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Objective: Breast cancer and breast cancer-directed radiation therapy (RT) may increase the risk of late effects,
such as hypothyroidism. We conducted a systematic review and meta-analysis to investigate the association
between breast cancer, RT, and risk of hypothyroidism in breast cancer survivors.

Methods: Through February 2022, we searched PubMed, EMBASE, and references of relevant articles, to identify
papers on breast cancer and breast cancer-directed RT and subsequent risk of hypothyroidism. Articles were
screened by title and abstract and reviewed for eligibility. We used a pre-formed data extraction sheet and
identified key design elements that could potentially introduce bias. The main outcome was the confounder-
adjusted relative risk (RR) of hypothyroidism in breast cancer survivors versus women without breast cancer,
and in breast cancer survivors according to the receipt of RT to the supraclavicular lymph nodes. We used a
random-effects model to calculate pooled RRs and associated 95% confidence intervals (95% CI).

Results: From 951 papers screened by title and abstract, 34 full-text papers were reviewed for eligibility. We
included 20 studies published between 1985 and 2021-19 were cohort studies. Compared with women without
breast cancer, the pooled RR of hypothyroidism in breast cancer survivors was 1.48 (95% CI: 1.17, 1.87), with
highest risk associated with RT to the supraclavicular region (RR = 1.69, 95% CI: 1.16, 2.46). The most
important limitations of the studies were small sample size yielding estimates with low precision, and lack of
data on potential confounders.

Conclusion: Breast cancer and radiation therapy to the supraclavicular lymph nodes is associated with an
increased risk of hypothyroidism.

IU/L, and 12.0-21.0 pmol/L for free T4 (fT4), dependent on the assay
used. Subclinical hypothyroidism is defined as increased TSH with

1. Introduction

The 10-year life expectancy for breast cancer patients in high-income
countries is over 75% [1]. Such long life expectancy highlights the need
to identify harmful late effects of cancer treatments—one of these po-
tential late effects being hypothyroidism.

Hypothyroidism is characterized by low levels of the thyroid hor-
mones triiodothyronine (T3) and thyroxine (T4). Synthesis and secretion
of T3 and T4 is regulated through the release of thyroid-stimulating
hormone (TSH). Circulating thyroid hormones exert feedback on TSH
secretion. Reference values for TSH are in the range of 0.3-4.0 x 10~

normal fT4 values. Overt hypothyroidism is defined as increased TSH
with sub-reference levels of fT4. Hypothyroidism can be associated with
non-specific symptoms like fatigue, weight gain, increased sensitivity to
cold, and muscle weakness, among others [2]. In Europe, the estimated
prevalence of overt hypothyroidism is between 0.2% and 5.3% [3]. The
incidence is higher in women and increases with age [3]. Although there
is no cure for hypothyroidism, symptoms can be controlled via life-long
thyroxine substitution.

Hypothyroidism is an established late effect of radiation therapy for
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head and neck cancer, manifesting months to years after treatment [4,
5]. The thyroid gland is not routinely considered an organ-at-risk during
radiation therapy in breast cancer patients [6]. However, several studies
have suggested an association between breast cancer-directed radiation
therapy and increased risk of hypothyroidism, though results are con-
flicting. To our knowledge, only one systematic review by Darvish et al.
published in 2018, investigated the association between breast
cancer-directed radiation therapy and hypothyroidism [7]. The review
included 14 articles, with five studies included in the meta-analyses. The
authors reported increased TSH levels after radiation therapy, indicating
subclinical or overt hypothyroidism. Yet, the study provided no overall
risk estimates of hypothyroidism after breast cancer radiation therapy.

Since the publication by Darvish and colleagues, several large
observational studies have added to the evidence of an increased risk of
hypothyroidism in breast cancer survivors [8-10]. These advocate for
surveillance for hypothyroidism in breast cancer survivors to expedite
diagnosis, disease control, and enhance quality of life. We therefore
conducted a systematic review and meta-analysis to collate the evidence
on the association of breast cancer, and breast cancer-directed radiation
therapy, and subsequent risk of hypothyroidism in breast cancer
survivors.

2. Methods and materials
2.1. Study protocol

This study was conducted according to The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) [11].

A study protocol was formulated in accordance with PRISMA for
protocols and is available upon request [12].

2.2. Search strategy and eligibility criteria

Information sources for this review included the electronic databases
PubMed and EMBASE. Through February 2022, we performed a
comprehensive, systematic literature search to identify studies on the
association between breast cancer or breast cancer treatment and sub-
sequent risk of hypothyroidism. We reviewed reference lists of eligible
papers to identify further potentially relevant studies. A full overview of
the search strings and results is included in Supplementary Tables 1a and
1b

Studies were eligible for inclusion if they met the following criteria
(1): the exposure was breast cancer and/or radiation therapy for breast
cancer (2); the outcome was hypothyroidism, both subclinical and overt
(3); the full-text paper was published in either English, Danish, Swedish,
or Norwegian. We imposed no restrictions on study design or publica-
tion year. Only peer-reviewed, published articles were eligible. Meeting
abstracts, letters, case descriptions and studies published as abstracts
were ineligible for inclusion. Reasons for exclusion were recorded and
are presented in Supplementary Table 2.

2.3. Study selection and data extraction

One reviewer (ES) performed the initial screening of titles and ab-
stracts to remove irrelevant studies and retrieved full-text reports of
potentially eligible studies. For overlapping studies, the most updated
report was included. Subsequently, two investigators (ES, DCF) inde-
pendently assessed eligibility, data extraction and risk of bias using a
pre-specified data abstraction form (see Supplementary Table 3). Where
effect estimates and corresponding 95% confidence intervals (95% CI)
were not reported, we extracted raw data.

We defined hypothyroidism as diagnostic code of hypothyroidism,
with or without prescriptions for thyroxine substitution, and/or
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biochemical measurements of TSH and/or T3 and T4.

2.4. Assessment of study quality and risk of bias

Due to the disagreement regarding the utility of composite scales for
assessing risk of bias in non-randomized studies [13], we assessed the
risk of bias by identifying key design elements of the studies’ internal
validity a priori using the Guidance on Conducting Systematic reviews
and Meta-analyses of Observational Studies of Etiology (COSMOS-E)
and Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines as templates [14,15]. The qualitative review
evaluated the potential for selection bias in the study population, in-
formation bias with regard to how the exposure, outcome and con-
founders were ascertained, and the extent of confounder control.

2.5. Statistical analyses

We tabulated the characteristics of the included studies. The main
outcome of interest was the confounder-adjusted effect estimate for
hypothyroidism risk, comparing breast cancer survivors to the general
population, and comparing breast cancer survivors who received radi-
ation therapy to the supraclavicular region with those who received
radiation therapy to the breast/chest wall only. Measures of the relative
risk (risk ratios, odds ratios, incidence rate ratios, hazard ratios) were
considered equivalent given the rare outcome. Where adjusted effect
estimates were not provided, raw data were used to calculate the crude
estimates and 95% confidence intervals (CI) [8,16-21]. Raw data cal-
culations are available upon request. Using the restricted estimation
maximum likelihood random-effects model, we pooled effect estimates
displayed in forest plots.

To investigate the impact of different radiation regimes on the risk of
hypothyroidism, we pooled results from studies comparing breast cancer
survivors who had received radiation therapy to the supraclavicular
region with those irradiated to the breast/chest wall only.

To investigate the robustness of the association, we performed two
pre-planned sensitivity analyses. First, we restricted to studies with
more than 500 breast cancer patients. Second, we restricted our meta-
analysis to studies that defined hypothyroidism based on biochemical
measures from blood samples, which were likely to capture subclinical
hypothyroidism and thereby yield a higher incidence of hypothyroid-
ism. In a separate meta-analysis, we restricted to studies that defined
hypothyroidism based on registry data (diagnostic codes or prescription
data).

We examined statistical heterogeneity using the I statistic. We
evaluated the possibility of small study effects by visual inspection of
asymmetry in the funnel plots. Funnel plots were constructed by plotting
the effect estimate in each study by the inverse of its standard error. All
statistical analyses were performed using R Statistical Software (version
4.1.3 (2022-03-10); The R Foundation for Statistical Computing).

3. Results
3.1. Literature search

Our literature search identified 615 articles in PubMed and 336 ar-
ticles in EMBASE. After screening by title and abstract, we retrieved 22
and 24 full text articles from PubMed and EMBASE, respectively; 17
papers were duplicates. We identified five additional papers through
inspection of reference lists of the retrieved articles. In total, 34 full text
papers were assessed for eligibility. After excluding 14 papers [7,
22-34], 20 studies were included in the systematic review [8-10,16-21,
35-45]. Of these, 12 were included in one or several of the
meta-analyses. The full study selection process is depicted in Fig. 1
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Fig. 1. Study selection process.

3.2. Study characteristics and quality assessment

An overview of the characteristics of the included studies is provided
in Table 1. Nineteen studies were cohort studies [8-10,16-20,35-45]
and one was a randomized trial where patients were randomized to
chest wall/breast radiation with or without supraclavicular radiation
therapy [21]. The studies were conducted in 15 different countries and
published between 1985 and 2021; most studies were published after
2010 (15 studies). The studies included 117 935 breast cancer patients
in total—range 28 to 44 574 [8,35]. Ten studies included less than 200
study subjects at baseline, limiting precision and increasing in-study
variability.

The definition and way of measuring hypothyroidism varied
considerably (see Supplementary Table 4). Sixteen studies evaluated
thyroid function using biochemical methods such as serum values of
TSH, fT4 and free T3 (fT3) [10,16-21,35-39,41-43,45]. Of these, eleven
studies used serum concentrations of TSH, fT4 and/or fT3 to define a
diagnosis of hypothyroidism, while five studies used elevated TSH levels
only. The reference ranges for TSH, fT3 and fT4 varied slightly between
studies, depending on national guidelines and assays used. Five studies
used diagnostic codes and/or prescription data from databases to define
hypothyroidism [8,9,37,40,44]. Huang et al. assessed thyroid function
by both biochemical tests and registry data [37]. In the studies by Choi
et al. and Huang et al. patients were not routinely screened for hypo-
thyroidism. Instead, the decision to evaluate serum thyroid hormone
levels depended on the treating physician [10,37]. Accordingly, some
cases of hypothyroidism may have been missed, leading to
misclassification.

The follow-up time in the cohort studies varied substantially. Falstie-
Jensen et al. had the longest follow-up, with a median follow-up time of
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8.4 years in the breast cancer group [8]. The study by Khan et al. was
restricted to patients who had survived for 5 years or more after breast
cancer diagnosis [40]. In comparison, the maximum follow-up was 1
year in the study by Jha et al. [38]. Two studies reported a median time
to onset of hypothyroidism of more than 1.5 years [10,20]. As such, the
studies with short follow-up may have had insufficient time for hypo-
thyroidism development.

Eight studies did not include a comparison group or did not provide
enough information to calculate risk estimates from raw data [35-39,41,
42,45]. None of these were included in the meta-analyses. Nine studies
[8,9,16-19,40,43,44] focused on the risk of hypothyroidism in breast
cancer survivors versus the general population; three reported on the
risk of hypothyroidism after radiation therapy compared with no radi-
ation therapy [8,16,44]. Six studies reported the risk of hypothyroidism
according to radiation therapy modality (i.e., radiation to breast/chest
wall only vs. radiation to supraclavicular lymph nodes) [8,10,16,20,21,
44]. Two studies used hospital controls, which may have introduced
selection bias, as the prevalence of hypothyroidism in the hospital
controls may not reflect that in the general population [16,38].

Most studies standardized results by age, via matching or adjust-
ment. Several studies also adjusted for other potential confounders, such
as comorbidities, tumor stage and grade, estrogen receptor status,
number of physician visits and socioeconomic factors, among others. In
the papers by Dorri et al. Akyurek et al. and Pillai et al. no information
was provided on whether adjustments were made; these studies were
judged at high risk of bias [35,36,42].

General limitations of the studies included small sample size, lack of
data on potentially important risk factors for hypothyroidism such as
lifestyle factors and comorbidities, and selection bias.
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Table 1
Characteristics of the included studies.
First author, Study design Participants Age Comparators Outcome
year, country
Akyurek, 2014,  Cohort study 28 breast cancer patients receiving 50" (range No comparator group Incidence of hypothyroidism by
Turkey supraclavicular irradiation between 32-75) blood samples
Oct 2010 and Dec 2012
Bruning, 1985, Cohort study 250 female breast cancer patients: Group: Breast cancer vs. breast cancer-free Thyroid profile by blood samples

Netherlands

Choi, 2021,
Korea

Dorri, 2016,
Iran

Falstie-Jensen,
2020,
Denmark

Huang, 2021,
USA

Jha, 2020,
India

Joensuu, 1986,
Finland

Kanyilmaz,
2017, Turkey

Khan, 2011,
Great Britain

Kikawa, 2017,
Japan

Cohort study

Cohort study

Cohort study

Cohort study

Cohort study

Cohort

Cohort study

Cohort study

Cohort study

100 irradiated at the ipsilateral internal
mammary artery lymph nodes (I)

100 mastectomy patients irradiated at
the chest wall and ipsilateral internal
mammary, infraclavicular,
supraclavicular lymph nodes (1)

50 patients admitted for primary breast
cancer surgery without irradiation (IIT)

100 non-breast cancer controls:

50 women admitted for endometrial
carcinoma (IV)

50 women admitted for colorectal
carcinoma (V)

Patients were treated from Dec 1964 to
Jan 1984.

4073 breast cancer patients receiving
radiation therapy after breast cancer
surgery from 2007 to 2016.

30 breast cancer patients treated with
radiation therapy.

Treatment period not stated.

44 574 breast cancer survivors
diagnosed 1996-2009

203 306 controls matched on year of
birth, municipality of residence

192 breast cancer patients treated with
radiation therapy to the
supraclavicular field from 2007 to
2019

191 breast cancer patients diagnosed
2015-2017

166 healthy controls

87 malignant controls
80 breast cancer patients irradiated
1975-1979

243 breast cancer patients treated with
radiation therapy 2009-2015.

163 irradiated to the breast/chest wall
and supraclavicular area.

80 irradiated to the breast/chest wall
only.

16 938 breast cancer patients.

67 649 controls matched on age,
gender, and primary care practice
Treatment period not stated.

42 breast cancer patients receiving
supraclavicular irradiation between
2007 and 2016

I: 57.3% (SD 13.4)

II: 62.3" (SD
12.2)

III: 73.7% (SD 9.0)

IV: 69.3" (SD 6.9)

V: 68.0° (SD 8.3)

50.2" (range
17.9-84.4)

Range 25-38

61°

54° (range
29-94)

Breast cancer
patients: 47.6"
(SD 10.4)
Healthy controls:
45.8" (SD 9.5)
Malignant
controls: 53.1°
(SD 7.7)

At examination
54.9" (SD 8.2)

53" (range
28-82)

66.9" (SD 12.3)

High TSH group:
61.3" (SD 11.7)

Normal TSH

group: 58.1° (SD
11.4)
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Irradiated breast cancer vs. not
irradiated breast cancer

Irradiated to the supraclavicular
region vs. irradiated to breast/chest
wall only

Breast cancer patients irradiated to
the supraclavicular region vs. breast
cancer patients irradiated to breast/
chest wall only

No comparator group

Breast cancer vs. breast cancer-free

Irradiated breast cancer vs. not
irradiated breast cancer

Irradiated to the supraclavicular
region vs. irradiated to breast/chest
wall only

No comparator group

Breast cancer vs. breast cancer-free

No comparator group

Irradiated to the supraclavicular
region vs. irradiated to breast/chest
wall only.

Breast cancer vs. breast cancer-free

No comparator group

Incidence of hypothyroidism by
blood samples

Incidence of hypothyroidism by
blood samples

Incidence of hypothyroidism by
diagnostic and/or prescription
codes

Incidence of hypothyroidism by
blood samples or treatment with
levothyroxine or another thyroid
supplementation

Incidence of hypothyroidism by
blood samples

Incidence of hypothyroidism by
blood samples

Incidence of hypothyroidism by
blood samples.

Incidence of hypothyroidism by
READ or OXMIS codes

Incidence of hypothyroidism by
blood samples

(continued on next page)
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First author,
year, country

Study design

Participants

Age

Comparators

Outcome

Kumar, 2018,
USA

Laway, 2012,
India

Ng, 2019,
Canada

Pillai, 2019,
India

Reinertsen,
2009,
Norway

Saraiva, 2005,
Brazil

Smith, 2008,
USA

Tunio, 2015,
Saudia-
Arabia

Wolny-
Rokicka,
2016, Poland

Cohort study

Cohort study

Cohort study

Cohort study

Cohort study

Cohort study

Cohort study

Randomized
prospective trial

Cohort study

261 women with operable, stage I-1IIB
breast cancer
261 controls matched on age

Treatment period not stated.
30 breast cancer patients

59 healthy controls
Treatment period not stated.
12127 breast cancer patients
diagnosed 2005-2009

20150 controls matched on birth year
and index date
152 breast cancer patients.

Treatment period not stated.
403 breast cancer patients treated
1998-2002.

2015 age-matched controls

26 breast cancer patients submitted to
surgery

22 women with normal mammograms
Treatment period not stated.

38 255 breast cancer patients
diagnosed 1992-2002

111 944 healthy controls

20 patients with stage IIA-IIIC,
operable breast cancer treated with
ipsilateral supraclavicular radiation
therapy.

20 patients with stage IIA-IIIC breast
cancer treated with radiation therapy
to the breast and chest wall
Treatment period not stated.

38 breast cancer patients irradiated to
the breast after breast conserving
surgery or mastectomy (BCT)

32 breast cancer patients irradiated to
the breast and supraclavicular lymph
nodes (SC-RT)

Patients were treated between April
2012 and May 2015.

Cases 51° (SD 11)

Controls 50" (SD
10)

80% aged>50
years

47° (range
27-72)

At survey

Cases 58" (range
32-78)

Controls 57"

(range 33-79)
Range 30-85

75" (SD 6)

SC group: 47°
(range 23-76)

Control group:
46" (range
23-67)

BCT: 58"

SC-RT 55.5"

Breast cancer vs. breast cancer-free

Breast cancer vs. breast cancer-free

Breast cancer vs. breast cancer-free

No comparator group

Breast cancer vs. breast cancer-free

Breast cancer vs. breast cancer-free

Breast cancer vs. breast cancer-free

Irradiated breast cancer vs. not
irradiated breast cancer

Irradiated to the supraclavicular
region vs. irradiated to breast/chest
wall only

Irradiated to the supraclavicular
region vs. irradiated to breast/chest
wall only

Irradiated to the supraclavicular
region vs. irradiated to the breast/
chest wall only

Incidence of hypothyroidism by
blood samples

Incidence of hypothyroidism by
blood samples

Incidence of hypothyroidism by
diagnostic and prescription codes
based on insurance claims

Prevalence and incidence of
hypothyroidism by blood samples

Data on hypothyroidism mainly
based on self-report, supplemented
with thyroid function tests

Incidence of hypothyroidism by

blood samples

Incidence of hypothyroidism by
diagnostic codes

Incidence of hypothyroidism by
blood samples

Incidence of hypothyroidism by
blood samples

# Mean age.
b Median age.

¢ Does not state if mean or median.

3.3. Meta-analyses

We observed considerable statistical heterogeneity, as indicated by
an overall I? statistic of 93.8% (95% CI: 69.3%, 99.0%). To investigate
the risk of hypothyroidism in breast cancer survivors, we pooled results
from nine studies comparing the incidence of hypothyroidism in breast
cancer survivors versus healthy controls [8,9,16-19,40,43,44]. As
summarized in Fig. 2a, breast cancer survivors had increased risk of
hypothyroidism, with a pooled relative risk of 1.48 (95% CI: 1.17, 1.87).
The results did not vary by publication year.

Due to only three eligible studies, we did not generate a pooled es-
timate for studies that investigated the risk of hypothyroidism among
breast cancer survivors who received radiation therapy compared with
those who did not [8,16,44].
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Among the six studies that investigated the effect of supraclavicular
radiation therapy on the risk of hypothyroidism [8,10,16,20,21,441,
radiation therapy to the supraclavicular field was associated with a 69%
increased risk of hypothyroidism (95% CI: 1.16, 2.46) (Fig. 2b)
compared with radiation to the breast and chest wall only.

When we restricted to studies with large sample size (>500 breast
cancer patients), the pooled estimate was 1.17 (95% CI: 1.13, 1.22). The
risk estimates were higher when restricting to a biochemistry-based
diagnosis of hypothyroidism (pooled estimate 2.44 (95% CI 1.80,
3.30)) compared with a register-based diagnosis (pooled estimate 1.17
(95% CI 1.13, 1.22).

Visual inspection of the funnel plots indicated some asymmetry
indicating publication bias or small study effects.
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Weight Estimate [95% CI]

Smith, 2008 17.61% 1.13[1.02, 1.25)
Falstie-Jensen, 2020 l 18.04% 1.17 [1.11, 1.24]
Ng, 2019 . 17.88% 1.19[1.10, 1.28]
Khan, 2011 ;—.—q 15.87% 1.26 [1.02, 1.56]
Bruning, 1985 r—-—« 6.14% 2.06 [0.95, 4.47]
Kumar, 2018 }—-—1 6.30% 2.33[1.09, 4.98]
Reinertsen, 2009 ‘ —a— 11.86% 2.44[1.63, 3.66]
Laway, 2012 b 1.68% 2.95[0.52, 16.72]
Saraiva, 2005 —— 4.62% 3.17[1.23, 8.17)
RE Model B 100.00% 1.48[1.17, 1.87]

f | T T T 1

0.25 1 2 4 8 16

Observed Outcome

Fig. 2a. Pooled relative risk and associated 95% CIs for the association between breast cancer and hypothyroidism, ordered according to the magnitude of the

relative risk.

Radiation therapy to the supraclavicular lymph nodes

Weight Estimate [95% CI]

Smith, 2008 24.77% 1.04[0.88, 1.22]
Falstie-Jensen, 2020 r—l—l 25.05% 1.28[1.11, 1.47]
Choi, 2021 . 19.85% 2.25[1.49, 3.39]
Bruning, 1985 . 14.08% 2.50 [1.27, 4.93]
Kanyilmaz, 2017 - 13.56% 2.64 [1.30, 5.35]
Tunio, 2015 b = 2.68% 3.00[0.34, 26.46]
RE Model == 100.00% 1.69 [1.16, 2.46)

f [ T T T 1

0.25 1 2 4 8 16

Observed Outcome

Fig. 2b. Pooled relative risk and associated 95% CIs for the association between radiation therapy to the supraclavicular lymph nodes and hypothyroidism, ordered

according to the magnitude of the relative risk.

4. Discussion

Our systematic review and meta-analyses suggested that breast
cancer survivors have an increased risk of hypothyroidism compared
with women without a history of breast cancer. Radiation therapy,
particularly when directed to the supraclavicular field, was associated
with increased risk of hypothyroidism.

Several factors warrant consideration when interpreting our find-
ings. Our findings may be attributable to detection bias—breast cancer
patients may be more likely to be diagnosed with hypothyroidism due to
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more frequent contact with the healthcare system. Smith et al. found
that hypothyroidism was associated with an increased number of
physician visits, supporting such bias [44]. Nevertheless, after adjusting
for the number of physician visits, the association between breast cancer
and elevated risk of hypothyroidism remained in their study. Con-
founding factors such as differences in iodide intake due to socioeco-
nomic position might vary across studies, and only five studies adjusted
for confounding by socioeconomic position [8,9,40,43,44]. Low iodide
intake is associated with hypothyroidism, and low socioeconomic po-
sition [46].
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There may be a true causal association between breast cancer and/or
breast cancer-directed radiation therapy and hypothyroidism. Breast
cancer is associated with increased concentrations of cytokines, such as
tumor necrosis factor. Breast cancer-associated alterations in cytokine
signaling may inhibit the hypothalamus-pituitary-thyroid axis as well as
the thyrocytes, mediating a causal effect between breast cancer and
hypothyroidism [47,48]. Still, radiation therapy for head and neck
cancers and lymphoma is associated with increased risk of hypothy-
roidism, suggesting that radiation therapy may be the underlying cause
[4,5]. Radiation therapy may damage small thyroid vessels and the
thyroid capsule, as well as radiation-induced atherosclerosis and direct
thyroid cell injury, resulting in thyroid dysfunction and hypothyroidism
[49]. Nonetheless, the design of the studies included in our systematic
review and meta-analysis did not enable us to distinguish whether it is
breast cancer itself, breast cancer treatment, or perhaps the two com-
bined that contributed to the excess risk of hypothyroidism in breast
cancer survivors.

Other factors may contribute to an elevated risk of hypothyroidism in
breast cancer survivors. These include the dose of radiation received by
the thyroid gland. Higher mean radiation dose to the thyroid gland has
been documented in patients who received radiation therapy including
the supraclavicular field compared with radiation therapy to the breast
or chest wall only, with/without the regional axillary lymph nodes [10].
The mean radiation dose received by the thyroid gland was higher in
patients who developed hypothyroidism than in the euthyroid patients
[10]. A study by Reinertsen et al. found that CT-guided radiation ther-
apy was associated with increased risk of post-breast cancer hypothy-
roidism compared with standardized field radiation therapy [43]. The
authors hypothesized that this was due to higher radiation dose to the
thyroid associated with the CT-based technique where an unconven-
tional cranial oblique field resulted in an exit dose of radiation hitting
the neck region.

The volume of an individual patient’s thyroid gland may also influ-
ence the risk of hypothyroidism after radiation therapy. Smaller thyroid
volume has also been associated with increased risk of hypothyroidism
[21]. A case-control study found that breast cancer patients with
post-radiation therapy hypothyroidism had significantly smaller thyroid
gland volume compared with their age-matched euthyroid controls
[50]. These findings are reflected in the study by Huang et al. who found
that patients with larger thyroid volumes spared from irradiation had
lower risk of hypothyroidism [37]. A smaller thyroid gland and a higher
mean radiation dose has also been associated with increased risk of
hypothyroidism in studies investigating radiation-induced hypothy-
roidism in patients with head and neck cancers [51]. Together, these
findings suggest that radiation therapy damaging the thyroid gland may
lead to hypothyroidism, though further evidence is needed incorpo-
rating detailed information on the radiation dose to the thyroid and
evaluating a dose-response association.

Hypothyroidism may manifest as a delayed effect of radiation ther-
apy [20]. Kanyilmaz et al. reported a cumulative incidence of hypo-
thyroidism increasing from 8% three years after radiation therapy to
35% at five years [20]. Among patients who received radiation therapy
to the supraclavicular field, the cumulative incidence increased from
10% to 40% at years three and five, respectively. Kanyilmaz et al. and
Choi et al. found that the association between lymph node irradiation
and hypothyroidism was more prominent in younger breast cancer pa-
tients [10,20]. If younger patients are more susceptible to
radiation-induced sequelae, such as hypothyroidism, this may have
contributed to the results in the afore-mentioned paper by Smith et al.
[44]. Their study population included women eligible for Medicar-
e—therefore aged over 65 years. As the risk of hypothyroidism increases
with age, the excess risk in breast cancer survivors may be less pro-
nounced compared with aged-matched women without breast cancer
(HR = 1.13, 95% CI 1.10, 1.35). Still, there was little difference in the
risk of hypothyroidism in patients treated with radiation therapy to the
supraclavicular lymph nodes compared with patients who did not
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receive radiation therapy (HR = 1.04, 95% CI 0.89, 1.23).

Radiation therapy techniques have evolved over time. Over the past
decade, volume-based radiation therapy has replaced the more tradi-
tional field-based techniques. In 2015, the European Society for Radio-
therapy and Oncology (ESTRO) published guidelines for target volume
contouring [52,53]. One of the major modifications in the ESTRO
guidelines compared to previous guidelines was the shift from the
“supraclavicular” area towards what is now referred to as clinical target
volume lymph node level 4 (CTVn-L4) [52]. For most patients, the
thyroid gland is excluded from the radiation field, and the radiation dose
to the thyroid gland is reduced [54]. However, most of the studies
included in the current systematic review and meta-analysis, included
patients who were treated with radiation therapy before 2015. Our re-
sults therefore reflect how radiation therapy may have impacted thyroid
function before the ESTRO guidelines were implemented. It is likely that
dissemination of the guidelines into clinical practice will reduce the risk
of radiation damage to the thyroid gland. We therefore anticipate that
our observed excess risk of hypothyroidism in breast cancer survivors
will diminish in contemporary patients.

Our study has some additional limitations. First, we note that only
two of the studies included men [18,35]. Hypothyroidism is more
prevalent in women, which could explain some of the observed excess
risk [3]. However, the comparator group in the studies were also
women, so the baseline prevalence should be comparable between the
two groups. As such, it seems unlikely that the observed excess risk of
hypothyroidism in breast cancer survivors is attributable to sex.
Furthermore, studies in head and neck cancer patients, which include
both men and women, have also shown increased risk of hypothyroidism
after radiation therapy directed to the supraclavicular region, support-
ing our findings [5]. Second, the quality of the systematic review is
directly related to the quality of the included studies. Thus, their limi-
tations must be considered when interpreting our findings. We note that
several studies in our review had small sample size, leading to risk es-
timates with low precision. Still, when we restricted to studies with more
than 500 breast cancer patients, the excess risk of hypothyroidism
remained.

The definition and method of measuring hypothyroidism varied
across studies. Most studies measured levels of TSH and/or T3 and/or T4
in blood samples; however, some used increased TSH levels only, while
others used increased TSH in combination with lowered T3 and/or T4 to
identify hypothyroidism. Subclinical hypothyroidism does not have an
ICD code and was not included in the register-based studies; possibly
leading to misclassification. We expect such misclassification to be non-
differential in breast cancer survivors and their non-cancer counterparts.
For overt hypothyroidism, we anticipate some differential misclassifi-
cation due to more frequent healthcare contact in breast cancer survi-
vors compared with individuals without cancer; this is supported by our
sensitivity analyses. Finally, several studies were difficult to interpret
due to a lack of transparency in their methods section; some failed to
describe the selection of the study population [35,36].

Although we used a broad study search and a systematic design, we
may have missed relevant studies if the investigated relationship was not
explicitly mentioned in the title, abstract or key words of the papers.
Furthermore, limiting by language may have biased our review and
meta-analysis towards the inclusion of studies with statistically signifi-
cant results, as authors might be more likely to publish results in an
English language journal if the results are statistically significant [55].

Compared with the systematic review by Darvish et al. the current
study has several advantages. First, we included more articles and more
recent evidence on the association. The meta-analysis by Darvish and
colleagues included 478 participants as compared with over 500 000
study subjects included in one of the three meta-analyses performed in
this study. Darvish et al. used cases as their own controls (i.e., before/
after radiation therapy) thereby precluding comparison with the back-
ground population. Nevertheless, Darvish and colleagues concluded that
the thyroid gland is an organ-at-risk in breast cancer patients receiving
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radiation therapy, corroborating our findings.

Some of the included studies also investigated the relationship be-
tween chemotherapy and endocrine therapy and risk of hypothyroidism,
either alone or when combined with radiation therapy [8,10,17,20,21,
38,441, which was not an objective of the current review. Radiation
therapy to the supraclavicular lymph nodes is administered to high-risk
patients. It is therefore likely that these patients were treated with sys-
temic therapy such as chemotherapy and/or endocrine therapy in
addition to radiation therapy. Systemic therapy may affect thyroid
function [56,57]. A recently published systematic review suggested
slightly increased risk of thyroid dysfunction in patients treated with
tamoxifen, but not with the aromatase inhibitor letrozole [56]. Cyto-
toxic effects of chemotherapy may also impact thyroid function, and
may sensitize the thyroid gland to radiation therapy [57]. Taken
together, these findings suggest that the interplay and potential syner-
gistic effects of systemic therapy and radiation therapy on thyroid
dysfunction should be clarified in future studies.

In conclusion, this systematic review suggests that breast cancer
survivors, especially those treated with radiation therapy directed to the
supraclavicular region, have increased risk of hypothyroidism. These
findings indicate that the thyroid gland may be an organ-at-risk in breast
cancer patients receiving radiation therapy. Nonetheless, further
dissemination of the ESTRO 2015 guidelines, which recommended
volume-based delineation, are likely to mitigate damage to the thyroid
gland and decrease any potential excess risk of hypothyroidism in
contemporary breast cancer patients.
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