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Abstract

Background: Radiation exposure to the thyroid gland seems unavoidable in breast cancer
(BC) patients receiving radiation therapy (RT) to the supraclavicular (SC) region. Hence,
this study aimed to evaluate the effects of SC region RT on thyroid function and the
prevalence of radiation-induced hypothyroidism (RIHT) in BC patients at regular intervals
post-treatment.

Materials and methods: Twenty-one patients with BC were enrolled in this analytical
cross-sectional study by simple and convenient sampling, from March 2019 to March 2020.
Thyroid function and the prevalence of RIHT were evaluated and compared by measuring
the serum of thyroid-stimulating hormone (TSH) and free thyroxine hormone (fT4) levels
before radiation therapy (pre-RT) and 3 and 6 months after radiation therapy (post-RT). The
patients underwent 3 dimensional conformal. radiation therapy (3D CRT) of breast/chest
wall, axillary, and supraclavicular lymph nodes with 50 Gy/25 fractions/5 weeks. The

collected data were analyzed using SPSS software (version 20).
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Results: Serum levels of TSH increased at 3 and 6 months post-RT, this increase was not
statistically significant (p > 0.05). Nevertheless, serum levels of fT4 were significantly
elevated at 3 and 6 months post-RT (p < 0.01). A correlation was observed between the
follow-up period and the incidence of RIHT, where it was 0% at 3 months and 9.5% at 6
months post-RT. RIHT was not significantly associated with any factors, including patient's
age, type of surgery, thyroid gland dose, and thyroid gland volume.

Conclusions: It seems that SC region RT does not have a significant adverse effect on the
thyroid function among BC patients at 3 and 6 months post-treatment. Hence, a long-term
follow-up with a larger sample size is suggested.
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Introduction

Breast cancer (BC), which is the most common malignancy among women, is known as the
main cause of cancer mortality in females throughout the world [1-4]. Breast cancer
detection at an early stage with screening mammography significantly reduces the risk of
death from the disease, when treatment strategies will be most likely to be successful [5].
Radiation therapy (RT) has frequently been employed as adjuvant therapy following surgery
for locally advanced BC or as palliative therapy for local recurrence in the supraclavicular
nodes [6]. The routine RT for BC patients involves irradiation of the breast or chest wall [7,
8], ipsilateral supraclavicular, and internal mammary nodes with 50 Gy/25 fractions/5 weeks
[6, 8]. RT to the supraclavicular field includes parts of the thyroid gland; therefore, there is a
concern about the effect on thyroid function, including the incidence of hypothyroidism (HT)
[6, 9, 10]. Subclinical HT followed by clinical HT has been known as the most common type
of radiation-induced thyroid dysfunction [11]. Radiation-induced hypothyroidism (RIHT) is a
potential complication after RT when the treatment field includes the thyroid gland and
develops at a median interval of 1.4—1.8 years, but it has been reported even 3 months or 20
years after RT [6, 10, 12, 13]. Subclinical HT is defined as a normal free thyroxine hormone
(fT4) level in the presence of a high thyroid-stimulating hormone (TSH) level, with no
clinical symptoms, whereas clinical HT is described by a low serum fT4 level and a high
TSH level, in which patients may present with clinical symptoms like weight gain, cold
intolerance, fatigue, and slow mentation [11]. Evidence indicates a dose-dependent risk of

RIHT, but the dose-response relationship is not well founded. Although RIHT is relatively



common and treatable, regarding the symptoms influencing the quality of life, it seems

important to estimate the risk of RIHT.

RT to the supraclavicular field includes a part of the thyroid gland; therefore, radiation
exposure to this gland seems unavoidable in BC patients receiving RT to the supraclavicular
region [14]. However, thyroid dysfunction is usually underestimated in patients with BC who
had supraclavicular RT. Nevertheless, the relationship between RT and thyroid function in BC
patients has been examined only in a few studies. To our knowledge, no prior study has
clearly defined whether applying RT in BC patients has a risk of thyroid dysfunction
according to patient's characteristics and dose-volume factors. Quantifying the magnitude of
risk in these patients seems essential to help determine whether regular monitoring of thyroid
function would be helpful. Therefore, the present study aimed to evaluate the effects of
supraclavicular region RT on thyroid function and the prevalence of RIHT in BC patients at
regular intervals post-treatment. Determining changes in thyroid hormone levels pre-RT and
at regular intervals post-RT, defining the correlation between thyroid hormone levels and
mean thyroid dose, as well as evaluating the relationship between HT post-RT and some
factors, including patient's age, thyroid volume, type of surgery, and prescribed dose were the

other aims of this study.

Materials and methods

Twenty-one patients with BC were enrolled in this analytical cross-sectional study by simple
and convenient sampling, from March 2019 to March 2020. Cases with thyroid dysfunction,
primary thyroid disease, previous surgery, and/or radiotherapy were excluded. A checklist
was employed to record patients' personal and clinical data, and all the data was kept
confidential. This study was approved by the institutional ethics committee (No:
IR.KUMS.REC.1399.995). Participation in this study was absolutely voluntary and non-
cooperation did not induce any problems in the treatment procedure. The informed consent
form was signed by all the enrolled patients in compliance with the principles of the

Declaration of Helsinki.

Treatment planning CT simulation was done using a multi-slice CT scanner (Aquilion 16
Slice; Toshiba, Japan). After CT simulation, CT images were transferred to the treatment

planning system (TPS; DosiSoft, France) for contouring [15, 16]. Both thyroid lobes of each



patient were delineated and contoured separately and also together by one person. In addition,
the contouring of the other organs was performed by the same person according to the
Radiation Therapy Oncology Group (RTOG) criteria (Fig. 1). All plans were generated in the
TPS which was adjusted to the linear accelerator (ELEKTA, England). After treatment
planning, the patients underwent Three-Dimensional Conformal Radiation Therapy (3D
CRT) of breast/chest wall, axillary, and supraclavicular lymph nodes (Fig. 2) with 50 Gy/25
fractions/5 weeks. The mean and maximum doses of the thyroid and its lobes, as well as
thyroid V5, V10, V20, V30, V40, and V50 (percentage of thyroid volume receiving > 5 Gy, >
10 Gy, > 20 Gy, > 30 Gy, > 40 Gy, and > 50 Gy, respectively) were calculated from each
patient's tissue-specific dose-volume histogram (DVH) based on the TPS [17, 18]. DVH
shows a graphical representation of the radiation dose delivered to any defined volume. The

mean volume of the thyroid gland and its lobes was estimated using ultrasonography.

Patients' information and test results were recorded on a specific checklist that was
specifically designed for the current study. The collected data were analyzed using SPSS
software (version 20). Mean and standard deviation (SD) was applied for quantitative data
description. Pre-RT serum TSH and fT4 levels were compared with the corresponding values
obtained 3 and 6 months post-RT by the Wilcoxon test and/or paired t-test with repeated
measures. Unadjusted association between RIHT and categorical variables was calculated by
Chi-square and/or Fisher-Exact test. Selecting a statistical test was dependent on data

normality. The meaningless level was considered as p < 0.05.

Results

A total of twenty-one women with BC were enrolled in the study with a mean age of 49.24 +
10.31 years. The subjects' age ranged from 33 to 76 years. The patients' characteristics,
volumes of the thyroid gland, right-sided, left-sided, and isthmus lobes are shown in Table 1.
In this study, invasive ductal carcinoma was reported as the most common type of carcinoma
(76.2%). Invasive lobular carcinoma and the other types of BC were in the next categories.
The mean volume of the thyroid gland was 9.14 + 2.48 cc (3—13 cc). The mean volume of the
right-sided, left-sided, and isthmus thyroid lobes were 4.33 + 1.37 cc (1.4-6.2 cc), 4.18 +
1.15 cc (1.2-6.3 cc), and 0.93 £ 0.17 cc (0.6—1.3 cc), respectively.



Dosimetric parameters of the thyroid gland, right-sided, left-sided, and isthmus thyroid lobes
are summarized in Table 2. The mean thyroid gland dose was 9.41 + 7.21 Gy (0.11-22.23
Gy). The mean absorbed dose received by the right-sided, left-sided, and isthmus thyroid
lobes were 7.52 + 12.62 Gy (0.12-41.16 Gy), 12.8 + 14.4 Gy (0.1-40.86 Gy), and 4.47+ 3.72
Gy (0.1-11.2 Gy), respectively. The maximum thyroid gland dose was 31.82 + 22.8 Gy
(0.19-56.04 Gy). The maximum absorbed dose received by the right-sided, left-sided, and
isthmus thyroid lobes were 13.72 + 18.39 Gy (0.19-55.75 Gy), 23.68 + 24.13 Gy (0.17-56.54
Gy), and 7.36 + 6.09 Gy (0.1-18.6 Gy), respectively.

Thyroid V5, V10, V20, V30, V40, and V50 (percentage of thyroid volume receiving > 5 Gy,
> 10 Gy, > 20 Gy, > 30 Gy, > 40 Gy, and > 50 Gy, respectively) is presented in Table 3.
Thyroid hormones level, pre-and post-RT, are listed in Table 4. Although, 3 and 6 months
post-RT, the mean serum levels of TSH were increased, this increase was not statistically
significant (p > 0.05). However, the mean serum levels of fT4 were significantly elevated at 3

and 6 months post-RT (p < 0.01).

The incidence of HT at 3 and 6 months post-RT was observed in 0% and 9.5% of patients,
respectively (Table 5). In the incidence of HT, no significant difference was reported between
3 and 6 months post-RT. The chi-squared test showed that RIHT was not significantly
associated with studied parameters, including patient's age, type of surgery, thyroid gland

volume, and thyroid gland dose (p > 0.05) (Tab. 6).

Discussion

In RT procedures, peripheral radiation can injure the out-of-field organs; hence, the
minimization of radiation-induced injuries is a major concern in treatment planning [19, 20].
Since treatment plans for BC patients are along with RT to the supraclavicular field [21, 22];
there is a concern about the effect on thyroid function, including the incidence of RIHT.
RIHT is a potential complication after RT when the treatment field includes the thyroid gland
[6, 10, 12, 13].

The first case of HT following RT for malignancy was reported in the literature in 1961 [23,
24]. Various studies have been conducted to evaluate the effects of supraclavicular region RT

on thyroid function among BC patients, which different results reported. The true prevalence



of RIHT in these patients is not known because thyroid function tests are not routinely

assessed post-RT in clinics [25].

In agreement with the study of Alhosainy et al. [6], our results showed that the mean serum
levels of TSH increased at 3 and 6 months post-RT compared with the baseline but this
increase was not statistically significant. Laway et al. [24] observed that TSH increased
significantly after 3 months in patients who had received RT to the neck region. In this
regard, Yoden et al. reported that V30 Gy had a significant effect on the peak level of TSH,
and this risk is possible for thyroid dose ranges between 10 and 30 Gy. Since the mean
thyroid gland dose was 9.41 + 7.21 Gy in our study, there is a potential risk of RIHT [26].
Tunio et al. estimated the dose distribution at the thyroid gland in BC patients treated by
supraclavicular RT procedure. They showed that the risk of HT depends on the thyroid gland
volume and follow-up duration and can be minimized using a thyroid shield [25].
Nevertheless, the results of this study showed that the mean serum levels of fT4 were

significantly elevated at 3 and 6 months post-RT.

Thyroid dysfunction develops slowly, up to 15% of patients show dysfunction, and a
maximum of 66% is affected within 6 years [27, 28]. According to the literature, RIHT
develops at a median interval of 1.4-1.8 years, but it has been reported even 3 months or 20
years post-RT. In the current study, a correlation was observed between the follow-up period
and the incidence of HT, where it was 0% at 3 months and 9.5% at 6 months post-RT. This is
while the difference between these periods, 3 and 6 months post-RT, was not significant. As
mentioned, 6 months post-RT to the supraclavicular region, the incidence of RIHT was
observed in 9.5% of patients with BC, which was consistent with that previously reported (6—
18%) [25, 28-30]. In this regard, Cutuli et al. reported that 6.2% of BC patients who had
undergone RT, chemotherapy, and surgery had clinically symptomatic HT on short-term
follow-up after primary treatment [31]. RIHT was not significantly associated with any
factors, including patient's age, type of surgery, thyroid gland dose, and thyroid gland
volume. Hence, in the current study, no threshold was reported for RIHT. In confirmation of
our results, the other studies reported that dose-volume parameters, including thyroid V10-60
as well as thyroid gland volume, were not associated with the development of RIHT [6, 32,
33]. Nevertheless, in disagreement with our results, Kikawa et al. [10] reported that thyroid
gland volume < 8 cm® can be a predictive factor of HT in patients with BC who had received
RT to the supraclavicular field. In this respect, Johansen et al. [14] reported that in BC

patients with small thyroid glands, the risk of RIHT depends on the thyroid gland volume.
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According to the literature, both patient's age and radiation dose can be associated with the
development of RIHT, and radiosensitivity of the thyroid gland is assumed to decrease with
increasing age [14]. This discrepancy between our results and previous findings might be due

to the differences in the selected samples, radiation dose, and RT procedures.

Radiation as a risk factor for the development of HT remains controversial. Based on the
previous reports, radiation-induced injury to small thyroid vessels, atherosclerosis of larger
vessels, parenchymal thyroid cell injury, and capsular fibrosis secondary, also immune-

mediated injury may be involved as mechanisms in the development of HT [9, 29].

National Comprehensive Cancer Network (NCCN) guidelines suggest routine screening of
thyroid function within the first year post-RT in head and neck cancer patients and Hodgkin's
disease if the radiation treatment field includes the neck region. Given the paucity of prior
studies of RIHT risk for BC patients, it is not surprising that no formal recommendations
exist regarding post-RT screening for HT in this group. Hence, further studies on the efficacy
and cost-effectiveness of routine post-RT thyroid function screening in patients with BC seem

necessary [29].

Conclusion

Regarding the results of this study, it seems that supraclavicular region RT does not have a
significant adverse effect on thyroid function among BC patients at 3 and 6 months post-
treatment. Since the short-term follow-up with a small sample size can be considered as the

limitation of the current study, a long-term follow-up with a larger sample size is suggested.
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Figure 1. Contouring and delineation of both thyroid lobes and other organs

Figure 2. The supraclavicular field includes parts of the thyroid gland

Table 1: Patients' characteristics and volumes of the thyroid gland, right-sided, left-

sided, and isthmus lobes (n = 21)
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Age (years)

<40 3 14.3
40-50 10 47.5
50-60 19.1
> 60 19.1
Menopausal status

Perimenopause 8 38.1
Menopause 7 33.3
Postmenopause 6 28.6
ECOG Performance Status

0 19 90.5
1 2 9.5
Breast cancer histology

Ductal 16 76.2
Lobular 2 9.5
Other 3 14.3
Treatment side

Right 14 66.7
Left 7 33.3
Type of surgery

BCS 12 57.1
MRM 9 42.9
Adjuvant therapy

Yes 19 90.5
No 2 9.5
Thyroid gland velume [cc]

<5 1 4.8
5-10 10 47.6
>10 10 47.6
Volume of right-sided thyroid lobe [cc]

<3 3 14.3
3-5 10 47.7
>5 8 38
Volume of left-sided thyroid lobe [cc]

<3 3 14.3
3-5 14 66.7
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>5 | 4 | 19
Volume of Isthmus Thyroid Lobe [cc]

<0.75 4 19
0.75-1 4 19
>1 13 62

ECOG — Eastern Cooperative Oncology Group; BCS — breast-conserving surgery; MRM

— modified radical mastectomy

Table 2. Dosimetric parameters of the thyroid gland,
lobes (n = 21)

right-sided, left-sided, and isthmus

Dosimetric parameters Number of | Percentage
patients (n) (%)
Irradiated lobe of the thyroid gland
Right 7 33.3
Left 14 66.7
Mean Thyroid Gland Dose [Gy]
<1 5 23.8
1-10 11 52.4
> 10 5 23.8
Mean dose of right-sided thyroid lobe [Gy]
<1 4 19
1-10 13 62
> 10 4 19
Mean Dose of Left-Sided Thyroid Lobe [Gy]
<1 5 23.8
1-10 7 33.3
> 10 9 42.9
Mean dose of isthmus thyroid lobe [Gy]
<1 5 23.8
1-10 14 66.7
> 10 2 9.5
Maximum thyroid gland dose [Gy]
<25 7 33.7
25-50 7 33.7
> 50 7 33.7

Maximum dose of right-sided thyroid lobe [Gy]
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<25 12 57.2
25-50 4 19
> 50 5 23.8
Maximum dose of left-sided thyroid lobe [Gy]

<25 5 23.8
25-50 7 33.3
> 50 9 42.9

Maximum dose of isthmus thyroid lobe [Gy]

<1 4 19
1-10 12 57.2
>10 5 23.8

Table 3. Thyroid V5, V10, V20, V30, V40, and V50

Thyroid volume | Minimu | Maximu | Median | Mean + SD
receiving % m m

V5 10 100 57 60.19 + 29.84
V10 5 100 50 53 £29.24
V20 0 100 35 32.33 £23.92
V30 0 48 12 17.71 £ 17.33
V40 0 36 0 9.57 £12.49
V50 0 17 0 242 +4.82

SD — standard deviation

Table 4. Thyroid hormones level pre-radiotherapy (Pre-RT) and post-radiotherapy (Post-
RT)

Thyroid hormone | Pre-RT Post-RT p-value
3 months | 6 months
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levels Mean + | Mean + | Mean =+
SD SD SD

TSH [pIU/mL] 1.87 +12.03+£093 | 2.25 + | >0.05
0.82 1.38

fT4 [ng/dL] 1.08 +(1.19+£0.21 | 1.21 + | <0.01
0.18 0.24

SD — standard deviation; TSH — thyroid-stimulating hormone; fT4 — free thyroxine

hormone

Table 5. The incidence of radiation-induced hypothyroidism (RIHT)

Post-RT Number of patients (%) p-value
Euthyroid Hypothyroid

3 months 21 (100) 0 (0) >0.05

6 months 19 (90.5) 2 (9.5)

RT — radiation therapy

Table 6. Association between radiation-induced hypothyroidism (RIHT) incidence and

studied parameters

RIHT | Parameters
Number of Patients (%)
Age [years] Type of surgery Thyroid gland | Thyroid gland dose
volume [cc] [Gy]
<50 > 50 BCS MRM <10 >10 <10 >10
No 13 6(75) |10 9(100) |11 8 (100) 11 (100) | 8 (80)
(100) (83.3) (84.6)
Yes 2 (25) 0 (0) 0 (0) 0(0) 2 (20)
0(0) 2(16.7) 2(15.4)
p- 0.133 0.486 0.505 0.214
value
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