Pilindd 257

B-ENT, 2016, 12, 257-262

The incidence of hypothyroidism after radiotherapy for head and neck cancer

J. Pil', D. Nevens', A. Van der Vorst?, C. Gadan’ and S. Nuyts'

'Department of Radiation Oncology, KU Leuven, University of Leuven, University Hospitals Leuven, Leuven, Belgium;
“Department of Medicine, KU Leuven, University of Leuven, University Hospitals Leuven, Leuven, Belgium; *Hospital
Italiano, Department of Radiation Oncology, Buenos Aires, Argentina

Key-words. Hypothyroidism; head and neck cancer; radiotherapy; chemotherapy

Abstract. The incidence of hypothyroidism after radiotherapy for head and neck cancer. Objectives: To identify
the incidence of radiation-induced hypothyroidism (HT) after head and neck radiotherapy.Furthermore, we wanted
to correlate patient and treatment characteristics with the incidence of HT in order to identify predictive factors for
radiation-induced HT.

Methodology: We examined the values of thyrotropin, i.e., the thyroid-stimulating hormone (TSH), in head and neck
cancer patients who received a combination treatment of radiotherapy and chemotherapy between 2005 and 2012. HT
was defined as having a TSH value of > 10 mIU/L or whenever the patient started to take substitution therapy after
treatment. We correlated the radiotherapy mean dose to the thyroid gland (Dmean), the pretreatment volume of the
thyroid gland, sex, age, type of concomitant treatment, tumour localization, and T and N classification with the incidence
of HT.

Results: We were able to obtain data from 72 patients. From these 72 patients, 48 (66%) had a normal thyroid function
and 25 (34%) had developed HT. The mean follow-up for these patients was 55 months (range: 21 to 103 months). Out
of the 25 patients with HT, 8 (32%) were diagnosed within the first year of follow-up. Increasing Dmean is a significant
risk factor for developing HT. Increasing thyroid volume, on the other hand, was correlated with less HT in our patient
cohort.

Conclusions: In our study, the incidence of HT is 34%. We also noticed that HT can even develop shortly after treatment.
Patients with a higher Dmean to the thyroid gland and lower pretreatment thyroid gland volumes are more at risk.

Introduction

Head and neck cancer is a broad term that
encompasses a large number of tumour entities,
which originate from different subsites, such as the
nasal cavity, nasopharynx, oral cavity, oropharynx,
larynx, hypopharynx and salivary glands.
Exposures to tobacco and/or alcohol are well-
known, important risk factors for developing a head
and neck squamous cell carcinomas (HNSCC).'?
With the decreasing prevalence of smoking in the
Western world, the incidence of an HNSCC at most
subsites has stabilized, or even decreased, over
recent years. On the other hand, the incidence of
oropharyngeal cancer (particularly tonsillar cancer
and the base of the tongue cancer) appears to be
increasing'?

Radiotherapy is a frequently applied treatment
modality in patients with head and neck
malignancies. Despite its beneficial effects on
locoregional tumour control, radiotherapy may
also cause a variety of acute and late side effects,

which may hamper quality of life.3 HT was first
recognized as a complication of external irradiation
of the neck for Graves’ disease in 1929 and first
reported in 19654 in patients who were euthyroid
before neck irradiation.’ The pathophysiology of
radiation-induced thyroid damage is multifactorial.
Radiation inhibits follicular epithelial function and
progressively alters the endothelium, resulting in
cell degeneration and necrosis, follicular disruption
and vascular degeneration and necrosis, acute
and chronic inflammation and partial epithelial
regeneration.’

Clinical symptoms of HT are fatigue and
weakness, cold intolerance, weight gain,
cognitive dysfunction, constipation, dry skin,
hoarseness, oedema, decreased hearing, myalgia
and paraesthesia, depression, menorrhagia and
arthralgia. Given that both the nonspecific
symptoms of HT and similar symptoms and
morbidities are associated with malignancies and
their treatment, HT can often go undiagnosed and
untreated.’
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The objective of this study was to identify the
incidence of radiation-induced HT after radiation
therapy for head and neck tumours and to propose
an adequate follow-up strategy. Furthermore,
we wanted to correlate patient and treatment
characteristics with the incidence of HT in order
to identify predictive factors for radiation-induced
HT.

Materials and methods

We examined the TSH values of patients who
received a combination treatment of radiotherapy
and chemotherapy between 2005 and 2012 for a
squamous cell carcinoma of the head and neck
in a retrospective way. All patients were treated
with curative intent in a primary setting and
received radiation to the bilateral lower neck to
an equivalent 2 Gy dose of > 40 Gy. None of the
patients underwent surgery to the head and neck
region before radiotherapy.

The endpoint of this study was HT. We defined
HT as a TSH value greater than 10mIU/L.8 The time
to onset of HT was defined as the interval between
the end of radiotherapy and the first recorded
abnormal TSH laboratory value or whenever the
patient started to take substitution therapy after
treatment. Data were obtained through our follow-
up data and with a letter to the general practitioner
of the patient, asking for all known TSH values to
be sent by fax or email.

The thyroid glands were contoured on the

EclipseTM treatment planning system by a single
radiation oncologist (author Gadan Cecilia), and
the mean dose (Dmean) and volume of the thyroid
gland were obtained.
Univariate logistic analysis was conducted to
identify correlations between Dmean, the pretreat-
ment volume of the thyroid gland, sex, age, type
of concomitant treatment, tumour localization, and
T and N classification with the incidence of HT.
The 95% confidence intervals were derived using
the profile likelihood method, while p-values were
derived from the likelihood ratio test.

Statistical analysis was done using Statistica. A
5% significance level is assumed for all tests.

Results

There were 171 patients included in the study. At
the time of analysis, 129 patients were alive. We
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Figure 1

This figure shows the time to onset of HT after treatment.
Eight patients were diagnosed during the first year of follow-
up, seven during the second year, four in the third and fourth
years, one after four years and one after more than five years
of follow-up.

Table 1

Overview of the patients included in this retrospective study.
A total of 171 patients were included, of which 129 were alive
at the time of analysis. Of these 129, we were able to obtain
data from 73 patients. It was observed that 25 (19 male and
six female) patients developed HT during follow-up after

treatment.
Patients included 171
Alive at the time of analysis 129/171 (75%)
Sufficient data collected 72/129 (56%)
Developed HT 25/72 (35%)

were able to obtain data from 72 patients, while the
results for 56 patients were incomplete (Table 1).
The treatment and patient characteristics are listed
in Table 2. The mean follow-up of these patients
was 55 months (range: 21 to 103 months).

From these 72 patients, 48 patients had a normal
thyroid function and 25 developed HT during
follow-up. The number of events of HT in relation
to the different patient and treatment characteristics
can also be found in Table 2.

We did not observe any statistically significant
correlation between sex, age, type of concomitant
treatment, tumour localization, and T and N
classification with the incidence of HT (Table
1). Univariate logistic regression showed that
increasing Dmean (odds ratio (OR) = 1.12 [1.08-
1.16]; p = 0.02) is a significant risk factor for
developing HT (Table 2). Increasing thyroid
volume (OR = 0.81 [0.74-0.88]; p = 0.01), on the
other hand, was correlated with less HT in our
patient cohort.
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Table 2

Patient and treatment characteristics. The number of HT events in relation to the different patient and treatment characteristics and
their corresponding p-values are also given.

characteristic HT (n=25) p-value
n=72 n=25
Male 55 (76.4%) 19 p=0.17
Female 17 (23.6%) 6
Age at diagnosis p=052
Median age 58.0
Range (41.0;75.0)
T stage n="72 n=25
Multifocal 3 (4.2%) 0 p=0.36
1 5 (6.9%) 4
2 18 (25.0%) 10/18
3 24 (33.3%) 7/24
4 22 (30.6%) 4
N stage n=72 n=25
0 4 (5.6%) 1 p=025
1 10 (13.9%) 5
2a 1(1.4%) 1
2b 28 (38.9%) 10
2c 28 (38.9%) 7
3 1 (1.4%) 1
Mo 3 (_4.722%) 0 p=029
Oral cavity 2 (2.8%)
Oropharynx 32 (44.4%) 12
Hypopharynx 17 (23.6%) 7
Nasopharynx 1 (1.4%) 0
Larynx 17 (23.6%)
Concomitant treatment n=72
No 0 (0.0%)
Yes 72 (100.0%)
n=72 n=25
Cisplatin 66 (91.7%) 24
Cetuximab 2 (2.8%) 0 p=0.58
Panitumumab 4 (5.6%) 1
Neoadjuvant chemotherapy | n=72 n=25
No 70 (97.2%) 25 p=0.18
Yes 2 (2.8%) 0
Thyroid volume Volume (cm?®) p=001
Median (range) 17.7 (3.4-150.8)
Dmean Dose (Gy)
p=0.02
Median (range) 39.8 (8.9-71.7)
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Out of the 25 patients with HT, eight (32%)
were diagnosed within the first year of follow-up,
seven during the second year of follow-up, four in
the third and fourth years, and one after four years
and one after more than five years of follow-up
(Figure 1).

Discussion

Previous studies have shown considerable variation
in the incidence of HT. The incidence of 35%
found in our retrospective study is within the range
of 3% to 47%, as cited in the literature.3-9 This
wide variation could be related to several factors,
including heterogeneity in radiation and the interval
of follow-up, depending on the definitions of HT. As
seen in Table 1, we are missing data from more than
40% of patients. The lack of data can be explained
by the fact that, in daily clinical practice, HT is often
not taken into consideration as a complication after
radiotherapy. Therefore, the TSH is frequently not
checked during follow-up. Furthermore, some of the
patients are followed up by their local ENT doctor
or by their general practitioner. All patients in our
study received a combination treatment of radiation
therapy with chemotherapy (cisplatin, cetuximab
or panitumumab). Currently chemotherapy
alone is not considered to independently affect
the thyroid function. However, the effect of its
combination with radiotherapy is unclear. There
is a well-accepted concept of chemotherapy-
induced radiosensitization; whether the addition of
chemotherapy to radiation affects thyroid function
has yet to be demonstrated.” Different studies have
shown that the addition of chemotherapy does not
increase the incidence of HT,10,11 with only Norris
et al.” reporting chemotherapy as a prognostic
factor.

We did not find a statistically significant
correlation between sex, age, type of concomitant
treatment, tumour localization, and T and N
classification with the incidence of HT. Univariate
logistic regression, however, showed that
increasing Dmean was a significant risk factor
for developing HT. Increasing thyroid volume
was associated with less HT. These results are
supported by the literature.13,15 Recently, different
groups were found to have developed a normal
tissue complication probability (NTCP) model of
radiation-induced biochemical HT after primary
radiotherapy for HNSCC.13,14,15 Boomsma et al."
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and Rgnjom et al.” concluded that the probability
of HT rises along with increasing doses to the
thyroid gland, whereas it reduces with increasing
thyroid gland volume.

In our study, we found no relationship between
gender and HT. While this is supported by most
studies on the subject,'® Alterio et al.” indicated
female sex to be a risk factor as females seem to
have a smaller thyroid volume compared with
males. In Hodgkin’s disease, there is a strong
association between female gender and a higher
risk of post-irradiation HT,5 especially among
younger patients.

No patient developed thyroid cancer, but longer-
term follow up is required as thyroid cancer is
known to have a long latency period of up to
25 years.”™ In Hodgkin’s disease, Hancock et al.
showed that the median latency time to develop
thyroid cancer is 13.3 years.

Due to the retrospective nature of our study, it is

difficult to determine the average time to onset of
thyroid dysfunction. In our study, 32% of patients
diagnosed with HT were diagnosed within the
first year of follow-up. A major limitation of our
study, however, is the lack, in most patients, of
the baseline hormone values. The prevalence of
subclinical HT is 8% in women and 3% in men,
while the expected prevalence of clinical HT is
1-2% in the normal population, but increases
with age.” The risk of radiation-induced HT may,
therefore, be overestimated, which may partly
explain the higher incidence in the first year of
follow-up.
According to Boomsma et al.’s3 review, radiation-
induced HT develops after a median interval of 1.4-
1.8 years (range: 0.3-7.2 years), which is important
when defining the follow-up period. Recently,
latent time has been taken into account by Rgnjom
et al. in their NTCP model.” Radiation-induced
HT is also known as a late complication, as can be
seen in Figure 2: that is, six patients (24%) were
diagnosed after more than three years of follow-up.
A systematic screening is therefore recommended.
Although patients are seen at regular follow-
up visits, there is no consensus about regular
biochemical testing of patients.'*

HT is an irreversible condition, requiring lifelong
treatment with thyroxin administration. Given the
low burden of substitution therapy, screening for
HT and subsequent substitution therapy seem
justified
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Recent guidelines suggest that serum TSH levels
should be checked at six-monthly intervals for the
first five years and yearly thereafter in patients
treated with neck radiotherapy.”* We find similar
results. Based on the intervals between treatment
and the development of HT, as seen in our study,
thyroid testing before treatment, every 3-4 months
during the first year, every six months in the
second year and annually thereafter is suggested
as a screening procedure. Patients and general
practitioners must be adequately counselled on the
risk of thyroid dysfunction following radiotherapy
at pretreatment visits and motivated towards long-
term follow-up.

Conclusions

HT is an often-neglected complication of
radiotherapy to the neck. In our study, the incidence
is 35%, which is in line with other studies. We
also noticed that HT can even develop shortly
after treatment. Therefore, we recommend thyroid
testing before treatment, every 3-4 months during
the first year, every six months in the second year
and annually thereafter as a screening procedure.
Patients with a higher Dmean to the thyroid gland
and lower pretreatment thyroid gland volumes are
more at risk.
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