities in
relation to standard fractionation. With a median follow-up of 84 months, an increased rate
of hypothyroidism in patients who received radiotherapy in the supraclavicular region, the
rates of hypothyroidism at 3 years being 0.8%, 0.9% and 2.2% for the 3 groups of patients
evaluated. Significant differences were also identified from a dosimetric point of view
between the 3 groups of patients, mean dose received by the thyroid being 0.23, 1.93, and
7.89 Gy, respectively. The study concludes the need to delineate and evaluate the radiation
doses received by the thyroid gland in breast cancer [58]. The increased frequency for
the use of new radiotherapy techniques with modulated intensity made it necessary the
comparative evaluation of the doses received by the thyroid gland by conventional and
three-dimensional irradiation techniques and by new radiotherapy techniques, taking into
account the particularities of IMRT and VMAT techniques regarding the unpredictable
dose distribution. Using computer tomography-based treatment plans from 10 breast
cancer patients, initially treated with opposites tangential field-in-field to the chest wall
and anteroposterior opposite radiation fields to the ipsilateral regional lymph nodes,
Haciislamoglu and collaborators proposed radiotherapy alternative treatment plans by
IMRT or helical tomotherapy technique (HT) in case the dosimetric constraints for the
thyroid were applied or not. V30 < 50% and mean thyroid dose (Dmean) <21 Gy have been
proposed as dose constraints. Dmean values of 30.56 + −5.38 Gy and median V30 = 55%
obtained by opposites tangential field-in-field were higher than those obtained by IMRT
and HT technique (if dose constraints were applied). The reduction of Dmean and V30
was significant for both IMRT and HT techniques, with Dmean being reduced from 25.56
Gy + −6.66 Gy and 27.48 + −4.16 Gy to 18. 57 + −2.14 and 17.34 + −2.70, respectively.
The use of dosimetric constraints reduced V30 obtained by IMRT and HT technique from
33% and 36% to 18% and 17%, respectively. The study clearly demonstrates the need to
use dosimetric constraints when reverse planimetry techniques are proposed [59]. Using
national cancer registries, a Danish study assessed the risk of hypothyroidism in breast
cancer survivors aged ≥35 years diagnosed with non-metastatic disease between 1996
and 2009. The study excluded women with pre-existing thyroid disease and included
cases treated with chemotherapy and radiotherapy for both the breast and chest wall and
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for cases that required regional lymph node irradiation. The identification of the cases
was based on the use of diagnostic codes as well as on the prescription of levothyroxine.
The study included 44,574 cases evaluated compared to 203,306 patients in the control
group. The 5-year cumulative incidence of hypothyroidism in breast cancer patients was
significantly higher than that reported in the control group (1.8% vs. 1.6%). The study
also shows an increased rate of hypothyroidism in patients receiving radiotherapy and
chemotherapy compared to those who received surgery alone, mentioning the combination
of chemotherapy and radiation therapy on the lymph nodes as factors that need to be
known as risk factors for hypothyroidism [60]. The Dutch Society of Radiation Oncology
breast cancer platform proposed establishing a consensus for the delimitation of target
volumes and OARs based on cases proposed for planning in 19 main radiotherapy centers.
It should be noted that the thyroid and more precisely v30 was rarely delimited as an
OAR respectively evaluated. The consensus proposed the delimitation of thyroid thought
and the evaluation of v30 only if nodal levels 3 and 4 are irradiated but did not propose a
certain dose restriction [61]. A study published in 2008 by Smith and colleagues failed to
demonstrate the role of radiotherapy and especially supraclavicular irradiation in elderly
patients with stage <IV breast cancer. In a cohort of 38,255 aged >65 years compared with a
control group of 111,944 cancer free patients, the incidence of hypothyroidism at 5 years
was 14%. Considering 4 + positive lymph nodes as surrogate for supraclavicular irradiation
and 0 positive lymph nodes as surrogates for omission of supraclavicular irradiation, the
study demonstrates an increased incidence of hypothyroidism in elderly surviving breast
cancer patients without being able to correlate it with supraclavicular irradiation [62].
A systematic review and meta-analysis that included five studies (478 cases) identified
from 7 international databases and 3 national databases identified an increased rate of
hypothyroidism (higher than other thyroid gland dysfunctions) and an increase in TSH
values after radiation therapy in patients with breast cancer. Darvish and collaborators
propose as a strategy to limit the toxic effects of irradiation to protect the thyroid gland,
considering necessary dosimetric constraints and follow-up of patients after treatment [63].

A radiobiological model based on normal tissue complication probability (NTCP)
proposed by Huang and collaborators aims to identify predictors of hypothyroidism in
breast cancer patients receiving radiotherapy at the supraclavicular nodal level. The model
was created using 192 cases, including both dosimetric data obtained from volume dose
histograms (DVH) and clinical data. Subsequently, all collected data were correlated with
the onset of clinical hypothyroidism. At a median interval of 25 months from completing
the radiation treatment, 19.3% of patients receiving radiotherapy in the supraclavicular
region developed hypothyroidism. Long thyroid glands and large volumes that received
less than 20 Gy (CV20 Gy) have been identified as predictors of toxicity. The risk of
hypothyroidism (<15%) was associated with CV20 > 8.5 cc and for small thyroid glands,
while the mean dose and organ volume were correlated with the risk of hypothyroidism. A
single institution dosimetric study conducted in India identified an average thyroid gland
volume of 7.4 cc, lower than the values reported in the literature, considering that a thyroid
volume of <8 cc is associated with an increased risk of hypothyroidism in patients with
breast cancer. The authors also recommend monitoring thyroid function but also routine
contouring of the thyroid gland as an OAR in all cases of breast cancer that will receive
radiation therapy [8,64].

5. Conclusions

Hypothyroidism induced by LN irradiation in breast cancer treatment is an under-
estimated toxicity and increased survival rates even in the advanced or metastatic stages
make it necessary to evaluate thyroid function after a complex multidisciplinary approach
including supraclavicular radiotherapy. If the IMRT or VMAT irradiation technique is used,
it is mandatory to delineate the thyroid gland as OAR and to apply dosimetric constraints
in order to avoid its irradiation with high doses with potential risk of late toxicity. It is also
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necessary to assess the additional risk of hypothyroidism associated with new systemic
oncological therapies that have significantly improved the prognosis.
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