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A B S T R A C T   

Background and purpose: Incidental thyroid gland irradiation frequently occurs in breast cancer patients who 
receive regional nodal irradiation (RNI) to the supraclavicular (SCV) region. Recent studies suggest hypothy-
roidism (HT) is a complication of radiation therapy (RT) that includes SCV fields. We retrospectively analyzed 
patients who received RNI to evaluate thyroid gland evolution following RT as well as its association with the 
development of HT. 
Materials and methods: 61 breast cancer patients received SCV-directed RT between 2007 and 2019 and met 
inclusion criteria. Thyroid glands were retrospectively contoured on CT simulation and follow-up images. In-
dividual dose-volume histograms were analyzed to determine thyroid volume within and outside specific isodose 
lines. Relative thyroid volume changes based on different radiation doses were estimated by fusing post-RT scans 
with CT simulation. Logistic regression was performed to assess thyroid volume changes as a factor in the 
development of HT. 
Results: Median pre-treatment thyroid volume was 11.8 cc (range: 6.3–74.1 cc) with a median of 42.2 % within 
the 20 Gy and 23.2 % within the 40 Gy isodose lines. A significant decrease in thyroid volume was noted by 1- 
year post-treatment (p < 0.0001) and thereafter. By 4 years post-treatment, average thyroid volume was 
decreased by 29.7 % (range: 2.3–64.4 %). Thyroid volume receiving 40 Gy or higher demonstrated a greater 
decrease compared to those receiving lower irradiation dosage. HT occurred in 17 patients (27.9 %). Patients 
who developed HT displayed a larger decrease in the thyroid volume receiving between 20 and 40 Gy at 12 
months (p = 0.033). 
Conclusion: Our study demonstrates for the first time that a reduction in thyroid volume may be seen as early as 6 
months after SCV-directed RT for breast cancer, which correlates with development of clinical and subclinical 
HT. Furthermore, a dose-dependent correlation exists between thyroid subvolume reduction and SCV-directed 
RT in breast cancer patients. As feasible, efforts should be made to reduce the dose to the thyroid in patients 
who undergo RNI for breast cancer.   

Background 

Breast cancer is the most common cancer (excluding skin cancers) 
and second most common cause of cancer death among US women, with 
approximately 281,000 new cases and 43,600 breast cancer deaths 

expected to occur in the US in 2021[1]. External beam radiation therapy 
(RT) that involves the breast and regional lymph nodes, including 
axillary and supraclavicular (SCV) lymph nodes, has been demonstrated 
to decrease the risk of local recurrence and improve long-term survival 
in high-risk breast cancer patients [2,3]. However, RT-induced toxicities 
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to adjacent normal tissues can lead to serious morbidity in cancer sur-
vivors [4]. 

The thyroid gland is an important endocrine organ located next to 
the SCV nodal area, which is typically included in the irradiation field 
for locally advanced breast cancers. The thyroid gland regulates the 
body’s metabolism via producing thyroxine (T4) and triiodothyronine 
(T3) hormones. As the thyroid is sensitive to RT, radiation-induced 
thyroid disorders have been reported in cancer patients who received 
radiation in the cervical or SCV regions [5,6]. In patients that received 
RT for head and neck tumors, the average incidence of primary hypo-
thyroidism (HT) was reported as over 20 %, with median clinical latency 
of 3 years [7]. In breast cancer patients, RT to the SCV area has been 
associated with a higher incidence of HT, particularly in younger pa-
tients [8,9]. This complication may be associated with radiation- 
induced thyroid volume reduction. Recent studies, mostly relatively 
small, have reported a significant decrease in thyroid volume (14–30 %) 
in patients with laryngeal cancer or nasopharyngeal carcinoma (NPC), 
suggesting an association between the development of HT and post-RT 
thyroid atrophy [10,11]. In breast cancer patients, smaller thyroid vol-
ume has been associated with a higher incidence of radiation-induced 
HT [12]. However, little is known about the changes of thyroid gland 
volume based on local thyroid gland radiation dose and its correlations 
with incidence of HT. 

We retrospectively analyzed the changes in thyroid volume of breast 
cancer patients who received RT to the SCV nodal area, to evaluate RT- 
induced thyroid gland evolution based on local radiation dose. We then 
assessed the association between thyroid volume changes and the inci-
dence of post-RT HT in breast cancer patients. Fig. 1. 

Materials and methods 

Patient population 

We reviewed the records for all patients with breast cancer treated at 
our institution between October 2007 and March 2019. Patient data 
were obtained from our institution’s electronic health records. Inclusion 
criteria for our study included: histopathologically-proven breast can-
cer; treatment with conventionally fractionated RT that included the 
SCV; age ≥ 18 years old; female; available RT planning records; avail-
able pre- and post-radiation imaging that included the entire thyroid 
gland; available thyroid dose-volume histograms (DVHs); no known 
pretreatment primary thyroid disease or dysfunction; no prior thyroid 
surgery; and no prior RT that involved the hypothalamic-pituitary axis 
or thyroid. Follow-up CTs were obtained only as part of regular follow- 
up and not for the purpose of this study; as such, this study necessitated a 
prolonged study interval. While the use of intensity-modulated radiation 
therapy (IMRT) increased throughout the study period, the use of image- 
guidance remained essentially the same, using kV and MV imaging. This 
study was approved by our Institutional Review Board (IRB) and con-
ducted according to the ethical principles of the Belmont Report. 

Treatment 

All patients underwent standard adjuvant RT for patients with breast 
cancer in whom RNI is clinically indicated. Following initial consulta-
tion, patients underwent treatment-planning computed tomography 
(CT) scans with axial image thickness of 2–5 mm (median: 2.5 mm). 
These CT images were imported into our 3D treatment planning system 
(Eclipse, Varian, Cary, NC). Thereafter, target volumes including the 
breast or chest wall (depending on prior surgery) and regional lymph 
nodes including the SCV were contoured according to RTOG guidelines. 
Neighboring organs-at-risk, including the heart, lungs, contralateral 
breast or chest wall, and spinal cord, were also contoured. A treatment 
plan was subsequently created using either three-dimensional conformal 
radiation therapy (3D-CRT) or IMRT with 6-MV, 15-MV, or both 6- and 
15-MV photon energy. Patients were treated to 44–50.4 Gy in 1.8–2 Gy 
per fraction. For patients treated with 3D-CRT, the gantry angle for the 
SCV fields was set at 5–30 degrees (median: 15 degrees), individualized 
to the patient’s anatomy and set-up. The majority of patients also 
received a photon or electron boost to the tumor bed (with prior breast- 
conservation surgery) or the scar (with prior mastectomy) with doses 
ranging from 8 to 32 Gy (median: 10 Gy in 5 fractions; one received a 32 
Gy stereotactic boost for gross disease). Photon boosts were delivered 
using 6- and/or 15-MV, and electron boosts were delivered using en-
ergies between 6- and 20-MeV. The overall treatment time ranged from 
29 to 70 days (median: 43 days). 

Thyroid evaluation 

Once patients were identified for inclusion into this study, the thy-
roid glands were retrospectively contoured (as such, no thyroid con-
straints were prospectively used in treatment planning). The dose 
volume histograms (DVHs) for each patient were analyzed to determine 
the maximum (Dmax), minimum (Dmin), and mean (Dmean) doses to 
thyroid gland. The absolute volume of the thyroid gland was calculated. 
Isodose lines were generated to encompass the volume receiving 20 Gy 
(V20) and 40 Gy (V40) to represent moderate and high dose regions 
respectively. Overlaying respective isodose lines with available images 
allowed for subdividing the thyroid gland based on the dose delivered. 
Follow-up imaging was assessed for each patient, and 137 scans met 
inclusion criteria: 11 at 3 months (range: 1.6–4.0 months), 27 at 6 
months (range: 4.5–8.9 months), 25 at 1 year (range: 9.1–14.7 months), 
12 at 18 months (range: 15.1–20.8 months), 17 at 2 years (range: 
21.6–27.0 months), 11 at 30 months (range: 27.1–33.2 months), 19 at 3 
years (range: 33.4–39.8 months), and 15 at 4 years (range: 44.0–53.2 
months) post-RT. Post-RT scans were subsequently fused with CT 
simulation scans to best approximate the relative changes in thyroid 
volume based on different radiation doses. DVH statistics have been 
recorded as per TG 263 [13]. 

Patient’s records, including inpatient and outpatient notes and lab-
oratory tests, were reviewed to assess for the development of clinical HT, 
defined as documented clinical diagnosis, treatment with levothyroxine 
or other thyroid supplementation, or an elevated TSH in the presence of 
a low free T4 concentration. Subclinical HT was defined as an elevated 
TSH in the absence of meeting the definition for clinical HT. The time to 
the development of HT was defined as the interval between the last RT 
treatment and the initial diagnosis of clinical or subclinical HT. Patients 
were censored at last clinical follow-up, further RT that affected the 
thyroid, or death. 

Statistical analysis 

Descriptive statistics (e.g., median and range for continuous vari-
ables and frequencies and percentages for categorical variables) were 
calculated for patient, tumor, and treatment characteristics. The me-
dians of dose-volume parameters were compared between IMRT and 3D- 
CRT treatment modalities using Wilcoxon rank sum tests. Logistic 

Fig. 1. Example axial slices displaying the relationship of the SCV volume to 
the thyroid volume. Purple indicates SCV volume while yellow represents 
thyroid. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 
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regression models were used to evaluate the association between thyroid 
volume and development of HT. A p < 0.05 was considered statistically 
significant in two-tailed statistical tests. Analysis was conducted using 
either SPSS Statistics version 26 (IBM SPSS, Chicago, IL) or SAS version 
9.4 (SAS Institute, Cary NC). 

Results 

HT incidence 

A total of 61 patients met inclusion criteria for our study. Median 
follow-up duration was 48.3 months (range: 6.5–135.7 months). Patient, 
tumor, and treatment characteristics are included in Table 1. Of note, 
two patients had treatment times that were prolonged beyond eight 
weeks. One of these had a prolonged treatment time of 70 days with a 3- 
week break prior to starting her boost, due to significant moist 
desquamation that was slow to heal. In addition, one patient had a 
prolonged treatment time of 68 days with multiple treatment days 
missed due to transportation issues and “no shows”. Seventeen patients 
(27.9 %) were identified as having HT, with 11 having clinical HT (18.0 
%) and 6 subclinical HT (9.8 %). The median time to develop post-RT HT 
was 38.7 months (range: 3.2–135.7 months). The median age at diag-
nosis of HT was 61 years (range: 41–89 years). 

Changes of thyroid volume and sub-volumes 

The median pre-treatment thyroid volume was 11.8 cc (range: 
6.3–74.1 cc), with a median of 42.2 % thyroid volume receiving at least 
20 Gy and 23.2 % at least 40 Gy. A time-dependent decrease in thyroid 
volume was observed in patients who received SCV-directed RT. As 
demonstrated in Fig. 2, a significant decrease in thyroid volume was 
noted by 12 months post-radiation (p < 0.0001) and remained signifi-
cant thereafter. By 48 months post-radiation, the mean thyroid volume 
decrease was 29.7 % (range: 2.3–64.4 %). 

The effect of RT on thyroid volume decrease appears dose dependent. 
As shown in Fig. 3, a substantial difference in thyroid sub-volume 
changes was observed between the thyroid subvolumes receiving low 
dose (VS20, or “volume spared 20”, defined as thyroid volume receiving 
<20 Gy) and the portions receiving higher dose (V20, defined as thyroid 
volume receiving at least 20 Gy), starting as early as 6 months post- 
radiation. A significant decrease in V20 was noted by 6 months post- 
treatment (p < 0.0001) and remained significant thereafter. However, 
a small increase was found in VS20 at 6 months (p = 0.031) that 
returned to baseline by 1 year and ultimately decreased by 36 months (p 

= 0.024). This dose-dependent response is further delineated in Fig. 4, 
where the changes of thyroid sub-volume were compared between three 
groups based on radiation dose, separated by the 20 Gy and 40 Gy 
isodose lines. As expected, the sub-volume receiving the highest dose 
(40 Gy or higher, V40) demonstrated the greatest reduction in per-
centage at all time points, compared to the other two groups. 

HT and thyroid atrophy 

The association between radiation-induced thyroid volume decrease 
and the development of HT was also evaluated. In our study, HT 
occurred in 17 patients (27.9 %), much higher than the primary HT 
incidence in the general population (4.6 %) [14]. As shown in Table 2, 
patients who developed HT demonstrated a larger decrease in thyroid 
volume at 12 months post-RT compared to patients who remained 
euthyroid. Such difference also appeared to be dose-dependent. Specif-
ically, the hypothyroid group had a significantly greater decrease in the 
thyroid volume receiving between 20 and 40 Gy (28.6 % vs 9.8 %, p =
0.033). 

Other variables included in this study were also assessed using uni-
variable analysis. As shown in Supplemental Table 1, thyroid irradiation 
dosage, postmenopausal status, aromatase inhibitor use, and initial 
thyroid volume are suggested as independent risk factors for the 
development of HT in these patients on univariate analysis. These were 
analyzed in greater detail in our prior manuscript. Interestingly, on 
multivariate analysis neither post-menopausal status, nor aromatase 
inhibitor use were found to be significant predictors of HT [12]. 

Discussion 

The thyroid is among the most radiosensitive tissues in the body, and 
thyroid toxicity can happen with both occupational and medical radia-
tion exposure, in children or adults [15,16]. It is well known that for 
cancer patients who receive RNI to the cervical or SCV nodal regions, 
incidental thyroid gland irradiation occurs and may cause various thy-
roid complications, the most common being RT-induced HT. Previous 
clinical studies have shown that high-dose head and neck radiation in-
creases the risk of HT in nasopharyngeal cancer patients [17,18]. 
However, the effect of SCV-directed RNI for patients with locally 
advanced breast cancer hasn’t been properly studied. Based on the re-
sults of our analysis of 61 breast cancer patients who received radiation 
to the SCV lymph nodes, the incidence of post-SCV RT HT in these pa-
tients is 27.9 %, with a median time to onset of 38.7 months. Our results 
are consistent with recent studies that suggest an association between 

Fig. 2. Changes in total thyroid volume (%) among patients who received RT to SCV region, up to 48 months post-treatment.  

J. Roberson et al.                                                                                                                                                                                                                               



Clinical and Translational Radiation Oncology 39 (2023) 100566

4

SCV-directed RT and higher incidence of HT in cancer patients 
compared to the general population [9,12,14]. 

The development of HT in cancer patients seems to be associated 
with small thyroids. In patients undergoing hemithyroidectomy, low 
post-operative thyroid volume (<3.2 cc) has been associated with thy-
roid dysfunction and HT during follow-up [19]. Multiple studies have 
indicated that head and neck cancer patients with smaller pre-treatment 
thyroids are at a significantly higher risk for developing post-RT HT, 
although the cutoff value varies among different studies [17,20–22]. 
Little is known if such association also exists in breast cancer patient 
population. A retrospective study at our institution identified smaller 
thyroid volume to be associated with the development of HT based on 
univariable analysis among a larger population of breast cancer patients 
[12]. The evidence that HT is associated with both thyroid volume and 
volume spared from receiving at least 20 Gy (as we previously demon-
strated) appears validated by this study demonstrating no significant 
difference in the change in the volume that received <20 Gy at 1 year 
between patients who remained euthyroid or developed HT (see 
Table 2) and provides further evidence to support the goal of maxi-
mizing the thyroid volume spared from receiving at least 20 Gy in an 

effort to minimize the risk of post-RT HT. 
Radiation-induced decrease in thyroid volume may also be associ-

ated with a higher incidence of post-radiation primary HT [18,23]. 
Reduction of thyroid volume may occur with local thyroid gland dose of 
2 Gy or higher, possibly due to radiation-induced microvascular and 
parenchymal damage [24]. A recent analysis by Lin and colleagues 
showed that patients with nasopharyngeal cancer demonstrated a 40 % 
decrease in thyroid volume by 30 months post-RT, including nearly 30 % 
within the first 12 months [10]. A separate study by Miller-Thomas and 
colleagues demonstrated a mean reduction of 13.8 % in thyroid width at 
an average of 25 months post-XRT in patients with laryngeal cancer. 
However, no significant difference in absolute and percentage change of 
thyroid size was found between the hypothyroid and euthyroid groups 
[25]. To assess thyroid evolution following RT to SCV lymph nodes in 
breast cancer patients, we tracked changes in size of thyroid in these 
patients based on pre-treatment and follow-up CT images. Our results, 
indicate a time-dependent decrease in thyroid volume in these patients, 
with a significant decrease in thyroid volume starting from 12 months 
post-radiation (p < 0.0001). The greatest percent change in total thyroid 
volume was found at 48 months post-RT, with a mean reduction of 29.7 

Fig. 3. Changes in thyroid subvolumes (%) among patients who received RT to SCV region, up to 48 months post-treatment.  
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% (range: 2.3–64.4 %), suggesting that thyroid atrophy may continue to 
occur for years after radiation treatment. In addition, we found a trend 
towards a larger percent decrease in total thyroid volume in patients 
who developed HT compared to those that remained euthyroid during 
the follow-up period (p = 0.055), suggesting that total thyroid atrophy 
may be an independent risk factor for risk of HT. This association seems 
to be driven by changes in thyroid tissue receiving doses greater than 20 
Gy. These findings are in accordance with a recent retrospective study 
by Ishibashi and colleagues, where decrease in CT densities of the thy-
roid gland occurred in 73.9 % patients after radiation for head and neck 
tumors, while a larger decrease in thyroid density was significantly 
associated with higher serum TSH level, suggesting a higher risk of HT 
development [23]. 

Although multiple RT-induced thyroid complications have been 
shown in previous studies, little is known about the association between 
RT dose and post-RT thyroid evolution. Here, we evaluated the differ-
ence in thyroid volume decrease based on different local thyroid dose 
regions through assessing changes in thyroid sub-volume separated by 
isodose lines of 20 Gy and 40 Gy on CT images. Our results, as demon-
strated in Fig. 3, indicated a significantly larger decrease in thyroid 
tissue that received 20 Gy or higher compared to the rest of thyroid 
organ, starting 6 months post-RT (p < 0.0001). Furthermore, the sub- 
volume receiving the highest dose (40 Gy or higher, V40) demon-
strated the greatest reduction in percentage at all time points, compared 
to the other two sub-volumes (<20 Gy and 20–40 Gy), suggesting a dose- 
dependent effect of radiation on thyroid volume decrease. 

Interestingly, our results also showed a small increase in thyroid sub- 
volume after low dose radiation (<20 Gy, VS20) at 6 months (p =
0.031), which returned to baseline by 1 year and ultimately decreased 
by 36 months (p = 0.024). A similar finding of thyroid volume increase 
was found in a recent study by by Miller-Thomas and colleagues, where 
15 % (9/61) patients had measured increase in the size of the thyroid 
gland following XRT for laryngeal cancer [25]. Possible explanations 
include radiation-mediated damage inducing temporary enlargement or 
compensatory hypertrophy of the thyroid gland responding to hormonal 
stimulation from the feedback system [17,25]. Such physiological 
compensation may not be commonly observed in other head and neck 
cancer studies, as the hypothalamic-pituitary-thyroid dysfunction is 
more common in NPC patients [26]. 

In our previous work, we had found through NTCP modeling that 
thyroid volume receiving <20 Gy was a significant predictor of devel-
oping hypothyroidism [12]. Specifically, greater than 8.5 cc thyroid 
volume receiving <20 Gy was supported by our NTCP modeling as a 
reasonable dosimetric guideline to minimized HT risk in breast cancer 
patients receiving SCV-directed RT. 

In recent studies, younger age, adjuvant chemotherapy and higher 
mean thyroid dose were suggested to increase risk of post-RT HT in 
breast cancer patients [8,10,27]. In this study, post-menopause status, 
aromatase inhibitor, and mean thyroid dose were also suggested as risk 
factors for HT incidence in breast cancer patient following SCV RT. Age 
is known to be correlated with HT risk in general population due to 
thyroid epithelium degeneration [28]. A recent study suggested that 
breast cancer patients at younger age (<60 years) are more prone to 
radiation-induced HT [8]. However, this association was not observed in 
our study. Univariate analysis did show that post-menopausal status was 
associated with an increased risk of HT; however, this did not stay sig-
nificant on multivariate analyses, as indicated in our previous manu-
script [12]. 

Conclusion 

Radiation-induced thyroid atrophy is an important side effect of 
SCV-directed RT for patients with locally advanced breast cancer. Our 
study shows for the first time that changes in the thyroid volume may be 
seen as early as 6 months after RNI for breast cancer, which may ulti-
mately be associated with the development of clinical and subclinical 

HT. We further demonstrated a dose-dependent correlation between 
irradiation to the thyroid and thyroid volume reduction as a significant 
decrease in thyroid volume is associated with radiation dose of 20 Gy or 
higher. In addition, our data shows that smaller pre-treatment thyroid 
volumes can translate into higher risk of RT-induced HT. As feasible, 
careful assessment of pre-treatment thyroid volume and effort to reduce 
the dose to thyroid should be made in order to reduce risk of long-term 
RT-induced thyroid toxicity in patients who undergo regional nodal 
irradiation for breast cancer. 
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